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Pathophysiology of cardiovascular system
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1. Hypovolemic / hemorrhagic (loss of circulating volume) 19U Trauma / severe diarrhea

A

Cardiogenic shock LU MI, Arrythmia, myocardial contusion, outflow tract obstruction, drug
Neurogenic shock 1u spinal card trauma, spinal anesthesia

Septic shock (vasodilatation) Wi SIRS, burn, pancreatitis, Al, acidosis, prolong severe hypotension
Obstructive shock LU Cardiac tamponade, PE, Tension pneumothorax, IVC obstruction

Traumatic shock LU systemic response to severe injury after trauma process of combining after soft

tissue injury, long bone fracture, blood loss

Decreased cardiac output

3\
4 Venous Metabolic Intracellular | Coronary
returmn acidosis fluid loss perfusion
Cellular
hypoxia

Decreased tissue perfusion

Parenchymal cell injury

Endothelial activation/ Cellular
microcirculatory damage aggregation

Flow chart 1 Shock mechanism
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Fig. 1 Pathways leading to decrease tissue perfusion and shock. Decrease tissue perfusion can result directly
from hemorrhage/hypovolemia, cardiac failure, or neurologic injury. Decreased tissue perfusion and
cellular injury can then result in immune and inflammatory responses. Alternatively, elaboration of
microbial products during infection or release of endogenous cellular products from tissue injury can
result in cellular activation to subsequently influence tissue perfusion and the development of
shock, HMGB1 = high morbidity eroup box 1; LPS = lipopolysaccharide; RAGE = receptor for advanced

glycation end products.

TneALEIARIDINITLALYINTIE shock Uu a9 nTuszUUNSTNNIUY89519N189E @150 compensated
nsilasuulasaunalusyuulnadsudonfissduunilavihtu mnuanisiasuuladitintusgrssinisuay
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Rat hemorrhagic shock model
24-hour survival following resuscitation
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A Transition to acute irreversible shock
B Transition to subacute lethal shock

Fig. 2 Rat model of hemorrhagic shock through the phases of compensation, and irreversibility. The

percentages shown above the curve represent survival rates.

Basic cardiac physiology

delivery energy source of tissue mechanism Usgnaulusme wila szuuranEonuad LaysEUUMaaLaen
i Tnelaviumihidusnguialaiin szuuidudenuas fladnuasiie pressure ga resistance g4 compliance 61
LazszUUnaondend InudnuazAedl pressure i1 resistance 1 Wi compliance gedazdamiildinge
AuuantRmeaETshlHluameund inadafislusenetuasedlussuuvasnidensidundn

lundlsnfwssnevhaumesssuulnadouladn awdsznauldde msluavesdonanilafesdnsine g
dudenundvalutesen 1 ¥ ssiamsveneiiidndureaonideaunding (dilate proximal of great vessel)
Tneausuiiistuilannsainlaiu Aanusilafindauumde systolic blood pressure (SBP) thues TneU3unauden
fignfusenainiiala 1 A 153emi Stroke volume Tage SBP sfnasgadledinetd sv ann wawsn effied sv
tlon Ineidenazanunsalvaisullfuisdruanmstuswesinls uazidleidudeaundvgjgndavetseen axgnsli
mAn&URE elastance of aorta Wlawduideunmnad ilafesdsazaanesi Benazgnauddlumudadoluuinasiieg

o

Faduusumausiu diastolic blood pressure (DBP) fiaztiouliifiutle peripheral vascular resistance (SVR)/Total

peripheral resistance (TPR)



low P venous (P,)
high capacitance
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high P arterial (P,)
low capacitance

Fig. 3 Circulation system

I519gEsavsvennsnuresilatayssuulralisudenegnsigg lanaean Pulse pressure (PP) Pulse

pressure A AIANULANAITEWINANUAULaRRFIULLAZFIa18 = SBP — DBP A1UNR = 30 — 40 mmHg

3ty PP 3aflAnnumang = SV — SVR
wn wide PP = DBP/SVR 6
Narrow PP = SV Gﬁl’ﬂ

Normal PP = SV and SVR abnormal
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waslUideseioagingg uazilliaifinnisuaniuaen oxygen NseAUAGLAINY HoRTIUTIIIY carbon dioxide 3zgN

