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Hemodynamic @il

Macrocirculatory Monitoring:
Systemic Vascular Resistance

v &
UW. WIatud Taunas
NIATVIVYIATEANS ALBWNNYANERT UNTINENSeTRUMAY

unuin
seuulvadeulainlusnanieuyedinsyiey
\Hunses Tnedflszuulvadeulatindiddied 2 szuu
A9 systemic circulation taz pulmonary circulation
%ﬂ systemic circulation Lﬁuﬁxuuwguﬁaﬂaﬁmﬁ
Bdenluidediusig q 999319118 Buniala
wosuuge (left atrium) Jusdaladanlidamla
osan9dny (left ventricle) nsuddslaidentu
wiazASaEandn Stroke Volume (SV) nstiusaAsy
1 wiSend1 Cardiac Output (CO) Wgsyuy
vaeadenuas Wiollidsesoisuaziodonis 9
Tnevasndeniildidsuilode Ao nasndendes
(capillary) ndsniiudenasingssuuvaenidions
(venous system) tiletiidenlnanduitigiila uss
Fumuvemasadesuestiszuuanaraduusdy
nsluavendeaniussuulnaisulain nasINYes
wsaFumuiinansyuunadeulafindiudane
favualusnene Buduain aorta audugaiivila
WeIUUY (right atrium) 158A71 Systemic Vascular
Resistance (SVR) U19A%a SVR 919i38n3nusednumuy
SmveInaoaldendiulaiese Total Peripheral
vascular Resistance (TPR) Tuvasfiussfuniuns
Tnadeulafinfiinu pulmonary circulation lng
Fuannialaesanswan (right ventricle) wWiluly

pulmonary artery wdantudenaglvariulen
Tnedudeonssdvuindnanies q auiasedu
pulmonary capillary wdaniudenszlnandy
g pulmonary vein s 4 1§y uaziindenlua
nauihgvilaviesuudne (left atrium) selu Sendy
Pulmonary Vascular Resistance (PVR) Felu
unAnuiznamisdisiang 33050 s
nmsilulamendin saufsUsyleviuazdadninues
SVR

ANINAAIN
Systemic vascular resistance AD LIIAIUNIU
MAnanszuvinaioulafingrudatenanun
(systemic circulation) iigldnlasinauves
SVR 211N15NR1TUNE@NNNSAUIN SVR 1 Darcy’s
law states dasioluil
Pressure difference = flow x resistance (1)
Resistance = pressure difference / flow ----(2)
FINANITIFULAIIN systemic circulation &
nsvheuusasifientiunaue (circuit) 1ag
® Pressure difference A8 WaRN19993
wsssuluszuunaondenunsiaznaondons @
WU mean outflow pressure (mean arterial

pressure: MAP) — mean inflow pressure (RAP)
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e Flow f® cardiac output
® Resistance fa A1 SVR ﬁ%UL’eN
naunsh (2) ey azaunsaniAl SVR
Toa1n
SVR (dynes-sec/cmb5) = 80 x [MAP — RAP (CVP)]
CcO
Tnefl 80 Juarduussansaldlunisivasy

aVeld

Mgty gUrendeey 60 U asiany MAP
Winiu 68 mmHg daA1 CVP lawindu 12 mmHg
Wazyinn1in cardiac output lAwinAu 4.3 ans
AU WIAYINNITAIUIM SVR ANNANNITTUINAU
1u;§ﬂuaiwaﬁ QWU 4A1 SVR winAu 1,042 dynes-
sec/cm’ IngA1unAves SVR = 800 — 1,200 dynes-

sec/cm’

98N1so/m

11539 SVR vnepdiin endeinsesilewdentu
Lﬂ%@ﬁﬁi‘ﬁ‘?@ cardiac output parameter ﬁgmma
%qﬁwma%%ﬁga invasive kag non-invasive,
calibrated wag non-calibrated lown thermo-
dilution pulmonary artery catheter, thoracic
bioimpedance, thoracic bioreactance, Doppler
echocardiography, pulse contour analysis &g
3u 9 Feagvilaileien CO uage1 SVR NN
et lldlunsdsuenidadvanvauesniny
Fon wazduuwamddunisiosanlunisliaisin
3an15lhen vasopressor taegramnzaunely
swaviBunveasodlefldlunsinunazizinediu
anunsofnwnfiniuldannenansdrsdduneurine

nuonIvNsuIiUTsnivAx[UN
Aeufisnazin SVR Tuszgndlinnendin
ATSNIIUAMUAUNUS TLNI190NITIN5A UV IR

