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FACULTY OF PHARMACEUTICAL SCIENCES
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LECTURE 9-PARTS (1) & (2) : STRUCTURE AND FUNCTION OF BLOOD VESSELS AS WELL AS
FACTORS AFFECTING BLOOD FLOW AND BLOOD PRESSURE




Objectives

1. Discuss structure and
of blood vessels.

2. Describe capillary exchange.

3. Explore hemodynamics:
affecting blood flow.

(Pages 730- 743 of the reference)

function

factors




Objectives

4. Discuss control of blood pressure and
blood flow.

5. Describe checking circulation.

6. Explore shock and homeostasis.
(Pages 744- 753 of the reference)
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STRUCTURE AND FUNCTION

OF BLOOD VESSELS
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Thé fivé main types of blood vessels arefarteries arterioles)capillaries) ¥enules) andveins!
in types of blood vesse’s -

Arteries carry blood away from the heart to other organs. Large, elastic arteries leave the

heart and divide into medium-sized, m lar arteries that branch out into the various
regions of the body. Medium-sized arteries then divide into small arteries, which in turn

divide into still smaller arteries called arterioles.

As the arterioles enter a tissue, they branch into numerous tiny vessels called capillaries.
The thin walls of capillaries allow the exchange,of substances between the blood and body
tissues. Groups of capillaries within a tissue reunite to form small veins called venules.

These in turn nierge to form progressively larger blood vessels called veins. Veins are the
blood vessels that conveyblood from the tissues back to the heart.
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BASIC STRUCTURE OF A BLOOD VESSEL

The three structural layers of a generalized blood vessel
from innermost to outermost are the tunica interna
(intima), tunica media, and tunica externa (adventitia).
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The tunica interna (intima) forms the inner lining 93&(@893 vessel and is in
direct contact with the blood as it flows through the[lumen, or interior opening,|of
the wvessel. Although this layer has multiple parts, these tissue components
contribute/minimally to the thickness of the vessel wall.
S
Its innermost layer is called ‘endothelium, is a €hinflayer of flattened cellsithat
lmﬂthLmDELﬂmfaﬁeJﬁJthntmeiaLdmasculaLsysimnihaarLandJkad
vessels). The endothelial cells are active participants in a variety of vessel-
related activities, including @on blood flow, secretion of locally
acting chemical mediators that influence the contractile state of the vessel’s
overlying smooth muscle, and assistance with capillary permeability. In addition,

their smooth luminal surface facilitates efficient blood flow by reducing surface
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TUNICA INTERNA (INTIMA)

A/

% The second component of the tunica interna is a’lbasement membrane deep
to the endothelium. It provides a|physical supporf base for the epithelial
layer It appears to play an important role in guiding cell movements during
tissue repair of blood vessel walls. R

wu\ A\

» The outermost part of the tunica interna, which forr{ the boundary

between the #iifiicaifitérna and tunica media) is the {fiternal elastic lamina,

is a thin sheet of elastic fibers with a variable number of windowlike
opeénings that facilitate diffusion of materials through the tunicafintefna to
the thicker tunica media. Phegicn) suppoly
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v Is the tissue layer that displays the' greatest variation among the
different vessel types. In most vessels, it is a relatively‘thicknlayer
comprising mainly smooth muscle cells and substantial amounts of
elastic fibers.

v An dincreasewinwsympatheticwstimulatiom typically stimulates the
smooth muscle to contract, squeezing the vessel wall and narrowing

the lumen. Such a deereasevinsthe diameter of the lumen of a blood
@essel is call

v' Intcontrast, when sympathetic stimulation decreases, smooth muscle

fibers relax. The resulting dimereaseminmiumenwdiameter s called
~ vasodilation.
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the tunica externa,
consists of

In addition to the important role of supplying the vessel wall
with nerves and self-vessels, the tunica externa
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ARTERIES

P
Their walls stretch easily or expand without tearing
in response to a small increase in pressure (due to

their plentiful elastic fibers).
Jlj/

The wall of an artery has the three layers of a

typical blood vessel. T ! L

2unic inrvml kenic melia tunic ewsn




“alemgt e ELASTIC ARTERIES

= The largest arteries in the body.
TUNICA INTERNA: Well-defined internal elastic lamina.  eb @b e e 4= S5

TUNICA MEDIA: Thick and dominated by ¢elastic fibers; well-defined
external elastic lamina.

