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Cardiopulmonary physiology and pathology
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3. Adapt to external environment n1sUSUAADAIINGDUAIEUBA

Extract energy
ATP WundanuiiwadvesdaiiTinasseenuifiethanldanulunssuiunmsng ATP a$193197n Glucose way
Oxygen WUNTEUIUNNT Oxidative Phosphorylation lakanaadu 36 ATP a1lifl Oxygen agiinnsyuiunis
Anaerobic glycolysis Faazld 2 ATP Cardiovascular system LﬂuﬁzuuﬁﬁﬂmﬁﬁgﬂﬁﬂﬂéL%ﬁéﬁi’lﬂ"'] Thsemeniie
aamdanu WelvAdiTindssegld
Differentiated tissue

L =4 -
+ Oy \02
Glucose Glucose

0, Pyruvate ¢
\ Pyruvate
) Lactate

Lactate
CO,
Oxidative Anaerobic
phosphorylation glycolysis
~-36 mol ATP/ 2 mol ATP/
mol glucose mol glucose

Cardiovascular system
Oxygen 2glUduwadld FesUsznauluenssuiumssai
1. Gas exchange \denf#aandu O, 7 alveoli, gas exchange Fasiiitofu O, &1 eas exchange laift fisy
0, lalid
2. Hemoglobin O, dasazanewdluludanls é1 Hb concentration 61 w1 O, e O, Tdwadiline
3. Cardiac output {u pumping dwilagudalifine O, Alulitswad
4. Cellular metabolism dwadlisu 0, Mol dundanulily evlsAnuiiludnarnens metabolize

(3=

YoaanazyliwadwIn O, A19E19 191 cyanide poisoning
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The Three P’s

aauld shock Avazmvsiinnuraunfsulasunislu 3 P 4
Perfusate U319 volume — hypovolemic shock
Pump #1318 - cardiogenic shock

Pipe ¥18 w1884 vascular system — septic shock, neurogenic shock

Basic Cardiac Physiology

Heart : Pump
Artery : High pressure, Low volume, High resistance, Low compliance

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

naealdenila Coronary artery

2 main coronary arteries

The right coronary artery supplies

Right ventricle

SA node, AV node

left ventricle (inferior & posterior wall)
Left main coronary artery (LMCA) supplies
Left circumflex coronary artery

Left anterior descending coronary artery
conducting system #isn31 AV-node
Interventricular septum

Left ventricle (anterior& lateral wall)

Left coronary
artery

\"-
Circumflex
artery
Left (obtuse)
Right —} marginal
coronary /& artery
artery Left anterior
descending
Right artery
(acute) »
marginal Diagonal
arteries

artery
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Cardiac output

Usnnsidendseananiilasieundl (Cardiac output) Aeuinmsvedieniignguineeniiniilaiesdns

F18NTONDIANVITIUTEUELIAMTIUIT
Cardiac output = heart rate (HR) x stroke volume (SV)

SV - Ysinmsideniignaudneenainiialalunsdudmilnss
AUNR 5 - 6 L/min Inetladeil Cardiac output wase stroke volume 79 preload, afterload,

myocardial contractility, heart rate

Coronary circulation

Coronary artery 9n31n ascending aorta laeiinsluaveadenlunasadeniila (coronary flow) vaue
ineg# 70-80 mU/min sla 100 ¢ 104 cardiac tissue Tasuazaanindane aunsaifistulduszana 5 wh
Systolic usalafimuazdinladush @ Diastolic usssuladinvasiivhlanaiss Tne diastolic Judgudaves
#3la (perfuse heart) wulueuil BP 80/50 finisguiavesialafinin 90/40 fetueuld shock 15Wesg diastolic
fe leanAuABIweINNTin acute myocardial infarction

wasgauld fosaula mean arterial blood pressure lallgauern systolic %38 diastolic
MAP = DBP + [1/3(SBP - DBP)]

Recognition of shock state

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

dleinn1e shock w3e mean arterial pressure (MAP) B 924Ain91n stroke volume (SV) w3e systemic
venous resistance (SVR) anad antusaneinmsususalaenisiia heart rate (HR), tachycardia eyl
cardiac output TlamLa

\dle tachycardia Taianunsaviilef cardiac output asil Wile cardiac output anas $19MBaLinITUSUM
9819RBNIABLAN vasoconstriction ¥l diastolic blood pressure qﬁjgu, pulse pressure WAUAY (pulse pressure
= systolic blood pressure (SBP) - diastolic blood pressure (DBP)) Mﬁ&ﬁ]’lﬂﬁuﬁ’léjﬂﬂ’m@mmw shock lila
5'Nmmw%’wé’f’ﬂmmiﬁwLﬁaeﬂ;ﬂL?:mai’mzdauﬁé’ﬁmﬁauai’mzﬁu6] WU anesln é’fﬂﬁ?uai’smﬁﬁﬂmuﬁﬂﬁzgﬁaﬂ
wwfidesluidustionas 1inn1az end organ hypoperfusion aavheidiesnaneliianansaaueusziuauiuly
\denldnaziinn1g hypotension

Fafumsazasinaeuigihedane shock wielilasnisnsramanzanudiladind eragsdiiuly
AsnTIaaeUlAENSAUMAINATIY end organ hypoperfusion, pulse pressure fiwAUAaY W3897N tachycardia Ing

AMe tachycardia WWuegrausnitisnagnula
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Blood pressure

