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Life

Al asfudnieadifomtonaowadivu uywd Seudesmsiiugiuey 3 g Hufide
- Extract energy - Aawa sl
- Replication L VYNNG

- Adapt to external environment  : N1sUTUMRBAILINADUNNEUDN

Extract energy

ATP Hundsnuiiwadvesddliinasesnuiiethuldnulunssuiuniseeg ATP @513u191n Glucose
ez Oxygen HIUNS¥UIUNTS Oxidative Phosphorylation lanandalu 36 ATP a1l Oxygen aziinnszuiuns
Anaerobic glycolysis Faazle 2 ATP

Cardiovascular system ifussuuiithastesiulugwadeagiiemeiioasmdnu Weliadidinmsey

19 Glucose tag Oxygen AzlAUNIBNMILARZIaaLAAINSTUUCardiovascular system

Cardiovascular system
WIMSNSLALN998S Oxygen TUglwadiile metabolism
~ Gasexchange :\Eeafdawndu O, 7 alveoli, gas exchange Fasiiiiosu O,
~ Hemoglobin  : 0, fesazanailuludenld &1 Hb concentration 61 fhwn O, vee O, Tdwadlane
- Cardiac output : fie pumping d13laaudalifine O, Aluliduead
- Cellular metabolism - dwwadlisu 0, Aolulidundsuldly elsfnuiiludnrnenismetabolize

(3= o % 13 U ! ! . . .
Yoaaanazinlilgaau1n O, AIPE1LTU cyanide poisoning

Basic Cardiac Physiology
- Heart :Pump
- Artery :High pressure, Low volume, High resistance, Low compliance

- Vein : Low pressure, High volume, Low resistance, High compliance

Coronary artery
Originate from just above the leaflet of aortic valve
1. Right coronary artery
- supply Rt ventricle & atrium, SA node, AV node, Lt ventricle inf & post wall
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2. Left main coronary artery
- Left circumflex coronary artery
- Left anterior descending coronary artery

Supply Lt atrium, Interventricular septum, Lt ventricle ant & lat wall

Coronary flow

~

aortic pressure
left ventricular pressure

0

left coronary fiow_\ /\[\ ,_f\
0 V V

right coronary flow _\/\’\/_\’\
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® At systolic time
Blood flow 71 1UiABs LCA Uszanasmnusuyszanas 0 mmHg  LaluY9ued diastole , blood flow agn
Fu watdendiunides Left ventricle NAN9U19INTWVe4 diastole wazlugag systole , myocardium & contraction ,
coronary a. Wu epicardium vascular ﬁﬂ‘ﬁuﬁd Perfusion 191 myocardium laila wazlugiag systole , LV pressure 9%
TndLABafiu aortic pressure AvUszana 120 mmHg ﬁﬂﬁ?u LCA @i brance w84 aorta F9perfuse Wl supply LV
Tallet
® At diastolic time
Aortic pressure 80 mmHg , LV pressure 0 mmHg(LV panediuidenain LA) = denann LCA perfuse
walulu Lv e
#1affu Right ventricle , RV wall Un9 uag RV pressure < aortic pressure agAaBALIAN FouSsananse

perfuselsnaaniia
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1
Mean Arterial Pressure = Diastolic Pressure + (§ X Pulse Pressure)

Pulse Pressure = Systolic Pressure - Diastolic Pressure

&@3U Heart Hu organtieaiidl blood perfusion Tutae diastole
wswaztuluauldninme shock ts1azquen SBP ilel , &1 SBPA LdenlUide organ Aaqld udAuldenaas
\im acute MI lAms1zAn Diastolic pressure WWusa perfuse heart

wiszagiu Tutagdu NM3agmonitor BP 9zfiad monitor 7N mean arterial blood pressure (MAP)

Central venous pressure

] ./ PA © Lung
(AT,
| RA
Pulmonary vascular rasistance Mitral valve disease
Heart rate Heart rate
] l ] o l o LV volume
CVP o PADP | FAWP LAP LVEDP LV fiber length
(A) (B) l (C) I (D) (E) LV PRELOAD

