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emodynamics 1

-Hemodynamics : physical factors that manage and regulate blood flow
”Q” ; Which include :

1-Resistance 2-Velocity
3-laminar and turbulent flow 4-wall tension and compliance

-Blood flow ‘Q’: quantity (volume) of blood that pass a given point in
circulation per time unit

V Note: here we used Q for blood flow but in
Q - ? slides F = both are the same

-So, it is measured in ml \ sec or L \ min ,etc....

-Also, we have another equation for ‘Q’ which have relationship to
pressure and resistance

(F’L - P,): AP

__ AP

Q=%

; AP:the difference bet. 2 points in pressure

R: resistance

So, blood flow is proportional to pressure of blood (vasoconstriction
increase blood flow and vice versa) and inversely proportional to
resistance of wall of blood vessels

-This equation can be applied on single vessel or organ or entire
circulation :



1-if U applied it on an organ the 4P will be difference bet. Arterial
pressure of the arteries going into the organ and venous pressure of
the veins going out of the organ (4P = arterial P —venous P )

2-if U applied it on the entire circulation the AP will be difference bet.

The pressure of aorta(beginning of the circulation) and the pressure of
nght atrlum (end Of |t) Pressure at end of Pressure at beginning

systemic circulation of systemic circulation
=0 mm Hg = mean arterial pressure;

average 93 mm Hg

-The pressure of aorta is mean

Right
atrium Left

atrium

arterial pressure "MAP” = 93 mmHg

J Left
ventricle

Righ
ventricle

While the pressure in right atrium

AP = pressure at beginning
— pressure at end

=93 mm Hg — 0 mm Hg

=93 mm Hg

=central venous pressure which is

ignored(=0) because it is small

in comparison to 93 (Look at pic V) e eemecn mmcnioams

Pl' P; = a x R
K_\)f') r-)ﬁ (Jﬁ SMRLL” lﬂr\orcd
\ojaSwu\R Res 57y, CenvTRpL ;e_::;us PRESSURE

Vi Y > P=CVP

VEWA CAVAE

ARTERIDLES &
CAPILLARIED

(BooY)
-we took the MAP because the press. In aorta is variable in sysoltic and

diastolic so | took the ‘average’ which is MAP



MEAN ARTERIAL PRESSURE (Mpp)

* AVERAGE PRESSURE

SYSTOLE ~ '/3 cARDIAC CYCLE
DIASTOLE ~%/3 CARDIAC CYCLE

gl Lixie

PULSE PRESSURE = SBP-DRP MAP J) Ak

MAP = 1)3 (8P ) + %/3(DBP)
-1/2DBP  +*3(DBP)

1)3(seP-08P) + DBPF /3 (PP) + DBP

MAP = 1\3 * (120-80) + 80 = 93 mmHg

€2 anadi (B xaa) 4 I3 )8l gveraged) <A Lo Gl cuda -

32 s Diastoled Wix cardiac cycle JV 4xie )l 3 8 Cl 33 40 systole dbabuy ¢

glﬂ I.... % u ,:S&
50 mm Hg 10 mm Hg 90 mm Hg 10 mm Hg
pressure pressure pressure pressure
‘ AP = 40 mm Hg ‘ 'L AP =80 mm Hg *
90 mm Hg 10 mm Hg prosaure o brossure 2
pressure pressure P ,L P *
AP = 80 mm Hg
‘ AP = 80 mm Hg ‘ ( j Vessel 3
Vessel 2
P in vessel 3 = the same as
DP in vessel 2 = 2 times that of that of vessel 2,
vessel 1 despite the larger
absolute values §
i — i &
Hlowin vessol = = ‘2,et|sr2eels1that ot Flow in vessel 3 = the same as that {-g
of vessel 2 g
Flow = AP Flow ~ AP g
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-in1, AP in vessel 1 is calculated as well as in vessel 2 and we see that
AP in vessel 2 = the double of AP in vessel 1 = Q in vessel 2 = double
of Qin vessel 1

-in 2, AP in vessel 3 is equal in vessel 2 2 Qin vessel 3 = Q in vessel 2
;despite of large values in vessel 3 and small in vessel 2

So, blood flow depend in proportional relationship on AP, and not the
absolute values of each pressure

Q : how the pressure gradient in the circulation is established?