Wennidealuasenainimile WilUlunaesiden Ussnausme

Systole : stroke volume fvenaniilavgllvenelii proximal aorta mawaﬁaﬁ'ﬁu Vadu systolic blood
pressure , @ Systolic blood pressure wgmﬁaﬁ‘i”] %uagjﬁ’u stroke volume Wag compliance Y84 aorta
21 stroke volume Un@, compliance 984 aorta Un@iAn SPB agivinfiu 120 mmHg

&1 SBP g4 wamsiufinan vascular compliance Taif wuldluftasnnudlafings dudonudtiu &
SBP ¢ 1fin 910 Stroke volume oy

Diastole : vaeaiden aorta flveneilsvanduasin denfidndly proximal aorta gniiuawn Tlvalug
peripheral tissue Wimfu diastolic pressure Wnszaviiu asiazdsuandt DBP %qw%aéi’wﬁaLL':?WTmmwaam

\dondiuUany (systemic vascular resistance)

Mean Arterial Pressure = Diastolic Pressure + (1/3x Pulse Pressure)
Pulse Pressure = Systolic Pressure - Diastolic Pressure

ATl 1ie Pulse pressure WA MiENEis stroke volume #n %138 systemic vascular resistance a4 wag

\le pulse pressure NI9LEATIN stroke volume 6N %39 systemic vascular resistance @1

Flow
Vena cava pressure =
) Left
Systemic atrium atrium
organs Heart
Right Left
ventricle ventricle
Aortic pressure =
85 mm Hg (MAP)
nguedlony Flow@=  (Pi-Po/R

CO = MAP - (PRA/SVR)
MAP =CO x SVR

AUNATEY MAP Uszangs 90-100 mmHg Araudumas Right atrium (PRA) fientiosnnideiiay

fuA1 MAP 3euszanaulaidu 0 annaunis
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Cco = SVx HR
SV = EDV - ESV
MAP = COx SVR

= SVxHRx SVR

(EDV - ESV) x HR x SVR
=  EDVx(EDV-ESV)/EDV x HR x SVR

PNAUNTLNUT A1 MAP aildeuulasmuiads 4 sgnsfie
- EDV @® Preload
- (EDV - ESV)/EDV fi® Ejection fraction Fudushiivends Contractility
-~ HR fi® Rhythm damzniswiuila d15wdedluazinarili mean arterial pressure Waeuuvas

- SVR fa Afterload

Preload
Preload fia Usumsvesideniouniszguineanainiila a1 Preload azivselyl Jusdiuinfenlvandu

Wndiilanntieawinlug detu Venous return 3adusiafidviun Preload vesila

Venous return (VR) dasimsivaveadiennduginla
- CO must equal to VR : Cardiac output F4AU Venous return Laue
&1 VR 0 CO wnena donarlulluandeitlyy
&1 VR 310 CO tee dennndnsiiveon
- Right atrial pressure flo ArAMFUYaNENeTiaInsasy VR Wl (outflow pressure of VR)
61 PRA g9 VR aysh, &1 PRA s VR e
- Mean systemic pressure Aapnuduivilidonlvanduiinginla RA

108 Mean systemic pressure Tuagiulade 4 ae1e laun

[N

Vascular compliance
Stressed volume

Resistance to venous return

e

Blood flow distribution

Pulmonary

VR
Systemic
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Vascular compliance (Cv)
AaduNaunsasessulsunsninseaeulmile milasstudensanunlafesddrunaiunsasessuidon

(compliance vessel) tlufifio duUden vein lnganuAuinTuLsana1 Mean systemic pressure

Mean systemic pressure
Wlevialaneawiu arterial pressure 9ganad Wenvzmdnllududen vein vl venous pressure a¢
gauintoy Aufisgeq nililinuduisssuudenTia artery, vein, wag heart chamberfifAnwinfiu Audiutiue

1361791 Mean systemic pressure Faffaarumuadsvesi artery wag vein Wewilangaiu

Stress volume (Vs)
fio USunsiinelmina1uiu (Mean systemic pressure) 31n@UNNT

Compliance = Volume / Pressure
Cv=Vs/Pms
Pms =Vs /Cv
IWEaLi Pms %mﬂﬁaﬁaaﬁﬁuagﬁu Vs, Cv

Vs @ volume it lulus1enie

Cv D LERINNADALEANARILARLNNTIDLA LAY

Resistance to venous return (Rv)

Flow (Q) =Pi-Po/R

VR = (Pms-PRA) /RV

VRmax =(Pms-0)/Rv
=(Vs/Cv)/Rv
=Vs /(CvxRv)

é’fﬁﬁfu VR %uﬁ’u Vs (intravascular volume), venous time constant (Cv x Rv ) Cv x Rv = time constant
(vaslnaiilvariusegmentiiug azrudmiedh)
- time constant &3 wlain Cv Gy (fivasodilate) x resistance a
Fauveslvasiulad w3eiBendn slow time constant
- time constant Gﬁl”l wiaan Cv 9‘1;1 (1 vasoconstrict) x resistance 9‘1;7
Fofuraslnariuléisy wieliunin fast time constant
NAUNIT VR = Vs / (Cv x Rv) ﬁﬂzﬁﬂ venous return Gﬁuﬁu Stroke volume (Vs) FeRfo intravascular
volume, 81 intravascular volume 111134 VR 110 61 intravascular volume wagvinl VR tag AUy