TUNICA EXTERNA: Thinner than tunica media.

= Function: Conduct blood fr@ @cular@

: - atrie s\



MUSCULAR ARTERIES

= The Medium-sized arteries.
TUNICA INTERNA: Well-defined internal elastic lamina.

TUNICA MEDIA: Thick and dominated by smooth™mitiscle; thin external
elastic lamina.

TUNICA EXTERNA: Thicker than tunica media.

= Function: Distribute blood to arterioles.



ARTERIOLES

Microscopic (15-300 micrometer in diameter).

TUNICA INTERNA: Thin with a fenestrated internal elastic lamina that
disappears distally.

TUNICA MEDIA: One or two layers of circularly oriented smooth muscle;
distalmost smooth muscle cell forms a precapillary sphincter.

TUNICA EXTERNA: Loose collagenous connective tissue and sympathetic
nerves. |

Function: Deliver blood to capillaries and help regulate blood flow from

to ca@




True or False — Ultra-Precise Version

1.

The tunica interna contributes minimally to
the overall thickness of the vessel wall.

. Endothelial cells help regulate the

contractile state of smooth muscle in the
tunica media.

. The smooth luminal surface of the tunica

externa reduces friction for blood flow.

. Arteries can stretch easily without tearing

because their tunica interna contains
abundant elastic fibers.

. Elastic arteries have a well-defined internal

elastic lamina and a tunica media dominated
by elastic fibers.

. In elastic arteries, the tunica externais

thicker than the tunica media.

. Muscular arteries have a tunica media

dominated by smooth muscle rather than
elastic fibers.

. The external elastic lamina of muscular

arteries is thin compared to that of elastic
arteries.

. The tunica externa of muscular arteries is

thicker than their tunica media.

. Arterioles contain a fenestrated internal

elastic lamina that becomes more prominent
distally.

. Most arterioles have only one or two layers of

circularly arranged smooth muscle in the
tunica media.

. The precapillary sphincter is formed by the

last smooth muscle cell of an arteriole.

. Arterioles deliver blood to capillaries and

help regulate blood flow from veins to
capillaries.

. The tunica externa of arterioles consists

mainly of loose collagenous connective
tissue and sympathetic nerves.

. Elastic arteries function primarily to

distribute blood to arterioles.

. Muscular arteries are responsible for

distributing blood to arterioles.

. Arterioles have a diameter ranging between

15 and 300 micrometers.

. The internal elastic lamina is well-defined in

both elastic and muscular arteries.

. Capillaries are formed directly from the

branching of elastic arteries.

. Venules are formed by the reunion of

capillary networks within tissues.




L CAPILLARIES

6/

L Microscopic,m@t blood@(S—lO micrometer in diameter).

TUNICA : Endothelium and basement membrane.

TUNICA MEDIA: None.
TUNICA EXTERNA: None.

= Function: Permit exchange of nutrients and wastes between blood and

o ° ° L] o
L)
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¢ POSTCAPILLARY VENULES v teoia g,

(O’ SO microvée,

= Microscopic (10-50 micrometer in diameter).

= TUNICA INTERNA: Endothelium and basement membrane.
= TUNICA MEDIA: None.

= TUNICA EXTERNA: Sparse.

= Function: Pass blood into muscular venules; permit exchange of nutrients
and wastes between blood and interstitial fluid and function in white
blood cell emigration.

celiaall sl LA Byan o8 Laaleadls cssladl @ Hla Jladly sl cps cdbadlly obiaall Julits ¢ Lewdly ((muscular venules) Lbaall 34,581 () anll 5,




MUSCULAR VENULES

= Microscopic (50-200 micrometer in diameter).

TUNICA INTERNA: Endothelium and basement membrane.

TUNICA MEDIA: One or two layers of circularly oriented smooth muscle.
TUNICA EXTERNA: Sparse.

= Function: Pass blood into vein; act as reservoirs for accumulating large
volumes of blood (along with postcapillary venules).



VEINS

Range from 0.5 mm to 3 cm in diameter.

