11. Organ System Physiolyg,

4. CARDIOVASCULAR PHYSIOL oGy
Jeanne L. Seagard, Ph.p,
m
BLOOD

e the components that make up blood?

1 WL phased fluid consisting of formed cellular e

 What 2 ements i 2 T
:‘.:‘l"f,fm-. The formed clements e red cells erythocytesy, whsxfes:?liﬁe:&:c]yugf
.
the parts of the plasma?
d x‘;l:s?na, urprluid fraction of the blood, normally occupies about 5595 Of the blood voi.
‘o0 T ol concenrations ofsome of the GONSituent of plasma areas ol
PLASMA (mOsmiL, OF H,0)
e
by 42
ot 13
Mgt 08
a 108
Heo~ 2
Heo, ™, PO, 2
50, 05
Aminoasids 2
Creaiine 02
Lactste 12
Glucose: 56
Prokin .2
Ura 4
Others a8
Towl mOsmL 3018
Comected osmolar actvity (mOsm/L) 2820
Toul osmotic pressure 37°C (mmkig) 5443

3 Whatis the ‘hematocrit?

N 1 uldnm sample ffom an adult is centrifuged in a graduated test tube, the relative volume of
. ":(wm;::“s 5 termed the hematocrir. For a normal adult, this volume is about A04s%
. The i 120 €18 0CCupy about 40-45% of the total volume of the blood in the
it aod cells, which are less dense than the red cells, form a thin layer (the so-
i people e 18 35-60% of the volume is the plasma. An increase in hematocrit

8 T g 224 10 high altitude, where there is an associated decrease in oxygen
tin this case can be 60-65% of the total blood volume.
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4 How many red blood 1l wmm o i millon req

1 there e
ins w;;:;"m’lﬂ hanhe ormal 0 21 YOLUME 0 8 reaer et Sl

qmm A decreased ~hematocrit is known as anemia. ‘Octitjg. ’""%
2
white blood cells are there? !
5. “"“’“':,,',"bi " whit cels in the cirulation can be quite vargpj
ﬂ,,:: between 5000 and 10,000 ‘white blood cells per millliter of oy ’Wmm

v iy imolednhe immune process. Thu, ™ e
T e i cls known s lenkoeyosis. A eduction i wii o y no.':,:"‘
Jevel s known as leakopenia-

iifi

. Howmany pindets are there in the circulation?

millliter in norma)
of their small fri (2 -3 ), they make up only a small fraction of the NM”'V‘MM" Joog,
involved in blood coagulation. Mn .
7. Whats the blood volume of a normal person?
The normal blood volume of n adut emains consant over time, by ey
vristionfrom on person o anothc. Th values i a normal adult genergly o e
L pe kiogam of by veight. Thus, a T0-kg adul migh have g g™ I

5000 mL. About 55%, or 2750 mL, of this blood volume is plasma, ang ab«n 45%""' oy
012

s total red cell mass. One situation in which blood volume is dramatically in 0ay,
nancy. Blood y about 32 Weeks, yp -
erythrocyte mass increases (o about 30% above baseline. ‘Hu;

s nu-dmmebloodurrymb:" e oot bou
The vast majority of oxygen carried in is ind to ]wmm

ing of globin, o hains attached to four .,,m"‘”’""‘mw
the binding sites for axygcn Hemoglobin i the primary constituent of the m,‘:" Which
In normal whole blood,the e
ofbemoglotin s about 15 g/dL. When blood i exposed o igh oxygen presar, s
bines with oxygen to f ,‘mm
s said to be fully saturated. Fully saturated hemﬂg]obm an accommodate about 139 py
oxygen per in. Thos, blood with a h 15 i

oxygen capacityof about 20.8 mLIdL of blood, or 20.8 volume percent. The amount of o
that is carried by bemogioindepnds on th partalpressure ofaxygen (7, 1o i ,,‘:

‘mogl defined by the oxy;
il condion, he Po, level found i the ungs esults n blood being sbou 7% sl
this case, when arteral blood hs 15 g/dL,
‘about 20 mL/dL.
9. What h oot

When the blood has reached the large veins, ot of the oxygen has beengnensp ot

40 mmHg. This ot
oxygen content of about 16 mLIdL. Underhis codiion. oo nes shou s Lol 05@
for each 100 mL of blood flow 10 the tiss

10. What other factors determine the oxygen content of the blood? LDP6)
PH. Pco,, temperawre, and the concentration of 2,3-diphosphoglycerate ‘:m,_
may cause 2 shifl in the oxygen hemoglobin dissociation curve and cause
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lobin. Decreased . 65
_oxygen from hemog : o
..w"’"~°' OB 3DPG all cause a rightward it of s
s wd e lows more oxygen (o be unloaded at the level e ox)
e w’::l:nl hemoglobin shifts the curve to the left, whic

;hc:ln:o'm“”‘ tempey

1 of the tgguec i Gissosai

Shbe tssues. Convergey, s
noRygen delivry o oy

jite blood cells contribute to the properties of
felodcls rpresnt ol a<mal por no(ml i
b S
:;:"W i if,nd because under some condions they may sk 1o s white cells are
e blood clls can contid o the e o lsae
|ﬂ% e on the convibution o whitc s the viscosy oo o Ny
B ns when WhIE cllcounts become high, s effect may be the blood s smal, up-
s vasala eiSance. o
e dramaiic

do
1 B0 hi
Aboog! et

< dothe red bloodcells affctthe viscosty o te b
i Hoe R dionsin which th hematocritis sbout 0% he st
pmpevisosty o8 i small. A rise in th A 'T'b‘"“:iz"ﬂfmdblwd
‘& polycythemia, can increase the viscosi 0% 10 70%,
which 02 "‘.“"n;'eﬂ Hlood flow, This i the viscosity more than twofold, with direct ef-
e e arril blood pressure. y

n wmkdkdiﬂemnbﬂ'wnviﬂ_ﬂncﬁymdshurm?
iscosity ™Y o the blood or the di .
ecause blood is composed of a suspension of formed elements and plasma, the

drughanbe B function of the hematocri

o varis s a function ofthe hemalori. Incrasing hematocri
. Roxma oo s  sosty Ut out 2 s b ot water, That means
atabouta 25 i

Jgrenubeasit wou er.

s s o force thal he blood xerts on the vessel wall as it lows. The grester the
il e getrhe foron e vesslval 0 eshe e, Tis e
fore is important because: it is the force sensed by ‘endothelial cells that line the blood vessel. It

hear sensitivity is a major ‘mechanism by which endothelial cells sense

“ueh functions as permeability of the vascular wall and biosynthetic
sty of endothelal cells.

14 Whatis a blood type?
Blood type refers (o the presence of antigens on the surface of red blood cells. Hundreds
of such antigens have been found in human blood cells, but most of them are weak. Two anti-
e pt A andtype B—occur on the surfaces of red blood cells and s those commonly
oessred in blood typing. Another antigen, the type D Rh antigen, is the basis for most
Rhiyping. A person who has the D antigen is said to be ‘Rh positive, whercas a person who
des ot ave the D antigen is said to be Rh negative, There are “antibodics in the plasma that
i the red cells ion. Because of ths. the anti-
#15 e refemred to as agglutinogens, and the antibodics are referred to as agglutinins. In
el vasions e e wih he same type of doror blood 8s it of (4 recipient.
e . type O blood has no agglutinogens to be agglutinated, and therefore type l0 n:;‘:
" Mf‘\';" 'lnu-y recipient. Type O is called the universal donor blood. lConVefsc ¥,
0 M"“;j :;:m no agslunmm in their plasma; xlh;ero:e ‘.{;‘: r!:l:i ppi .
a, and type AB subjects are called unive
o, sggtin, and e ot the population tht have cach blood 0P are shown




ROON TV ALUTINOGEN AGGLUTININ

Apine A e e )

e = w

:‘)::;‘"\‘: oo anti Aand B m 85

O nepaiive none B abseny a8

AB povitive AmdB none. Present I

AB nogalive A B none. absent 1
1o

15, How does blood clot? .
b ssel disrupts the endothelium and i
A injury wa vesl dsrpts othelium and results in expogyr o

e, in g . where f Connegy:
pered torelcase adenosine i (ADP)und & in, 1#::,:2”" m“,',:‘k
B ees trct more plteets and cause the adhered patlets 1 begome 1 Ay 1%
Slatcletsadhere o the old ones and a pltelet lug is formed. I the n Sticky ! ‘P-.
Dy be sulicient o stop bleeding, However, ith a Wrget injury, acot may ol iy ey
b s cascade o acivation of threen Factors hat circulate n oy S0 Aot
o The fnal seps of th cascade arc conversion of prothrombi (e, ™ Ao
Firombin by activation of factor X in the presence of calcium, Thrombiy come i
gen (soluble plasma protein) to fibrin (insoluble strands). Srands of T coner @
& network that traps red blood cells and platelets, producing a clot. Activati U:"m ine iy o
e o activaton of eithr an itrinsic oF extrinsic clting pathway. Toe . Xcn
way consists of factors that are all present in blood, whereas the extrinsic l:mn..‘k
release of tissue thromboplastin from damaged tissues. For the intrinsic Py i,
of plasma to collagen activates a plasma protein called factor XII, which .ﬁm‘"'y. pony
O aton of other factorsleading to activation of factor X. For the extrnsi pap %
thromboplastin serves as the initating factor for the cascade of activation. Vit ey, isse

essary contributor o clotting, because it is required for production of many cloting (e
the liver. '8 factors by

16. What is hemophilia?

Hemophilia is an inherited genetic disorder that is linked to the X chromosome. Bigy
from hemophiliacs is slow o clot, due to delayed formation of fibrin. Hemophilia A el
from a defective factor VIII, whereas hemophilia B results from a defective factor IX (Chrig.
‘mas factor).

