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BLOOD

omponents that make up blood?
|, Whatare the phased fuid consisting of formed cellular elerpe,
B e The formed clements e red cels (erythroeppne
ediam:
,,ﬂpllm'
of the plasma?
2 T e tioud, nommally occupies about 556
The P';‘:I:‘] ncentrations of some of the constituents of plasma are s
ume. The ¢

NS Suspended in 4 iquig
» White cells (leukocytes),

of the blood vol.
follows:
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a graduated test tube, the relative volume of
adult, this volume is about 40-45%
of the total volume of the blood in the
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2
s red bood cls are there?
4 li:w,'mﬂ’"‘n‘:] il there re between 4.5 million and 6 million

Ted blogy
perpte ool sS by
cythemia. A

han the normal red cell volume ora
hematocrit s known as anemia. o

white blood cells are there?
s ;i::“':;\"bi ' whitecells nthe circulaion ca be quite varibi, 1

e e 5000 and 10000 white oo clspe il f o &My
"The whit cels are mainly involved in the immune process. Thus, i ey
e aeease in whit cells known a leukoeytasis. A reduction in Wh.':"““‘" no

Jvel is known as leukopenia. IS b

plidds e there in the circulation?

miliitr in normal pe
of their small size (z 3 ), they make up only a small fraction of the blogg Peripher)
involved in blood coagulation.

6. How null)'

7. Whatis the blood volume of a normal person?
“The normal blood volume of an adult remains constant over time, by IR

variation from one person to another. The values in a normal adul 'h==,. -
mL per kilogram of body weight. Thus, a 70-ke adult might have a tota]
5000 mL. About 55%, or 2750 mL, of this blood vol\lnnlilﬂl-“l-,tﬂ HM
is total red cell mass. One situation in which blood volume is
nancy. Bl i
uymmcyu ‘mass increases to about 30% Seretasi

8. How does the blood carry oxygen?
“The vast majority of oxygen carried in the blood is bound to heg
ing of globin, four polypepide chains atached to four iron-containing: h
ihe binding i for prii
with oxygen s
om..mgwbm is bout 15 g/dL. When blood is exposed 1o high o
bines with oxygen t0 Under
is said to be fully saturated. Fully saturated hemoglobin can
oxygen per i
oxygen capaciy of about 20.8 mLIdL of erce
o blood, or 20.8 volume.
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(rom hemoglobin. Decreased 4

b e e PH, in
uﬂo"‘”;‘, %) 3-DPG all cause a rightward shif ofr:;:c g e
e e o be unloaded at the leve] of 3 <™ .
it e e . i i

9

Mmpera.-

cells contribute to the .

dovhite Properties of bioods

e oo <l ey

because under some ot the vessels. Because ke ey
B it ey o they may sick to g colls are
el ot U e 10 th resisancg a1l ndothe-
L conditions S white cells o the viscosity of o fow. Alough
o white cell counts me high, this effect may be ¢ blood is small, un-
‘:v . in vascular resistance ramatic and may cou

e dothe e blod el e he visosity o th
ot onsn P e
el elatively small. A is i t o
I in pol can increase the viscosi DA%,
o ot mymm-“. g the viscosity more than twofold, with direct cf-

red blood

et viscosity ?
- y fthe blood orth difculty

irougha ube- Because blood is composed of a suspension of formed clements and plasma. the

hrose amw"'““"“"“""!’"".""ﬂ“_““" Increasing hematocrit causes an in-

isosly ol blood s  viscosity that i about 2.5 tmes that o watr. Thatmens

‘would for water.
Shear stess S ,:ler@m The
. greater the
,!hspulﬂ'lhefcmeonlhe vessel wall, or the shear force. This shear
Hiﬂﬂf_w??uued I_ty endothelial cells that line the blood vessel. It
ity is ‘a major mechanism by which ‘endothelial cells sense
ility of the vascular wall i

of antigens on the surface of red blood cells. Hundreds
blood cells, but most of them are weak. Two ant
faces of red blood cells and are those commonly
he type D Rh antigen, is the basis for most
_huidmbenhpsmu,wmm.pemwno
. There are antibodies in the plasma that
 ths, the ant

s to cause agglutination. Because o
i the antibodies are referred t0 as agelutinins. In
e of donor blood as that of ipi
inated, and therel

fore (ype
donor blood. Conversel. %€
is refer
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BLOOD T

A posiive

anti A and B
none

none

njury to a vessel disrupts the endothelium and result
sue, ’A»'\"Iu\jlil? allagen. Platelets are atracted 10 the collagen, " exposure
gered to release adenosine diphosphate (ADP) and a prostaglandi
& atances attract more platelets and cause the adhered platelets to becoy
plateletsadhere (o the old ones and a platclt plug i forme. If the me
Pay be sufficient 0 stop bleeding. However, with a larger njury, a clog
e e from a cascade of activation of thirteen factors that circulate i ogeg
plasma. The final steps of the cascade are conversion of m'lronm.h“'"
thrombin by activation of factor X in the presence of calcium, Thy bh(»!-q

result from activat
Way conssts of fuctors that are all present in blood, whereas the

Ielease of tissue thromboplastin from damaged tissues. For the intrinsic p
of plasma to collagen activates a plasma protein called factor X, which
‘“ctivation of other factors leading to activation of factor X. For the ext

omboplastinserves a the iniiating factorforthe cascade ofactivaton, Vi
essary contributor to clotting, because it required for production of m
the liver.