Stroke Volume (SV), Systemic Vascular Resistance
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(SVR) wazausuladin (mean arterial pressure)
Fadulunmungues Ohm’s Law
AV = IR
AP =QR
MAP — CVP = CO x SVR
(nafiodn CVP dailnalAes 0)
MAP = CO x SVR
(C.O. =SV x HR)
et MAP = SV x HR x SVR
1y AP = pressure difference (mmHg),
Q = flow (L/min, ml/s), R = resistance (mmHg.
min/L)
ANNENNUSYDY SVR AU MAP Januduius
LuULUsRunss nanafe &1 CO Al il SVR fiudy
MAP agdidnfistunalude duandusui 1

Mean Arterial Pressure
(mmHg)
100 —

60 —

20 —

0 Cardiac Output

T T T T T :
1 2 3 4 5 (min)

JUN 1 UAnIANENNUSIENINe mean arterial
pressure, cardiac output ez SVR

Hadefifnadsunlassinmsidendioonann
Wilameuil (cardiac output) lauA stroke volume
(preload wag contractility) kag heart rate ASLERNS
Tugui 2
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Factors Affecting Heart Rate
(HR)

Factors Affecting Stroke
Volume (SV)

Heart size
Fitness levels
Gender
Contractility
Duration of contraction
Preload (EDV)
Afterload (resistance)

| Heart Rate (ER) {ﬁ ﬂe Volume (SV) = EDV - ESV I

U 2 LLam‘i‘]aﬁaﬁﬁwaLuﬁauuﬂawiaﬂ‘%mmnﬁaﬂ
fvananialanaunil (cardiac output)

Autonomic in nervation

Hormones

Fitness levels
Age

Tuudvas afterload 3sfe usednunisdus
w94 LV (left ventricle) Tuang LV ejection w3oi38n
Snognraniledn LV wall stress, systolic wall tension
Tngmseuausduiifosefonisin end systolic
transmural ventricular pressure lagn13inan
echocardiogram 984 LV end systolic dimension
waz wall thickness @Un159A transmural pressure
(AMULANAINTZUIN intraventricular pressure AU
extraventricular pressure/ thoracic pressure) %
fo uwsesufisnefusening MAP fu intrapleural
pressure 91NN15IAAIE esophageal pressure
wenan systemic vascular resistance \Jutladed
daname afterload a3 blood volume, blood
viscosity 12 ﬂﬂ’wﬁ'ﬁ anemia, polycythemia %39
hypovolemia 5alUdle aortic impedance audu
Hadefidemasie afterload fe

SVR Faufuadiléia afterload #ildnnenddn
Jundn Undiviaenidenuns (arterial vessels) 1uvie
fifinstui (pulsatile) munsduvesndmile
138U (smooth muscle) iﬁiﬁagﬁﬂﬁuﬁ (static) #nLIy
lu capillaries azlifindmiiladeu n1studey
meldnsmunuuasszuuUszamsnlusia vniilu
vaemdansi (veins) thy fiunsuaziinguie ey
Yoo Hamzly large veins uag venules it
lngmuANRUIEUUUSEEMSRluR R UTEUY
waomdenwad 1o ndnenrveasniens

ffiAudiuniy (resistance) s 39laderndy
capacitance vessels lesanuinnindevay 70
yasUSinasideavisualusianie (blood volume)
agnglunasnidons

Yasoiiduasio SVR fansanau Poiseuille’s
law &ai)

R=8nL/r'm

oty R o n luwaisdi R 11

1ng R Ap resistance, L A A214813989
naoalden, n Ae AUNLA (viscosity), r Ao AN
Ypaviaenldanalulaiy

9INAUN1TILEUNAT resistance geiuNN
Tunaemdoniisaiidnas 2 wih dauandusud 3
o r = 1 (vessel 1) Wasuwaadu r = 2 (vessel 2)
fagnmiae 4 w38 16 i1 wu TudUle chronic hyper-
tension MaeALdandNa WsIE U Uluvasnldenay
qﬁumn ﬁQLLamﬂugUﬁ 3 uag 4

Poiseuille’s Law %
Same pressure
-@l@m graslent

Radius in vessel 2 =2 times that of vessel 1
Resistance in vessel 2 = 1/16 that of vessel 1

Flow in vessel 2 = 16 times that of vessel 1

JUN 3 uaasuseinuniumsivauazialivasiasniion
A1UNHVBY Poiseuille

Pressure (mmHg)

Systolic
120 £
Systemic
circulation

80 —

Diastolic

40 —
Pulmonary
circulation

0

Systolic

f)iastolic.