17. How do anticoagulants work?
Common anticoagulants are heparin and the coumarin derivatives warfarin (Counsdi)
and dicumarol. Heparin lotting by activating a
a serum protease inhibitor that prevents activation of needed serum proteases at severl s ia
the clotiing cascade process. Coumarin derivatives are competitive inhibitors of vitamia K tat
preveat the vitamin-induced production of clotting foctors by the liver. Dicumarol was th st
1 ini e i o dicumarol was -

i ide. Warfarin's cffectivenes
led to its widespread success, and it has become the most widely prescribed anticoagulent
in the nation. Anticoagulants do not break up clots that already have formed in the vessels.

18. How does aspirin “thin" the blood? o

Aspirin does not actually thin the blood, but it docs interfere with the production ot
boxane A,, a platclet aggregator. Thercfore, aspirin will decrease the ability of platclets
to each other and form a platelet plug.
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o
HEART
heart? ™
. antomy of the X
ebasic IO ate pumps: 8 right heart and a left hearg, Ty, 1
s 180 o e et et pumps he oo g e, 1 s
I8 g bt gnrough (0 P b and th lefL, is composed of two Peripheral or.

. i 1 the blood through cither the pul

o e auicle (0 prope! pulmonary or the syse
00 10 06 YL oms within the heart rovide th thythmicity of the cardiac el
ot oinsic T g,

ﬂ‘ul

muscles contract? o
s venuricular cardise muscle is similar to tha of skeletal muscle, ex.
contraction is much longer and that some of the caleium that par
e ing ion during depolarization. Th . partic-
ificantly; however, they provide pathways for the electrical acti-

e for the spontaneous Fhythmic excitation of the heart?
entractile and clectrical generating cells in the heart are capable of spon-

3 warisrsponsbl
Visuallyall "‘;";i,,j,ed cells within the sinoatrial (SA) node, which is located in the su-
ht atrium, have the highest rae of ivation. These cells

e rnsic heart e

ewsercialion

i of the sit od i
B eemkeracivy of celsof the SA node is due 10 a slowly increasing inward current of
acom,whichslovly depolarzesthe ells. This slow depolarization takesth cels from a est-
ly about 55 mV toa ial of 40 mV, at which point
‘i el ecome activated, This leads 10  rapid eniry of both calcium and sodium ions,
don ptential i dium channel

‘2o channels open.

4 How i the eardiac action potential transmitted throughout the heart?
de travel d from

‘msck mss 2 velocity of about 0.3 mys. Because the ventricles are electrically isolated from
deans, through a speci

M‘ This pathway is known as the atrioventricular (AV) node and is located in the posterior

alve.
:““ﬂﬂto«un only in one direction from the atrium to the ventricle and introduces a delay
egpounacy 100 ms, whichal forthe 1 Once
um‘mn Passes through the AV node and into the venricles, it is carried by a special-
oy Ve system known as the Purkinje fibers. These fibers carry the depolarization
* ¥ the venuicle, resulting in a uniform contraction of ventricular muscle.
Koy
m.,,,,"‘;'\':":’_"ﬂv ofthe beart controlled?
= lcd with both sympathetic and parasympathetic nerves. The parasympa-
e the vagus, are distributed mainly 10 the SA node and the AV node: The
tibuted throughout the heart,

e whichryp g
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‘Stimulation of parasympathetic nerves to the heart decregges,
‘node and slows the rae of conduction across the AV node, Parge the ryg,
an increase in potassium conductance, which slows the ate o g Patheg
membrane potentelof the nodal cels. These changes resutin Plaizgon espliny

Sympaheic stimultion causes he OppOsieeffcts n ﬁ;’f‘mm,. o Mm;’%\
ncous rat of firing of the SA node, reducing the delay acrogg € by o\
oo of contracion of cardiac muscle Sympathetc timulgin the Ay ,m‘;:ve«,ﬁn;\
conductance, which increases the rate of depolarization ang m';;'“"“h.,. ) N

NN
R

' oSt i 2
il of nodalcell. These changes result in generation of a fatey hu’f"e r-':""g

26, What s an glectrocardiogram (ECG)?*®
The ECG is a record of the electrical activation of the heary, 1
ation potenials of th individual cardiac cells. As this wave of "

4 hean,the area thatis depolarized is electrically negative relative “:vum\..
yet depolaized. This makes the heart a ipole,or a electica e gy Py
Cally distributed electrical charge. Due to the ions present in bod, “;'u eo..‘i,u:"k a
acts as a volume condutor, which allows the electrical activity g’g hids ang g 2oy
ducted to the surface of the body. This permits the electrical cnm;:“ltd by e h;: w
toconded on surface electrodes, Tesuling in recording of the ECG, g by

Charactrized pattem of activty produced by the sequence of depolg The BQG gt gy

candiac muscle. The normal ECG is composed of the following: -nmm.mm%“

+ P-wave, which represents atral depolarization (80-100 ms) iy
+ QRS complex, which represents veniricular depolarzation (0.
+ T-wave, which represents ventricular repolarization (100-250 m()n bl

St

representing 0.1 mV incerens.

W
T

—
=
ol 1]

Heart rate is often estimated by the =R intervat, or the time that occurs betweentiek
waves of sequenial beatsinthe ECG. The R-wave is selected because itis onc o be ot
{ng feauresof the ECC, The appearance of the ECG s greaty influerced by the stk
leads on the surface of the body, and thus twelve conventional armangements have been
to standardize the lead arrangements. —

 Three standard limb leads, which are bipolar recordings because they display

ence in electrical activity between two different points on the body:
Lead I—Electrodes on the right arm and left arm
Lead I—Elcctrodes on the right arm and left leg
Lead 111 —Electrodes on the left arm and left leg
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®
i leads, which are unipolar recordin
sogented i B 25 be
e the body elative 0 an indiffere ause they
¢ ol 0":’"' on right arm i relerence poipy; T YOlbges
WRE e oneftam )
W e et
B wich r wipolarrcordings i whic

P sitons in an aTc P i
o fsix PO ] pace just 0 the right of the stemur, bean, saring Vi locied
at the left midaxillary line - end ending a1 V., locuted in
e srctaree cardise ‘muscle?
g is  usclediter "
e oid hn ecombin 0o what s known s ecdlike
W’"N‘:.L,s: e i muscle s surated and contains typical myofibrts m"fi"u“,,"&"'"”"“’
: actin and
iﬂ';,‘ﬁw""‘

" wifcance of the syncytlal naturedf cardise musce?
" W““ﬁ;‘:ﬁom point of View. jal nature of cardiac muscle provi
% stion tals S0 that when one cardiac cell becomes excited, the acti -
s S T ining cels, movin from an cel o anoe o hom o po-
2 0 ycytm and the venticlar syneyium are < roughot e enire
separated from

The
et T s around the valvolar openings, Normaly, acii r
,u,-nﬂw o it the ventricle except through the Purking sysr T e ot
cardiac action potential?
isthe nature of the . .
5w \scle, the cardiac action potential e o
<keletal mt . n potes presents a depolari;

S et The magritude ofthis action potental in cardise muscle 1 ‘.mw.v?
L J0s V. The most important feature of i i i
:;'L mmmpovidanmfmcmdiu filling. N v

period of cardiac muscle?
ac s

s watistheeracion peied .
el of e duing W impu i

e “The normal refractory period of the left ven_vm:le is about 250 ms. This period is impor-
e ensues tha the wave of electrical activation passes in an organized fashion to car-
e e il sl ol of schchanier o conc almost a a single
o ors-Tnctonal syneytom: i i blood. If dam-
o e conducing patvay (myocardil infarction) or the heart becomes en-
e conducion iy follow ansbnormal pthsy. and the refractory periods of
e cels may o longerlne up with respect (o me. The wave of depolarization may then
e atoutof sychrony, eding o nffcientconractions oeven aythis.