16. What is hemophilia?

Hemophilia is an inherited genetic disorder that s linked
from hemophiliacs is slow to clot, due to delayed formation of fib
from a defective factor VI, whereas hemophilia B results from a d
mas factor). ¥

17. How do anticoagulants work?

Common anticoagulants are heparin and
Heparin prevents cloting by
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HEART

right heart and a lefy
| o i
W’w ‘and the left heart pumps the blood through the Peripheral or.

s the (0 move the retury;
gﬂf;,, ot 5 propl the lood hough e the pimonay o g g

5 ey o s within e et provide e ity o e c

: vd”::f ialized type of conductive iber found in the wall o th venircles

ﬂ‘ cular cardiac muscle is similar o that of skeletal muscle, cx.
.t "’."‘:f'l: jonis much longer and that some Ofthe calium tha paric.

o 4
oo cantly; however, hey provide pathways forthe lectrcal .
Lot contract heart.

 clectrical génerating cellsinthe heart are capable of spon-
within the sinoatrial (SA) node, which s located i the su-
i i . These cells

ty?
y slowly increasing inward current of
“This slow depolarization takes the cells from a rest-
55 mVtoa threshold potential of 40 mV at which point
ds to a rapid entry of both calcium and sodium ions,
ey i become inactivated

oughout the heart?
s outward from the node and across the atrial

the ventricles are electrically isolated from
must travel through a specialized conductive

‘nerves. The parasympa-
10 the SA node and the AV node The
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‘Stimulation of parasympathetic nerves to the heart decreggeg
node and slows the ate of conduction - the AV node. Pa.-.m; $em
‘miincreas i potassium conductance, which slows the o e
membrane wﬂ.m of the nodal cells. These changes m..mde |M:“v:le,\;;::%
Sympatheti stimulaton causes the ODPOSIE cffects o ey 100 gy, N
neous rate of firing of the SA node, reducing the delay acrogy
foreeof contraction of ardiac muscle. Sympathetic simulyio the
e, which increases the rate of depolarization ang ""“Z's“;" ST

ol cls. Thes changes esult n EEneation of a e 1€ g S8
At g, ”'=vnr.,\
lectical stivationof th hear. 1
I i ¥

arec
action poiEni) il 2 this wave of“z""‘“nxx,x
et the are that s depolarized i electrically negative reltiv g g Pog
et depolrizd. This ke the heart  dpol,or an clectical g g "’l‘\
¥y disrbued lectricalchage. DUe o he ionsprsentn body o Sings
acts as a volume conductor, which allows the electrical activity gep, uids ang mﬁﬂ.
eted o the surfaceofthe body. This permits the clctrial curmeng g™ “-enr,:,,"“‘
recorded on surface electrodes, n;:ll';:i Ln recording of the ECG, ﬁr;’;"“ g
i factivity produced by th Gsah .
Candise muscle. The normal ECG is composed ofthe fo]hwi,,?’“‘ﬂﬂuuw,,;"% "
Pawave, which represnts atrial depolarization (80-100 ms)
+ QRS complex, which represents veniricular depolarization (0.,
+ Towave, which represents ventricular repolarization (100-250

e o,

100 mg)
ms)

representing 0.1 mV ncen

Heart rate is often estimated by the RERUREEFVa, or the time that occurs b
w-velohequznﬁllbuninlluBCG.mKwnvc is selected because it is one of thel
ing features of the ECG. The appearance of the ECG is greatly influenced by the
leads on of the body, and thus. \l arrangements have|
1o standardize the lead arrangements. %

« Three standard limb leads, which are bipolar recordings b:::;ywy oy

Lead 1—Electrodes on the right arm and left arm
* Lead I1—Electrodes on the right arm and left leg



r Cardiovascular Physiology

; a‘mumpodl?;mu)r\lmplmunu they
i Y 1eCond yolygg
> wwbody ifferent reference pojp ek

4 am
‘35—9”""325“
§-plecrode n.cn.unmpommmumg, in Which the gcre o
v’,,owd"' i an are patter on the chest around th hegrt, 2 1
gfsu space just 0 the right of the stcrmum, and g “‘VI \ located
o located in

mﬂ" Ol space a he left midaxillary line gV,

eletal muscle in that the cardiac
ﬁeﬁ muscle fibers are arranged Jike
,.msd' givide n.ecomhme 10 form what is known as a syneytium, S

ers m. Similar to
ﬁ muscle i striated and contains typical myofibrils made up of acy, ..,:.A

dw‘""ﬂ“ muscle?
the syncytial nature of cardiac muscle provides asy move
mwﬂ' 5o that when one cardiac cell becomes excited, the action po
from one cell to anothy

“ioining cels, moving other throughout m entire
,4, "‘ jum and the ventricular syncytium are actually separated from
" e issse around the valvular openings. Normally,action potental are not

’,,,.ms"‘ 2"‘“ nto the ventricle except through the Purkinje system,
| ,,u-mn At action potential represents a depolaizaton from the

1'he magnitude of this acton potential i cardiac musle is approx-
isal ha

‘,,msm'“‘ w.dumforcn\ill:ﬁllmg
o0 VA

‘musele?
P‘ iac impulses can - f cardiac
m—nﬂ

le is about 250 ms. This period is impor-
mpmndofmeleﬁ venricl
—hlllpt!‘

passes ed fashion to car-
individual musce cels of eachchamberto conirac almost s sinle

s theanlmmajp (he bear! e 87

val\lmcnfﬂ\elmlﬂlsnape;kaum
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n
1 ventricle needs a larger muscy,
ons iscqual: THUS: m:]:ion. e
i 2 emic i &
i
resSures allof the chambers of the hearg? "‘\
4, atare OEBIEE compliant chamber (hat servs 0 g,

rh

g 10 the heart. Because of it high o1? e by

ic circulation O T vithin the right atrium e CEEC of oY

from the YCTEomiraction. the Pre s ot g oy

P ﬁn;o;:w...e ises from approximately 0 to about 6 muntyg “""C:a:ﬁe'"ﬁ:b

b s ‘ z..

mately $WHE e hich pumps the blood into the pulmonary anery o
B i mimHg systolic pressure. Pressureq "% bigh,

i during S0l 8pprosimatly 33~ Py

g Mg g
from the pulmonary. circulation enters the'lefy: S N'
all with a mean pressure of ppror . ilar
3 srial pulse pressure i ST PProxiimgyey 10
aiom, &e:ﬁ; o s h e ventriee The v x,,,:?.
e
g S mmH, ‘
approximalely | 1 ngesfrom aprosimacly 120 ‘mmHe systolic to 80 '""iid:;."““"x:
- sure normall %P\

ranging from
range from 8PP

e
" lood euming

ions of thevalves of the heart>

3 mﬂfﬂﬂmwm the atra from the ventrices (AV-valyes) 1y
chambers from the circulations (semilunar valves) mt_<|> which they pump. The mv‘:: '
de are the v and the pulmonary semilunar valve. Those on . v et
side are he ve and aortic semilunar value. Because the valyes opey gy -5
o bioadtobe propeled outofthe heart during contacion, . K8
mage o th valves may cause reflux of blood from the circulation back int s ,,;"""n
‘one chamber to another, esulting in inefficient delivery of blood from the heart t the g L

* Backward reflux ur.