TUNICA INTERNA: Endothelium and basement membrane; no internal
elastic lamina; contain valves; lumen much larger than in accompanying
artery.

TUNICA MEDIA: Much thinner than in arteries; no external elastic lamina.
TUNICA EXTERNA: Thickest of the three layers.

Function: Return blood to heart, facilitated by valves in limb veins.



CAPILLARY EXCHANGE

= [s the movement of substances between blood and
interstitial fluid.

= Substances enter-and leave capillaries by"three basic
mechanisms: diffusion, transcytosis, and bulk flow.



DIFFUSION

= The most important method of capillary exchange is
eSO

= Because O2 and nutrients normally are present in
higher concentrations in blood, they diffuse down their
concentration gradients into interstitial*fluidrand then
into body ¢cells. CO2 and other wastes releasedsbysbody
cells are present in higher concentrations in interstitial
fluid, so they diffuse into blood.



TRANSCYTOSIS

= A of material crosses capillary walls by
nscytosis.

tra

= In this process, subsdzagr}/ces in blood plasma becomerenclosed

within tiny pinocytic'vesicles that first enter endothelial cells
by endocytosis, then move across the cell and exit on the other

side by exocytosis.
Ghs g o0 Sy dMOn A B ElLo 4
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BULK FLOW: FILTRATION AND

REABSORPTION

particles in a move together in the same direction.

= Bulk flow is a I isive process in which large numbers of ions, molecules, or

= Bulk flow occurs from an area ofUHighEflpTessiife to an area offlower
pressure, and it continues as long as a pressure difference exists.
—_———

e>onm Diffusion is more important for solute exchange between blood and

65 miersh_tla]_ﬂnld/but bulk flow 18 more 1mportant fo&ﬂa@n of the

= Pressure-driven movement of fluid and solutes from blood capillaries into
interstitial fluid is calle_Pressure driven movement from interstitial

fluid into blood capillaries is called{feabsorpiion)
\

e A
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HEMODYNAMICS: FACTORS

AFFECTING BLOOD FLOW

- Blood flow is the volume of blood that flows through any tissue in a given time period (in
mL/min). Total blood flow is cardiac output (CO), the volume of blood that circulates
through systemic (or pulmonary) blood vessels each minute.

= How the cardiac output becomes distributed into circulatory routes that serve various body
tissues depends onitwo more factors:

= (1) thepressureidifférence that drives the blood flow through a tissue.
= (2) the fesistancetoibloodiflow in specific blood vessels.

= Blood flows from wegions o to regions of@lOWEIpIessiie; the greater the
pressure difference, the greater the blood flow. But the higher the resistance, the smaller

the blood flow. ApP N 2ho
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WCORIFAGoNof th ENERIEIEsIzen crates BIGOAIPTESSTFe (BP), the ijdistaticipressiire

%sis‘ﬂ‘a*‘r&*i:j\\geexerted by blood on the walls of a blood vessel.

= BP is determined by cardiac output, blood volume, and vascular resistance.

= BP is highest in the aorta and large systemic arteries; in a resting, young adult, BP

rises to aboutdunng_sysmle_(y ntricular contraction) and drops to about

urmg diastole (ventricular relaxation). i

\»Mmﬁ Mean arterial pressure (MAP), the average blood pressure in arteries, is rotighly one-

&”"’L —

b@y cHWe Pu Js.g-P 1N
%\@ s\ o\ M,q, (g so08 pressure
pq\g plessure. 7

4
ZQ}MAP— diastolic BP@1/3 (systolic BP='diastolic BP) O e O




BLOOD PRESSURE

A W @==% W\ DN o (s
= We have already seen that cardiac output equals heart rate multiplied by stroke
volume. Another way to calculate cardiac output is to d mean arterial pressure

(MAP) by resistance (R): CO = MAP/R. By rearranging the terms of this equation, you

can see thattMAP=CO * R.