5. Wiatar the phases of the cardiac contraction?
+Sslete period during which cardiac contraction occurs
+ istole—te period during which relaxation and filling occur

3 Dringwhat phase o cardiac contraction is thevolume in the heart the greatest?
The cardiac chambers fill during diastole; therefore, volume of the heart is ata peak at the

adaf dasiole.

® m-"‘m'ldlvuwkuln wall so much thicker than the right ventricula® wall?

oy, 1’“"‘9ﬂ ‘n‘*“‘;;: the walls of the cardiac chambers is indicative of the work that lhcy! n::
o thei irculations. ure in the systemic circulat
Sigmbcan, to their respective cm:lllf(mrr:s _The mgnn‘e e e o .
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[
- oqual, Thus. the et venricle necd g e,
ialsion B e cirelaton o
press¥! o n all of the :hﬂh;:e:\:‘m. heart? 'k\
AP liant chamber that serves 1
34 Whatare S s highly comp e B by,
The right 3t mionwmmmlnlm eart. Becale of s high ge> 1 by
from the sysufu;s ‘::l"mcﬁon. the pressure wu)‘un (;j:c ngb:l atrium gt nﬁ?“‘%‘;"y\
the ﬁusvam e fom approximately 0 10 3bout 6 mmpyg :""Ez.,,w:l\\
chamber s, ] "
. el whi the blood into the pul o
mately 41" lé; which pumps
The ght' :nﬁg giastolicto 25 mmHg: s;{slnhf pressre. Presc ;‘x'c-.,'.y;,‘"‘s i,
""”f,:,‘;,’:,,pmimmlyd ‘mmbg during diastole to approximately 23 : %
range "‘"m: -
sysiole. e ’ iy R
ing from ssure is small with a mean pressure of appro,: oy i
andentersthe et ventricle. The et venic Y Sy 0

S pulmonary circulation enters therlefy
Blood ret
mic circulation; therefore, pressures in s e
. e e e,

o the left aurial pulse Pre
'm";:'w;um the leftatrium
e sortaand the st OF the systet e ~

maiely | g gy
pproXif jodnr ymwﬁumwvmuttly llOnmlH&SySthcmmmmHgd‘_ i;?k":

!
fopressue
i he heart?
functions of the valves of ¢ -
3. mn‘: ;V::s ?:nw heart separate the atria from the ventricles (AV valves) ity
i ilunar v hi PUMp. The v,

chambers I i Imonary semilunar valve. Tho s oy
icuspid valve and the pulm o o sy

;ﬂ'&:wﬂmm 'and aortc semilunar value. Becaus the valves pey ';f,;“’t
rection, they force the blood ©© be propelled out of the heart during contraction, g o.&
. “cause reflux of blood from the circulation back into the Mw%
e, esaling ninffcint delivery of bood from the heart g g gt ™
v from he leaking valve may be heard as  heart murmur. the iy

e

What are the fonctions of the papillary ‘mascles?
The papillary muscles, which arise from the inner wallof the vnticl, are conmetgg
valve loaiets via tendinous structures known 25 the chordae tendinae. During cais con,
tion, as i in'size, f the papillary helps to may

properpositions of the valve leafes and preven the valves from inverting a higher b

36.

37, What are the key features of the cardiac cycle?®
The events of e are summarized in th forthe lefisided.
next page). Similar events occur for ide of the heart, butthe presns

eartbeat through the beginning of the next heart beat. The cardiac cycle s initated by the e
neous generation of an action potentialin the SA node. This action pofential spreads acoss b
i p ion and a rise in atrial i is wil
pressure cject blood into the left ventricle. As the depolarization spreads through e AY badk
3 i ith a del. i 100 ms afer the sl e
traction. Ventricular pressure increases, resulting in closure of the mitral valve and periodof
‘volumetric contraction, when the ventricular muscle begins to contract but both valves areclocd
Ventricular contraction results in a rise in pressure within the ventricular chamber and whea '
tricular pressur exceeds soric pressure, the ortic valve opens and cjection of the bood W"’z
:“W“ﬂ (rapid followed by slower ejection). Afier ejection,the cardiac muscle begins 0F
- m:'smn drops, allowing the aortic valve to close (isovolumetric relaxation)- When P
i the venrice falls below tht of irial pressure, the mitral velve opens and ¥rTeU
Segins (rapid followed by slower ventricular filing), preparing the heartfor the 05t best.
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uch of the oxygen required for cardiac cony

ﬁ.ﬁmm s opposed to from the coronary d,m_‘"“im
& Although the left atriom and left ventricle are carryip, lugm
amounts, virtually none of the oxygen required for n, Cardize o Y oryge, Uy,
allof he veniicle. Smilr 0 other tssues,the heart has g v ]"‘cn.,,, Ty,
w.ry circulation. As in other Ylscnlar beds, oronary et ci -\
ge of, b"""l, m h:,""ﬁ
of the heart o receive 1o oxygen and lhmfme nm,...-,lgly © die |

farction. “ading gy it
N

. Exphm ‘Starling’s law of the heart:a
Frank-Strling mechanim, or Stling's I ofthe gy o,
nhhehelnm:dzpuucmng!sm the amount of blood returmed 1 ;1 0SSt
TheSsing mecharsnopetes o th prncpe hatas cargi o ) S
conractis augmented.This, Whet i €XL3 AMOANLofblod return e, e “’Q
vrm.k i,

Y

‘td lP.(\l"i"E n mum
the hear. This relationship between the filing of the heartang ,M ol Isn.e“h t
fied by graphing fill

1g pressure of| lmn,.

preventing ing of the Y O Systemic o NN

40. Clarify the distinction between preload and afterloady
i5fers (0 th pressure or siretchof the cardiac chambers gy -~
preloadis the load on the heartprior o contraction. Increases i prejony "8
diac comractions by the Frank-Starling mechanism. prel Wu..‘,,m M

nitude of the load the heart must overcome o eject blood. We, often refer :’”"“"“m
monary pressure asthe aferload for th left and right ventrics, respec .y"bma.,,,:
41. I the preload fo the right ventrice equa to the preload for th et i
Cardiac output from boih the eft and the right heart is matched, 1 10! |
beart operates at a ugnﬁumly elmted filling pms\lm because left venmcm.,q Ty

temic arterial an right ventricul Y "‘°‘M S
42. Whatis a pressure volume loop H

‘The pressure volt in ventricular olume gy
‘one beat of the cardiac cycle. The element of time s not considered in a

f pressure vo
s shown in the accompanying figure of the left ventrice, one loop represents oo o~ ™

Bl D © i
: |
g
i

Al

Volume (ml) {
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n

1 procecding n  coumErlockwise ey
) l,,.nl Aad pmg,,. ‘which the left ventricle uﬁ:f.,,l ,,m‘m the loop, ye
"‘""ﬁ:""w ling PH g
e M e begins to contract, which leads to mijggy
e ,,ftﬂuwm,ﬂwe..aso penodbetwgnsﬁ‘:l:d‘”“'ﬂ how.
R o
. v
o blood 57

c.e

mped from the ventricle into the aorts,

,,.‘r“‘"  pant D e eection FERE, e perodof e
oD 0 elax,andthe pressure rapidy

o “,,_aﬂ"m'““m‘ e mitral valve remains closed unl puy 3 =78 i the

.ﬁ»‘“"’" e venricularpressur and he vlve opens o e 200

M,.,,a“" X A h isovolumetric reaation phase. 10 permit filing. Ths,

ey e D epesntsystole Wheess he segments DA ant A,

,& ‘u,,,nmwsl’“““

"Z‘I"mm'- of blood. This amount urmm&vf:.gmﬁm
p 10»75nm¢5|mmu|: Generally, "*"“”“""*“"““’*Mm::g
":n«ﬁ s in menxmelg’nhﬂmp«mnnmm!ﬁmm“:
L

s
'\’sﬁt

# ol B0

swus

‘calterm for a heart attack?

abeart SUC 1l die as a result of reduced blood flow
mnmusclt s die as a result of through one of
“:g,, eriosclerosis). The outlook for a patient wﬂznﬂ:ﬁ
“he extent of the damage. In the United States, 33% of patients who

e toctgead
*‘ ithin 20 days. It s the leading cause of death in the United States.

anxkan‘"
KWBWM’

MDMN*M precisely as the chlngc in peak isometric force ata sven il e
Ttshould not
ri‘ ith 2 dis of the ﬁym: of cardi per

s conatly:
L Thshwolmewﬂucﬁlmm curve
1 e e eve of the cardiae function curve
£ left ventricular pr )
is often used ility; however, 00 index
sty stsfctory under all conditions.