‘from the leaking valve may be heard as a heart murm g

36, What are the functions of thé papillary muscles?

The, muscles, which arise from the inner wall of the ventrice. are conncctefpg
yalve leaflts via tendinous structures known as the chordae tendinae. During caria
tion, as the ventricle decreases in size, contraction of the papillary muscles helps to mainty
proper postionsofthe valve laflets and prevent the valves from inverting at igher s

cyele?
le are summarized in the figure for the f
imilar events occur for the right sde of the heart, but e

37. Whatare
The events o i
the heart (seefigure, next page). S

heart beat through the beginning of the next heart beat. The cardiac cycle s initiated by
‘neous generation of an action potential in the SA node. This action potential spreads
ia resulfing in atr i rise in atrial p ial systole). This i
the depolarization spreads through the
delay ? 100 msafter the
traction. Ventricular pressure increases, resulting in closure of the ‘mitral valve and a perk
‘Volumetric contraction, when the ventricular muscle begins to contract but both valves
Ventricular contraction rsults i a ise i pressure within the ventricular charmber and
triculr pressure excecds aortic pressure, the aortic valve opens and ejection of e

pressure ejects blood into the left ventricle. As

s ops,allowing the aortc valve to close (isovolumetric relaxation). W
g“@“mmmwmmmmm‘mmwmsm"'
(apid ollowed by slower ventricular illing), preparing the heart for the Xt
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¢ ogy

‘much of the.oxygen required for cardiac Contracgj,
38 How o as opposed tofrom the coronary circulagiony’ M
Khough e e st nd I venrile e cayig o
i, itallynone o he ORYEER QT fr the i 2
O vericle Similar o oter tssue, the heart g
Soromry cicltion. As n ol VUi e,

nt

capi
of the

jain StaFling’s aw of the heart. -
e, o Sning's v ot s
of he beat 0 adap o chans i he amount f blod e s
The Starling mechanism operates on the principle that as carg;
contractis augmented. Thus, when an extra amount of blood
-hed, resulting it i
the heart. This rlationship between the fling of the heart and the :z,'m"n
_ fied by graphing fill

i 5)
ac muscjo is '
retums ing

iputing
b0l ventiles pump g T g
Y O systemic g

overfilling of

40. Clarify the distinction betweer

tho pressur o resistanceinfo which the heart pumps, i ;
itude of the load the heart must overcome (0 cject blood. We ofien refe. ;:ﬁj"“‘"l
monary pressure as the afteload for the lef and right veniricles, espectgy. "
41. I thagealpr th right ventricle equal o the preload fo the e yeyy
Cardic output from boththe left and th right heart is matched: e
heart operates at a significandly elevated flling pressure because left
ey is greater than right venti

42 Whatis a presurevolume loop?.
sure and volumey

The pr icular
one beat of the cardiac cycle. The element of time s not considered in a pressure vg
As shown in the accompanying figure of the left ventricle. one loop represents one b

ot
k
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g in @ counterclockwise dircction
s the lftventricle s iling Withouta e 1€ 109D, e

PO phase i ¥ argerise i
pres.
,4%" to contract, which leads
e e O s h leads t mitralvatye gy,
e et YER ot et opened. 5o the period between B gng ¢ - o2 how-
'ﬁum " alve has s s the isovoly.

o ,,ﬁcvd*__"l;,w from the lvumicle into the aorta, 11:1::::&

i g
S COMI o hegun o elax, and the pressure iy fl g,
"':;" A . Th mital Yl s cosedunl i . 3 o
cof ’T;M-M - Permit flling, Thys,

:; "f:";:c-ﬂ nt systole, whereas the segments D-A ang 4. Tepresent
et

- Lo beat. Each day i

S, > 2500

o L of blood. This amount of blood weighs 20 ton, The
‘lv:;l:‘:ﬂ lw:) inute. Generally, the smaller the size of the hear, the fager e

:;" e mn eat Six t0 eight times per minute more than men's

us %00

i i

s for a heart attack?

um""‘."wu“'-

sﬂmﬂau-mﬂ“mbmmmmmmmn
sz

¢ aneroscleosis). The outlook for a patient depends on th size and lo.
—:w"?‘i’,’-‘mumm In the United States, 33% of patients who

e 20 days. s heeing cause o eath e Unicd S
el

asures the ability of the heart to pump blood. It should not

pe
mechanism). There are several possible operational defi-

lar pressure during systole (dp/dty,,)
d as a measure of contractility; however, no index
.
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; ined primarily by the prelogg
yolume s determi™ P 25 ey
m eosd inreasS ::o'l:: volum: also increages um;rf" by s,
bt olume also can be increased by sympathegic u...,m"f Sty iy,
apteas SO il in response © pqnﬁmwﬂlmuc 0 sympg 1
and cardiac sympathetic nerves. Increases in by . iy,
{orough the VAEUS & e output,the amount of blood cj hear
i in eject Fate,
increases by gy
jp between heart rate and cardiag g, ik
& a5 heart rate increases. _u-dnc output increases. Whep 1.

l;-)s"*"L ke volum begns (0 ecrese signifcany gy
(1300 ok volume with g heart rate causes cardige o< ing b
decrease in « Outpy 1 " gy

‘The reduction in s 0 begiy it

tput?

increasin;
b e troke volume at high heart rates s dyc toa Bin g,
e e spends 0 giastole and thus a reduction i the tme iy m’";:-.. L
hean
of the cardiac curve?
50, Whatsthe R8s proportional (0 Soke volume and e
e pressure, we can reate a graph that el s he py, "{M‘cm
ressure. This cardiac function curve s a usegy et Sy
heart in determining cardiac output, 100l hy

foa function of ts flling
{he preloadsensitvity o (€
51. Ho s ” o changes?

o ol condions,the cardiac function curve may change iy
Jevel; an increase in slope or an increase in plateau level corresponds 1 a5 'n:h’” w
(lty ofthe heart, whereas a decrease of lope or a decrease inthe pltcay ey "
* ity This contracility als0 is a measure of the "“"'wn,',,%

‘heart.
52, Whatisstroke work?