YUANFURNUNNTTUUTRDALTRRMuAznAULNg TR AR suuY N lAgANAINAUNLEASD tissue perfusion WiSendn

mean arterial pressure(MAP) Tnganansamlaainnisunuenlugns

MAP =

2DBP + SBP

IngAUnR Ao 70 — 110 mmHg lneialuud A1 MAP f1u1nnan 60 wansdemiauauiiiesnensnisiiben

lUidesetezfidfny 1wy dues wala uag la
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Mean arterial Arteriolar
pressure 100 mm Hg resistance

Cardiac output 5 L/min

Right
atrial
pressure
(0 mm Hg)

<«— Venous return 5 L/min

Venous return gradient : Mean systemic
7 mm Hg pressure (7 mm Hg)

Fig. 4 Circulation system

nNnQreadleniy 1ENsakansAInIsivadeuvedenlanmalul
| (n3zua) = V(Auaedngd) / R (anusiumu) ssunuailaidu

Qt = (Pin-Pout) /R
= (MAP-Vena cava pressure) / SVR

Cco = MAP/SVR
MAP = CO x SVR
= SV x HR x SVR
= (EDV-ESV) X HR X SVR
= % x (EDV-ESV)x HR x  SVR
=  EDV x (223 % HR x  SVR
EDV
MAP = Preload X contractility X Rhythm X Afterload

A 4 & a o g va a ' a
Wensdednlund agvilidenlvaisusgrsunilag
- preload @ansnanastaain Hypovolemic / hemorrhagic
- Contractility fio N3y uvesiila

- Afterload tinaziillgymann vasodilate Ainuldlu neurogenic shock
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deynfannudfyvosussiuvesiilanie heart contractility Tuazuandidiuldannismaasswes Starling
Fgniniladlulu right atrium (RA) fapanusiu waznseuliiilatdudiugadn cardiac output (CO) 9N left
ventricle (LV) Starling wuinanuduwusuns RA pressure tuduiusiu CO Tnenss Tnsuansiidiuldmonsmisogs
wimafiausuluSesauisganiaaznuin anuduidadnlulionsihly co Wasuulaslédn (desanninlagn

Yiume pericardium FediUTUR5IA)

Stroke Volume or CO

Preload or EDP
Fig. 5 Frank-Starling law (relation between CO to EDP)

INANUFRUSTLANINTMTsagUledn mnsisanisiiin cardiac output aganunsavialalaanisiiiu preload

A
toli
g systolic +
% ACTIVE TENSION
: |
end-diastolic
volume

Fig. 6 Frank-Starling law (pressure vs volume)

sBP Ae euduiialdislelagnnseduliiAnnistud DBP mwfuvesinlaiialdreugnnsduliianns
Fush TnadladuiudnluasnuhiviineshiladiluegiansolmAsnnuduluiosilald 5GenUiuns
$ruutiudn Unstressed volume usidielddudnlugnazdsgaitansnsovhlifnmswdsustasanudulusiosilald
(Roumstud) 53sminsinasiun stressed volume lenszdulsilaianstius sswuhifuiasthiesiila

agflusediutios Wevsuesiiwesilasziiuseluimlaeey Inensuansdiiiiuianuiuyesilawsiuniu preload
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Pre fluid challenge Post fluid challenge

Fig. 7 Stressed and unstressed volume correlation
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Fig. 8 LV pressure varied on time (A) and volume (B) correlation
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IngUsinnsidenneuiazgnineanainiiila 138ndn End diastolic volume (EDV) uar USinasideniifney
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TEF

t Afterload
! (Aortic pressure)

]
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Left ventricular pressure (mm Hg)

ESV Left ventricular volume EDV
Fig. 9 Pressure volume loop and cardiac cycle

nnsansliiuda sV Tunmeeneg

Tu cardiac loop Auns ile contractility tintu ESV avanas dawalsk SV ifiumniu

T cardiac loop &l ile afterload Wiy (aortic pressure Wit dewali ESV snntu Sewilir sv
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1y cardiac loop @867 wile preload st EDV Sudiudu dewald SV vty was dsuansis normal

cardiac loop

Tusyuunasalienilu cardiac output AzdlAviNAU Venous return (VR) @sfidinase Venous Return Ag

1.

2
3.
a

Vascular compliance
Stress volume
Resistance to venous return

Blood flow distribution

Vascular compliance

Aniluansnuduiusves compliance nanfielu rigid tube LifinauBaneu (compliance) agliifinns

Inadeuvedladin delildaruduadluvinlug (A) srsanlussuuiiianugamguvenduden avinsivalisuvedlaiin

Vg WaldanududluagyiliAnnisivaiou nelusyuuidl compliance sndt avfiiienlvadeunduiinlug

lalannin Asluauns waznw B way C
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Large compliance compared to SV---small pulsations

Fig. 10 Vascular compliance and flow correlation

Compliance =

Mean systemic pressure

A1 mean systemic pressure Huwnanluur???