. Whatis efection fraction
mmu‘hkxxlpnmpedbywhemonmbul Ilnsdeﬁmdlsﬂmvolumenl.

ot il o o contaction (end-diasolic volume). A normal ejecton fnmon is

2 Wi he g
Whatis e heart rate, volume?

Cardiac output = stroke volume X heart rate
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; ined primarily by the prel
volume s determi Prelosdas gy
e e
o vlume k0 S yh Ympahetic i oy My, |
iy in response (0 paraSymPIRCtic and sympp on o7 iy "
the vagus and cardiac sympﬂlhc'l’t nerves. Increases in bogy h"'c inf, e ..‘{
;hm«gusc increases in cardiac output, the amount of blood ejecteq by :n‘ Tatg ,,m":;,. N ~,§
g
tionship between heart rate and cardiac oy ey
o wm:;:lh :s'bde;ﬂ et increases, cardiac output increases, w’*;p"” :\\
ke volume begins o d decrease significantly i e e b,
" olume with increasing heart rate Cauises cardiag gy Eing by
S o i ke volume at high heartraes is duergr ,‘,h”;:q oy
ds i diastole and thus a reduction in the time “iilab""““t gy .:

Ie 10 the oty
s f the cardi function curve? "'u:‘(‘
iput is proportional {0 Siroke YOIume and eng g |
-mnlmnyu.uialpmssm.weunnwfugraphmmu;.f,wwm:"mn |
Dot o of s ling pressur. THS cardias funcion curve s a usey iy n
sl snsivity of e st detemining cardiac output, !t g ¥y

50, Whatis the
Because cardiac OU

i ity changes?

o1 o A e conditons, the cardiac funcion curke may ‘hfg -
e ope o s n Ples vl comespons oo™ Sy
e e, wheras e fS0p o T e Pty o "
i conactty. This conratilty 250 & measureof e pumpig ey
%

heart.

52 b g of work done by the heart on each
amount on eac .

Stroke work is the K o B e e o el POpOton g |
Volume times arterial pressure. The higher the pressure or the higher the stroke ‘m:‘ i
the work done by the heart. Stroke work is also a function of preload because the s d
increases as preload increases. |nlx|.memmlofwmkmyywnwndul:
ifers ot because th stroke volume differs, but because the Ioad into which e vy
umpe i ifernt. Th right ventricle pumps intoa ow pressur i the pulmonay e .
g i small amount of work, approximatcly 9 g-m. The left heart pumps o s
igher load n the aont; herefor, or the same stroke volume, its work s much s, g,
mately 30 g-m. Thus, even though the output of a lef heart and right hearis cqul srke
s much greater for the lft heart because of the greater afterload.

5.
diac output?

Both the left ventri the right ventri it in aferoad s
aferload decteases stroke volume and therefore decreases cardiac outpat. Undet ooy
‘hich cardic ootput 1 compromised,eiher by high afterload o by redoctons acsS
on, e of the oot effective means for increasing cardiac output is by usng et
tion, One interesting feture of the heart is that despite the fact that the right adkdm
‘are independently afterload-sensitive, the entire heart-lung compartment i pecse?
o eductions nsroke volume caused by increases in ateial pressue. 1 s TS558 C0y
m-mm afterload is increased for the left ventricle. the right vcm:"‘" P

the pulmonary circulation, causing an increase in left ve .
& compernsationfor the ncrease in et T erioad. Ths compensaion ™"
‘malization ofthe blood flow through the heart.
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]
jes of the heart change as
jical properties of P
hanicd is in a relaxed state, it ¥
e mec! ¢ heart is in a rel "+ its complianc . il
,{M"d':'ﬁmk. "“jﬁ» s sytol begins the cadiae muscle shoans £ TEKIN i ca
it W DO nce and a stffening of the heart, This o o o 44150 stiffen,
1 gion .0 because distolic filng is masimizeg wlin':;,:'" mechanicy]
o is Ej Compliance
et v il with blod.Becion fhe bl i ™ S

i
- .
o Nmndi“”"“"'"memm"'“m“ et
thef

riods of ischemia in the heart, when signifc
ey P gion may ot change is mechanic.jgpmp;l:‘g:f’: oo
st syl e egon ha i chmic emin ity compiy oy
e O aneuysm 8 h PESSTS i h Vel ncrese. gy
g0t m::‘mw tract, blood moves into the ancurysm. During diastole, th bloo, cydé
i O ing ofth cardiac mUSCle Can 5t n  reduced cangg oo

.  wall o th heat. Afictsome time gos by, that egion o

s  much decreased Complance (.., an increaed sifesy oo

W all may ot contract, it no longer bulges, d
ol e

feart failure’ ic i

o wtifhesn ::Jluanaian thatcan b caused by a metabolic impairmentn the hear, an

A vated areral o pulmonary pressue,or candiae isehem. g

o O cadin output, which sometimes may be compensated fr by gy o
s . vt 4 f

o
decrease afterload.

it 0

s 1t sorensand sfens.
ar

i
move

/, decrease

orcisé training cause a reduction in resting heart rate?
5. Wy ﬂm”;ﬂs in f.. fncrease in the size of the heart, which is known as h
B ercis rining, the hypertrophy occurs in such a way as to increase th size of
B Becaus the metabolic needs of the body at ret have not changed dramat.
W::‘ esing cardiac output remains constant; therefore, the product of stroke volume and
ﬁ}m sconstant, Because the heart s larger, stroke volume is increased. If stroke volume is
e beat e s lower.

3 Whylsa reduction ifFESHIRg ieart Tate beneficial?

Duing exercise performance, cardiac output must increase from approximately 5 Limin to
eaty 3 Limin, an increase of nearly sevenfold. An increase in heart rate from a low level of S0
teasimintoa igh level of 200 beats/min produces a fourfold increase in cardiac output. Under
srecon Volume needs only dditional factor of two. If the rest-
ghatrate were not reduced, the individual would quickly reach the point at which increases
inbean e would cause reductions in stroke volume, and it would be difficult to increase car-
dacoupatto the required level,

9. What else.

ining program do to system?
B raning alo afects the vasculuture, Increased use of skeletal muscle resuls in 8
Eovhofcaif , e

s e ity of oxygen 10 the skeleal muscle, thus reducing the e at which

:“ e fatigues during exercise performance. In addition, the larger vessels improve in
Bty 0 dilae, thys i blood .

g
B! Wed dagnosti tests ary available for evalusting cardiac function?
“813phy, gamma scannin

ng. and cardiac catheterization.
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jiac catheterization?
. What s cardisc catheterizatic X )
@ Canfac cathtrization i the inroduction of a catheer

U intg gy,
pressures Y be
P — : N
mssioeofntcmlammwghﬂufamumwmm"kn:ﬁ::m S,

it
M”m““f‘m"“'ﬂﬂwiﬂw g "‘\‘
":T“;mﬁmiwmmmmhmmnum the ”7‘?&:\
:néﬁmmmcmumllumwmqyxmm,nmh%h TN
be inrodced inthe coronary arteies and dye injected 0 visualz g 1 &l ol
‘and to identify regions of that may pe

N
mﬂ:::i'uc\\
62. Whatis y? "

hocardiography is a noninvasive imaging modality
ks e Itis useful for detect n the

! the e o

Al motion g 4 g

petency of the cardiac valves. ""‘i;:
63. What is 8 gamma scan or a thallium scan?