ke work i the amount of work done by the heart on each beat, proporig
1o imati stroke work is obt: y o

et i ‘The higher the p igher th sroke
nzwmkdomhryﬂnhumSlmhwnrkisa!soaﬁnwlionofpmla:db«auxmm
{ncreases as preoad increases, I fact, the amount of work done by the rghtand e
sliﬁ‘usmxm the stroke volume differs, but because the load into which exh
wmwisdiﬁuaanrighlvenlﬁcl:pumpsinwalnwpmmmmwh,myw
ing ir mllmnlofwuk,lppmximmdyQg»m.’meleﬁbcanpmnp;m,-
igheroad i the aota;therefore, for the same stroke volume, ts work is much g
imulyaogm'nm.mm,,nmmnpnwrargnheanandngmmm;m
ixmymfmlheleﬁbﬁﬂbecmxoﬁhegmrlhtdmv

.
diac output?
afterload decreases stroke volume and therefore decreases cardiac output. Under

ﬂmmmunmummmmmmm‘
are independently afterload-sensitive, the entire heart-lung is
bmhmmmwmmmpﬁm.lmmﬂ_
aeral pressure fterload i increased fo the lft venirice, the right ven"ice

i i i i in left ventricula”

afterload. This

ﬂﬂ-‘mmhmmh;u
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)
perties of the heart change a i
g et s ina elaxed state, ity mm,,i‘::z’"h.
o MV% As systole begins, the cardiac muscle \'hoﬂenam; g it easy
e SN DIOO e and  stiffening of the hear, Ty g, ™" 1850 sifns,
e on i OMPC because diastolic filing is mayi € in the meghy,
!

e w C imized when (he ¢ al
9 is; blood. Eject Compliance js
e w“"‘"‘mm o il with TEon ofthe ot whic e 1 s

of "
,’fﬁ”ﬁw shortens and stiffens.

! e conditions Y™ the properties of the-heart domor-chung, from diastole g,
3 »j B after periods of ischemia in the heart, when significqp,

-+ It dar

e bulging o the cardiac muscle can resltin & reduced cang
:fw pest T e wall ofthe eart. Aftersome time goes by, it regionof he
s ich has a mueh decreased compliance (i.c., an increased stiffness ), and even
oy .mﬂ;‘ he wall may not contract it no longer bulges.

pat
st

<t thatcan be caused by a metabolic iy

elevated arterial or pulmonary pressure, or cardi

in cardiac output, which sometimes may be cor
s using drugs that

\pairment in the heart, an
iac ischemia. Hear fail-
mpensated for by an in-
. decrease

a reduction in resting heart rate?
o e in the size of the heart, which is known as hypertro-
B nicexeris ining, he hypertrophy occurs in such a way a 0 increase the iz of
L ""'"‘.,;. ‘Because the metabolic needs of the body at rest have not changed dramati-
e eving candi ouiput remains constant; thercfore, the product of stroke volume and
all. Because the heart is larger, stroke volume is increased. If stroke volume is

Aniincrease i heart rate from a low level of 50
a fourfold increase in cardiac output. Under
uble to get an additional factor of two. If the rest-
‘would quickly reach the point at which increases

e volume, and it would be difficult to increase car-

n do o the cardiovascular system?
- Increased use of skeletal muscle results in &
as angiogenesis, This increase in capillary den-
fetal muscle, thus reducing the rate at which
In addition, the larger vessels improve in
y of blood to working muscle during exercise.

for evaluating cardiac function?
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,,Wu

O What O ersation i he introduction of a catheter
and flows in the cardiac chambers. The cathet o
psm‘fmmmmghm&mﬂmum,nmu,n
mns‘:" artery or from the femoral artery advanceq
memmmdyﬂmmnnmmbemmeval comate N
cle? ,ﬁ”mmmmmnﬂmof“wmmmmw““"ﬁkr )
-ndﬂs’““‘“'I:mem,,.,,,,,y.nmesanddyem)ecmdmv.s..a[.m,ie i, 2o
e regions of th

Y b et
‘What is echocardiography?

ek eg ity e noninvasive imaging modality

detecting wal] 'nnn &'"“"N

petency of the cardiac valves.

6. Whatisa gamma scan or a thallium scan?
(.‘-lunn‘_iun imaging technique that relies on he inm.o.,n,
heart. On

al s inj mm.,,,,“l.
mﬂ.%
mmAmgmmumgenhhebcanﬂmmvhcmu "

. e
evaluate changes gy
helps ine whether a

in the heart. mm“%

64. What does an ECG measure?
Anlrﬁshwsﬂ!p-unoielecmulacnvanonu(wdxxmusck% o
ﬁmunlllﬂu:mpmh‘ammemduamoqu»lmn;mvnymnghk
mmumwmummﬁ Mm@mmmmnnm.n
is ot asessed by the ECG, experience a 10 be made about mechaca)

ﬁhium—hmmwm!

y i Forexample, a

atthe AV node (firs- > the PR
AV compke

ofP

the two wave A slowing the the ventricular

tion pathway i the synchrony of

iz wokdbe lon G r
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o to the heart is actually diminished, which ultimgye]

returning ; ; b
is reason, gardiac outputis largel, ly leads to a re-
me. FOE LS 0 the e el determined by the venous e

SYSTEMIC CIRCULATION

ﬁﬂ: that impedes blood flow through the circul
0 ey on the radius o the fourth pove ). Thus, i
progh 0 T imary means by Whih resisance i resulted. This elationship

,,a-s“’,',,ile’-“’" =
s S

e al resistance, venous resistance, and re-
a A
fi
M: o (rightatrum) side of the mmam,,*m‘
e vt re itflows from -

o on o these parameLCT-
# the 2

all 0
esels n the human body could be
 kilometers.

laid end-to-end, they would extend about
AN
AP

et desribes the case of stretching a vessel wall. The greater the com-
etchabilty” o the blood vssel. Complianc i defined a  change n
ot (mL per mmHg). Thus, a highly compliant vessel will
il change in pressure. Conversely, a low compliant ves-
a large change in pressure. A highly compliant vessel

or stiff vessel is like a steel tube.

lar, but they differ in one regard. Distensibilty is the
isa ized measure of compliance. Compli-
n a given part of the circulation and is more com-

llndﬂﬂhﬁwmmlofnnnmlmoﬂmm:
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74, What is the relationship between the compliance of

i irculation are 20 t
sera,veins of the systemiccircul it
difference n the compliance of arteries and veing g Pl ",
ihe veins areJarger and mOre complian gy . 9% o, |

it Compagy ‘h\
SN
mins, Oxygen, water, and el =

lectrolytes iy e o
.