A

AV

AP
stressed volume — unstressed volume

mean systemic pressure
stressed volume

Compliance

Asystole

ms

W\W

v

Fig. 11 Mean arterial pressure during asystole
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Mnnmuansisnuiuluszuuaendenunl uazsruunaanidens lasanudulussuunaendenunsiiugy
wazruiulussuuvasaidendiindaingt luvagivilangadu ausuluszuunaenidonunsrosanas ANy
Tuszuuvaenidendgstudniiaaiosnuimudonty pool aglu venous side wnfisdosas 90 Tasaudufifld
TuvauziivlavigaufuisiGonin mean systemic pressure naumsanarilosdurinlfisiunnudfues venous

compliance, mean systemic pressure @siiwase Venous return aanlananaluluilodu

YJasuauninane Venous return salufe resistance to venous return

Vena cava pressure =

) Left
Systemic [/[/||\! atrium atrium

organs
Right Left
ventricle ventricle

Heart

Aortic pressure =
85 mm Hg (MAP)

Fig. 12 Example of blood circulation pressure

- ANUAULADAAUNIIAD mean Systemic pressure
U A =
- ANURuRenAUaIenN19AB RA pressure/vena cava pressure

- Resistance to Venous return 11310
(Pms — Pra) ausinsdng

flow = -
Rv anudnumu

ng flow 9zgaaniile Pra = 0 (Pra Anauldduriu intrathoracic pressure usildanunsasiiu VR lalllosann

great vessel a¥ collapse)

Pms—0
VRmax = —
Rv dvol
Stressed volume 1
VRmax = - - —
compliance Rv
stressed volume
VRmax =

compliancexresistance(time constant)

Time constant Avaanltuaniudiutiulasinga vl venous return WinunYu
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Regulation of mean systemic pressure

Vs A Normal correlation
Vo
Pms P
Vs
B Wiy Vs (stressed volume)
Vo
Pms P
Vs C am V, (unstressed volume)
Vo
Pms P
Vs D an compliance (vasoconstriction)
C
=7 A Y
P
Vo P
Pms P

Fig. 13 Correlation between volume and pressure (A, B, C, D)

PnABEnsliinI Tusteamesdusuesiilidneliinnaanuay fe unstressed volume (V) waztinfivin
TiAnaMuAY TneAMNAUTIAATULULTISENTT mean systemic pressure (Pms) @uU3nInsunvinlmAnauauLs
138171 stressed volume (Vs) 1nL51@83015L#AL mean systemic volume Loy venous return @u1savinla

fasaludl



Pathophysiology of cardiovascular system 12

1. Y stressed volume
2. am unstressed volume
3. @am vascular compliance Tnesnfde vasoconstrictor $199)

ynldanunsawiiy Pms laidsaudnuseluluniswiiy venous return AnauABn15an venous resistance (Rv)
Pms—-0
Rv

0 FUAT VRmax =

Slope = —
OP€= Ry

MNeANIIMIN an Ry adldaganunsawdiiu VR 1a dauansdugumuans

=
Em
=
E
32
&
T 5
3
o]
c
D
>
0
4 0 4 8

Right Atrial Pressure (mm Hg)
Fig. 14 Venous return and RA pressure during resistance (Rv) change

dvgavinefifinasie venous return fia venous distribution @4 diagram fasialutiazuansliiiugs time

constant boAudnunYu

Lungs

Hepatic artery
Splenic artery

Hepatic vein
Mesenteric artery
(from intestine)

Renal
afferent arterioles

Renal
efferent arterioles

Fig. 15 VR and time constant
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Tngann deninaylranuluduidl resistance ¢ wazmnusnadlail compliance sfagyinlidenlnandu

¥

ihdilaldsnnuaziditu (time constant ¢1) Tnesnu3iinididl resistance g9 compliance gemnidenniuuluuiiam

v

Hu1n time constant 6N 2819 Venous return anas usteufil compliance 6N ﬁﬂagﬁ,u peripheral tissue %50

muscle LagU3nuAll compliance §1 AoU3tan Gl tract fHatiunINEINLAL venous return BnlafausailaRenis

shunt Weatnlulu Gl tract vty TEUeuauvin reverse Trendelenburg WieanUSunaudenfiogusiins peripheral

tissue

Cardiac Output
or
Venous Return
(L/min)