venous time constant (Cv x Rv ) 87venous time constant G 31 vasodilate ¥ VR Tog wazo venous

time constant #1 — &I vasodilate ¥l VR Yo
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Regulation of Mean systemic pressure
Afif1vun mean systemic pressure Svanefaudsdaiina1au Tunnzdonsdosnisidiiug mean
systemic pressure witaviliicardiac output qagfu nsasuntaswasnsmiaaduldld 3 wuu fe wnu x fe
pressure (mean systemic pressure) N y fia volume (stress volume) VO i unstressed volume #® volume
ﬁﬁagius"mﬂ’mﬁiﬂﬁa‘lﬁlﬁm pressure aufisszduileauiin pressure Tusnld Usunsiudendn stress volume waz
pressure fAnaN stress volume o mean systemic pressure
1. lesanisndeanisiiin mean systemic pressure nMsazsiildnsidevlUumana Y anndu Aensiita
volume ile stress volume iy mean systemic pressure aufiuny
2. 71 unstressed volume anas n3mazideuluniawn 37iagan unstress volume anasfienisnvii
Trendelenburg position Tuaareuaginiulupuldiifinne shock WWunsmilidestu peripheral inan
Tu central venous system vil¥ian unstress volume gzt total volume lalidsuntasus
unstressed volume anay
3. Wabu slope 19931 slope A® compliance le compliance amad mean systemic pressure %
WisTy nsvili compliance anas Anen1svilsiAn vasoconstriction
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Blood flow distribution

A9 NM3NsEA8Y8e blood flow MlUideseYonglmannieewinlng | Weianmydon eneazudusal
Fonludesuetosidhdy eforedildd ey denfarluidoon
normal blood flow &l fraction 1 wag 2 wendy, F1 { organ i compliance i seefulinanden ey uax
donflvanuleiis 1Wu fast time constant 883 visceral organ
d@ F2 1 organ 7151 compliance gs sos3utBanaudenlsiann denluarld®h 1u slow time constant dilvg

Ao venous 718gATIUTIIN skin
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.
K

— > = —:- VR

F2 (=%

Tunnzunififidenvariuwing iy, F1 fideslvanduununn, F2 ndunifes 18y normal venous
return, Wiedinas shift enlmarudndiidu slow time constant wee (slow fraction) @enazlunesiaruiil
compliance aslsiwez onnazlwanduulates venous return Fsanas

Tumanduiu didenluludiuves fast time constant 1nfu, @esly organ i compliance s #nsey

Tolaiunu Tuandunidu venous return, venous return vy

Regulation of venous return

mean systemic pressure fnafu venous return 189970 Pms L?;JuLmﬁuﬁumqﬁ%ﬁﬂﬁlﬁamﬂﬁuL‘ﬁwq
wala 1y venous return 91N LN X @B right atrium pressure AU y f® venous return %3eAAe cardiac
output A1 mean systemic pressure Ya9AUUNALNAIUIZLNAL 8 mmHg €1 right atrium pressure AWYINAUAD 8
mmHg fagliiAnnisiva il pressure gradient, venous return = 0 Wie Pra Sy 0, VR(CO) 6 L/min &1
Hurund dadu drdeanssdiu VR Tunntu Feaiia Pms, &1 Pms anas e VR (CO) avamaamusn

VR (O [L/'min)

Fsedse Pie  —————

M

Uecreaze Pms

£

Pra (mmHg)
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Left ventricular performance
Q (L/min)
o

Impravesd sysbalkc tunction

E— o Rt
Disninisheed systedic lunction

"'I.f
, X
ﬂ Dimunkshe diastolic functian

Pra [mmHg)

Welatuilanau (Improved systolic function), curve 489 cardiac function ag shift JuuY, We
wiladumitioas (Diminished systolic function), curve 484 cardiac function ag shift asans, answ shift Tu

Mamuulaingl diastolic dysfunction @afreliauisasessuidenla

Classification of Shock
® Hypovolemic shock
- Hemorrhagic, non-hemorrhagic
® (Cardiogenic shock
- Myocardial failure, Valve failure, Conduction, Tamponade
® Distributive shock
- Sepsis, SIRS, Adrenal insufficiency, Anaphylaxis
® Obstructive shock
- Tamponade, increase intrathoracic pressure, IVC obstruction, pulmonary embolism
® Neurogenic shock
- Anatomic induced
® Miscellaneous
- Toxin, metabolic

® Mixed



Hypovolemic shock

a (L/min) |

Hpmcdibitian —————

- canstriclor

Hypoyolemea
PFrns-le
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Teardiac functian

panmal

Fra [mFr'qu)

Tunuldnd hypovolemic shock ian1g hypovolemia, stress volume anas, mean systemic pressure

anay, venous return anay, cardiac output anas

¥

1319919n1831N15 compensate Iﬂamiﬂiséju endogenous catecholamine 1l heart rate qﬁu, i

vasoconstriction Wi cardiac output tinduldliunn nmssnwigUaeluniiz hypovolemic shock 3adadloi

volume 7ILieNe LiBLAY stress volume, Ll mean systemic pressure

GRIL Tun1g hypovolemic shock agilan cardiac output anas, right atrial pressure anas, pulmonary

capillary wedge pressure anad, SVR g4

Cardiogenic shock

O (L min)
Dabutaming
Dopamir

Endogencus
compensatian

normal ’
e
%

& -
Vil
s

norrmal

Dby Larmisyg
— Dapaimine

cardiac deccmpensaton

Fra (mmHg)

