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Reasons

s REasons:

s Measurement of concentration off Oxygenand other
nutrients in the cell too difficult
= Using measurement blooed flow and change inibloed volume
n |f bloed flow difficult to measure => useblood pressure
n |fiblood pressure is difficult => ECG measurement
= [he aim of finding seme diseases in human body (do noet
know exactly which the diseases are)

= All steps above are related to each other through different
levels.

= \Working mainly with blood vessels



Blood vessel structure

s FIve types of blood vessels:
m Arteries
= Arterioles
= Capillaries
= \enules

m \Veins

= Larger blood vessels served by own: blood vessels located
withinitheir walls

m \/asa vasorum



Vessel structure

m  Arterialiwalls have 3 tunics
m tunica interna

s Endothelium | AN TUNIGA INTERNA:

: - Endothelium
= Basement membrane Basemen,membrane_"_'___L.!
= Internal elastic lamina 1 intemal elasic lamina .

| TUNICA MEDIA:

| tun|Ca medla | | i/ —— Smooth muscle -
-~ ThiCkeSt Iayer ' _ ' ::' External elastic lamina
= Elastic fibres

TUNICA EXTERNA

= Smooth muscle

Lumen Lumen

= External elastic lamina (only in Ay (B} Vein
muscular arteries) : S Lumen

Endothelium — — Basement membrane

= tunica externa
= Elastic and collagen fibres

(c) Capillary




Arteries

Aorta and elastic arteries

Elastic (conducting) arteries " R Biood flows

toward capillaries

Left atrium

= | argest diameter arteries

Left ventricle contracts

= Tunica media contains high propertion " CyStolo) sndioscrs biacd

of elastic fibres

(a) Elastic aorta and arteries stretch during
ventricular contraction

= Store elastic energy

Blood continues to

s Helps keep blood moving during flow toward caplliaries

diastole

Left ventricle relaxes
(diastole) and fills with blood

m “conduct” blood from heart to smaller

muscular arteries
(b) Elastic aorta and arteries recoil during
ventricular relaxation
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Arteries

= Muscular (distrbuting) arteries

TUNICA INTERNA:

= [Viedium sized arteries 1) e

= Tunica media contains 1 B IF A=
= High preportion of smooth muscle
m \/ery active in vasocoenstriction

and vasodilation

(¥} Vi

= Distribute blood to various pants of e

——— Basement membrang

body e



Arterioles

Arterioles

= small; almost micrescopic arteries

= deliver blood to capillaries

s key regulators of systemic vascular

resistance

Metarterioles

=, Emerge frem arterioles
= Supply capillary beds

s Distal end has no smooth muscle

= thoroughtare channel

Smooth muscle fiber
Endothelium

Precapillary
sphincters
(relaxed)

True
capillary

Capillary
bed

Thoroughfare
channe

(a) Sphincters relaxed: blood flowing
through capillary bed
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Capillaries

IMICrescopic vessels

(m ICI’OCI Iicu Iatl On) | Y TUNIGA INTERNA:

Endothelium

s Distribution;  varies  with
metabolic activity of tissue

= Prime function| IS exchange of

T} External elastic lamina,| | LR
nutrients and \Wastes Via ol -!Tumcaemnm ﬁ il
interstitial fluid O e
(a) Artery (b) Vein
= Walls consist of only =
endothelium and basement Endathellm — esement memprene
= (c) Capillary

membrane




Capillaries

Trnue capillaries

= Emerge from arterioles or

metarterioles
m flow regulated by precapillary
sphincter

m Flow intermittent (vasomotion)

= Caused by alternating
contraction/relaxation of
metarterioles and pre-capillary

sphincters

= RBC move in single file

Smooth muscle fiber
Endothelium

Precapillary

L~ sphincters

_ J' (relaxed)

True
capillary

Capillary

Thoroughfare
channe

(a) Sphincters relaxed: blood flowing
through capillary bed
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Capiliary exchange

= [hree different types of
capillaries
s Continuous capillaries
= Uninterrupted lining
s Fenestrated capillaries
= many fenestrations/pores

= Sinusoidal capillaries

= large fenestrations and
intercellular clefts

= Incomplete basement membrane




\/enules

s Small veins formed from: merging of several

capillaries

= \/enules merge to form veins



s \eIns:

s Composed of essentially same 3
tunics as arteries

= [lunica interna thinner

= [ Uunica media thinner

m | ess smooth muscle and
elastic fibres

= [ unica.externa

m Thickest layer - collagen and
elastic fibres

m [ack elastic lamina of arteries
= Many contain valves to prevent
backflow: of blood.

