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Tnssadreveseioisiiisafumadumela
1. viemsiumelanazlon
Unfiomaaglvarulnssaynvsetesinidignasdeuasnaonaunuaiv Melulenvasnauzswanuuig
oonan 1 10u 2 liSenq aufisUszanauvusit 23 Wethenmadhggean Tneviomadumelauvadu 2 g fio
1.1. Conducting zone 131910 trachea mgufjmﬁ terminal bronchiole vhufidunissiuvesennie daels
omaivmeladiluguuasiu wardwimihifuinsedulantaesiiuuniuenmdlusasimelad
dewndwiflifinisuaniudeuennia Sa3endt anatomical dead space
1.2. Respiratory zone Lémmﬂrespiratory bronchiole %ﬂﬁLﬁauﬂamx‘ﬂ wanuanadu alveolar ducts Fauduvie
U199sariu alveolar sacs 10 alveolar sacs 9zUsznauluiegaaudny 3una1 alveoli fintiaves alveoli 4z
fivaenidenilesnszangegifievhmihiluaniudsufine dmsu respiratory zone daudilsifinsuaniasueinie
136711 alveolar dead space

Uanliszuunasalienfiieates 2 s¥UUdAe Pulmonary circulation #svihuiifdudenmlunendalen

vuzieaiuiindonunsinenudinduidngiila way Bronchial circulation Fuiwdenuiiesdiu conducting airway
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D / Structure Inner Cilia |Gobletcells| Cartilage | Smooth
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Z Larynx 3545 ++ ++ +++ o
O N
(-) / Trachea 20-25 +++ 4 +++ +
/ (C-shaped)
/
T B L _I l Primary 12-16 +++ ++ +++ ++
s.? bronchi (rings)
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C% 18] | condueting- 8 ° > S - - paes | 7
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3 bronchi (plates)
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Respiratory zone
2. ndwilemela
mMsvenefnaznasivesUoniinannindeulmusmsiten dudunaannishanuvesndiemela Tng
néiomels annsasuunlded
2.1 néaniomeladh vhemuduuu active process Aafinswavasexternal intercostal muscle uay
diaphragm e lWUSiasvestosenifiatu
- Diaphragm LﬂuﬂﬁmLifamaﬁf‘]u’uagizmmimaﬂLLassdaﬂﬁaﬂ L'Jmﬂé’mLﬁaﬁmﬁa%Lﬂﬁauaaﬁﬂajﬁimﬁaa
75% vosemedimeladninannisnadives diaphragm
- External intercostal muscle Lfluﬂé'mL‘Tjaa’18'171'%agjiwdwﬁ‘[ﬂsqmqﬁmuaﬂ L’Jmﬂéﬁmﬁaﬁwmﬁaﬂizgﬂ
assazgnentundesiansaentudranii 25%veseniafimelaiinifinanniseaiavesexternal
intercostal muscle
2.2 néwilemelasen nsmelasendunisieuuuy passive process dainanmsaanefivesndnie
meladh uazifinann elastic recoil Tstanuaznsten widlefinismelannniung Wuvaeiinseendids
e vieimsgaturesnafumela agduiinsldaundudemelaeen
- Abdominal muscle wu external / internal oblique, rectus abdominis, transversus abdominis

- Internal intercostal muscle

Changes in anterior-posterior and Changes in lateral dimensions
superior-inferior dimensions

?'\ “\ Ribs elevated
4 ibs eleva
A f‘\

* & as external -
~, intercostals el
\((&\u‘%‘, \_,’1 contract (o)
{\;_ —a ) < Full inspiration—
NG o \ % External
\\ N A7 .' intercostal
Sy &  muscles —

iy Diaphragm moves

inferiorly during
(a) Inspiration contraction
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| ‘ig/ Ribs depressed
Bl |, as external
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MIsEUIERIMALAENISIaiewteniuUen
Tunsmeladmiesenafiniien funeesldsuenmadiniesenanueaifiudiug muUiinasuasargues
Uan
Usumsvesdanuuandu 4 dufe

1. Tidal volume (TV) AeUsinasvasermiatunismeladvsemeleeenluasmilen Tuglvnajasianiuseunnu
500 ml
. I 2 ] Y a yal & A
2. Inspiratory reserve volume (IRV) AeUsunsveseinianiaansamelaiiulaenauduiineannismela
wWnuUng daruseann 3,300 ml
3. Expiratory reserve volume (ERV) foU3unsveseniafianunsamelassnlasnauiuineainnismelasen

auUn® daruszana 1,000 ml

a a

4. Residual volume (RV) AeUinasveseniaidnamderseglulen visnmanelasenegiafui 1
AUSEIa 1,200 ml

ANUesUonwiadu 4 dufe

1. Inspiratory capacity (IC) Aeruqvesteniidndulinasvesermaimeladluldiduindsannmelasen
auUn® wserlunasiuwes TV + IRV Unddauseunas 3,800 ml