\Anand cardiac decompensation, isiladumlile Jsiidenarsluiala viale right atrium pressure

1 £ | . | a ) a aa
97U venous return gaUU Wi cardiac output Taiiusnn nssnwndl 2 35

Y

1. Dopamine finavinlvivialatudifvu uazdlna vasoconstriction, cardiac output 39e9UU usiazdlan right

atrium pressure gemie 1an1aliin pulmonary edema wgelu

2. Dobutamine fxavinlviiladusifau @iunane venous return dwa vasodilatation viliian resistance

79 venous return AIUUAT right atrium pressure AwURNINTIY dopamine vilwAA pulmonary

edema toynIn
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Septic shock

, r
O L min) Aftericad reduction

Rizsuscitated e

sepsis masial

rearmmil

Lnrpgissgibated

Sipsis Myucardial depression

Fra {mmHg]

1Ana7n relative hypovolemia, microvascular leakage, myocardial suppression Lilail microvascular

leakage, afterload Fwanas wiladebudlanau ualilesand relative hypovolemia faedsiivenous return anas

P%
=

cardiac output anas Lﬁaﬁmi resuscitate 9819L7iE9ND venous return VU cardiac output q&sﬁulﬁ Tl
Uaos T9iAn late septic shock aziin myocardial suppression

aiqiﬂ,u early septic shock a¥dlan right atrial pressure 13JLU§EJuLL1Ja\‘1, cardiac output Q\‘l‘ﬁu,
pulmonary capillary wedge pressure anas, SVR anad late septic shock AiiA1 right atrial pressure a9,

cardiac output 8nas, pulmonary capillary wedge pressure g4, SVR g

Obstructive shock
a1 (Lfmin) |

nierl

normal L. e

e
X I T r s
o e

-

Ylumn infusicon £
Terwazn PTH
Tensicr FTE - e
g

Pra (mmHg)

19U tension pneumothorax, 11 intrathoracic pressure g4, right atrium pressure ﬁﬂqﬁumﬂ, venous
return anad cardiac output #1 NM3L9A inotropes 13 volume infusion Alxasnsawiia cardiac output 16t
NM35N¥1ABIAR intrathoracic pressure Iﬁag”LUﬂﬂasﬂﬂa Tunmg obstructive shock a¥dlAn cardiac output anas

, right atrial pressure g4, pulmonary capillary wedge pressure G?W%QG , SVR ¢4
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Neurogenic shock
o (L/min)
NS

TR

D mei s
J-Prns Spinal injuly
anove 14

Pra (mmHg)

\Ana7ndl vasodilatation Lﬁamﬂﬂﬂa&aaﬁ peripheral vessel ¥l mean systemic pressure anas
venous return anas cardiac output 1, 013 spinal injury Wilerasgau T4 agil cardiac suppression Walaag
Meutiesas cardiac output anas N5l Dopamine @m13aLAis cardiac output 19 9zl cardiac output ¢,

right atrial pressure Gﬁl’m pulmonary capillary wedge pressure Gﬁl’ﬁ, SVR 61

sguumaaumela
el fis nszuaunsfisunaieandaut i lvld wazernsusuleeenlsiiurendueanty
Tnointuasssesu
- mawelaneuen (External respiration) lWunsieendauaineiniddilvluden anveadiluluidon
wazndendsluiiiode Ussnoude 3 Sunou
1. Ventilation
2. Diffusion
3. Transportation
- mamelaniely (nteral respiration) Wunswelasediuad (Cellular respiration) WWunns wandeu

fngseninueas waganninfogseus wad

Tnssasveteteeiisaiumadumela

1. viemadumgla

1.1 Conducting zone
31970 trachea 11AugRi terminal bronchiole Yiuthildumsueseima elionafimelaia
lﬂaq'uuaz%u wardoiminidusnsesdudanUaenfivuinfuennidluaeiimeladn Wesndauild
mMsuaniUdsue1na 3958031 anatomical dead space (150 ml)

1.2 Respiratory zone
L’%‘umﬂrespiratory bronchiole ?jaﬁl,?jauﬁamm upnuvusdu alveolar ducts LLa:UizﬂaU"L"dﬁwqqau

I = ' = Y] . P 2 A o v o & &
LANe L3NNI alveoli NHNUYDY alveoli G\]giﬂﬁaaﬂLa@ﬂﬂaﬂﬂi%f\]"lﬂaQLWE]VI"IWU’]WLLaﬂL‘UaEJuﬂ"ISU
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IngduniinisuaniUasufingde respiratory membrane sUsznausie alveolar fiu capillary walls lag
alveolar wall Uszneumeisadauilienfe type | epithelial cells waniuasulag simple diffusion d@u

type Il @574 surfactant Lliean surface tension 1ail#A alveoli collapse

Pulmonary capillaries
Pulmonary veins

Pulmonary arteries

-External
respiration
Systemic
Systemic veins arteries i
b
f granacal i gggg;,am Conducting Zone Respiratory Zone
Nose trac