! |

Diastolic RV Alveolar pressure Diastolic LV P-V relation
P-\ relation Pulmonary venous
Tricuspid disease disease
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® (VP ~ LVEDP
® |VEDP = 1.) Coronary perfusion pressure
2.) Preload
® Except - Mitral v. disease , LA enlargement , Pul veno-occlusive , PA HT
A1 Left ventricular end diastolic pressure (LVEDP) aguanfis Coronary perfusion pressure  Uag
Preload wan15azineAn LVEDP lnemsalu LV vilild , Unf pressure wag volumn agdiavindu alidl defect

LMY LU valvular disease  fatiun15InAT CVP 34 reflex fapn LVEDP

Cardiac output
® Definition : Product of HR & SV
® Normal value of CO : 5-6 L/min
® \Which factor influence SV
- Preload
- Afterload
- Myocardial contractility

Recognition of shock state

MAP = CO x SVR
MAP = SV x HR x SVR

dleinn1e shock w3e mean arterial pressure (MAP) i 924NN stroke volumn (SV) ¥i3® systemic
venous resistance (SVR) anad antus1ameiinsususalagnisifia heart rate (HR) Tachycardia wievilsk cardiac
output mﬁ

&wn Tachycardia laianansavilii cardiac output AsilAlE vl cardiac output anas $19nBazing

USuieeesiannfaiiin Vasoconstriction il Diastolic blood pressure g4t ,Pulse pressure kAURY

'
N o o

ndniuidsaauaunig shock laild sameazuudlasnisihdenluidesefrduiiddyreustoas
Suudu auesln fufuetozifinnuddylosesiidenludesiesas innme End orean hypoperfusion anvheldle
sumehimmnsamuausziuanusuludenldfaziinnnzanuduladiae
@‘T&ﬁ?uaﬁ%mmaauﬁwgﬂwﬁmw shock wielilasnsnramanzanudilainm o1aasduiull Sansnmaaou

1A8N15AUMIAINAIE End organ hypoperfusion ,Pulse pressure MIbAUAY #3991n Tachycardia
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Blood pressure
Usznausig

Systole : Stroke volumn fimonantilaszluvenely Proximal aorta mawaﬁa%{u aduy Systolic blood
pressure , @ Systolic blood pressure %Qﬁﬁaﬁ‘i”] %uagjﬁ’u Stroke volumn Wag compliance Y84 aorta
21 Stroke volumn Un@ , compliance 9949 aorta Un@ A1 SPB 98L1i1iU 120 mmHg
&1 SBP g4 wamsiufina N vascular compliance el nuldlugtaemuiilafings dudeaudeiatu &1 SBP i1 1in
910 Stroke volumn o8

Diastole : vaeaiden aorta flveneilsuanduasin denfidnsly Proximal aorta gniuasn TWlvalua
Peripheral tissue tinidu Diastolic pressure

W9Izayil @9N9zUivendi DBP avawmisemAousIdunIuvaeniandIulane (Systemic vascular resistance)

1
Mean Arterial Pressure = Diastolic Pressure + (§ X Pulse Pressure)

Pulse Pressure = Systolic Pressure - Diastolic Pressure

fatiy e PP uAy vianedis Stroke volumn #1 %138 Systemic vascular resistance g4 agidle PP n919

W&n931 Stroke volumn 6N 738 Systemic vascular resistance @1

Flow

Vena cava pressure = P = P

Left
atrium atrium

Right Left
ventricle ventricle

Systemic

organs Heart

Aortic pressure= | P = MAP
85 mm Hg (MAP) In
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DUSMOWIITEUU (cardiovascular system) flow Aagmneds CO

ANMUAUAUNIIAD MAP , ausuUaneniafe Pra (RA Pressure)
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Ohm's law
Pi — Po
Flow (Q) = ———
R
Pra
CO = MAP — —
SVR

MAP = CO x SVR

AUnRves MAP Uszanes 90-100 mmHg , A1ALFuUYes Right atrium (P, ) SAtfesunniiiewfisuiius MAP