@Total Peripheral Resistance
/ Ve.g. exercise
7 I

Cardiac

Nl g 6[]([)[]{ Inotropy

\ 2

\ T Operating point of the heart
\ (cardiac output and venous
\ return are equal)

N N
24

e TTotaI Peripheral Resistance

// / Bl d \ €.g. vasoconstriction
/ Vol me\1\

\ X-intercept of venous return
\ 7= mean systemic pressure
X7

\— /Vv/ A

Right Atrial Pressure

or
End Diastolic Volume

Fig. 16 Frank Starling curve during blood volume changed

NNANUEASIALTALI ALy contractility @1an30vileA cardiac output WnTule ¥3e winesnls

cardiac output [NTuUAENTALAY venous return Tee35R199 1Y Liis mean systemic pressure %30 an

resistance #1® venous return AaLIsaviNbauTU

Cardiac output (I.min™")

10

0

N Reduced
resistance

MSFP = RAP
Increased
resistance
.
-5 0 5 10

Right atrial pressure (mmHg)

Fig. 17 Cardiac output and RA pressure during change resistance
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Determine of ventricular performance Uaseiiinasnanisvitnuvesiilaviesaislunnzung

Ventricular loading condition
Preload

Contractility

Afterload

Lusitropy

PRELOAD AFTERLOAD

A Ea@

v

\ V \'
Increase increase Increasing Increase afterload
pressure and stroke volume increase pressure and increase pressure and
(hence cardiac output) stroke volume decrease stroke volume

Fig. 18 Cardiac loop in varies condition (contractility, preload and afterload change)

PINNINALNUTT M kial preload awanusaudin Stoke volume ¢

vty afterload iladumauus stroke volume anas

Wi contractility qraunsoLfial stroke volume Lﬁu%ulﬁLﬁuﬁu

N usitropy 8@l MNeALIT pressure Ty wil EDV snas aedinavinlsf stroke volume anad fanm

ANUANS

A J
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200
Cartrol
L Loop
Pressure Decreased
(mmHg) 100 5 Compliance
0 =4

1
0 100 200
L Valume (mil)
Fig. 19 Effect of LV diastolic failure caused by decreased ventricular compliance (e.g. Hypertrophy) on LV

pressure-volume loop. Heart rate, inotropy and systemic vascular resistance are unchanged.

Management in Left ventricular dysfunction
- Decrease LV systolic function: MI, Hypoxia, Acidosis ansanntalalae wily reversible cause, optimized
preload, increase contractility, decrease afterload (IABP)
- Increase diastolic stiffness:

WlaunfAneuausasie preload manipulation Wundn ﬁaifumﬁ"ﬂmﬁé’wﬁzgﬁa nsifial preload ns¥ne
fensifial contractility 38 afterload azfinasie stroke volume tioe ﬁ'ﬁﬁ?ﬂu@:ﬂwmﬂﬁ{]wm myocardial
dysfunction Mﬁﬂagﬂumw shock A3 fluid resuscitation Tifiesnereufiazls inotropic drug Iuﬂgﬂwﬁﬁmiﬁw’m
vasfladiulniuaziinn1az hypovolemia tunsld inotropic drug meuaussion1syiiy stroke volume lédasunn
FohuReensly fluid Whiteawe LLﬁzQ’ﬂaaﬁmauauaaﬁiamﬂﬁ preload LiﬁL’%&ﬂQ’ﬂaaﬂﬁjmﬁdw preload sensitive

1u;§ﬂ’saﬁﬁi‘]€ym myocardial dysfunction (impair contractility) wnan preload Alilévaelived stoke
volume Aiviisannu fadudslisnduasdos keep negative minusisiluazdios optimized preload ifisawe wavlsl
vlAn pulmonary edema ﬁdﬁ?uﬁﬁaﬁﬂﬂéﬂwﬂﬁjmﬁ’i’] preload insensitive

mnﬁw@’ﬂwﬁﬁﬂmm LV dysfunction 21l inotropic drug axmudn cardiac output datuwihe faiiuds

ﬂiﬂlﬁ’iﬁﬁﬂ’mﬁﬁﬂm@m LV dysfunction a15L# inotropic drug
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Fig. 20 Effect of LV pressure-volume loop on condition
(A) Volume overload
(B) Pressure overload
(O) Restriction to filling
(D) Loss of contractility