2. Functional residual capacity (FRC) Aemnuguonfiaaituiinnsveseinanandesglulanndsainmela
ponauUng wiadunasinues ERV + RV UnAdiaUszana 2,200 ml

3. Vital capacity (VO) femnuquesUaniidnifiutiinasvesennmamelasenifuiivdsanmameladdui vie
Wunasiuwed IRV + TV + ERV Un@dlanuseunas 4,800 ml

4. Total lung capacity (TLC) ﬁammwmﬂamﬁﬁmLfluﬂ%mmmadmmﬂﬁwmLﬁ'ama‘hLf?hLﬁuﬁl oty

NaSIUYBe VC + RV Undlauseaun 6,000 ml
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. Maximum possible inspiration
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U3unsaayUan (Dead space) ABn1axdl Ventilation (V) Unf wst Perfusion (Q) Wugud 1y u3nautesma
wumeladauuuauiisterminal bronchiole Whuinadilonariudhesnuslifinisuaniudeufne 1513endin
anatomical dead space U3insUszaNM 150 ml dhuvesnsauvanuisdniiluusannglifidenlvalu pulmonary
capillary ¥ilviomalugsaulsifinisuanivdeufing Bundauili alveolar dead space dnvidesduiisauiudeni
physiological dead space dslupuiivaniinisvhauund physiological dead space 9=iAvinfiu anatomical dead
space

MsszUnEeIne (Ventilation) wiensihesnvesermealussuumaiumels anunsaudslesd

Pulmonary ventilation AeU3unnsernafimeladhesnundluy 1 wiit Tuawunfdfinsmelauszana 12

adwioundt avly

Pulmonary ventilation = Tidal volume x RR
500x12
6,000 ml/min

- Alveolar ventilation Aeusuasormafriululu respiratory zone Tu 1 w1 Judiunileves Pulmonary

ventilation NinskanUaguLAR

Alveolar ventilation (TV - Dead space volume) x RR
(500-150) x 12

4,200 ml/min

NANUITFUIIIRTINTIUIgRsdIusEnINeDead space volume fiu Tidal volume fB 150/500 = 0.3
o & w "o s & ] L a Ao X Y \ ]
fatudnuIgnTdanndt 0.3 waneininvedl dead space MiNATL uonaNi Sn51EIUTEWING Dead space

volumefiu Tidal volume ausasmuulaainaunis
VD/VT = (PaCOz—PECOZ)/PaCOZ
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&A1 PaCO, Hazlusiunsanuusunu CO, wazuusuniuiu Alveolar ventilation

gy pattern vasmsmelafidatuidawane alveolar ventilation Aupnatatugawiiagsl Pulmonary

ventilation MWy a5urelaainnImaIuans

Minute Yolume = tidal volume x rate
250\ 4 32 = 8000MI
Yp= 4800ml E
s
Y, = 3200ml A
_—|
30 seconds
500 |, 16 = 8000mI
Wp= 2400ml e ”
s
Vi, = 5600ml o b J
B > M
30 seconds
1000 fx5=g000m ﬂ m
Yo =1200ml
E
. s
W, = 6800ml [ J
= |\
30 seconds -

mi3lvafisuveadeanuven (Pulmonary circulation) suanidenilnasenainiilaviesrnansluguenlay

99% azlwanulvuseasnden pulmonary artery WaUUIUNITUANIUABURMEILENIU pulmonary capillaries wag

nduginlaviesuud1ena pulmonary veins waaaldanlusEuU pulmonary circulation Aeilniaviaendioniung den

AMUATUMUIBIARALdonlusyUUIaRBusINnliaisuny systemic circulation HagliAANAULGOAYBITEUUAN

LU
Pulmonary Pulmonary
artery S e VEIN
=
{ o
'VA cozy 1 7\

I\ J,d
L | Right
\ 250 f{ neart

\vein

| Systolic
. Systemic /6iastolic
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hean‘
120/80
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100
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Pulmonary circulation

AusuAANUAIUYIUTRLARALUSEUU pulmonary circulation %38 pulmonary vascular resistance
anudAglunisguatheseninmsidalagiangnguauld VT fionafitlymiSes pulmonary hypertension Tag
pulmonary vascular resistance (PVR) ﬁmaulé’maqm

PVR = (MPAP-PAWP)/CO

%3A1 pulmonary blood pressure way CO Uua@ M50 InlAa1NA5LY Pulmonary artery catheter

Bronchus

Pulmonary
Pulmonary circulation Alveolus
artery Pulmonary
vein
Swan-Ganz
Balloon
et infloted
Aortic Left
Right ) valve closed atrium
atrium ; 4 Mitrol
) 4 i
Tricuspid Right Left valve
valve 4 ventricle ventricle D . open
open
ot
TS
RO =5
SCE=C
Systemic

circulation

T40
RA RV PA PAWP mm Hg
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Yadufituasie PVR uuaiu Active uag Passive control Tne active control léiuf