Gamma scanning s an imagin tchnique hat reles on the g o

the heart. oo

5 USed 10 record e

dionuclides. A computer generates an image of the heart that

Sy,
e

i jined wi i OF eMmigsion by e, v
A Y

i o D ey
hethera s
iy inthe heary "% <y
64, What does an ECG measure?
mmmmmmﬁemﬁxﬁvmu(mﬁxm.%“m
from normal indicate problems in conduction of i s iy i o
ohch my b acsd by ikerprting he ECG. Alhongh hemechania 4
kmwby\hﬁcﬁ,expaiemalhwsinfmvmmhmm

‘echanicy sy
mhﬁﬁmmiﬁmﬂbymmnmlbvmuuhﬁﬁ.
“.Hulhmmndmmm&mm?

owisth st
Hmmwbybdithhwdlmgemmmmm.nnﬂ;ﬂeﬂbyh:wi
ECG. For example. atrial tach, iz acter: decreased R-R inenal ade
umdP,QRS‘miTwzmThenwmyhehi@emy.bmmﬁnhmdk'i!
‘waves. A ventricular i it
figuration. It would ly i other normal ECG pattems.

through areas of the heart Tvuxmvle.awdm”;
it the AV node (frst-degree heart biock) would rosult i -
cond ird-degr block) atthe AV node would reult i compit: vt
ofPuavesand QR 1 result

l!’rwowavelm,;\mmo,m, son in the o i

lariztion notched QRS comple <yachony i
tion pathway would result in a S e branch s
: belo. Carin ez - e cooieSTE
ment. Careful e o
K:r " ined solely by the heart? o
lswmﬂmﬂullf“lebodyweasnmhlood(e.x exercise). the o
:‘::m 1 g - Because ofthe high compliance of blood vessels 00 ¢ o]
Hempis :méﬂﬂ,‘ pressure gradient from the capillaries to the right ™
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ning to the et s sctally diminshed. whichu
008 PO s eson, S ouput s lagely detemmpmm ads 02 e
the heart. Y the venous ey

o ke volure.

that retwrms ©

SYSTEMIC CIRCULATION

resistance?”
qascul®f TS e rce that impedes blood flow throu -
at 18 V855 once is the fOFC 'F X ugh the circulati N
@ z’:ﬂ.., 'ﬁm«ﬂ el depends ity on i length () and he iscosty 2:7;:“;
o jtand inversely o0 wivs 0 he fo ower (). Thus, changes i
ﬁ “":{‘;od o ar the primary meas y which resistance is regulated. This relationship
of 2D euille’s 18 wré
” R= g

8 C"’"’f"us pre
it i from

A s resistr ,
o icl)to the venous ¢ ) >

e htblood encounters s i fows rom e capilaisback 0

Th to a concept that incorporates the importance

gergh 8 tiance, and iood volume and thus describesthe dependence of blood fiow in

‘;ﬂ;f' o onon e paTELTS: pende

o

mm.ﬂlhtﬂwﬂv&ebﬂlmebﬂdy? )

& el b S human body could be laid end-to-end, they would extend about

,,I;; e araty 100000 iometers: .
. av

3 g'm "yt describes the ease ofstrtching a vessel wall. The greterthe com-
T e e sichabiliy” of the ‘blood vessel. Compliance is defined as a change in
by a chnge n pEsSUte (L per mmHg). Thus, a hghly compliant vssel will
e nvolumefo s sl change n presurs Conversely, a low compliant ves-
iillaveasnalchange n volume for & mffe chanlgg n ‘?nssul!l. A highly compliant vessel
v ike a stcel ube.
nbkuhMLwhﬂusnmncomghanlofsn essel is like a steel tube.

11 Howis distensibility different from compliance?

Dy and compliance are similar, but they differ in one regard. Distensibility is the
glnee dided by the resting volume, so it is 2 normalized measure of compliance. Compli-
axz efects thetotal amount of blood stored in a given part of the circulation and is more com-

oy ued than distensiblity.

2 Cathe compliance pf blood vessels change?
Yo Thecomplance,or stiffness, of blood vessel
{' Sympatetic nervous input

s is under the control of a number of factors:

* Hormones
Changing components of the vessel wall, such as occurs in 8ging

" [“mﬁm hat cause compliance to decrease:*
N smpathetic outflow
e

e ‘concentrations of vasocons
gy

ictor hormones such s cpinephrine and norepi-
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74, What is the relationship between the €ompliance op .
g
the i

elas? e )

© . veinsofthe systemic irculation are 20 imes !
m‘?f:o“:f difference i the compliance of arteries and vﬂme;,::“w% t«.,\ |
ey e e s ol U

fanetions P,

. iy, 'lb::‘h\

« Delivering nutrie o

+ Removing products of metabolism

“onducting hormones from one part of the body to another

75. List the of circulation.
ients, vitamins, oxygen, water, and electroly e to
the

Ussieg

76. What f the

Arteries Venules

Arterioles Veins

Capillaries o g bood

“The vessel i th circulation that transport blood at high pressure g i, -
fes. Arteries have thick walls to withstand the high pressures W‘ i’;‘“m ﬂ:nu! .
branching and reductions n diameter,the vessels that enter ito the tsgpr - 1 .
« oles. Arteriolar wall ick componer mus e Sttt

+ ulation. The:
“ll::in Gireulaton. The smallest Kno pillari ‘:‘“Mmg
They are responsible for exchanges of luids, nutrients, electrlytes,
stances betwe the blood and th inersitial lid. Capillariesare highly permeqs,
gen, and other substances, which can move through SPaces of “pores” berwecn ot
endothelial cels or through moleclar pores in the cell membrane. Afier the g 2

i, it i collected into small vessels known as venules, Venuy ™

smooth musce in their walls that can CORFRC 0 increase vemous resstance and e ™
i i pliant. Venul i e

sels known as veins, which are important for the transport of the blood back to the .,;{‘x

50 much ofthe blood volume resides in the veins, they are important arcas for songe g

Sy,
oy

77. What determines the rate of blood flo# through a blood vessel?
 The pressure gradient between 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 equaon:
regsure gradient + resistance

Flow =

For the entie ci the flow is equal
the arterial pressure minus the venous pressure. Resistance to blood flow is oficn il
units called peripheral resistance units (PRU). For the entire circulatory system, be 5%
is 100 mmHg divided by a flow of approximately 100 mL/s or | PRU.

78. What i delayed compliance?s S

i the blood vessel s

‘avessel experiences a sudden change in pressure or volume, the vascular wall slnwzﬂ, e

e that increase i volume. As the vessel wall tretches, the PRSI P e
: . liance. This change i

1 fall

compliance, or laxation.
9. What mal in the bod?? e
ot

"
The pressure in the arteries i highly pulsatle. The peak pressure: K s

sure, is approximately 120 mmHg. The trough pressure, known 85 €80 i
imately 80 mmHg, " and diastolic Pres® JJ
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depends on the amount of
Jse pressure’ of blood.
T DI'{'.‘M T the compliance o the artriole tre, PUmpedby the beartancacty
PPt O occurs during aging, the pulse pressure wil e o415 Of thear.

e such B 0 o lower than arterial pressure, ran f,,,m“‘_l;m "
mmHg sys.

»

e are
T ¢ the capillaries 1o approxi
f‘"\gm-:“ e s enules justoft p pproimacly ity s e ST
e T
¥ volume disxrlhni::e throughout the circulation?
o D08 YO n the complint venous ciclation,with
» n“:"«,u el s (he vend cava), and :!)proxlmz(gly e same amonms o0 L
Lot B pe venules 8% veins. f the venous
« w,,.flmh":": e e small, o th ol biood volume in th capilaie s approximately
Xl YO ) and low complance of the arteries results i only about 1 L of
:‘:,,L st 0 il side of the circulation. of
Xgepcins®
[
i
\
\
' Cross-sectional
| Area
| [ 5 £ s
‘ i1 o 3 >
\ 5 T2 B o oz 7 g
: LS ¢ 2 3 8 B 8
| s 58 OF B g
* i 8 I B
e s, elocty.and cros-sectional aea of the circulation demonstrating the largestfll i pres-
e area and low vlocty i he micosiulaion

e sl areries and areriols, a5 well &

i 1 blood volume distribution in an upright person®

« uh“ ot weight of the column of blood in an upright human and the high compliance

m:.':;‘ blood tends to accumulate in the lower extremities. ‘Several mechanisms faciliate
mofblood from the extremities (o the heart:

-

Veoous valves
Contacion o skeltal muscle
Vibes, which eflexes, which influence venous tone e
ol o he g vein,alow blood (0 oS only towardthe heat. T
g ,,,:"“- combined with the squeezing of blood vessels bY contracting skele
:;ﬂ-“,,,,_‘ s aown s he sheltal muscle blood pump. This combination of s
system esults in active pumping of blood from the periphery back ©©
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iation, vasodilation, arterial dilation, and yep,

83, The' wordhs.;f'm.‘ does each mean? ] ] uxau%".

jnterchanged tion and venous dilation—an increase in the size of vein n,
o Venodi " an increase in the size of either arterioles or Veing s |
o Vasodilatlon 280 FU0C - rceinthe diameter of arterioles
. Arwﬂ;:,'; e relrtoreal consiicions for arterie, venggg

constriction:
m;gsn-iminn for both.

REGULATION OFCARDIAC OUTPUBAND VENOUS -

iction
oryg,
i,

mal value for cardiac output in a human?
highly variable, depending on the metabolic dery
ardiac output is approximately 5 Limin in 5

84, Whats the nor

Cardac ouput s
s of the body. AL Tt
cardiac output when the body’s need
ody increase, for cxample, during exercise,
isis inblood flow is exactly .

ands of
70:kg per i
kg peryey, Mty
85. What happens to
As the needs of the
by the heart increases.
for oxygen by the tissues.

