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F—— 10 mm Microvessels ——— 20 um

Terminal
Aorta Artery Vein Venacava Areriole arteriole Capillary Venule
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Aorta and elastic arteries

Blood flows
toward capillaries

Left atrium

Left ventricle contracts
(systole) and ejects blood

(a) Elastic aorta and arteries stretch during
ventricular contraction

Blood continues to
flow toward capillaries

v Left ventricle relaxes
|\ (diastole) and fills with blood

(b) Elastic aorta and arteries recoil during
ventricular relaxation
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Left Ventricular Ejection Fraction

STROKE VOLUME = END DIASTOLIC VOLUME - END SYSTOLIC VOLUME
LVEF =

END DIASTOLIC VOLUME
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Normal Diastole Normal Systole (Contraction)
(Frontal, cut-away view of heart) Ejection Fraction approximately 0.55
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CucTtonmyeckuin ® MMHYTHbIN 06 beM KpoBU. KOCBEHHbLIW METO.
onpeaeneHns MMHYTHOro oo bema KpoBu rno ®uky

MOK = CO x v =70 mMn x75 ya./MuH = 5000 Mn/MWH = 551/MUH
Meton ®uka (1870T.)
3a 1 MyH Yenosek notpedbun 300 mn O,

CopepxaHve O, B apTepuanbHOn KpoBu — 20 06%
CopepxxaHue O, B BEHO3HOW KpOBU — 14 06%

a-v =6 00%
emMn0O, - 100 MJ1 KpOBU
300 MrT O2 . X MI

MOK (x) = 3005100 = 5000 mn/muH =5 n/muH



E_=mgh=5 Krx10 M/c?x0,1 M pT.CcT x13,6 =68 HM™
(NOTeHUUanbHbI KOMMOHEHT N1EBOIO
xXenygouka);

E_=mgh=5Kr x 10 M/C*x 0,02 M PT.CT
x13,6=13,6 HM (noTeHumManbHbI KOMMNOHEHT
NpaBoro Xxenyago4ka);

E = mv?/2 =5 Krx(0,5M/c)?/2= 0,64 Hm
(KUHETNYECKUN KOMMNOHEHT, OAMHAKOB A1
0b0onX Xenyago4vkoB)
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Suppose the original flowrate is 100 cm®/sec.

Pressure
F, Drop P,  The effect of changes in the parameters is as
___________________ follows:
3
*Double length == 50 m'/sec
....... = s 50 3/
Resistance Double VISCOSIty — I sec
[ ofowR Double pressure == 200 cmi/sec
= 4 3
L > Double radius == 1600 cm /sec
’.R— __ where 1] = viscosity * With other parameters held at original values
Volume A PI I’2 i Tt(Pressure difference)(radius)4

Flowrate = "R 8(viscosity)(length)

A 19% increase in radius will double the volume flowrate!




A =2cm? 10 cm? 1 cm?

Q =10 mlL/sec

v =5 cm/sec 1 cm/sec 10 cm/sec



(@) Pi— Py = (Pi=P¢) + (P41 =P3) + (P2 —P)

P—Py_ (Pi=P1) . (P1=P5) , (Pa=Py)
Q Q Q Q

(C) Rt R1 5 i Rz + R3

(b)



Q1 —
Q _ L Q
— P, Q; —» P, —
R3
Q3 —
(a) Qt= Q1 + Qz + Q3
0@ - 9, Q9 . O
Pi B F)o (Pi - Po) (Pi - Po) (Pi - Po)

— -+ + —
R. Ry R, Rs

(c) [ I G
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Diaphragm
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OTtnen cepaciHo-
COCYAHMCTOM CHCTEMBI

Ob6beMm

MJI % obnva %

Cepane (a muacrone)

JlerouHoe Kpomno-
obpaienne
ApTepuM
Karmnnapsl
BeHR!

CucremMmHoe

KpoBoOOpauleHue
AopTa M KpYIHbBIE
apTEepPHU
Menkue aprepun
Kanuusipsl
Menkue BEHH!
KpyrHsie seHul

360 12 1,7

130 2,6
110 } 440 2,2 } 8,8
200

300 6.0 }
14
400 8.0
300 - 4200 6.0 r 84,0
2300 46,0 64
900 j 18,0 J

5000 100,0




Elastic arteries
(conducting
vessels)

64 %
Veins

Muscular arteries
(distributing
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Blood volume

85% Systemic 10% Pulmonary

: Heart chambers
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2
Vessel
diameter
(cm)
Elastic 'Muscular Arterioles Capillaries Venules Veins =~ Venae
arteries arteries cavae
Aorta B} Vessel diameter
5000-
4000
Cross-
sectional i
area
1000~
0 .
A Elastic ‘Muscular Arterioles Capillaries Venules Veins = Venae
arteries arteries cavae