-by contraction of the heart import pressure through arteries which is

the main driving force for blood flow ( J-ﬂy o Jasuall oo alall ey
) { M}AJM cJJﬂU DRI

AP =perfusion pressure aa 2l V5 (5 pad 2l g

o) dadli 4 ¥ juath s Jil resistance (S blood circulation 4wl e
&t 08 Lo et arall 68 cligd 4y saall due V) () jaan 5 pall G SSSY)
el Htia by y8 ey be sl J4b J ) beaall J& Joay L) & I qorta J)
criculation

ale Qlaid ala e ¢ Ja 2884 ) 22l (resistance) SSiaY) oy bk -
Laie Lo b Jay ) Aledll g Bl G p A Lnie oS5 el g adaiin i el
Lxie (5585 71 Lo ML Ay el 5y pall el Sal IS Ans Jaicall ()5S o1 liSsal
bl (ladills 5 & at g S b adss pdll a1, € Q=0 S P A
resistance vessels (e LY arterioles (o 2 s 50 (L& S| (G &
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Q:who is responsible of establishing Resistance? e
HST ilh e agayll

-Sympathetic vasoconstrictor fibers in smooth

MOHAMED HUSSEIN

Muscles , which cause partial vasoconstriction =
Tonic contraction ,and the effect of it is increased ko
in arterioles so that’s why it is called “resistance

vessels”

decrease

Relationship between blood flow and Resistance: 7 Low
-Resistance is the opposition of blood flow hinderants Resistance
of blood flow through the vessel. Flow High
-according to the figure = , AP is shifted to right and | Reslgtance
downward when resistance increase and vice versa. ’

-So, according to Q= Z:TP and the figure = any increase Perfusion Pressure (AP)

in resistance perfusion pressure ,the perfusion pressure must increase
(By either increasing pressure at beginning of vessel “P1”or decreasing
it at the end”P2”) in order to maintain the same blood flow "Q”

-but usually there is increasing in P1 by increasing contractility of heart

-In conclusion, where the vessel offer more resistance this mean the
heart must work harder to maintain the same blood flow which we see
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in pathological cases like aortic stenosis which cause L. ventricle
hypertrophy due to overload of working

-Resistance depends on many factors:

8nL

R —
tr?

) % VISCOSITY~ "THICKNESS
— 1R =11

9)* BLood VesseL LENGTH
R <L

g)* BLoob vesseL RaDIVS —

-So, R is proportional to viscosity and Length and inversely proportional
to Radius which is the most important factor because any change in it
will lead to a big change in R because Radius is to the power of 4 + we
can control through vasoconstriction and dilation —

ARTERIOLES
vpsoconsTRICT~ P14 R
L_vasopiate ~ LR

~1

-In SUMMARY, viscosity and length is inversely proportional to Blood

Relative Flow

flow ‘Q’ while Radius is proportional to ‘Q’ or ‘F’

1.0 = :
\ ‘ =1 e—

08{ Far’

@ constant AP P:

06 16 mimin
0 |

0.4 Hg d:4 _

T i

0 ; ‘ — \ '

0 02 04 06 08 10 FOR

Relative Radius

R =AP/Q:

- entire systemic vasculature=1 PRU

- entire pulmonary vasculature=0.14 PRU

peripheral resistance unit



-viscosity is mostly determined by circulating Resistance pieces :
proteins in plasma and hematocrit: percentage of RBC in blood

g - Measured in
Viscometer
Relative 4 | blood
. . . . . Viscosity
N circulating R pieces , M viscosity -
plasma
2 —
L} ] 1
0 20 40 60

Hematocrit (%)

*Plasma of blood is more viscose than plasma of water because it
contains proteins in it. “~~but the blood is more viscose than plasma

-MNsurface area of blood vessel in contact with blood O Resistance

>V F

OS5 arterioles J) (8 Leiw 4LB ¢ S5 surface area J) e32 aorta & JUlb-

Relationship between Blood flow and Length

-we can’t change the length in normal people so it’s not so important
but it may change in obese people so they will have more resistance
therefore less blood flow .

-we repeat what we say previously about relationship,

—
: , . e Lengtha=1 Lengthb=2
see the figure © and make comparison bet.aandbin [T ] ° 1a o
-~} 7 Cengtn
g g |
length and their blood flow 1 [Flowina=2xflowinb
P
-if we double the length, blood flow reduce to 50% g
(1(-8—)"__..{' S b
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Relationship between Blood flow and Radius U3o)ghas CHE 5 5 180 Ve R )
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-again, repeating what we said previously

-it is very important factor and we can change it

In normal people through vasoconstrictors and

Vasodilators

1.0
-Also, as we say in the figure ,any little change in '
2 0.8 1 For
Radius will lead to huge change in blood flow E @ constant AP
0.6 1
. . . O
-if we double the radius—> blood flow will 2
© 0.4
Increase 16 times !! T
0.2 1
_____________________________________________ 0 T T T L]
n nn nA ne no i N
Laminar vs. Turbulent Flow Zero velocity
-Laminar flow is parabolic, highest velocity in center i
, . . minar e
(least resistance), lowest velocity adjacent to vessel wakfg, vekocity
Due to friction(Resistance) to vessel wall equal
approximately zero
B laadl (ge A il A3kl il JSS g (0 5S pall AS ja- Quiet sound
0585 al de pull 5 dan gl laadl e US adle (S5 e ju o
Lol o sl 685 L gy o
-Turbulent flow is disoriented, no longer Parabolic duegirbuient
to clot that change the smooth regular surface of
vessel, kinetic energy wasted ,thus more pressure NOiSY sound