86 How dothe sysemic circlston and the heart reclve signalstocreyy
¢ systemic ¢ -

when needed? "
can be increased as
resed Sympthetic utflow 0 the heartcan increase both hear rate an corre
toan increae ncardiacoutput (sce figure). However,tis alone does not incrqge g 1.4
ffeively. Dilaion o the systemic circulation as & resultof functional hyperes =%
Jation increases venous retum and thus increases cardiac output. Sling,

Family of cardiac function curvs shovicg .
mal (solid), increased (dashed), ad deescd
(dotted) levels of sympathetic outlow © &
heart. Contractility of the heart i proporasis
the slope of the cardiac function cur.

Cardiac Ouput
(liters/min)

Right Atrial Pressure
(mmHg)

87. Whatis functional hyperemia (active hyperemia)?
Active hyperemia is the increase in blood flow due to an increase in the meofnmbﬁ"m
of the tissue fed by a given blood supply. As the metabolism of tissue increases, the 4

;“ o eygen and othe subsirates ar increased. These requirements are met by ncreases 09k
o thatare precisely matched to the increased metabolic demand of the tissue-
88. C ) .
Although active hyperemia e i some eSS M;“
i £
ity o e exces blood flow that occurs afte a perod in which the sSUeS3Ls
mr:mma\: blood low to meet metabolic needs. After a period it wmcnbli o
for exampi. by a toumiquet,release of the ocelusion results 18 )
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. d before the occlusion, . _

which occurTee O the dutat The magnitude of the i

" on is proportional to the duration of the period in whicp g acaSe |

" g[eat o the o€ " in flow above control is sometimes said to be “payin ll;Jh the

fov ® This incr® .T:eriod of occlusion. & back th
. 4 .

n blood
flow was inad-

€ OX ygen deb;"

cqul ’ ﬂow..autorcgu_latio_;;% which &
is ! . the mechantsms issue regulates it |
Whﬂt ion 18 the ’ S Own b]00
g Autore ’":;;::gd pressure is reduceﬁ. E:(:I?S t?(:)dw t;?fS to fgll. This decreastf::l iiuggy;jFor eX-
4 piC" W jation of aﬁcflfiles th‘;__ol;'lg ?j 1o the (i y- This dilation reduces the resistanco ow is
cisted 0Y " ring the delivery of blood tO Issues. Autoregulation is generall d'e'to blood
e s re:ﬂ:. ospOnSe and the myogenic response. Yy divided into
lic _
mcwbo : -
etabolic and myogenic reSponses in the local controf of i .
\sc is a property of a blood vessel resulting in active contsltl:;cctlig:,“latlon.
as pres-

elD
P . respOl
90‘ Co enic res . . . . . e -
The mYOE —ifation as Pr falls in an effort to maintain a given Aow rate This
ges and 1 11 and thus does not require interaction wi . property

n - essel wa th the ti
;‘:i’; qates W1 ‘;‘;&fjw response, which causes con striction as ﬂc?w increas:seaﬁiisgﬁsgztn[g: f‘i}e&
ol eels. Th;'om T Toduction anfi washout of dilator metabolites by the tissue.-‘i‘.\_/-l;émv?o:w
fals arises cts of tissue metabolism that are norn?ally washed away build up in the tissue anls
o Tow: P J dilate. When flow is t00 high, the c!l!ator metabolite concentrations are red
use yessels ! TT;SnstriC‘iO“' Under normal conditions, the metabolic and myogenic resp::ﬁ:gs’

[ S
resulting 11 V:S aintain tissue blood flow constant.
¢

do extrinsic'-co"tml mechanisms of Yascular resistance and intrinsic controllers

g1, How tional hyperemia and the myogenic response, relate to one another? ’
such 88 mﬂl‘; controt of vascular resistance (such as the sympathetic nerves and vasoactive hor-
E’;n.;n:uperimposcd on intrinsic autoregulation. This becomes important in many situations
fmones ardiac output must be shunted toward one region or another for the preservation of the or-
when ; An example of this is one that occurs with exercise. At the onset of exercise, there is an
mcrl:ase in sympathetic activity that.causes a peripheral arterial vasoconstriction, leading to an in-
cease in peripheral resistance that increases blood pressure. However, because of accumulation

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

polic vasodilatory response.

9. How much do tissues (organs) rely on autoregulation versus extrinsic control mechanisms?
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 autoregulation to a greater degree. These include the
brain, kidney, and hean)Conversely, the cutaneous circulation is regulated primary by the level
of sympathetic vasoconstrictor tone to its vessels. Many tissues utilize both autoregulation and
sympathetic neural control, depending on circumstances. For example, skeletal muscle circula-
tion is generally under sympathetic neural control, but this control can be overridden during times
of increased metabolic demand by the tissues, such as exercise. Increased sympathetic stimula-
tion of the splanchnic circulation can greatly reduce blood flow through this tissue and release
sored blood volume, but over a period of time, the accumulation of metabolites will override the
“xtnnsic neural regulation, and flow will be restored to meet the demands of the tissue.

93‘
If the amount of hlood that flows through the body is regulated by the venous return,
*hat s it that controls the venous return? .

m .
in;-cmus return, or the amount of blood that comes back to the heart, is determined by the
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5? The venous reury
SE ship betwoon geme ™
28 MCEP O herl s,
i3 ORI 10 v e
3 S

[y 7 10

rs] Venous Pressure o
Cen! (mmHg) o

asibl and the heart is preload-sensitive,
also extends it, This munnmi;}: :uﬁ"'m
e

s ae diste
ip that e P’ W bt
O reinip (G R e mustf
nd the venous return relat v ISt understang o,
Toundendand T S e (MCEP), which s defincd usthe m...(,f,,‘m'*ﬂwk
e olume inth veins  the total compliance of the cirultion, Tpe M:'P':“'
e e ofhe cireulton. MCFP i REPIesets he presure gy S
tive . Therefor,the pressure gadicnt for venous rewm is MCFP — rigy, ™
ot et D ‘eradient = the resistance across that gradins, o . P
v etum (RVR) i defined as the pressure gradient (MCFP — right ari
ous retum. This resis "
1t takesino account th venous Resistance:
of e crculation:

Pressury ¢
mmnmummismlhmnlwlwnmmmgm;'&.,
(Ry). the arterial resistance (R,), and e g ™%

Ry +R,
RR= =

" Clerlythe venous etumis equal 1o MCFP — the right atial pressure + the e
‘pous retumn. Thus, by ion of the MCFP (the fu iy
i ial resistance, istance, and o

o,

94. What are the factors that alter the MCFP?
« Changes in blood volume
+ Changes in arteril compliance
« Changes in venous compliance
C i affect

95. What factors change the resistance to venous return?

d : by consrctionor i
and veins. Increasing the resistance of the arteries or the resistance of the veins s
it of blood 2

s sistance ofthe arerioles ca be controlled by local actor, changin the Essise
blood flow. :

9%.
How do vasoconstrictor hormones affect venous return?

the MCFP w’“":h 2 norepinephrine, epinephrine, angiotensin, and vasopressit “Mﬂ:
Tesisance to venous return. Conversely, hormones such & acetylet

drugs such as sodi N
 sodium itroprusside decrease the MCEP and the resisance [0 Y6000
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t resivta
9. MCFP 6410 venous
s M tance o venous retum
‘ mal level of MCFP?
isthe re that occurs in the circulation when the fo
& . or e B ormal conditons: wis
7t
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REGULATION OF BLOOD PRESSURE

" Whi’smmlﬂvnlneamm
sy 20 mal orpilc "and 80 mmHg for diastolc. This may be quite vari-
e esues innfants may b as low 25 90 aver 40, and bloodpes-

lood
“nctcase throughout fife.
somev!
g cycles.In most people. ly
O Buetuations of approximately 20 mmHg, Despite thse fucu-
|y stabl overlife and s well rgulated on a momen-to-momentbe-

sl bais,nd over th endre lfe span-

104 Why L
 Toprovide th organs with blood flow at aconstant perfusion pressure 5o thalcach organ
e can ket essance to achievethe desired flow during altered metabolic needs,
thosatc destablization, and alter blood volume Staes
+ T opinize the crdiovascular work and mirnimize cardiac, Vscular, and renal damage

185, How is W BrRCTTAT Pressmpessogulste®

The basic scheme by which blood pressure s regulated is through a feedback control system
—— ind effector isms th Jter the blood pressure. If pres-
ety alered, such as might occur during hemorrhage, a sensor, of baroreceptor, seAses
wtpoin. inpressure and activates an effector mechanism to return blood pmwg:wwml its
pial T respanse is termed negative feedback control. The degree ol:!;ea;:‘w.;l'ﬂ;

tant conditions is) s determi #
S i feedback, Nearly all body control syslevr:s are operated by negalive feedback. The
at elps to control blood pressure on & beal-to-beat bisis is the
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106, What typesofeffector Hormonal control‘lll::unwhlmll