= Blood pressure also depeﬁ $“8h the total volume of blood in the cardiovascular

system. The normal volume of blood in an adult is about 5 liters. Any decrease in
this volume, as from hemorrhage, decreases the amount of blood that is circulated

through the arteries eachminute; =

= A modest decrease can be compeﬁgﬁted for by homeostatic mechanisms that help
maintain blood pressure, but if the decrease in blood volume is greater than 10% of
the total, blood pressure drops. Conversely,;anything thatincreases blood volume,

such as(water retention jn the body, tends to increase blood pressure.
A e\ hai )y ol oz W lo &
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VASCULAR RESISTANCE

e Sig bance

Oy
= Vascular resistance is the opposition to blood flow due to friction between
blood and the walls of blood vessels. .
Gl Aue
= Vascular resistance depends on (l)of the blood vessel lumen, (2) blood
wviscosity, and (3) total blood vessel length. - q...s, e suvosu St s 35
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SIZE OF THE LUMEN

= The smaller the lumen of a blood vessel, the greater its resistance to blood
flow.

" Resistance is inversely proportional to the fourth power of the diameter (d) of
the blood vessel’s lumen.




BLOOD VISCOSITY

e

= The viscosity of blood depends mostly on the ratio of red blood cells to plasma
(fluid) volume, and to a smaller extent on the concentration of proteins in

plasma.
= The higher the blood’s viscosity, the higher the resistance.

= Any condition that'increases the wviscosity of blood, such as‘dehydration or
polycythemia (an unusually high number of red blood cells), thus increases
blood pressure.

UL@ = A depletionD of (plasma proteins) or ¥ed blood cells, due to anemia or
hemorrhage, decreases viscosity and thus decreases blood pressure.




SYSTEMIC VASCULAR RESISTANCE (SVR)

= Resistance to blood flow through a vessel is directly proportional to the length
of the blood vessel.

= The longer a blood vessel, the greater the resistance. TN e B 2oty

= [ Systemic vascular resistance]| (SVR), also known as total peripheral resistance

(TPR), reters to all of the vascular resistances offered by systemic blood vessels.

= The diameters of arteriesrand veins are large, so their resistance is very small
because most of the blood'does not come'inito physical contact with the walls of

the blood vessel. Thensmallest Vessels—~>“ and venules—
“contribute the most resistance. WO € e
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Factors Affecting Blood Flow

Pressure and resistance both affect blood
flow to tissues, but they have opposing
effects.

Blood flow and pressure are directly
related; when pressure increases, flow
increases.

Blood flow and resistance are inversely
related: when resistance increases, flow

decreases,




)—\.

pressure

Resistance:
vessel diameter
vessel length
blood viscosity



E=2VELOCITY OF BLOOD FLOW
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= Earlier we saw that blood flow is the volume of blood that flows through any
tissue in a given time period (in mL/min).

= The speed or velocity of blood flow (in cm/sec) is inversely related to the cross-
sectional area.

= Velocity is slowest where the total cross-sectional area is greatest.

= Fach time an artery branches, the total cross-sectional area of all of its branches is
greater than the cross-sectional area of the original vessel ;sorblood flow becomes
slower and slower as blood moves further away from the heart, and is slowest

in the capillaries. 58z ) ] g (2 =
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< Factors that Increase Blood Pressure

Increased blood Skeletal muscle pump Respiratory Venoconstriction
volume pump
Decreased Increased sympathetic Increased Increased number Increased
parasympathetic impulses and hormones venous of red blood cells, body size, as
impulses from adrenal medulla return as in polycythemia in obesity
Increased Increased Increased Increased Decreased blood
heart rate stroke blocod total blood vessel radius
(HR) volume (SV) viscosity vessel length (vasoconstriction)

=

Increased cardiac
output (CO)

) s

— Nl

Increased systemic
vascular resistance (SVR)

R

Increased mean arterial
blood pressure (MABP)



Physiological factors affecting blood pressure

Factor Effect on blood pressure
The pumping action of the | The greater the cardiac
heart output, the higher the arterial
pressure
The blood volume The greater the blood volume,

the higher the arterial pressure

The viscosity of the blood | The more viscous the blood,
the higher the arterial pressure

The condition of the blood | The greater the resistance, the
vessels (resistance) higher the arterial pressure




CONTROL OF BLOOD PRESSURE
AND BLOOD FLOW

- Several interconnected negative feedback systems control
blood pressure by adjusting heart rate, stroke volume, systemic
vascular resistance, and blood volume.