: Larynx

erminal

Trachea
Left main
(Primary) Lower
Bronchus g Resgiratory
) . tracf

Right main
. (primary)
Bronchus

bronchioles
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2. Yo
& o | Aoy =« = & A 9w < & A Y
Jueisienmeludesenitaiiu Inszgnalasufulasuasulvimnuudaus ieldedonusznaumeuaus
- @ A o &, a 2 A P
vesvaanaNinnue NUaevesLvuasilugeouts anwuldunsidiy Ae geau Fellvianunuszana 300 au
e Yl diffusing area 53uUTEaNM 80 619 90 M19LUAT
Jonilidenufsemesyuuvasndenias JausndudaseiSen pulmonary circulation uananilddl
WIUIYBY bronchial arteries &uena1n descending aorta W84 systemic circulation 11La838U conducting
airways @1113U pulmonary circulation Huduszuu low pressure uaz low resistance
3. natlemela
mMsveefmLaznfveslaninainnisinaeulmvemsisen neumeladi vinsuduuy active
process ARN1TMARIUDY external intercostal muscle Wag diaphragm WelHA thoracic cavity v18au LAn
negative pressure lvanastnuntulen neumglasen diaphragm uay external intercostal muscle Wu
. o . & @ a v v a Y v ﬁf 1
passive process ¥iMlilu alveoli Wuuan flow Nagleesn tauldveuning aziinsldnauilorslunismgla

28N M. Internal intercostal muscle Un151AG7

Trachea
/ » / M
\ON (active o Ribs move
\’\A\'AT ) ,/4,: \ i
) mTes contract lfp and out
AN
A ) Lung
NS %\\) deflated

EXHALATION (passiShs ¢ o\

4\} -

muscles relax LA Diaphragm
Diaphragm s curved down

mMIsrueeINALaznisinaisudoariulen
Tunsmeladhniesenadmilsy srmerldsuemadmiesenaindemiiudiug muvsinasuazang
ERNIGE
USumsvesten (Lung volume) wialu 4 diufe
1. Tidal volume (TV) fiousuasvesenmelunismeladmdomelasenlundmile Tuglvgjasdand
Useuna 500 ml
2. Inspiratory reserve volume (IRV) feUsnasvasenniaiiansnsameladiiialddnausudisioninnis
meladmuund AUszann 2100 - 3200 ml
3. Expiratory reserve volume (ERV) flauSinnsvesenniafiansnsavmelasenlédnausufisesinnismela
panAUUNG AAUszaa 1,000 — 1200 ml
4. Residual volume (RV) Fatsnmsvasemeaiissnandodnsogluvan nisanmsmelasenegradiud i

AT 1,200 ml
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Inspiratory Inspiratory
reserve i
volume capactty
(IRV) vita O Total
capacity lung
N (VC) capacity
= Tidal 4 (TLC)
g volume (TV)
5 ¥
= N Expi?’atory
reserve
volume (ERV)
¥ Functional
1 residual
Residual capacity
volume (FRC)
(RV)

Time (s)

Auguaslen (Lung capacities) wuaidu 4 drufe

1. Inspiratory capacity (IC) Aepugvesteniidnduliinnsvesermaimeladluldifuiindsannmela
poneNUNF vsaLlunasiuvas TV + IRV Unadanuseunas 3,800 ml

2. Functional residual capacity (FRC) ﬁam’mqﬂamﬁﬁmLﬂuﬂ%mm‘uaqmﬂmmmé‘aa%ﬂuﬂawﬁamﬂ
melavenmuund viaidunasiuwes ERV + RV UndliAusean 2,200 ml

3. Vital capacity (VO) Aomnuquestondianifuuimmsveseinmaelaooniduiindsinnismelatuiui
vsaudunasinved IRV + TV + ERV Un@dlanuszana 4,800 ml

4. Total lung capacity (TLC) ﬁammammﬂamﬁﬁmLﬂuﬂ’%mmﬁmamﬂmﬁu’wmLﬁamaiwi’hLﬁuﬁ ERII!

NaTIUYBe VC + RV Unfdauseaun 6,000 ml

Dead space
U3u1n5gayUan (Dead space) Aan1aedi Ventilation (V) Unfi wst Perfusion (Q) Wusud 1wy U3iim
Faamnadumeladiuuuanis terminal bronchiole Wuusnaiifioniariudieenudlaifinisuaniudeufing 151
\38nauiin anatomical dead space HUSumsUsTUNAL 150 ml
dM91dIUIENIN Dead space volume iU Tidal volume fia VD/VT = 150/500 = 0.3
duvesguanteaunduiluuanigbifidenlvalu pulmonary capillary vilseinialugaaslaifinng
wanwasuie Sendauil alveolar dead space wuluauld emphysema, shock & cardiac out put es
Sraesduiisaniusenin physiological dead space 3sluauitvaniinsveuni physiological
dead space agdiAviniu anatomical dead space a1dnaIu0e dead space 11NN 0.3 Tasdeinaulddinens

anmivinlyiie dead space
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i i Tracheobronchial
.‘ (_t'f:gg roncni
Anatomic | e
dead space I MINUTE
VENTILATION

Functional
dead space

dnduree dead space ®13N

VD/VT = (PaCO2-PECO02)/PaCOz2
Normal ratio = 0.2 — 0.35 during resting breating

Ventilation
A53EUNERINA (Ventilation) ¥58n15i100nv090 M AlUSTUUNGAUmela anunsauuslanadl
- Pulmonary ventilation AeUsuiasenmanmelatiesnun@luy 1 Wil Tuauun@dinsmelauszuna
12 aSasound agle
Pulmonary ventilation = Tidal volume x RR
=500x12
= 6,000 ml/min
- Alveolar ventilation fie Uunnsnisszuiganmaeiniafiaglugeasly 1 undl