Extrinic mechanms: Renin-angiotensin systepy g

‘Sympathetic nervous c{ls system Vasopressin

Pwympamu:; ;‘:; Atrial rw_uinrenc Peptide

Homondl conrores Kallikrein-kinin sysem

3‘;‘25;% esponse Kallikrein-Kinin systom

y
Metabolic response
ous syste in blood py,

Ot neutons fromth rastral ventrolaeral medulla (RVLM) Cecapy gy

is i lionic
ulbospinal pathway and synapse on preganglionic neurong] ep. Mgy
spinal cord in the bulbos reganglionic sy, hetc e ;xumc Wy ‘lillmﬁ m;:

i i lisin ganglia located throughout o,

d and activate postganglionic nerve cel ¢ ; e *
cfio..ic sympatheic fibers terminate as sympathetic fibers on arterioles, Vvenules, ;:: Postgsy,
Fhese fiber, through release of the neurotransmitter norcpincphrine, cause onic s the hegy
- s andvei t rate. The tonic oo P20t
Vessels is sometimes referred to as vasomotor or vascular tone. Vasomoior 01 bigg
pany consrictd ot they canbo il nd consic round s Ivel ofregpe o

108. How does the baroreceptor reflex control blood pressure?

“Two sites in the cardiovascular system contain baroreceptors, ine nerve ¢

ivated by tetch o th vessel wals in which thy li: the carotid Sinas and t

pressure-sensitive reccptors send afferent nerve activity through the i
pectively. hich

ndings thy
€ 20rtc aeh,
1 and tenth ey
site of . These NTS i “f:'l"’f thy
dal ventrolateral medulla (CVLM), which in tum inhibit the neuronsin the rosirg yen
medulla, which normall excite sympathetic preganglionic neurons i the spial corg. o
divation ofthe baorecep(ors by increases in presure, or ncreased strtch o the veselwgy
sults in  decrease in sympatheti acivity. This decrease in sympathetic activity rduce e
somoto tone, causing dilaion o the blood vessls, and slows heart at, both of wich e,

e,

tover T addition o decre a  Activaonf
i . Neurons in the NTS th

by baroreceptor affcrent acivity also innervate neurons in the nucleus ambiguus (NA) i gy

‘medulla, whi i ic nerve cell bodies that

gus nerve. These neurons innervate postganglionic neurons contained in ganglia near the huy,
Thus, when the barorecepiors are activated, there is an increase in parasympathetic nerve aci.

Diagram of the baroreceptor reflex pathway in
the medulla. Baroreceptor afferent activity first
synapses on neurons in the nucleus tractus soli-
tarius (NTS). These neurons activate other ncu-
rons in ither the nucleus ambiguus (NA) or cau-
dal venwrolateral medulla (CVLM). Neurons in

the NA are cell bodies for preganglionic nerve. sz {
fibers thtinnervaie the bear. Thus, IncTeases it gyorggctor AN
baroreceptor activity will increase parasympa-  Actity SO
thetic drive to the heart. Neurons in the CVLM

inhibit neurons in the RVLM, which activate cell
bodiesof preganglionic sympathetic nerve ibers
in the spinal cord. Thus, increases in baroreceptor
actvity will decrease sympathetic drive o the
heart and blood vessels. The net effect of in-

Actiy ‘sympanarc el
s o brocepor vy s e Pt et
‘heart rate and peripheral resistance,
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+ to slow heart ate. If blood pressure

o wh~=’,'t:f"’,‘.nd s ther s exiation of nnﬁ:ﬁh:ﬂm of beros.

o et civity and lessaetivton of purusymputhetic oty

e on and st e Whih help o levi bood o This e

athetic and parasympathetic nervous systems act ps ocly ko

. e on e accompanied by decreass i he oter. Iytocon:
9 e % e isighly e dly controlling b A

reeelOF 2 osuralchanges. One imporant feature of this control mechanism i

s is capable of normalizing blood pressure even if the 1u:’:f£"','.

ions: it

e oping so e

s e
er types Ol ¢

Y ,,:n ot e 000!

e A0ODEE T Chemoreceptors 21

‘mechanism involved in blood pressure contol is periph
\ocated primarily in carotid and sortic bodics. They are

¥ d
u“"::;;a sl PO, but also m3Y be stimulated by arterial pressures that fal below ap-
i i N
;‘: nuuﬂ‘“‘""""“;;mv:;. . dycardia). In addition, the in th
o) -th"‘ﬂ e, hatact much like baroreceptors and can contribute to regulation of
it & mch les than tha ofthe artrialbaroreceptor.
v
- ervous control of arteial pressure.
" w'ﬂxn:‘u"' s v i sccompled primarly b brorcepior e
‘Nevots conL¢ and centra ischemi It
mechar s
a0 and vagaltone conrol o 01 peripheralresistance, MCFP, and
s AP ous contol of the iraulaion acts Uity however, these
ﬂﬂ”;;d" o dapt when exposed © extended periods of blood pressure changes.
E
IX and X cranial nerves
Ceatral
Nervous
system (Carotid and Aortic}
< ~ Chemo and
agus RETVe Baroreceptors
. SA node
i HEART __L_
H (Cardizc Output)
H AP=
5 CO x TPR
H Blood Vessels L
| B (Total Peripheral
| Resistance)
[
L nerve; X = vagus nerves AP = a1

g X=
0~ ca
0 cariac outpur, TPR = tota peripheral resistance.

jy—
‘mechanisms that are re-

i g et tems are apidly adsping, what are the
i ke regulaton of blood pressure?

e e T S TGy in blood pressure by acting through cordiac o0t

is controlled primarily by renal excretory mechanisms. the kidney is
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112 Whatlsthe n:::w o enctee o ) WAREE depond i

e ailty o 1 L iy i ad voluie ot erony
e, Thi decrease in DOk Volume ey < iy

sure. A arterial press i
Mool prowsiine. Ax Bl prosyurg B oy My

eerase in blowd ¥

" reduction fn bl "
diac ouipt "“',:‘ idney i o redced, eNtOrng & ey M, Tho copen S, gy &
oy s 001 FEL g o s s controllod by th gy o Ot >
sure \n...«-‘s;mn R dcternines blood pressure only in the shoyy ‘:;;ve Y
and the toa! Moy

pheral resistanee

s i renal vascular rexistance or renal .
anly. this theory S that changes renal filryggy g
{ion are the only WY b

realtsin®

1o alter blood pressure in the long term,

Sodium and Water Excretion

Arterial Blood Pressure

modified by angiotensia, aldosterone, and other factors.

113, What s the autoregulatory multiplier effect of total peripheral resistance?
Smallincreases in blood inc output can have larg

cular resistance (ic., arterial or iction) because increases i i

and blood volume increase MCFP, which increases both venous retum and cardisc oo »
actin isms, i rpteri

P " H : dstance s

cause both cardi " Ptance are increased by i w

cardiac output and total peripheral fesistance are increased by incresstg
volume, the resulling increase in arteril pressure is referred to as a multiplied effct

sistance.

MICROCIRCULATION

114. What s the microcirculation? "

dl‘d;h:"l:il‘mllmhmm is made up of the smallest blood vessels. It s sef"‘"’,:::d ¥

booms. Juch li&:‘;wllh diameters less than 200 . These are the yessels that P e

Pyl s and are responsible for the primary control of blood presut L ¥

oy iculion. The smallest vessls i the mirocircultion e ETEL 2o
Thea oles with & ess than

100w, e3P
and venules with diumeters less than 150 k-

ll\’lﬂasbﬂwnenth'ul
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on of the microcirculation?
,“,N, for exchange of nutiens, nctboles, oxyen, O,

Wt ,mm" is
(29 mav‘ “The ex
M""L menp-llan ‘These vessels are small, a
"‘,,;, uwl"’a api:l(h,:y pproximately 500 s in length. veraging only 4-8  in
the capillary wall?
|lpophlll€ substances

myt hyd‘ophlllt substances.
9""“ o for lage PO
. W“ Y ey forlrge hydrophilic molecules
ot Y
o7 vdvdi..gumnmmnolmmmmupmﬁym
M g 00 nside the capilery
P e interstitial Auid

e SV o the plasme
pressure

e forces work.
St (01
L' W"’""’d’;, O <pac. Coloid omotic pessure s e presure
i smvheplasmamdmmsuual fiuid. The
meletoptci When th protein concentration s high on
e e, wter s na st 0l
o s collid osmotic pressue. Most ons do ot

Ll

e o 1% vecapilay
e n i U dar normal condit

pRE B fom thec lpxllzrym e s Neary ol

jons, the balance of forces l‘am:nﬁ.
lmeﬂuldmilcmelsmeur

returned for blood cnrcnlanon m-s. interstitial fluid volume

is absorbed DY
vessels, where it is ﬁnally
v capilry fuid filation and Iymphatic drui

P, Absorption

Filtration

atic pressurc:

.

i

s m“:!"" Suing forces acting on the c-pmm/ ?, = cpilay hydrost
ca.