Hypoxic pulmonary vasoconstriction Fadunalnvessenefineuausaile PO, Tu alveolar anas
- Endothelium-derived vasoactive substances i NO, Endothelin

- Low blood pH Tnslanediainn1ae alveolar hypoxia a¥nseAulviAn vasoconstriction

- pwnsriedvinliiAn sympathetic outflow LiiNTuLagLAn vasoconsrtiction
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dm3U passive control 19U Blood pressure Wlaifin pressure Migsulu Pulmonary circulation agiin

mechanism @8998197 Recruitment tag Distension 2zl PVR finas 8nadenilsde lung volume 91 lung

volumedsnvegaiuluagdPVRAINYY

|

LIZ2Z2T

\mstension
4

=

Recruitment (opening of previously closed vessels) and distension (increase in cal-
iber of vessels). These are the two mechanisms for the decrease in pulmonary vascular resistance
that occurs as vascular pressures are raised.

-
N %\
/

60 L 1 ]
50 100 150 200

Lung Volume (m1)

. Effect of lung volume on pulmonary vascular re-
sistance when the transmural pressure of the capillaries is heild
constant. At low lung volumes, resistance is high because the
extra-alveolar vessels become narrow. At high volumes, the cap-
illaries are stretched and their caliber is reduced. (Data from a dog
lobe preparation.) :

!
-

E SN,

Recruitment /

-
]
-}

®
]

Vascular Resistance
(cmHgO/I /mm)

dnduveanisssuivainiALaiionfiungeanUan (Ventilation-Perfusion ratio) luAuunfvaginagidnsinis

melauszann 12 aSsmeund tidal volume 500 ml 18y anatomical dead space 150 ml faiuan alveolar
ventilationazsiiiu (500-150)x12 = 4,200 mU/min luvaziiniilaaeiiiden perfusion mdenfiowaniudeufiing

Uszanas 5,000 mU/min fati ventilation-perfusion ratio(V/Q) = 0.84 (A1UN#0.8-1)
21A1 V/Q >1 9ol V/Q mismatch Tudnwigues dead space effect wagn V/Q<0.8 agiioindl V/Q mismatch

ludnwauzvasshunt effect
Dead space effect {un1iz V/Q mismatchluguuuu V/Q>1 fegnaitu Perfusionanad $19018910@1511

deiden anuduladine wieVentilationsindu nmamelasuazmeladin nsdiemeladmeussiuuings
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Shunt un1agfl Ventilation(v) = 0 wil Perfusion(Q) Unf utaifiu anatomical shunt Ly bronchial
systemic vein (normal), VSD (abnormal) waz Physiologic or intrapulmonary shunt
Shunt effect {un13z V/Q mismatchluzuihuy V/Q<0.8 fog gy Perfusiontfisita Lt. side heart
failure filusnamedundtund veVentilationanas msmelaanasanennanisinuwesszuulsyam vde
youvailugaay
nsnsranevendenlulantuannsaesunglddae Model zone of lung Tag
- zonel ﬁagﬁﬂuvuejmawaﬂ%ﬁ blood perfusion lUties &I pressure 489 alveolar gnﬂiwm artery Waw
§9nI1v84 vein d1u
- zone 2 9¢il pressure¥ed artery 8403184 alveolar UaggInIves vein dmsu
- zone 3 il pressure 184 artery ganiTued vein kazgani1wes alveolar fatumniinisld pulmonary

artery catheter msagldinlulu zone 3 Lliosanalveolar PO, dnanen1sinAtlu circulation Hewan

Zone |

Capillary PA > Pa > Pv

Zone ll

Alveolus Pa > PA > Pv

Pulmonary
artery

Pulmonary
vein

Alveolus
Zone lll
Pa > Pv > PA
A 4
15

w— Blood flow

- Ventilation 3

- V,/Q
[
5 10
- —4
e 2
o c
€E v
325 AQ
c
g
g 05 1

Bo | | | 1
ttom 5 a 3 2 Top
‘ Rib number
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ANLdTUSYRINIINsEeveadeatarenalulonaz iuluauunun wsuuuna As lun NS mUS I
fuansvesUanasd ventilation uag perfusion 1NnniU3nnEenveenlaeiivineanesenaydl ventilation
1nn perfusion Tuaedidnuanseslenazdl perfusion 11NN ventilation deiiedndl V/Q mismatch V?avj

dleRansaniieuseninanniy dead space U shunt AgnuImINiinnne dead space szl perfusion