- Some systems allow rapid adjustments to cope with sudden
changes, such as the drop in blood pressure in the brain that
occurs_when _you get out of bed; others act more slowly to

provide lzngﬂll/regulat}elqgf_blgchpxess*ﬂe.
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CONTROL OF BLOOD PRESSURE

AND BLOOD FLOW

1 Role of the Cardiovascular Center in the medulla oblongata:

% 1- helps regulate heart rate and stroke volume.
% 2- controls meural, hormonal, and local negative feedback systems» that
regulate blood pressure and blood tlow to specitic tissues.

*2' Groups of neurons scattered within the CV center:
» Somerneuronsistimulatertherheart (cardiostimulatory center); othersnhibit
the heart (card101£1h1b1tory center).

% Still others ~control - biood vessel diameter by causing constriction

(vasoconstrictor center) or dilation (vasodilator center).
C A0 Y BP




1. ROLE OF THE CARDIOVASCULAR CENTER

The cardiovascular center receives input both from higher brain regions and
from sensory receptors. Nerve impulses descend from ¢heé¥cerebral cortex,
limbicsystem, andshypothalamus to affect the cardiovascular center.

The Cthree"maifilitypes of sensory receptors that provide input to the
cardiovascular center are proprioceptors, baroreceptors, and chemoreceptors.

Proprioceptors monitor movements of joints and muscles and provide input
to the cardiovascular center during physical activity.

Baroreceptors monitor changes in pressure and stretch in the walls of blood
vessels. L/ -
Chemoreceptors monitor the concentration of various chemicals in the

blood.




mm CV Center

INPUT TO CARDIOVASCULAR
CENTER (nerve impulses)
< [~ From higher brain centers: cerebral cortex,

L limbic system, and hypothalamus
[~ From proprioceptors: monitor joint movements

From baroreceptors: monitor blood pressure

<€ <€
| / 0 hemoreceptors: monitor_blood acidity
| (H)e0yan 0)
v OUTPUT TO EFFECTORS
(increased frequency of nerve impulses)
Xoguanenes - Heart: decreased rate
parasympathetic)

/ Lardiac accelerator

. r g
\(;Inerves (sympathetic)
deiovascular 17 Yasomolornerves ' . Blood vessels: vasoconstriction
(CV) center C;(sympathetic)

Figure 21.12 Tortora - PAP 12/e
Copyright © John Wiley and Sons, Inc. All rights reserved.

Heart: increased rate and contractility




ROLE OF THE CARDIOVASCULAR CENTER

“* Output from the cardiovascular center flows along
sympathetic and parasympathetic neurons of the ' ANS.

T
v Sympathetic impulses reach the heart via the cardiac accelerator nerves. An

ncrease in sympathetic stimulatioheart rate and contractility.

v Parasympathetic stimulation,
decreases heart rate.

the vagus (X) nerves,

conveyed along

(HR) il

(Contractility

sl bLad]
I alisul

Acetylcholine




ROLE OF THE CARDIOVASCULAR CENTER

\/
0‘0

The cardiovascular center also continually'sends impulses toSmoothimuscle

in blood vessel walls viavasomotor ner¥es, ,

/ /
Impulses propagate along sympathetic neurons that innervate blood vessels

in viscera and peripheral areas.
%dél&l :,J\«J\,>\.D<L\(;L)

o BN\
The result is a(moderate state)of tonic contraction or vasoconstriction, called

vasomotor tone| that sets the resting level of systemic vascular resistance.

Sympathetic stimulation of most veins causes constriction that moves blood

out of yenous blood reservoirs and increases blood pressure.
289\ SNy Le




2. NEURAL REGULATION OF BLOOD PRESSURE

The nervous system regulates blood pressure via
megative feedback Ioops “that occur as two types of
reflexes: baroreceptor reflexes and C:hemoreceptor

refleXESo éMoim—o*' e |y plaguve
ang sivedn D feod oesels well.
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BARORECEPTOR REFLEXES

Baroreceptors are
They
(arteries in the neck that supply blood to the brain), and other

large arteries in the neck and chest.