(S

™ ot gy,
) .

ity “ln:u\ linin
" o8 oo vessels experence deformational forces because of the veloc

viscon
1y o the bl These endothelia el in vasculasbeds. WIEITE
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<es to microvascular capillaries of specific
from large T::;:,gm:l::h activate adjacentcell types. Responseg o
of eleasinB B0 rjon of the mediator signals and the functions co, w
iferenil BT o sicalfrces, ROMONES, cytkine, e by
uction Y8 0 e cell,can cause relaxation, contracion,pr
which .fls\::;“"‘ ‘muscle cells. Smooth mu;cl: clells“axe 10t the only gy oM o,
jacen! i ymal cells can er
el resposes virually ll PEnCEY RO 0 gty
dothelial ell. g
120. What type. of vasoactive substances are released from end, othelay e
‘Proteins ?
Thrombin
Peptides
‘Substance P
Vasopressin
Angiotensin
Kinins
Bradykinin
Amines
Serotonin .
Nucleotides
Adenosine triphosphate (ATP)
‘Adenosine diphosphate (ADP)
Metabolites o arachidonic acid

Prostaglandins
Hydroxy-eicosaetraenoic acids (HETE)
ETEs

Nitric oxide:

121. Describe the action of nitric oxide.
Nitrc oxide is released from endothelial cells and causes a potent relasaicn o
When blood low in the mi essels i increasd,shet o,
on the endothelil cells cause th release of nitic oxide, which dilates the bood vsgs
flow-dependent dilaion is an important regulator of shear stress and may be prtof e sy
nism by which flow is regulated during functional hyperemia,

SPECIAL CIRCULATIONS

. What i thesplancne rculaton?
splanchnic circulation is the blood supply to the liver, b
i : , spleen, pancreas,stomach.
:sx.};:x h:yc that nutrients are absorbed from the gastrointestinal tract and enter the b

" Sl
pliance. vol

1 :

”&V"::emwm[ ion of the cardiac output does the liver receive? it
rorimten it about 255 o the cardiac utput, o about 1250 mLmin OS2
e myy P":&;lnnnhs comes from the portal vein, and about one-fourth comes 2L,
Sorbed map venous blood reaches th liver from the intestinal irculation € g
nutive needs of the intestinal vill. Hepatic arerial blood is rich in oyget 8y
S variable g g PC cells. A constant oxygen consumption in the ver ™

eficient extracion of oxygen by the hepatocytes.
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he pressures in the hepatic circulation? &

" wnr‘ ‘,::-:ns * oar s about 10 M, Whereas e hepa
[ the resistance of the upstream vessels is much h.g;::"'i" Pressure is gy,

ut 99

ecausé U D inusoids is quite low,
in the sinusoi » only about 2-3 than the g,
THE. The poygy) e /C4M ves.

e
o ::o' “Wg\lllied- o

iver cantribute to the overall hemod
ltion i highly compliant. Because of{:;:':;z of the body?
“peliverserves s an important Storage reservoir for blood, l;l;‘me and the |
e ol bood volume, wichcante mobilzed by
ol 1% e suc 8 hemorthae. Insitatons in which
:":ﬂ e fames of blood may be translocated 1o the liver, causin,

el o
vt vomaly
venm::i;f: Sympathetic
ssuresare .
2 it 10 become enlarged,
wh‘uﬂm:nniw teristics of the intestinal circulation? '
6, e estnal cirulation are ESponSive (o changes i ;

e ing ormones. Bot the esstance and the compianc o s
s important sympathetic control. The intestinal e
and volume in this vascular bed may cause reducions sr"ly oiow
S0 s of e anstom’ gt of e oo e s
. This counrcutent bl o may case e p oo lia

e R periods of low blood flow.
oo b

it th blood fov €0 skeletal muscle?

. s highly variale, depending ity on the metboie st
ractions and relaxations of small arerioles cause  larg el

capillary bed ed at any given t a . 1B per-

e dtov pprosimaely -3 L 100g). D h

e o anncese dramatclly (4P (0 100 mL/min/100 g in some muscles),

1. How s skeletal

Atrest skeletal mUS¢
ity and ocal (metal
~k conraction the local elease of Vi
0 cid orpH, provides the major control, comp
s fncional hyperemia). The contraction of the muscle itself also plays a role in blood flow
epsionn skeletal muscle, with maximal flow occurring during the periods between muscle
s when the vessels are ot eing compressed by the muscle fibers.

blood flow

muscle blood flow controlled?
e blood flow i regulated by an inerplay of extrnsic (sympatheti erve

Celicy effects with the sympathetic effects dominating. During active
‘asodilator metabolites, thought to include potassium,
letely overriding the sympathetic neural

5, Whatsunique about the cerebral circulation?

ot bood supply o the brain is critical because even brif periods of ischemia can
e mvenite st damage. This constant blood flow is supported by an analwiC vascular
e comprsing many anastomoses, or alternative pathways for blood flow in the brain and
aonlc contoof existance, On & moment-Lo-moment basis, blood flow in the brain is main-
::!'hu local utoregulation and under some extreme conditions by iniiating povertul
v el lood pessure. Generally, total cerebral blood flow is maintained con-
o o beingshuned 0 areas of high metabolic activity. For example, activation of
fowiig by a fashinglight pttern on the retina increases blood flo only to areas sssocisted

84 01 10 other cortical arcas.

0 How,
e bood fow regulated?
unie A|,,,WM is regulated almost exclusively by metabolic factors such
R oo CEhal lood vl are innervated by sympathetic nerv
bl flow is o clear.

25 €O, K"
/e fibers. their
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-brain barrier? -
A sty
and e o capillaries n otherareas of the bo:;;mn‘: o :';:‘;‘"‘nn ;';%' .

Of Subsggy ‘
the bl . ‘as the blood-brain b:m:.:i ,:‘,,,,mm ca“y'“leh;:::elr:h'l,::ﬁ‘
s primaily from tight junctions between h el Ofthe cergye c{:ﬁi" “‘&ﬁ
sults p R

131, What

i i lation?
function of the skin circulation?
132 wh: so::: :x:i;yzng nutrients to the tissue, the skin circulation sids iy
In ad raure, When the body temperature is elevated, these VeSsels dilyyg o Bl
B e wody surface, where it can be cooled. Under extreme Sonitions ey e
e vk lood vesels consirit,resulting i  early compet . i
conserved, B
i lled? :

s the skin blood flow controlle

o flow 1 he sk s the most varable in

the body. Skin blood vegqy -
ost of th S il g
ursby ity

Blood flow o, iy
markedly elevayeq, Sy
134, What are the factors that influence the blood flow to the heart?

Physical factors

Neural and neurohumoral factors

Metabolic factors o - .,

“The physical factors include maintenance o pressure and the squczing o
ks g o, In ot with e o, s g
sining areria pressure. Because of i, decreases i cardiac furction may b ampliey
i ry ision pressure, which result in redy coronary| blood fowgy
gt rocion i i ncion 0 0 Carda i Moso e a2
Beart ocur durin disstoe becaus tis s the perod when th cardie. muscle e 3
pasage of load through he vessels. During systol, the contraction of the venype casesamey
ravascular compression, which can completely stop

blood flow through the coronary vaulass

fwr.llp o 25% of the cardiac output when body temperature is

135, What is the most important regulator of coronary blood flow?

e coronary circulation supplics the metabolic nees of the cardiac tissue, Oneaf e
striking characteristis of the coronary circulation is the tight coupling between biso w i

dvity. Th i functional

portant rol in h
metabolic rate and coron:
a decrease in the ratio
sodilator substance int
sels in an attempt to

coronary perfusion, Th ism for thi
ary blood flow is still not completely understood. What is knownistst
of oxygen supply to oxygen demand causes the release of a poct

© the interstitial luid of the heart, where it can relax coronary ool
normalize blood flow.

136. How important is the

Neural regulation of
tion. Activation of cardi;
an increased rate of

e neural regulation of coronary blood flow?

coronary blood flow is much less important than the W""E:";:
ac sympathetic nerves, which increase heart rate and: conme
oronary metabolism and thus acts indirectly to increase blood
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