g,
Inge!
there is some:
atalmost every level.
75. List the .
o Delivering nutrients, ¢
+ Removing products of metabolism
+ Conducting hormones from one partof the body t0 anothey

f the
e T e
Arterioles Veins
Capllaries
The vessels in the circulation that transport blood at high pressure (o
{es. Arteies have thick walls o withstand the high pressures within ep, e,
branching and reductions in diameter, the vessels that enter into the 1i‘;,,;_:\ﬂa Stiery T8
 oles. Avteriolar walls have  hick component of Smooth muscle tha respongy _
i 5
laton. They theret e i of oty Pl
How in the circulation. The smalles vessel dre Known as capillries, which -y
They are responsible for exchanges of fluids, nutrients, electrolytes, h Ve very
interstitial luid. Capillari

OrTones, g g0 40
i throu; » Permeable

sen, and othersubstances, which can move through spaces or “pores” berween o, 5

endotheial cels or through molecular pores in the cell membrane. Afier the g 78

through the capillaries, it is collected into small vessels known as venules, Vep, by

smooth muscle in their wals that can contract o increase venous resistance and g%
i i : e gy

i linnt
‘el ko s ves,which re importan orthe trnsport ofthe blood bck o e e gy
<omuch ofthe blood volume resides in the veins, they are importan ares for srsg g,

77. What determines the through a blood vessel?
« The pressure tween the two ends of the vessel
» The difficulty of the blood moving through the vessel, known as resistance
The blood flow through a vessel can be calculated based on the following equsics:

Flow = pressure gradient + resistance |

For the enti the flow is equal
the rtrial pressur minus the venous pressure. Resistance (0 blood flow s ot 5
: it e

). For
is 100 mmHg divided by a flow of approximately 100 mL/s or 1 PRU.

78. What 3
compliance is the response of the blood vr.ssc[lo:suddcnchmgelnp'r"

p xperiences a sudden change in pressure or volume,the vascular wall SOV

accommodate that increase in volume. As the vessel wall stretches, the PrEsSt

sel falls, ting it i i li This change it

time is referred (0 as delayed compliance, or stress-relaxation.
.

in the body”
The pressre in the riris s hghly pulsatle. The peak pressre: K10
sure, is approximately lmmmmm,mmu:ﬂ“ o

e
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ure depends on the amount of bl
et TR and the compltnce efeeriens AU
"Vxﬂd;‘h as during aging. It s “;II » {ht o
o e il s, i o
gt P‘:::swnmjm e the capilrics 0 approximaely 0 e e
= mH as the veins ey

hesrton a
Pliance of thear

o ;’j‘, o
- distributed throughout the circulation?
¥ A he blood is in the ‘compliant venous circulatio
(et \ena cava). and approximt Bt e
5 atel T ly 1000
esishigh

“|l.ll“ 15 the venulesand ¥ f .
Rt tho ot bloc voloms i the capillrics is et
ely

Wl oS P
i L size and low compliance of the ateres resuls
[+ %m:.::l <ide of the circulation. es results in only about I L of

== Velocity

Cross-sectional

114 Pressure

Small Vein

Venule

circulation demonstrating the largest fall in pes-
‘rea and low velocty in the microcirculaton

i

me distribution in an upright person’”
s an upright human and the high complinee
mities. Several mechanisms facilitate
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rdsvenodilaton,vasodiltior arerial dilation, and vy, -
83, The wo!  does each mean? : g
inferchangeably: W:': 4 venous dilation—an InCrease in the size o Veing by
o Venodilatlon 800 - ase in the size of either arterioles or yejp.
o Vasodiatiot T nerease in the diameter of arterioles
. Aru“‘;‘;;m,, e rfr e OmSEEOnS o s, v
Forconstriction: o
©asoconstrition for both -
REGULATION OF GARDIACOUTPUTAND VENOys @
mal value for.cardiacoutput in a human?

4. Whats the nor’
Cardiac outputis i
sues of the body. At rest ¢ g ety

i hen the body’s need for. i

ns Wi ; R

8. ‘,i?.féﬁ:fé’f of lhe#y P forexample during exercise, ‘“’lhmun::,?ﬁ
by thherincreses, This ncease i blood o is exacty proporionl o o o
for oxygen by the tissues. -

g Hom oo mW SRRt ieart recelye algnals (5 circulate gy,
when needed? i d
Ther e severalmechanisms by which cadisc tput can be increased g ey
creased. Sympathetic outflow o the heart can increase both heart rate and o
a icrase ncanias output (s igar). HOWEVCE 4 alone docs ot ncrag gy
cffetvely. Dilaton of the sytemic circulation as & rSult of functional hyperenye - 4
Jation increases venous return and thus increases cardiac output. oy

r cardiac ot
ighly variable, depending on the metabolic depang
ardiac output is approximately 5 L/min in 5 70,

R

g

S Family of cardiac function curves sovisgae
27 mal (solid), increased (dashed), and dcvael
g8 (dotted) levels of sympathetic outiow t ¢
58 heart. Contractiliy of the eart i propril
o

the slope of the c

0 T )

Right Atrial Pressure
(mmHg)

i o

i ctive hyperemia)?
Active hyperemia s the increase in blood flow due to an increase in the e of
ofthe tissue fed by  given blood supply. As the metabolism of tissue increases, the &4

for oxygen and other substrates are increased. ‘These requirements are met by incresses

! precisely matched to the increased metabolic demand of the issue:
88, C
o similar in some respects”

y "‘i""';: eopass o o that ccur e  period i which he (53 n":l -
been occlueg 204 10% 10 meet metabolic needs. Afer a period in Wi By
forexample, by a toumiquet, elease of the ocelusion results i1 &
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vich occurred before the occlusion. The m
an tha WIS « proportional to the duration of the

satel h «clusion 1S P trol is someti %

s 8% ner the O ce in flow RERG e i BCCERIN8S said to

agnitude of

.j_.,mt.udt. of the Increas
eriod in Which the 5
be Paying back

f € in blood
low wag inad-

¢ OXygen deby”

oL 1 11 2

mechanisms by which tissue regulates its o
s reduced, blood flow tends to fall. This Qatrates s
: 2ase in

of arterioles throughout the body. This dilation reduces t

aniplc' ydilatlpﬂ he delivery of blood to the tissues. Autoregul he resistance to blood

ation is generally divided intq

(e .
resld storth d the myogenic response.