Lumen
(a) Artery

Endothelium

TUNICA INTERNA:
Endothelium

L 1
—— Smooth muscle 'ﬁ' \

: ] III ...
External elastic lamina | '

I
TUNICA EXTERNA b .':.
a1 |I

(c) Capillary

| B
I

Lumen
{b) Vein

Lumen

Basement membrane




Capiliary exchange

s Supstances enter and leave

capillaries by three methods: I

= diffusion (most important) e TS e,

= transcytosis (vesicular transport) B O | R
= bulk flow (filtration and D SR

IFHP =
BOOP = FHP = B"-'JJP =
Dlmuﬂg ] mm Hg it

absorption) £¥2i S

= Important for regulation of relative \. g;;mm ! e ‘/
velumes of blood and interstitial

- E-lnnd flow
fluid R ﬁ ﬁ
- mat filration net reabsorplon

= Driven by-balance between

EIHP'
1 mm Hy 16 mmHg | mm Hg

nydrostatic and osmotic pressures v P“"”:"““ ,L“’m“:‘”
(Net filtration pressure)  mrTTEEm
G NFP = = [} NFP = =1} = (28 +
s VVolume of fluid and and =i phdu St

Bt fiftration Ml reabsompson

solute reabsorbed normally:
almost same as volume
filtered (Starling’s Law of
the Capillaries)




[Dynamics ofi Bloodi Circulation

= |nterrelationships between

2ressure

=low

Resistance

Control mechanisms that regulate blood pressure
Blood flow threugh vessels




_aminar and Turbulent Elow

Streamiined

Outermost layer moving slowest and center
moeving fastest

Interrupted
Rate of flow exceeds critical velocity

Fluid passes a constriction, sharp turn, rough
surface



Indicator-dilution method! that Uses
contrinuous Infusion

a Concentration
= Main parameter using to identify: the disease.

s Define by equation:
= Inwhich: mO'Is a guantity of aniindicator, V. Is the bloed
volume

= \When the quantity: Is increased so the flow.can calculated
from the equation below:

= |t means that the changing of guantity ofi Indicator with
changed volume per unit of time



Indicator-dilution method! that Uses
contrinuous Infusion

n FICK technigue

= Using for measurement cardiac output

= Definition: volume of blood pumped by: the heart per min'/ measure
volume displacement

= “the total uptake or release of a substance by an organiis the product
ofi the bleod flow through that organiand the arterioveneus
concentration difference of the substance™

= LLimited by cumbersome eguipment, sampling errors, need for
Invasive monitoring and steady-state haemodynamic and metabolic
conditions



Indicator-dilution method! that Uses
contrinuous Infusion

s FICK technigue
= Equation:

= F: blood flow, liters/min

= dm/dt= consumption of oxygen, liters/min

= Ca= arterial concentration ofi oxygen, liters/liter
= Cv=venous concentration of oxygen, liters/liter

= [histechnique Is nontoxic and the presence of catheter
causes a negligible change in cardiac output.



Indicator-dilution method! that Uses
rapid Injection

= Principle:
= Bolus of indicator Is rapidly injected Into the vessel and
the variation 1n downstream: concentration of the indicator

Versus time 1s measured until the bolus has passed.
= Egquation:

= Still following the main definition.



Indicator-dilution method! that Uses
rapid Injection

s Common method

= Dye dilution

= Injected thought catheter

= 50% of the dye Is excreted by the kidneys in the first10 min so
repeat determinations are possible.

= Shape of measured curve can prowde additional diagnostic
Information

Time

circulation pealk
& Extrapolation of primary decay curve
& Elevation of baseline secondary to circulation of dye

& Appearance time




Indicator-dilution method! that Uses
rapid Injection

s | hermoedilution

s CO denved from modification Stewart-Hamilton
consenvation of heat eguation
=« Q= V. xDixSi[Th-Ti] x.60
dT X tx Db x Shx 1000
= V' — volume of injectate
= D — densities
= S.—specific heats
s [ —temp
= dT — mean temp change
= {— duration of temp change
60/1000 = scaling factor convert CO inte l/min




Indicator-dilution method! that Uses
rapid Injection

s Common method

= [hermo dilution
= Inject bolus of coldisaline as an indicator.
= Egquation:

= Q= heat content of injectate,
=~ = density of blood, kg/m3
= Cb= specific heat of bleod, J/(kg.K)



Electiromagnetic ElowWmeters

= Principle:
= Moving ions in the blood are deflected by magnetic force.
= Positive ions are deflected down, negative ions are deflected up.
= This separation of charge creates an electric field E pointing up.

= There is therefore a potential difference V = Ed between the two
electrodes.

= The velocity of blood flow is measured by v = E/B.

* Positive ions

* Negative ions

Voltmeter




Electiromagnetic ElowWmeters

s In details, the formula fior induced' electromagnetic field 1s given by
[Faraday’s law of induction:

s B= magnetic flux density, T

s |_=length between electrodes, m

s U= Instantaneous velocity of blood, m/s
s Error factor:

= [he varying drops In resistance within the conductive blood and surreunding
tissues.

= Shunting effects of the wall cause variable error (physiology: structure of
vessels)

s [he effect of conductivity between in the wall and outside the wall.
= The not uniform of magnetic-flux in transverse plan
= The not uniform of magnetic-flux along theiaxis



Electiromagnetic ElowWmeters

s DC Elowmeter
= Using de magnetic field

= SOome disadvantages: 3 reasons
= Noise have the same order as flow:signal so can net remove

= Content off ECG and waveform freguency, are the same so
Interference

= Noise at low freq Is large so have poor SNR.

s AC Flowmeter
= Using ac magnetic field though effect ofi transformers.

= Some disadvantages but can solve by using different
techniques.
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