Alveolar ventilation = (Tidal volume - Dead space volume) x RR
= (500-150) x 12
= 4,200 ml/min
i]’1ﬂmmé’%’wé’fuﬁﬁﬂﬁmmwdwé’m’la"amw:m Dead space volume U Tidal volume @& 150/500 = 0.3

AItUNINUINERTIE@IUHIINNI 0.3 Laneinuazdl dead space MLAU UsNINT dRT1E@IUTENIN Dead space

volumeriu Tidal volume @u1safuialaannaunis
VD/VT = (PaC02-PEC02)/PaC0

F3A1 PaCO, HazlusiuaseiuuTunal CO, uazuusuniuiv alveolar ventilation @15U pattern vasn1smgladn

Aeiuidemane alveolar ventilation Muanatariufiausiazd pulmonary ventilation My
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nslvadeuvesdentituuen (pulmonary circulation) suanideniilnasanainiilaviesynadiuguen

108 99% 2z lnaniuLsLsveIanLden pulmonary artery WAavuIunsaniUasufinwiloniu pulmonary

o

capillaries wagnaugmlaviasuudienie pulmonary veins vaeaienluszuy pulmonary circulation iints
NaeAldenug JAANuAuNIUIBaRadenusruU el sunannlleisuiu systemic circulation wagdlan

ANNAULRDAUDITEUURNIUAU
Right pulmonary artery
Left pulmonary artery

B

—

- R
~

Right pulmonary veins

Left pulmonary veins

Right atriumn
Left atrium

Right ventricle
Left ventricle

Heart muscle

AusuAmuAUYIUTRLaRAlUSE U pulmonary circulation 38 pulmonary vascular resistance
Awnlaangms
PVR = (MPAP-PAWP)/CO
Faen pulmonary blood pressure wag CO ‘lj’;ua’lmmijmiﬁmﬂmﬂ‘ﬁ Pulmonary artery catheter Padeii
finase pulmonary vascular resistance wuatdu Active uay Passive control Ing active control laun
- Hypoxic pulmonary vasoconstriction Fadunalnaessemedfinevausadle PO, lu alveolar anas
- Endothelium-derived vasoactive substances iy Nitric oxide, Endothelin
- Low blood pH agnsgdulviiin vasoconstriction Tnsanzidieinnag alveolar hypoxia
- guneiladinliie sympathetic outflow \isfunaziiin vasoconstriction
#1m35U passive control LU Blood pressure dlowin pressure ﬁgd“ﬁﬂu Pulmonary circulation 2L
mechanism @838¢1378 Recruitment wa Distension ¥l PVR sinas Sniladeniisde lung volume 81 lung
volume fisviogaAuluasd PVR fifiuiu
dndumesmssyiseiniALazideniiungiauan (Ventilation-Perfusion ratio) luruundvaiiinasil
Sammamelavszana 12 adwioundt tidal volume 500 ml iy anatomical dead space 150 ml Fethuein
alveolar ventilation9zivi1ifu (500-150) x 12 = 4,200 mU/min Tuwauziinilassiidon perfusion wéeniiie
wanasufneUszana 5,000 mU/min ﬁ'ﬂﬁy’u ventilation-perfusion ratio(V/Q) = 0.84 (A1Un# 0.8-1)
8181 V/Q >1 agiiodndl V/Q mismatch Tudnwaizues dead space effect wagin V/Q <0.8 agiioinll V/Q
mismatch Tudnwedzaes shunt effect
Dead space effect 1un17g V/Q mismatchluguiuu V/Q>1 feg1atu Perfusion anad 3719018910

a5 deden anusulalingn vi3e Ventilation Wudu nismelasiwazneladn n1stiemelamensasuuin

g



Poorly ventilated
alveolus

\

Cardiopulmonary physiology and pathology 18

No Blood

Oxygenated
Flow

Blood

Poorly Oxygenated
Oxygenated Blood
Blood
Decreased
Oxygenation

SHUNT

PHYSIOLOGIC
DEADSPACE

Shunt 1Wunmedi Ventilation(V) = 0 ust Perfusion(Q) Und wuau anatomical shunt 1@ bronchial

systemic vein (normal), VSD (abnormal) tag Physiologic or intrapulmonary shunt

Shunt effect 1Wun1iz V/Q mismatchiugULL‘U‘U V/Q<0.8 $eghaitiu Perfusiontfiudy Lt. side heart

failure fnlus1aneiuNIUNR 158 Ventilationanad N15118laanadaneInANISYINeILYesssuuUsEan Jun

vsveuadlugay

nsnseanevedenlulentuainsneduiglanies Model zone of lung oy

- zone 1 Negauuuanuesanazil blood perfusion lutlew il pressure 489 alveolar qamf'maa artery

Y 9

UALEININYBY vein

- zone 2 9l pressure¥dd artery @n31984 alveolar kargeNIVed vein

- zone 3 9¢il pressure Ud4 artery gaNT1YBY vein UALEINI1VeY alveolar Asiumninsld pulmonary

artery catheter msazldinlulu zone 3 \fiosanalveolar PO, Ananen1sinA1ly circulation deeunn

zone 1

E P, )Pa)Pv
i { \ zone 2
5 Pa >F'n>Pv
Pa Pv
7
i I —
_Q::j- zone 3
Pa)Pv)P,
.--""'-—-——_-h-"‘--