Venules
Capillaries

Arterioles

Arteries Veins

31]14 4 uansauduunAluszuulvadeulaiin

Na2ALEATUINAN 9 Vlﬂ‘u systemic Lag
pulmonary circulation diaueaunaesu
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vseveadutaUiedngn laud nsaluaelasuen
lunqu vasoactive Niilnadanisiudsunlasues SVR
wag blood flow M uvaaadan vl arterial
tone way SVR Winau Tuvaeelungy vasodilator
20NANTaN SVR kazkiial blood flow Tumangufus
X aa < a Ay v v
mngtheninnigden mMavdsundaslaainnisia
A1 SVR agannsatiglumsidadeuenlsa e
Y A < £ L

amnvesUleniianizdenla lage1den1snsia
Uszilugauiunstnyusedn N15ns19319N18 %30
Toyan19natinguy o ume 15a vivenizidwnase
NSILTULAZANSIYDY SVR FILEAIANNANTINN 1

LAAILSA NIBAIENAINARDNITINUTULAY
anasuad SVR

a
13799 1

dn1zNeainled
SVR anad

dn1zneavinld

SVR 1fiudy

Hypothermia Anaphylactic shock

Hypovolemia Neurogenic shock

Cardiogenic shock Anemia

Stress response Cirrhosis

Syndromes of low n5kAsuYN Vasodilators

cardiac output

Usidgsuix:daadnneg
Uszlovivesnisusziliu SVR way afterload
Hradeslugtreifanusulaiindi asnsaussdule
91NNINTIITNNEgANYEFRmTY UaeileUany
W WU a8 cyanosis, mottling skin Tnaamall
peripheral and core temperature difference
N1579 pulse pressure wag diastolic blood
pressure @un3alilun1s approach Q’ﬂwﬁﬁmw
hypotension kazn15uenvinuey shock LWUUAI 9
lagen CO Uni awwmnued hypotension thy 39
SVR flanas o1anmianuvateiievaiswinuasgu
capillary refill 53 w3oUnf JUhed diastolic blood
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pressure 61 w3odl pulse pressure N1 ANNAVDY
hypotension fAnTuannsanases SVR (low
SVR shock) i 'ldun distributive shock s septic
shock, neurogenic shock, anaphylactic shock,
acute adrenal insufficiency, drugs %38 spinal
anesthesia Tuy13nssAuTUa1 hypotension v
11911 CO Tianas Feazaanalsk SVR 1fisdu (high SVR
shock) ammeradululdfinisanases cardiac
function (cardiogenic shock) %38 venous return
(hypovolemic shock) #n150539519n88U 1w
N19015393 Jugular Venous Pressure (JVP), N15IAA1
CVP agteluns3tadeunenanive Wy a1ns3anudn
JVP %38 CVP @egyiliAnna9n cardiac function
fianas 1130 cardiogenic shock 1nTu (Hudu
pgnlsinu astaamamansnisivaliou
Tadinudriunldduin SVR #9aldlnedsiing
lUuardresuenafadldednda wsiedsanarndu
MMFIAUTIIUMUTDIRRALEDAIUNTIE steady state
woilunigaselugdUrenisivaioulainiidnuoe
Ju pulsatile flow & aortic impedance W
Hadediiertossaudae vlnista SVR lunny
pulsatile Saldenn uarlailaldiBdlumansuioa

unasy

REIRIEEIIRIERCER, systemic vascular
resistance LJuNavasn1viIuveIsTUUUSTAm
Salui@ uaveesluuding 9 Asemeldlunsauau
SVR fluasenisildsuntaswes afterload duduy
Yadedasyfidmanonnudulafin n1swasuulas
fudsiiuguiifinasions preload, cardiac output
wag afterload 3g¥aelydnlavsingnisainig
hemodynamics ﬁLﬁm%ﬂuﬁﬂ’Jﬁl%aﬂLLﬁiazi’lﬁl e
drelin1ssnvndulumundnne dassinet ez
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