Innervation of the Heart

Baroreceptors
in carotid sinus

Glossopharyngeal nerves
(cranial nerve IX)
Baroreceptors

in arch of aorta

Ventricular

\’;—'m myocardium
- "Q "

Cardiac accelerator
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BARORECEPTOR REFLEXES

= Baroreceptors are pressure-sensitive neurons that monitor stretching.

= When (blood pressure falls, the baroreceptors aregstretched less, and they send
nerve impulses at a slower rate to the cardiovascular center. In response, the CV
center decreases parasympathetic stimulation of the heart by way of motor axons of
the vagus nerves and increases sympathetic stimulation of the heart via cardiac
accelerator nerves.

= Moving from a prone (lying down) to an erect position decreases blood pressure
and blood flow in the head and upper part of the body. The baroreceptor reflexes,
however, quickly €ounterac) the drop in pressure. Sometimes these reflexes operate

more slowly than normal, especially in the elderly.
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CHEMORECEPTOR REFLEXES

= Chemoreceptors, sensory receptors that monitor the chemical composition of
blood, are located close to the baroreceptors of the carotid sinus and arch of the
aorta in small structures called carotid bodies and aortic bodies, respectively.

(CV Center) kel aldll 3,0 o) o lyLs] Jouys Lol el | Jasd olgiie Ll
= These chemoreceptors detect changes in blood level of Oz, CO2, and H+/Hypoxia

(lowered O2 ava11ab111ty) @gidosis (an increase in H+ concentration) hypercapnia
(@xcessiC02) stimulates the chemoreceptors to send impulses to the cardiovascular
center. In response, the CV centengincreasesysympatheticjstimulationytojarteriolesyand
veins, producing vasoconstriction and an increase in blood pressure. These
chemoreceptors also provide input to the respiratory center in the@rainstem to

adjust the rate of breathing.
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Chemoreceptor

= Chemosensitive cells that respond to changes in pCO, and
pO, and pH levels (Hydrogen ion).
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3- HORMONAL REGULATION OF BLOOD PRESSURE

1- Renin-angiotensin-aldosterone (RAA) system:

= When/blood volume falls or dblood flow to'the kidneys decreases, juxtaglomerular
cells in the kidneyssecrete renin)into the bloodstream><#
2 g Rl

= In sequence, renin and angiotensin-converting enzyme (ACE) act on their substrates

to produce the active hormone angiotensin II, which raises blood pressure in two
ways.

= First, angiotensin [l is agpotent vasoconstrictor; its blood pressure by @
systemic Vascula@

= Second, it stimulates secretion of (aldosterone, )which increases reabsorption of
sodium ions and water by the kidneys: er reabsorption increases total blood

volume, which increases blood pressure.




3- HORMONAL REGULATION OF BLOOD PRESSURE
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2- Epinephrine and norepinephrine:

= In response to sympathetic stimulation, the adrenal medulla releases epinephrine
and norepinephrine.

= These hormones increase @by increasing the rate and force of heart
contractions.

W
\ga’ 3- Antidiuretic hormone (ADH): o s G

= It is produced by the hypothalamus and released from the posterior pituitary in
g & 5. response to dehydration or decreased blood volume. z’)c%@lof Q\M)o'/‘l&

W
"2 1t causes in arfincrease in blood volume and a décrease inufine output.



3- HORMONAL REGULATION OF BLOOD PRESSURE

é\’ﬁ 4- Atrial natriuretic peptide (ANP):

= Released by cells in the atria of the heart, atrial natriuretic peptide (ANP)clowers
blood pressure by causing vasodilation and by promoting the loss of salt and
water in the urine, which reduces blood volume.

d+9 &) ) 9w uﬁ?ilo (2 /E L
2
Ul?!-\bxl achiHON [,40/6 G/_A:jpaws;'m)_g\; sal 5 %
« RAAS. Vasoconstriction + ™ BV .o . -
Sy, & awwﬁd’l&}ﬂ/p\] L DN en NN W%

- Epinephrine/Norepinephrine: 1 CO
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4- AUTOREGULATION OF BLOOD FLOW

st b g3 AL
In each capillary bed, local changes can regulate

When vasodilators produce local dilation of arterioles and relaxation of
precapillary sphincters, blood flow into capillary networks is increased, which
increases Oz level.