Fauszualadu 0 annaunns

CO =SV X HR
SV = EDV — ESV
MAP = Co X SVR
MAP = Cco X SVR
= SV X HR X SVR
= (EDV-ESV) X HR x SVR
EDV
= — X (EDV-ESV) x HR x SVR
EDV
(EDV—ESV)
= EDV X — X HR x SVR
EDV

INAUNITALNUIN A1 MAP azldsunUasnutlade 4 agnade

EDV fia Preload
(EDV—ESV) .
————— @® FEjection fraction aulunINusnng Contractility
EDV
HR Ao Femznmswuiila dwSmsednluaziinase CO waz MAP a1uasu
SVR fa Afterload

Nauadstaniinsilasuwlaifazdinase MAP

Preload

v
I o v 1A

Preload Ap Usunsvediennsuiiazguinesniainiila fn Preload agdusgivindentnanduiingiila

U

'
v ao

nteuwinlug fatiu Venous return Sadudinidivua Preload
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Venous return (VR)

® (O must equal to VR : CO Aaa¥infiu VR Laue
&1 VR 10 CO 1 denarlilunndnadilig
snfunsdl CHF — VR 170 CO toe (denmndnsiiven

® Right atrial pressure fie AANUFUUAETTA1305U VR Wnanldl (outflow pressure of VR)
01 Pra @9 VR 950, 81 Pay 61 VR g9

® Mean systemic pressure ﬁammﬁuﬁﬁﬂﬁﬁaﬂhaﬂﬁu&ﬂ"ﬁjﬁ’ﬂﬁl RA (driving pressure of VR) &3#1 Prns
Juogiutiade 4 eg1e 1dud

- Vascular compliance

Stress volumn

Resistance to venous return

Blood flow distribution

Mean systemic pressure

A Asystole

ms

MMJ

dlewilavgadu arterial pressure azanas donazmdilludwdonvein venous pressure avgeluintion

NI NTIRNANUAUNITEUULTDANY artery, vein, wag heart chamberiiAyiniu AMuAULLgSeNd Mean

systemic pressure

Vascular compliance (Cv)
Aadufaunsasassulsunsninsiedeulmiles Mlassdudeneenuilasesldiuiaiunsasessuiion

(compliance vassel) Wunfe 1@uHen vein
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Stress volumn (Vs)
Ao Usumsiineliinainusy (Mean systemic pressure)

N&dUN13  Compliance = Volumn / Pressure
Cv = Vs / Pms
Pms = Vs / Cv
Wsgazly Pms szannvisetesluegiu Vs |, Cv

fa volumniliudnluluseanne

Da

Vs

@ A O @ v 2/ i
Cv nAd Ma’e]ﬂLa’@ﬂuu‘ﬂﬂ@l’l‘lﬂﬂﬂ’]ﬂu@EJLLﬂl‘Vi‘L!

Resistance to venous return (Rv)

Venous return

Pin = Pms PRA
Systemic atrium ;frfitum
organs Heart
Right Left
ventricle ventricle
Flow (Q) = Pi-Po / R
VR = (Pms - Pra ) / Ry
VRmax = (Pms -0 ) / Rv

(Vs/Cv) /Ry
= Vs / (Cvx Rv)

Faths VR AUy Vs (intravascular volumn), venous time constant (Cv x Rv) Cv x Rv = time constant
(veslnaiilvariusegmentiiugazriugniedn)
- time constant g4 ulain Cv GY (flvasodilate) x resistance 2
Fofuraslnarulddn vi3eiBendn slow time constant
- time constant 6‘1"’1 wladn Cv G‘ll’ﬂ (flvasoconstrict ) x resistance G'ISW
Fofuraslaruléisy wiefiundn fast time constant
1nAUN1T VR = Vs / (Cvx Rv) 3sagu venous return Fuiu Stroke volurmnn (Vs) Fafife intravascular
volumn, 91 intravascular volumn 110 - VR 11 . 91 intravascular volumn %ag - \R oy
LLﬁs‘ﬁuﬁU venous time constant (Cv x Rv) f1venous time constant G fivasodilate = VR iy uazdn

venous time constant ¢ - ivasodilate = VR tog