jow, % i pesponse &7

(he and myoger ic responses in the local

i ZENIC respe control of i

e . € oy 3 0 the i

0 Compar® th sponse is a property of a blood vessel resulting in active Con%tri:llircmatmn.
b on

2oy ﬂ%%win an effort to maintain a given flow rate. This as pres-
qre 1iseS an‘[h'n T vessel wall and t-hus does not require iteraction with the tissye th:dtpt;(’perty
originates wi * etabolic €S nse, which causes constriction as flow increases and dilatio € ves-
el feeds The mﬁdﬁ&ﬁ“d washout of dilator metabolites by the tissye *W—E—-Il—?-ﬁ@—‘_ﬂ
falls i flﬂcts of tissue metabolism that are normally washed away build up in the EI:suzw ?
o0 lows P late. When flow is too high, the dilator metabolite concentrations are 5 ey

' oti iti : redu
cause VeSS e constriction. Under normal conditions, the metabolic and myogenic res ced,
tissue blood flow constant. ponses

. pChan

i

G contre > sms of vascular resistance and intrinsic controlle
al hyperemi and the myogenic response, relate to one another? i
rrol of vascular resistance (such as the sympathetic nerves and vasoactive hor-
3iss uperimPOSed on intrinsic autoregulation. This becomes important in many situations
mone: “ardiac output must be shunted toward one region or another for the preservation of the or-
wist 1. An example of this is one that occurs with exercise. At the onset of exercise, there is an
mat:asé in sympathetic activity that-causes a peripheral arterial vasoconstriction, leading to an in-
heral resistance that increases blood pressure. However, because of accumulation

crease in perip g R
of metabolites in exercising muscle, blood flow to these sites is increased due to the local meta-

holic vasodilatory response.

92. How much do tissues (organs) rely mw“ versus extrinsic control
Some organs depend primarily on autoregulation to control blood flow, whereas other tissues

are primarily regulated by extrinsic (neural) mechanisms. In general, organs that are thought to
immediately critical to sustain life utilize autoregl.llation to a greater degree. These include the

brain, kidney, and hea@Convemely, the cutaneous circulation is regulated primary by the level
of sympathetic vasoconstrictor tone to its vessels. Many tissues utilize both autoregulation and
depending on circumstances. For example, skeletal muscle circula-
ithetic neural control, but this control can be overridden during times
the tissues, such as exercise. Increased sympathetic stimula-
n greatly reduce blood flow through this tissue and release
time, the accumulation of metabolites will override the

mmd to meet the demands of the tissue.

hre ugh  the body is regulated by the venous return,

91' HOW do ext!
oh as function
Extrinsic con

t comes back to the heart, is determined by the
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10
iz o

3 ship between cenye ™

HE MCFP it oot
gh RSN 0 Yoo g ;\\
> \.\

0 7 10

| Venous Pressure
Central (mmHg)

giensible and the heart s prefoad:senitve, e ¢y
e vessels e d s law but also extends it. This relationship s ;l:: ""‘"\
;_::. i ), . ; s
B e rlationship, we must st ndersan .,
To“"’,,.,.g venous PRI CFP), whic i defined s the sumof e P Sy
meanireuory AR e ol compliance of the irculaion Ty g
1 " the circulation. MCFP also represents the pressure gy <ty
v of e flls o e gradient for venous retum is MCFP — i Wt
T, e + th resistanceacross tht gradi, . T
B I RVR) S defined s the pressure gradient (MCFP — rightarig g
. Thi resce 1 EROUS Tl 5 RO 1 A a5 01l periphera g 48
e » e venous resistance (Ry), the artrial resistance lRA>.4......,.,,.;":
of the irculation:

Ry +R,
AL e

Clearlythe venous retun s equal to MCFP — the right atrial pressure + the e
nous reum. Thus, venous return s regulated by regulation of the MCFP (the fullessof gy
istance, and

94. What are the factors that alter the MCFP?
« Chunges n blood volume

blood flow.
9%. How do
oo

2

the MCFP and the epinephrine, angiotensin, and vasopressi

drugs such, '—nbv-n-mcmmny,mmhﬂ
s iroprusidedecreas the MCFP and the resisance 10 Y200
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in sympathetic nerve activity do to e,
! 0 MCFP g Teslstane
cases © Venous

[
MMM?F? (o venous retum
ol resistance
g b of MCFP?
o hat occurs in the circultion when the
" % mmﬂmﬂ ‘conditions. ™ the flow is equal (0.0, i apprg
ancuseinereases e el NP
“wb”i’nwwlm
ic tone.
s DI cirulating consrictor hommones
s ol increase n the level of MCFP?

£ w,mwlnlhemdolmcrw

W om0 o pathetic outlow
asodiato™

ﬂwkuwwmﬂcm
smoHg:

REGULATION OF BLOOD PRESSURE

! arterial pressure is normally regu-
usof approximately 20 mmig. Despt tes
e over life and is well regulated on 2 moment-to-morent ba-

flow at a constant perfusion h
o the desired flow during altered metabolic needs.

slood volume states

‘minimize cardiac, vascular, and renal damage

re s rogulated s through  eedback conrol 7
hmiams that can alter the blood pressure. I pres
,senses
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lation,
106, What “-yp:lz;:mmu: Hormona! controlftim MMN
| g
i em asopre
thetic nervous SYs! PR
Pardwml?]-’:o: :mnm Aial natriuretic peptige
Hoaiogdl OBt B0 Kallikrein-kinin system
Intrinsic mec Kallikrein-kinin system

Myogenic response
Metabolic response

ous system act in bloog |
T e o o e rosral ventroateral medla (RVL) s

s lioni E
pina cord n e bulbosinal pthvay and synape on pregunglionc neurona) g g g

cond and activte posiganglionic nerve cells in ganglia located throughout the bo:';lh.n“;h

honc sympatheti flbers terminae s sympathetic ibers on arerioles, venuie,
s fbers, through rlease of the neurONSTIer norepinephrine, cause g gope |

Vasoconstriction of areries and veins and can accelerate heart rate. The tonic.

e s sometimes rferred o as vasomotor or vaseular tone, Vasomoor 1!

ety consiried s hat they can both it and comstict around i eve of e

108. How does the baroreceptor reflex control blood pressure?
Two sites in % in | fine. o
tivated by sretch o the vessel walls in which they lie: the carotid sinus and the aori
pressure-sensitive receptors send afferent nerve activity through the ninth ang g
nerves, respectively, to the nucleus of the tractus solitarius (NTS), which acti i
Serve as hefirst ey it of the brorefle. These NTS Hieuroa then acivet it
dal ventrolateral medulla (CVLM), which in turm inhibit the neuronsin the rosg)
medulla, which normally excite sympathetic preganglionic neurons in the spinal
tivation of the baroreceptors by increases in pres
sults in a decrease in sympathetic activity. This
somotor tone, causing dilation of the blood vessels, and slows heart

lower . In addition

by baroreceptor afferent actvity also innervate neurons in the nu
medulla, which i i
gus nerve. These neurons innervate postganglionic neurons.