Zone 1: Not Normally Present In
Healthy Lung

Zone 2: Flow depends on
T alveolar pressure

distance

Zone 3: Flow increases
due to gravity and
passive distension

blood flow —e
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ANUENNUSTRINISNSTINBTRIAALazeNAlulen Tneiusiiusenueslenazd ventilationu1nnan
perfusion TuvagAdua1sasUeandzil perfusion 11nN91 ventilation FdioIdl V/Q mismatch 714

A a P ' o ] a = v a

WeoRansauiieuseninenny dead space iU shunt agwuIARAN1E dead space faugiazd
perfusion Weeusis19n1Ead ventilation vl PO, Ssegluinaueiii vasiidlofinnie shunt fausiagdl perfusion
ausiileldd ventilation 39l PO, M1 fetl shunt Fsfimuduiusiunnig hypoxemia 11nnan

Tudenvasausdnaglnmg shunt eguddiunils 3oliAn A-a gradient Tudsfifenasives Partial
pressure 909 O, Tu alveolar (PAO2) Aulu artery (Pa0,) &1 Pa0, aglAa1nn1siany ABG d@u PAO, azlaainnis

ATUIUMU Alveolar gas equation
PAO2 = Fi02(760 - PH20) - PaCOz/R

Wloi3 MR A-a gradient wesaunsauunUseyndldlunig approach §thefiiin1ig hypoxemia o

Acute Hypercapnic APPROACH TO PATIENT WITH HYPOXEMIA Acule Hypoxemic
Respiratory Failure 48 N Respiratory Failure
Is P; increased?
= T ®
Hypoventiation Cs PA(); - Pa% moroased)

G | &

G PAO2 - Pao2 tnc:mod?) _.G 1w P%wrrmmb with OD dinspired Po2

() () 104 [T, Figh alttude
2.4Fy,

Hypoventilation Hypoventilation plus V/Q mismatch
alona another mechanism

1. ratory d LO4

ﬂiﬂﬂﬂ:ﬁﬁﬁ gas exchange Anun@lasadl
- Hypoventilation %1 drug overdose 2gd P(A-a)0, Un@ response #9 O, 1o
- V/Q mismatch g‘u‘] 191 partial airway obstruction 9zdl P(A-a)0, ity response ¢i@ O, 9@

- Shunt 19U atelectasis, pneumonia 9zl P(A-a)02 fisAu response o O, LAl
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Tunng clinic Tusranunsads shunt talaels

P(A-a)0,
Pa0, / PAO,
Pa0, / FiO,

WAOIADINITIA shunt pg1vazLdenanTaAIUIUlARINELNTS shunt equation #al

Qs/Qt = (Ccoz - Caoz) / (Ccoz - Cvoz)

Q, = Pulmonary Physiologic Shunt (mL/min)
QO = Cardiac Output (mL/min)

Ceon = End-pulmonary-capillary Oxygen Content
Coon = Arterial oxygen content

Cyoz = Mixed Venous Oxygen Content

91 shunt fraction

<10% Wwanainung
negluyis 10-19% wansird intrapulmonary abnormality
nagluyas 20-29% uansid significant abnormality #94n15 ventilator support with PEEP

01 >30% Lana3dl severe disease

naf@nsn15uela (Mechanic of respiration)

ﬂ’]iﬂ’]ﬁﬂ’ﬂlﬁﬂlﬂLLﬁBE]’e]ﬂ"{l’]ﬂUE]C’]Lﬁﬁ]’ﬂ]’]ﬂﬂ?’mLLG]ﬂﬁi’]ﬂigﬁ’jﬂﬁﬂlﬂuﬁu‘lﬁﬁﬁﬂﬂ’]ﬁLLagﬂ’]’liJg]’ui“LJQQaM Tagiaa

meladmsrenteganusulugiauazaniias 91neddlvaringlenaunseiannudunigluleniiuduniy

AMNALUTIEINA diamnglasenvsienuazileleendulanudavguaznamnaduguinn iy AUy

MyluUanIUNUTUIULINNTIANMUAUUITBINA E]’]ﬂ’]ﬂﬁﬂiﬂaa@ﬂﬁ]’]ﬂﬂ@ﬂijﬂﬂEJ“LlE]ﬂ

AMUAUNIUNTEla (Resistance of breathing) laA

Elastic resistance U83UaalazNI90n LﬂuLLiqé’mﬁm‘LﬁUamu,azmmaﬂﬂa"uzjammﬁwé’qmﬂﬁﬁmi%
w918 Ingelastic resistance vasUanazlUNARUAU compliance (C) Famnefan1sudsuulaves
Usinsde 1 mheanusuiiudsy sweunts C=V/P azidy elastic resistanceasihiu 1/C wie PAV
Airway resistance ina1nnisidendvesluanaluainiameiueaiumaiumela airway resistance i
Uniasilandes uidhdnsmelagatu Wy snweeniidnie Wiemaiuenaiivwimdnas 1wy Asthma
MIA airway resistancemﬂﬁﬁu A1 airway resistance mmsauﬂﬁmﬂgm R=P/F dlo P fie Driving
pressure (mouth pressure-alveolar pressure) way F Aodnsinisiuaveseinia

Tissue resistance nannsidenavesioifeiindeulmssninemmela Safosunn luaudnfaziien

Jueue

Y

Tun1smelanagioslussianunsae1vugng elastic resistance wag airway resistance L5aUAAD

applied pressureyse delta P Famuaulaain equation of motion
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AP = Pel+ P r 4+ Pacc