Tugheniinredilauni mnisviinisan afterload asnudn stroke volume asuudasliann wsilun

A3ITULIL 0 LV dysfunction Wisisan afterload agvinlwi contractility ftu Fevinliiliia stroke volume e
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Increase diastolic stiffness

AWnRLAARIN MI, pericarditis , pericardial effusion , cardiac tamponade, @:ﬂ’mﬁﬁ intrathoracic pressure
WinAugs w3e TugfUendl pleural pressure LNAUENYY pneumothorax

Management

Optimized preload #833390128 pulmonary edema A5l invasive monitoring (CVP/PWP <18-20)
WesnngteUssianilldlifidemluies contractility Falidndunvesdedy inotropic drug
wnan afterload snniiuluAmsAesszTanny Hypotension 16t

4 Beginning of Systole
End Systolic Volume (ESV) Opening of aortic valve
Closure of aortic valve = —_—

110+ \

|
| | increased
-~ D e | | Preload, eg.
R0 . . | : ;
o= - I, Aortic Stenosis
g ! I |
L]

E Decreased : | H |
o Preload, ep. ! 1 - 4
E Mitral Stenosis : i
] "
e 70+ ' ot

End Diastolic Volume (EDV)

Beginning of Diastole Closure of mitral valve

Opening of mitral valve

50 120
Volume (ml.)

=
&

Fig. 21 Pressure-volume loop in varies condition

Clinical manifestation of shock

Table 1 Clinical manifestation of shock and management

Shock PCWP Cco SVR Preferred agent
Hypovolemic / low preload shock \L

Fluids

- >

Cardiogenic shock \L Inotropes (Dopa > Dobut)

Inodilators
Vasogenic / vasoplegic / distributive shock
- Hyperdynamic sepsis T PN T \L N>D>A>V
- Sepsis with depressed cardiac function <> ~L xL D > N + Dobut

- Anesthetic induced < < Ay PNP, Ephedrine
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Pathophysiology in septic shock

—>
DECREASE CARDIAC
OUTPUT 5L/min

®
4  'NCREASE VENOUS
RETURN

SEPTIC SHOCK + NOREPINEPHRINE

DECREASE VENOUS
RETURN

DECREASE GRADIENT
PRESSURE BETWEEN MCFP
AND CVP

DECREASE MCFPJ,

INCREASE MCFP

Fig. 22 Venous return in septic shock : The role of norepinephrine

nsinwUaelieinn1ig Shock

MSFP

Vv
Unstressed =
Volume

R
Intravenous Fluids
MISFP 1 (VR |

MSFP
Stressed _— o VR P
Volume |e== Vasoconstriction
==
== }
Unstressed
il Volume

Fig. 23 Management shock patients
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Unstressed
Volume

Volume

Pressure




Pathophysiology of cardiovascular system 19

1. Usziliu CO, PP 91 Pulse pressure WAy = low cardiac output

2. g sign of compensation 1 CO 51 SVR finagas, 61 CO g1 SVR Sfhazen

3. &1 PP 39 DBP i HUreilewingu SVR # capillary refill # heart sound &3 favor high cardiac output
shock (neurogenic or sepsis) 8191 Low cardiac output, PP WAy DBP silsiann e capillary refill
41 TUssidiu volume 1110 volume wevadiusy fRaeidu MI asaamy VP g1 uanaironasinnasinniu dild

fiansuansdsnaniuansdnfiiedin1ig hypovolemia 813agw1nun nliuulalyivi fluid challenge test

Initial CVP <8 8-15 >15 cm H,O
PAOP <12 12-16 >16 mm Hg

| |

Volume & Rate 200 mL/10 min 100 mL/10 min 50 mL/10 min
-
During infusion, CVP rises >5 cm H,O
or PAOP rises >7 mm Hg
YQS/ \ No

Stop challenge Complete the volume
Wait 10 min Wait 10 min
CVP change >5 3-5 <2 3-5 <2
PAOP change >7 4-7 <3 4-7 <3

Fig. 24 Management of fluid challenge test

Tun1sUsziliu volume 210 fluid challenge test (FCT) vl snsaifeayinii ¥nLsT resuscitation au
adequate (CVP+2) udpeeiiansalun1sli inotropic drug
e fluid Al durdausndnlidu balance salt solution Ty clinical UsgnauseiauevndUaesuiinneg

interstitial edema 8131581 colloid 5uR78