Thus, when the baroreceptors are activated, there inerase i

Diagram of the baroreceptor reflex pathway in
the medulla. Baroreceptor aferent actvity first.
synapses on neurons in the nucleus tractus soli-
tarius (NTS). These neurons actvate other neu-
rons in cither the nucleus ambiguus (NA) or cau-
dal ventolateral medulla (CYLM). Neurons in

the NA are cell bodies for preganglionic nerve
increases in




I cardiovascular Physiology

slow heart ate. If blood pressure decreases, he eve
which BEIPS 2 there ;x ess excitation of neurons in l;mh;wll‘ 'lﬁa'."““".“’
ecreaseS: AL iy and less activation of g
hetic activity an parasympatheic acivty. Thi e
Kol YR e and hear e, whic hep 0 et bond v e o
i asOmO 0 parasympathetic nervous systcms act reciproclly o ot
s o e KEOMPAE by s n e ot ”

8

s highly effective at -
;:ﬂ:w ‘changes. One important feature of this control mechanism s
soch & it capable of normalizing blood pressure even if the long-term
e idy 0P changed:
o g pressu™®
et

of sensos ; pressure?
¥ pereaer B8Ol mechanism involved inblood presure coto i peph-
m-w WWW"“., are located primarily in carotid and sortic bodies. They are

a be stimulated by arterial pressures that fa
-ﬂ%‘ .mzb_mllﬂ’""y [ e g wat fall below ap-
el STy I ddion e mechanacepons e

st O e g O 5 ;

st eventcls D s than tht of the areria broreceptrs.

B e

control of arterial pressure.
o s acomplishedprimarily by batorecptor, peripher
d centr i Tiact

sommarte 8¢
“‘meinf"“"‘

carli LT ogal tone (control of otal peripheral resistance, MCEP, and

ﬂ.‘nﬁw ‘Nervous control of

the circulation acts quickly; however, these
periods of blood p

st 0P VDT
i IX and X cranial nerves

Carotid and Aortic|
(Chemo and
[Baroreceptors

L=
CO x TPR
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®
lood prossure {0 the body, The ey
controller of Bulitiy
M’“"‘fﬂw.‘.‘w o s he pressure di ory. gy
bythel 2
diuresis theory?
112, What s e o excrote sodium and water depends diregyy ™
[

e b
ety O K L o and Y0lUe OUp inrge (1 i

 Asarerial olune. This decroase i BIOod volumo gy, iy
et D oo e As o e o Uiy
S SRS G i Y M, The o e
o by o RAOEY 1088 o prossur s conttled by te e < 0 g
dores ¢

heory i that onk & blood t

o ress e deermines blood pressure only i the
nd thetoal peripher! l';.‘:‘w* n renal vascular resistance or rengl ul:.,::n" M\n&'
anly. ut:: m:y?m e blood pressure in the long term, m g
tion are.

Elevated

|
1 Normal
|

Sodium and Water Excretion

Arterial Blood Pressure

ater . Dotted lines show g

moified by angiotensin, aldosterone, and other factors.

113. Whatis the autoregulatory multiplier effect of total peripheral resistance?

i iac output can have | «
cular resis ., arterial icti increases Alular
and blood volume increase MCFP, which increases both venous retum and cardise

sistance " .
cause both cardiac output and total peri
S o e al perpieal

MICROCIRCULATION

of the smallest blood vessels. i generil
dﬂunv—nm&mumm,mmmwhmp‘:

anetens ‘These are arterioles with diameters less than 100 -
Petween 4 and 8 s, an venules with diameters less than 150 b
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unctonof the raRClation?

"bl’f’-”'s responsible f";"s’-"“"@‘ of nutrents, metabolies, axygen, CO,
M of materi Mm the circulatory system and the cells

,a-"“..wiﬂ"“"" arie. Thse vesel are small avrsging oly 45 i

plac ngmwﬂyﬂﬂumkngm_

el et

o across the capillary wall?
’.’m‘:"‘hﬁmﬁc ‘Substances
o e o o531

T oy for e PO :

forlarge hydrophilic molecules
.ummlarmmmthzupmmm

D o th othr, watermoves inan atempi tocqualize
O ter s collid osmotic presure Most ons o
e feely permeab

mﬂlwﬂﬁiﬂ*memd!m{wmnm
kimﬂlﬁ“m.Nur!

yallofthe fuid that enersthe in-
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.« o microvascular capillaries of s
arteries (0 MiCTOVasc! Specific o,
from larg® ':l::;i:m.s,which actvatadjacentcel pes. Response o 42" e,
of s RS L o sigals and U functionscouge P e S
differentis! .Mem example, physial 01, HOIONCS, cytokines o (04 nw;wm“\
duction $9EC il cels, can a5 relaxation, contraction, pm',feml“ﬂgula.,w‘w"\
::..cn & sl el Srooh miscle e 1o e cny 50, r g

facer " virtually all parenchymal cells can respond (o ;o "erce

responses; Vi 0 Megiy Sl iy

endothelsl “LPO Wy Mo
dothelial cel \

ive substances are released from ;
120. What type of vasoactive !ndnﬂnelm[ cellgy
‘Thrombin
Peptides
Substance P
Vasopressin
Angiotensin

Kinins
Bradykinin
Amines

Serotonin
Nucleotides
Adenosine triphosphate (ATP)
‘Adenosine diphosphate (ADP)
Metabolites of arachidonic acid :
Leukotrienes
Prostaglandin
Hydroxy-cicosaetraenoic acids (HETES)
ETEs

Nitric oxide

121 Describe the action of nitric oxide.
Nitrc oxide is released from endothelial cells and causes a potent elasaion o
& When blood low in the mi essels s increasd,shex g
the endothelia cells cause the release of nitric oxide, which dilaes the blood e
flow-dependent dilaton is an important regulator of shear stress and may be arof e e
nism by which flow is regulated during functional hyperemia.