Pel = Elastic pressure
Pacc = Accelerative pressure
Pr = Resistance pressure

fegevasithend resistance geinUnAlUAL U asthma uaziUend elastance geRaunalaungUae
pulmonary edema, ARDS, pneumonia #us1aunsategUienguillanaenisld PEEP 39gn1li compliance

1NN

nsvudsieluden (Gas transportation)
lunsvudseondiauiusendiauluidenarusenoulumeseendiauniazanglunanaun (dissolve oxygen)

uageandaunTmiudlulnalu (oxyhemoglobin) &ausaAuiulsinuusseandiaulansil

Dissolve oxygen = O2 solubility coefficient x PO2
=0.003x 100
= 0.3 ml /100 ml (blood)

Oxyhemoglobin = Oz capacity of Hb x Hb x SO2
=1.34x15x(98/100)
=1.97 ml /100 ml (blood)

Na3VD4 Dissolve oxygen iU Oxyhemoglobin 1580731 Oxygen content(Ca0,) azdA1 19.7 + 0.3 =
20 ml siaiden 100 ml us Oxygen content iesognaioldiivmeiaziidesluliduilodels srumeszdost
Cardiac output wietelinsaudsionuazveondauaniululs Inenannuas Oxygen content fiu Cardiac
output 9z138n71 Oxygen delivery

Oxygen delivery = Oxygen content x Cardiac output
= 20 ml/100ml of blood x 5,000 ml/min
= 1,000 ml/min

Wesvudseandauluduiledonan Weileazueendiaululd Sunin Oxygen consumption (VO2)

aunsaruulalaey

V02 = CO (CaOz2 - Cv02)
Togluiianuseunn 250 mU/min

fnnsIndudnsannsiiu CO = VO,/(Ca0,-CvO,) agi3enin Fick principle wagiilatiloidounaondiau
U dndrusenineslSunauveseendiauiiwaasulUlelu 1w AeuSunaveseendiauluidenuns 1Sanin Oxygen
extract ratio aﬁmiﬂﬁ’]mulﬁmﬂqm

Oxygen extract ratio = (Ca02-Cv02)/Ca0:
TunzunasiAwwingu 0.25
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Tugfthe7iil Oxygen delivery fraaizene lid1azifuainanng shock wie anemia $amefiaziing
extract oxygen 1nnTuSe8¢ quflsganilafl extraction ratio WAy 0.67 $19meazlaianunga extract oxygenld
La29ENLA oxygen consumption aAa4319N18391AA anaerobic metabolism yl¥din1sadns Lactic acid wisann
Tu Tugftheunanguidu sepsis 2xdiymi3esns extraction oxygen Iéfifosninun@ 1Funindl pathologic supply
dependence mmmsaQLLaﬂﬂmmjuﬁlﬁmaam oxygen consumption 1y HeUaelviinismeladiiu
ventilator uagyinIsifial oxygen delivery Thnntu waglugUlenay trauma, burn faugli1aiinig extract
oxygen laauund Lwi;ﬁﬂqama'wﬁ%ﬁ oxygen consumption ﬁqq Famslinisgualagan oxygen consumption

WagyINISLAN oxygen delivery TounnTuituiu

Pathologic supply dependence
dwunszuiunisudegeendiauluieningiwadsne lusanie Suduiielinns perfusion Yauiensngs
9iazaneg Tusinie waaazdinalnlunsmiieendlauauisaunnmueniu hemoglobin ladelaatademie

[

N

=

- gamgiluwadiigandt wu luwadnduilefisnaunueddugs sxfinalimuannialunisiusswi
0, fu hemoglobin tevas WladerlundeidedlunliuiivrUdosoondiauliieiu

- ameiwadiiuiinu Co, gauazanzunin (The Bohr effect)

- miLﬁu"ﬁu‘uaﬂ 2,3 diphosphoglycerate (2,3 DPG) %uﬁumiﬁﬁm‘ﬁﬂwﬂmumi glycolysis voudiadon
uns lufindenunazlaill mitochondria fatuyuIusaEd Mg Uiy slycolysis Wumdn Tuuns
ANy WU VUTEBNNIAINTY A1ETITNNEUIRNeENTLAL 3N IeAuliAnUUINNTT glycolysis Wi vilok

WNSEAUT0e 2,3 DPG dwalimuasnsalunisduiuues 02 waz hemoglobin anas

Oxygen dissociation curve

Iuéﬂ’mﬁﬁmw anemia agil Oxygen content anasiauiiinazdl Oxygen consumption WLANLAANNTLHA
\Antissue hypoxia ¢ 1911892 compensate Tnen sifiu Cardiac output dﬂusluélﬂwﬁﬁ CO poisoning 2z
Oxygen content anauniloun1ay anemia ustazdl Affinity MiiuduSwliinsduiuwes O, uay hemoglobin

wUUAI IEsnsawilalalaenisiiy Fio, Wewdn CO aanly

Left shift

00, Decreased temp
1008 pecreased 2-3 DPG
Decreased [H+]

we ©
80 b= <

—

Right shift
(reduced affinity)
Increased temp
Increased 2-3 DPG
Increased [H+]

Oxyhemoglobim (%Saturation)

- A & & i .- & 3
0 10 20 30 40 50 60 70 80 90 100

Pg, (mmHg)