required (more work on heart) to drive blood flow
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-A big example on it is the measurement of blood pressure : )
To measure blood pressure, the cuff is placed around the bare and stretched out upper arm,
and inflated until no blood can flow through the brachial artery. Then the air is slowly let out of
the cuff.
As soon as the air pressure in the cuff falls below the systolic blood pressure in the brachial uss.‘_a..x\,..,.
artery, blood will start to flow through the arm once again. This creates a pounding sound Rt
(turbulent flow) when the arteries close again and the walls of the vessels hit each other after a
heart beat. The sound can be heard by placing the stethoscope close to the elbow. Right when
you start to hear this pounding for the first time you can read your systolic blood pressure off
the pressure meter.
The pounding sound stops when the air pressure(laminar flow) in the cuff falls below the
diastolic blood pressure in the brachial artery. Then the blood vessels remain open. Right when
the pounding stops, you can read the diastolic blood pressure off the pressure meter.

-another example is stenosis in valves lead to turbulent = will hear noisy
irregular sounds
-we have factors that determine turbulence

FACTORS PReDICTING Laminar

TURBULENCE F"’\WA
* DENSITY ~
f Flow
* VISCOSITY ~ 1 Turbulent
o \ Flow
B S Turbulence
* VELOLITY ~ V Begins
* DIAMETER ~ A -
Perfusion Pressure
« REYNOLDS Numger~ Re
Normal Flow
C i ’Tl __///f’——,‘\m w

AP =10 mmHg

2-Times Normal Flow

g/{%

—===1= t >

AP = 35 mmHg



Directly proportional to the:

— density of blood (p, i.e. rho) — diameter of the vessel (d) in cm
— velocity of blood flow (V) in cm/sec; and is

Indirectly proportional to:

— viscosity of the blood (n, i.e. eta).

-if Reynold number :

d
; Low Re'P - <9.ooo}

> HIGH Re = >3ooo ]—»

3 between 2000-3000 there is increasing likelihood that blood flow
will be turbulent

Q:what happen in anemia ? does it lead to turbulent or laminar flow?
A(from osmosis) :in anemia

1- there is low hematocrit & low viscosity ‘n’2increase Re
2- often they have increase in Cardiac Output = increase blood
velocity ‘V’ = increase Re

= TURBLENT FLOW




Series And Parallel Resistance

-it is important to note that poiseuille’s equation ( relationship bet. Q

with radius,Length,pressure and viscosity) > =2 =  ———

[P ressure
| 1 Radius
[ M Fluid viscosity

| Length of tubing

Is applied on single vessel not for entire circulation

For example : if we say an arteriole in kidney has vasoconstriction

7 Pr’

Renal Resistance change would be very very negligible because there 8]7/

To half then resistance will increase 16 folds but the overall ) -

Are many other resistance vessels didn’t change in resistance
What is Series arrangment of R ?
-it applies on blood vessel arrangment within organ

-look at the figure down,we see in series R that total R is the the sum
of the individual resistances (R artery+R arteriole + ...)and all within
an organ

-so if we take an orgn we see first arteries going into it then
bifurcate to arterioles then capillaries(capillaries are parallel) but in
total there is a series for these vessels

-Total flow is the same at each level, but pressure decreases
progressively due to increase resistance(friction)

series_== blood flowd! (udi As Blial) fladal laa age bl (A8 (lalil)-
a3l PA Al g gl g o) (s Dahudally (358 gt (gay A

-so reduction in pressure is compensated increasing in R in order to
keep blood flow the same in all levels

-total R is larger than any Rn
SERIES RESISTANCES

Biotal = Ry + R + Ra + Ry + Rs

Ry R2 R =] As

Artery Arteriole Capillary Venule Vein



-we have branches from aorta that supply all organs in the body and
these arteries branched from aorta are in parallel arrangment and in
parallel arrangment the total Resistance is reciporcal for individual R

*As shown down in the figure*

-total R is smaller than the smallest Rn

*every circulation arrangment of R is Parallel except portal system

Is series

-Benefits of parallel arrangment:

1 -total R decrease :total R is smaller than the smallest Rn

2-NO lost of pressure for branched artieries from aorta:same P for all

3-if there is adjusment in any branch it will not affect the other
branches.UNLIKE the series arrangment that will affect the rest

4-any addition to any R.the total R will decrease rather than increase

which is very gd

- Flow to each organ

1 _ 1, 1, 11 1, 1

Riowl Ry Rz Rs Ra Rs Re is a fraction of the
Cerebral (Ry) total blood flow
Coronary (Rz)
Renal (R3)

Gastrointestinal (Ry)

Skeletal muscle (Rs)

Skin (Rg)

Vena cava