Aorta B} Total cross-sectional area of vessels



— A. Characteristics or the vessel segments

QL
S,
¢! =
n o QL < S
5¢ S S e 9 0 g g S
S £ =g = = = S22 T[T S
5 &£ g5 2 S 5 55 2§ §
< S S <S5 < O = = e = =
Number 1 Increasing 0.16-10° 5-10° 0.5-10° Decreasing 2
1 Fraction of TPR
19% 47 % 27 % 7%
2 Mean blood pressure P (mmHg)
100 40 25 20 2-4

3 Mean flow velocity Va(cm-s™)
18 5 1.5 0.02-0.1 1,0 6
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'2500 3000

__—-__‘

T ——
—30-40 cm/c ™=
~N

N

\ 15-20 CM/<_:

120/80 mm pT.CT.
20 . \
l

rd

I I i
AopTta - ApTepun ApTepunonbl
CooTHOLWIeHne MeX A4y Ppa3HbIMKX MNMOKa3aTenamun KpOBOOﬁpameHMﬂ

1 - KPOBAHOE AaBNeHNE; 2 - CKOPOCTh ABUAKEHWA KPOBW; 3 - NNoLwWaab NONepeYHoro ce4eHna cocyqncroro
BepTukanbHble NUHUW YCIOBHO PasAenaAioT pasHble OTAeNbl COCYAWNCTOR CUCTEMEL.

Kanunnapsbl BeHynbl BeHbl

pycna.



Tabnuua 20.4. CpegHne 3HaYeHWA NUHEWHOW CKOPOCTU KPOBOTOKA W AaBNEeHWA
B CUCTEMHOM KposoobpalieHnn y yenoseka

—

JduameTp, MM Cpeanss Cpennee
CKOPOCTD, naBJiEHHe,
cM/c MM PT. CT.
AopTa 20-25 20 100
MeskHe apTepu 10-15 95
Menbuaiiiine aprepuu 2 70-80
ApTEpHO:IHI 0,06-0,02 0,2-0,3 35-70
Kanunnapsr
apTepHasibHbIA KOHEL 30-35
CpedHWH y4aCTOK 0.006 } 0,03 20-25
BEHO3HBIH KOHEI| 15-20
Menbuaiilme BEHBI 0,5-1,0 10-15
Menkue W cpenHHe BEHSI 1-5
KpynHbie BeHbI 5-15 5545 10 nin
[loneie BeHbI 30-35 10-16 MEHbLLIEe

: . . ]
Mean Arterial Pressure = Diastolic Pressure + (— x Pulse Pressure

Pulse Pressure = Systolic Pressure — Diastolic Pressure
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Carmrianpism

CHHYC
=10 Mm pr.cr.

0 mmpr cr.
0 mmpr. cr.

+6 mmpr_cr.

+8 mmpr. cr.

+22 MM pr.cr.

+35 mmpr.cr.

+40 mm pr. cr.

+90 mm pr.c1,




Oasnenue 100 mm pr. CT.
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Intrathoracic
Pressure

Art line trace

Spontaneous respiration

As intrathoracic pressure decreases on inspiration, the negative pressure is transmitted to the aorta
——(the thorax sucks the blood back in) and the baseline of the art line trace is displaced down.

} Variation in systolic blood pressure is
typically less than 10mmHg.
There is a small stroke volume variation
(on inspiration, stroke volume is increased
because of increased venous return+



— B. Blood-pressure measurement with sphygmomanometer (Riva-Rocci)

Korotkoff
sounds
(at crook of elbow)

Upper arm
Brachial artery

Cuff

-

i
|
]
Systolic E ;
- readin ressure
Manometer 150 - /_g i
NeR 1251 oy

Pump

\

I

I

1

1

1

|

(brachial artery)

1

\JD :

|

i

|
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75 Diastoli
iastolic

Release valve i\ oo Cuff pressure %

Time

|




No sound; cuff Cuff pressure Sounds loud, Low muffled Cuff pressure

pressure above just below tapping, and sound lasting below diastolic

systolic pressure; systolic pressure; intermittent continuously pressure; thus

artery completely first sounds heard; vessel is always

occluded during soft, tapping, and open; no turbulence,

cycle intermittent no sound
. [ Eere=maa (a)-- -
@ ! -
£ 120 \1 L1120 D
E  f v f----- b)--- 7 E
o 1 E
2 Tio0 5
@ (c)-__---100 2
= T8
5 1 <
2 | 3
< @=== 1 ©
/ ......... (e)- - -