Vasoconstrictors have the opposite effect.

The ability of a tissue to automatically adjust its blood flow to match its

metabolic demands is called autoregulation. Gl sos b
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4- AUTOREGULATION OF BLOOD FLOW

= Autoregulation also controls regional blood flow in the brain; blood
distribution to various parts of the brain changes dramatically for
different mental and physical activities.

= During a conversation, for example, blood flow increases to your motor

speech areas when you are talking and increases to the auditory areas when

: - Autoregulation also controls regional blood flow in the brain...”
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4- AUTOREGULATION OF BLOOD FLOW

= Two general types of stimuli cause autoregulatory changes
in blood flow: @ . o, wrsziucy, sy smns

1. P hYSiCéll changes. Warming promoé\}sodilation, and cooling causes .
vasoconstriction. In addition, smooth muscle in arteriole walls exhibits—a

myogenic response— it contracts_more forcefully when it _is—stretched and
relaxes when stretching lessens. s\/

2. VaMng and vasoconstricting chemicals. Several types
of cells—including white blood cells, platelets, smooth muscle fibers,
macrophages, and endothelial cells—release a wide variety of chemicals that
alter blood-vessel diameter.



4- AUTOREGULATION OF BLOOD FLOW

= An important difference between the pulmonary and systemic
circulations is their autoregulatory response to changes in O:

level.

low Oz) With vasodilation, Qz delivery increases, which restores the normal

>@Hs of blood vessels in the systemic circulation dilate in response to

O2 level.

» By contrast, the walls of blood vessels in the pulmonary circulation constrict

in response ta_low levels of O2"This response ensures that blood mostly

bypasses those

alveoli

(air sacs) in the lungs that are poorly ventilated by

fresh air. Thus/most blood flows to better-ventilated areas of the lung.



CHECKING CIRCULATION

1. Pulse:

» The alternate expansion and (recoil of elastic arteries after each systole of the
left ventricle creates a traveling pressure wave that is called the pulse.

» The pulse is strongest in the arteries closest to the heart, becomes weaker in the
arterioles, and disappears altogether in the capillaries.

» The pulse rate normally is the same as the heart rate, about 70 to 80 beats per
minute at rest. Tachycardia is a rapid resting heart or pulse rate over 100 beats/
min. Bradycardia is a slow resting heart or pulse rate under 50 beats/min.



CHECKING CIRCULATION

2. Measuring Blood Pressure:

I The term blood pressure usually refers to the pressure in arteries generated
by the left ventricle during systole and the pressure remaining in the arteries
when the ventricle is in diastole. Blood pressure is usually measured in the

77 brachial artery in the left arm.

J The device used to measure blood pressure is asphygmomanometer.

- The normal blood pressure of an adult male is less than 120 mmHg systolic
and less than 80 mmHg diastolic. For example, “110 over 70” (written as
110/70) is a normal blood pressure. ideal120/80 Ji ., 140/90 jenlly



CHECKING CIRCULATION

o eedc 0P
2. Measuring Blood Pressure: Pulse oissfe = gystolic RP- detaick

1 The ditference between systolic and diastolic pressure is called pulse pressure.
This pressure, normally about 40 mmHg, provides information about the
condition of the cardiovascular system. For example, conditions such as
[‘atherosclerosis|greatly increase pulse pressure. The normal ratio of systolic
Q}jressure to diastolic pressure to pulse pressure is about 3:2:1.
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SHOCK AND HOMEOSTASIS

dShock is a failure of the cardiovascular system to deliver enough’ O:2/and
nutrients to meet cellular metabolic needs.

A The causes of shock are many and varied, but all are characterized by
inadequate blood flow to body tissues. With 1nadequafe oxygen delivery,
cells switch from faetobic to anaerobic production of AATP) and@lactic acid
accumulates in body fluids. If shock persists, cells and organs become

damaged and cells may die unless proper treatment begms quickly.



TYPES OF SHOCK

»Shock can be of four different types:

N o7 e\ o —
(1) Hypovolemic shock due to decreased blood volume
2o asb

“' (2)Cardiogenic shock due to poor heart function.

;fﬁﬁtlg(?:) Vascular shock due to inappropriate vasodilation.