SPECIAL CIRCULATIONS

122, What s the splanchnie circulation?

Hibgs irculation is the bl tbihb Tk 4ol oy
tesines. I s ere S R ey e
2l i isties of this circulatio ar it arge volume i

123, What proportion of the
i cardiac output does the liver receive?
Mhe v eceives about 25% of the cardiac output, o about 1250 mLnin. OF85

Patic artery, w"’""’“ comes from the portal vein, and about one-fourth comes
hedie 4 bl e i e
nuitiy inal vl Hepatic arteril blood s rich in oxyeen 0%
avariable. hepatic A ion in the liver s

foxygen by
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ares in the hepatic circulation? "
L e P is about 10 mmHs. whereas the hep
o ﬁ‘pl‘s““&d e e of the UpSUTEam Vessels s much g Pressre i
e e asoids s quite low, only about 2.3 iy, e d e

g low,
s The Nstream ye,
e Poral ey e
o i h
Jiver contribute to the overall hemod
lynamics of the bogy»

the 5 4
low 40¢5 ° lation is highly compliant. Because of this comy

an important storage reservoir for blogg, e 14 he large iz o

bR serves as
o 5 The v

e B el blood volume, whih can b mobi e omally conting
sl ‘<uch as hemorrhage. In situations in which yene <. *YMPathetic

tuations

ot st i S o may be ranslocated ot e, casing f g T i

s 2t 10 become enlarged
ristics of the intestinal ci
major " :
:7 e ntestinl Cirction arE FESpOTSIVE 0 changes in sympat
iralating homones: Both the resistance and the compllzncp: 15"5 i
st Sympathetic contrl. The intestinalcirculrion s gy s
o are T PO olume in this vascular bed may cause Lkl
a rased blood anatomic arrangement of the circulation i Sdton
" o the anai oo lation in the intestinal villus, o
o aper oS s This countercurrent blood flow may cause the tp of the illus 1o

exi
le‘“"““"mm ‘eriods of low blood flow.
pecome isch

{he blood flow to skeletal muscle? e
. st oo ighly varable, depencing direcly on the metabolc aciviy of
MMMM:. o contractions and relaxations of small artrols cuse a rge per-
:‘ € A ecaplay b 0 be ..:npe.-fu's;‘d atany v tine Asaresult resting muscle
:ﬂ':fmmm O crease dramatically (up t0 100 mL/min/100 & in some muscie),
blood flow controlled?

hatare
O vesls

b interplay of
A B e i the hetic effects dominating. During active
lites, thought o include potassiam,

neural

e ictn, he lcal rlease of vasodila o0
: 1, completely overriding
i Il le in blood flow

U»-Mwwﬁm the muscle itself
" jods between muscle

Mﬂm"‘ flow occurring during the peri
essels are not being by the muscle fibers.
g i

brief periods of ischemia can
red by an anatomic vascular

in the brain and
blood flow in the brain is main-
itions by initiating powerful re-
intained con-

n?
because even
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brain barrier? i
cerebralcirculation are significantly less peg

eab

131, Whatis the mwdm -

‘The capillaries of the areas of the body. This barrier 1o the gy, Proge
laries in other ! ot S
s than capll cts the neurons from effects of Suby P,
and ion in parenchyma prote UbStangeg st iy
the blood to the brai ’EP“" 1o asthe blood-brain barrier. Anatomcyj bl eing l,‘:%,n‘
inthe blwd_’l‘;";'::“gm unctons between the endothelal cells of ccwhnm:
‘sults primari}

ety

le
g o
Cment op o o
Stang,

i

illag, e

i kin circulation?

s the main function of the

132, Whatis ’:':2 ':;pplyi"g nutrients 10 the tissue, the skin circulation o; h
In addition 10 TP e body temperature is elevated, these vessels dijyge - "l

body tempert e face, where it can be cooled. Under extreme €onditiong y i 1

blood to H-:m Jood vessels constriet, resulting in a nearly compley c

conserved.

ds in g

e cessationof g gy
iy
lled?
the skin blood flow control
e 1o the kins the st variabe n the Dody. Skin blood vegggy
B Sotin . Most of th o dlac
i gulation. Blood flow g g, Pt

i in temp the sk
forup o 25% of hecariae utput when body femperature is markey ¢ ey

N
nc,n&
134, What are the factors that influence the blood flow to the hear(?

Physical factors

Neural and neurohumoral factors

Metabolic factors

The physical factors include maintenance of blood pressure and the Squeezing o g,

vessels during cardiae contraction. In contrast with other organs, the heartfo o
tining arteial pressure. Because ofthis, decreases in cardiac function may b mple
ing fall in coronary artery perfusion pressure, which resultin reductions in COronary bond oy
ven furhe educions in cardi fnction due o cardia ischemia. Most of he e ¢
et occurs during diasole bcaus this i the period when the cardiac musce e e
passage of blood through the vessels. During systole, the contraction of the Ventricles causes e
travascular compression, which can completely stop blood flow through the coronary vasculge

135, Whatis the most important regulator of coronary blood flow?
The coronary circulation supplies the metabolic needs of the cardiac tissue, One. of thems

striking characteristis of the coronary circulation s the tight coupling between biod i
ivity. Thus i d functi 1 i i

portant role in the regulation of coronas

y perfusion. The mechanism for this ik beveer
metabolic rate and coronary blood flow is till not completely understood. What is knownisl
2 decrease in the atio of oxygen supply 10 oxygen demand causes the relase of 8 potst|

Sodilor substance ino the intertitial fluid of the heart, where it oan rel coronry L |
sels in an attempt to normalize blood flow,

136. How important i the neural regulation of coronary blood flow?

_ Neural regulation of coronary blood flow is much less important than the metaboli¢
o oeation ofcardias sympathetic nerves, which increase eartrate and o
“ninereased rate of coronary metabolism and thus acts indirectly to increase blood 0%
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