(a) (b) () (d) (e)
4_ Sound Nw W ""“i““"i
-------- Cuff pressure < Period of turbulent
4 flow through
— Arterial pressure Sra e s eal
Time

Figure 12-32

Sounds heard through a
stethoscope as the cuff pressure of
a sphygmomanometer is gradually
lowered. Sounds are first heard at
systolic pressure, and they disappear
at diastolic pressure.
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arteriovenous
shunt

™

precapillary
sphincter

arteriole




Pracapillary
sphinclars

Metarteniole —,

Thoroughfare

Arterioks anuls

{a) Sphincters open (b) Sphincters closed



Pinocytic vesicle

Basement membrane

Nucleus of endothelial
cell

Lumen

Intercellular cleft

Fenestration (pore)

Intercellular cleft

Basement
membrane

Lumen
Nucleus of
endothelial cell
Pinocytic
vesicle

(b) Fenestrated capillary

Incomplete
basement
membrane

Lumen

Nucleus of
endothelial cell

(c) Sinusoid

Intercellular
cleft




Capillary exchange -

Lymph capillary drains the interstitial
fluid and returns fluid to blood plasma
(see Chapter 12).

Blood flow

Precapillary
sphincter

[

Interstitial
fluid

Capillary

8111

Hydrostatic Osmotic Hydrostatic Osmotic
pressure pressure pressure pressure
\ J \ J

X B S
More fluid moves out More fluid moves
of the capillaries into the capillaries
at the arteriole end at the venule end

Blood flow

Arteriole Venule



Kanunnnpuoe Konnounuo-ocuomqecxoe
AaBnexne LaBNEHVE NNA3MbI

j !

HaBsnenue KonnouaHo-0CMOTHUYECKoe
MHTEPCTULUMANLHOW LABNEHUE MHTEPCTULMANBHON
XnakoCTH Py ) XnaxocTy (PKOyy )

ApTepuanbHbin KoHew: Prk + Por — Prt — Pok = 32,5 +5 -3 — 25 = +9.5 (Mm pT. CT.)
BeHO3HbIN KOHeU: Prk + Por — Prt—Pok =15+ 5 -3 -25=-8 (MM pT. CT.)



— A. Exchange ot Huids via capillaries

Peff (effective = AP (hydrostatic = AT (oncotic
=== filtration pressure) == pressure difference) w== pressure difference)
= internal/external pressure difference

i B - 4.0
;'E' Filtration pressure -~
: od equilibrium|_ 35%
£ -l 7 - 4.0
B 3.0 £ AP<AT —> Pyi< 0 5
J_ : : (e T 3 58
oL E 25— |
AP>Ar —> P>0 e 7 '
. - 3.0
- Path of exchange > 2.0 20—

Path of exchange




Filtration Reabsorption

| No net fluid
A TROvement S
- =25 % 25 A8 25
Mo g Ho g P to L)
-’3 Y
NFP = +10 mm Hg

NFP =0 NFP = -7 mm Hg

CHP > BCOP CHP = BCOP BCOP > CHP
Fluid forced No net Fluid moves

out of capillary movement into capillary

of fluid

KEY

“. CHP (Capillary
hydrostatic pressure)

BCOP (Blood collold
. osmotic pressure}

NFP (Net filtration

v preasure)




DiaStO'ic L | Brfle twd s

(Systolic Phase) (Diastolic Phase)



|. Cormrelates of
Pulse Pressure

II. Peripheral

Amplification
of Pulse Wave

- -=>->Forward Wave

¢c. aortic
compliance

d. Pulse wave velocity

a. € Stroke volume

i

b. Effective aortic
diameter

< <Reflected wave

e. Reflection
distance




* A-BOJIHa cBA3aHa C CUCTONOWU npeacepanm
C-BoOriHa oTpaxaert Bbinsg4ynBaHue
aTPUOBEHTPUKYIAPHOIO KrarnaHa B rnpaBoe
npeacepane npu N3oBONIOMETPUYECKOM COKpaLLEHUN
NpaBoro Xenyanoyka
X cBsi3aHa CO CMeLLeHNEM aTPUOBEHTPUKYNSPHOMN
neperopogkn B CTOPOHY BEPXYLLKU cepaua npu
CUCTOSE XKenyao4ykonB
V-BOJIHa CBsi3aHa C BO3BpaLleHNeM
aTPUOBEHTPUKYIAPHOW Neperopoakn nepeoHavarbHO
NPU 3aKPbITbIX aTPMOBEHTPUKYIIAPHbIX KIanaHax, uto

NnpunBOANT K I'IOBI:ILLleHl/HO BEHO3HOIO ﬂ,aBﬂeHMﬂ 3aTe|V|
YCBﬂfA-.A = ST T T T T T T T T e e e e —
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