¢2< 0 (4) Obstructive shock due to obstruction of blood flow.

(_’)\\




TYPES OF SHOCK

Cause Pathophysiology* 7fterns of abnormalities
r\\ Filling statty Cardiac function Systemic resistance
Hypovolemic Loss of volume \\% low high
Vasogenic Vasodilation ow \\ high low
Cardiogenic Pump failure / high \Ryw\ high
Obstructive 1 Variable** low N high

Obstruction to fl/o/

*primary problem mentioned in BOtD : **depending on site of obstruction



s HYPOVOLEMIC SHOCK

v It is due to decreased blood volume (i.e. blood loss as jacute (sudden)
hemorrhage and loss of body fluids i.e. through excessive sweating).

NRERET )

v Whatever the cause, when the volume of body fluids falls, venous return to
the heart declines, filling of the heart lessens, stroke volume decreases, and

cardiac output decreases. Replacing fluid volume|as quickly as possible is
essential in managing hypovolemic shock.
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CARDIOGENIC SHOCK

Cﬁ VW‘C\OCO\(‘W ‘\V\"Eufq/;o\:\ U"a‘”' o}-O\(wL)

o0
v The heart fails to pump adequately, most often because of a myocardial

infarction (heart attack). W) ‘el
g =3 2y

v Other causes of cardiogenic shock include poor perfusion of the heart

Céf{(ischemia), excessive paelciad or afterload, impaired
P ol . T oxateg N\ sy

” contractility of heart muscle fibers) and arfhythm1as. . KA\\:;\[@Q .
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VASCULAR SHOCK

v A variety of conditions can cause inappropriate’ dilation of arterioles or
venules.

v In anaphylactic shock, a severe allergic reaction—for example, to a bee sting—
releases histamine and other mediators that cause vasodilation.

v In neurogenic shock, vasodilation may occur following trauma to the head
that causes malfunction of the cardiovascular center in the medulla.
(medulla) Jabiall ¢ Bl i Laeg¥ s Al Spe o8 JIa (] G55 (el o8 Lla] aay dues¥1 o8 @less Eany a3 ((Neurogenic Shock) Luasll Losall o
v Shock stemming from certain bacterial toxins that produce vasodilation is

termed septic shock. | - Le & LY Losall sl eV g’ canesd 25 psans e 42301 Lol

*»



OBSTRUCTIVE SHOCK

v It occurs when blood flow through a portion of the circulation is blocked.

v The most common cause is pulmonary embolism, a blood clot lodged in a
blood vessel of the lungs.
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HOMEOSTATIC RESPONSES TO SHOCK

% Activation of the sympathetic division of the ANS: aortic and carotid
baroreceptors initiate powerful sympathetic responses throughout the body.
One result is marked wvasoconstriction of arterioles and veins of the skin,
kidneys, and other abdominal viscera. (Vasoconstriction does not occur in the
brain or heart.) Constriction of arterioles increases systemic vascular
resistance, and constriction of veins increases venous return.

“* Release of local vasodilators: In response to hypoxia, cells liberate
vasodilators—including potassium ions, hydrogen ions, lactic acid,
adenosine, and nitric oxide—that dilate arterioles and relax precapillary
sphincters. Such vasodilation increases local blood flow and may restore O
level to normal in part of the body.




SIGNS AND SYMPTOMS OF SHOCK

Systolic blood pressureisgower than 90 mmHg.

Resting heart rate is rapid duesto sympathetic stimulation afd increased blood levels of
epinephrine and norepinephrine.

Pulse is weak and rapid due to reduced cardiac outptitand fast heart rate.

Skin is cool, pale, and clammy due to sympathiétic constriction of skin blood vessels and
sympathetic stimulation of sweating.

Mental state is altered due to reducedfoxygen supply to the brain.

Urine formation is reduced duet6 increased levels of aldosterongand antidiuretic hormone
(ADH).

The person is thirsty du€ to loss of extracellular fluid.

The pH of blood isdow (acidosis) due to buildup of lactic acid.

The person may have nausea because of impaired blood flow to the digestive organs from
sympatheti€'vasoconstriction.




0
>~
AV4
Z
<
1
—