Weswnsenedadl ventilation vl PO, Svegluinauanif vairilleiinn1ie shunt feusdasdl perfusion NAuLlaldl

ventilation 391l9 PO, A1 Aty shunt Fefimnudiusiun1iz hypoxemia 41nn1

= &

ludonvesnusdnaziindg shunt agudidiumniia Jviliiin A-a gradient JuBsnAenasIves Partial
pressure 909 O, Tu alveolar (PAO,) fulu artery (Pa0,) &3 Pa0, azl@a1nn151a1z ABG dau PAO, agldainnis

AUIUATL Alveolar gas equation
PAO2 = Fi02(760 - PH20) - PaCO2/R

Wloi3 MR A-a gradient waasanunsatunyUssyndldlunig approach §Uhefiiin1ig hypoxemia e lng

151888 UAMULEUNINATUA

aﬂmwﬁﬁ gas exchange Anundleail
- Hypoventilation 191 drug overdose agdl P(A-a)O, Unf response o O, oA
- V/AQ mismatch?]lw] 191 partial airway obstruction 2gd P(A-a)O, L‘ﬁlu"ﬁu response #a O, 7@
- Shunt 19U atelectasis, pneumonia 3gil P(A-a)0, Wi response 6o O, 6l
Tums clinic fusranansada shunt lelagld
- P(A-a)0,
- Pa0, / PAO,
- Pa0,/FiO,
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WAOIADINITIA shunt Bg1vazLdnaNTaAIUILLARINELNT shunt equation #atl

Pulmonary end-capillary O, content-
Generally held to be the same as the alveolar O content

Blood _?‘Zow though the shunt,—\ T iye—
per minute /

Qs _ (Ccop — Cagpy
Q¢ (Ccoz — Cvpy)

/ ¥Mixed venous O, content

Total cardiac output,
per minute

91 shunt fraction
- <10% wansInuni
- 57@%114“21‘3\1 10-19% wanyindl intrapulmonary abnormality
- 57@%114“21‘3\1 20-29% Wanyindl significant abnormality §194n13 ventilator support with PEEP

- 91 >30% WkangInd severe disease

naf1@nsn15u1ela (Mechanic of respiration)
nsmglarinuaroenaNUamindnANULANANsEnIANUAUUTIEINIAkarALdulugeai Taaiamiela
\nssenversausilugianazandag mmﬂﬁﬂ‘maL%ﬂajﬂamuﬂisﬁammﬁumaiuﬂamLﬁu‘fuLviﬁummﬁu
UFFYINA a'auumma%aaﬂmmaﬂLLazLf‘zaLﬁa’dam%&ﬁmqu%mjmwméhﬂé’ugiﬂ%mm@u Anuunglulends
Winduannaninuduusenae a1mAvslraeenaNUendnieuen
AMNAIUNIUNTNELA (Resistance of breathing) lalA
- Elastic resistance ¥03UnAuazNTII0ON L‘i‘]uLmﬁmﬁﬁﬂﬁmmLLasmNaﬂﬂﬁugjamwLawé’qmﬂﬁﬁmi%
2818 Ingelastic resistance UasUanvzlUsNNEUAU compliance(C) Famnedanisidsuulameslsunsde
1 mheanusuiiaeu feeunns C=V/P aviiu elastic resistanceasiiu 1/C e PAV
- Airway resistance inannmsiduadvesiuianalueiniameiuesiuniafiumels airway resistance fund
axfientos uidhinsmelaisaty wu sawesnfidine videmaiue mAlivuadnas wu Asthma azviily
airway resistancemn‘ﬁu A1 airway resistance mmm%ﬂﬁmﬂqm R =P/F o P fie Driving pressure
(mouth pressure-alveolar pressure) hag F A9nIIN5Lau8301n7#
- Tissue resistance Winannsidendveniedefindeulmsyuinmanela fedesunn luaudniesdiandu

Aug
Y
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—————Airways resistance (R)

——Lung elastance (E)

(Compliance)

ay ay

Ppl
WY,

Pab  ™Respiratory muscles(aP)

AP= AVOUME E + FLOW-R

Y

TunsmelatnagAesiinssfianunsalensugns elastic resistance Wag airway resistance Wsitin@e applied

pressuren3s delta P #sA112ulAa1n equation of motion

Equation of motion

+ V.irs

= Accelerative pressure
Inertia

AegeasEtend resistance geinUnAlUAL U asthma uazgUhend elastance geraunalaungUae

pulmonary edema, ARDS, pneumonia #us1anunsatieUienguillanienisld PEEP @sagyinlid compliance 1niu
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/7
Normal
Respiratory [ Pulmonary
™ System l Edema

% TLC
= ] Compliance= av
AP
25
cm Hz0
| | |
20 40 60

Poo

nsvudsingluden (Gas transpotation)
lunswudseondiauiusendiauluifenayusenoulumeeendiauiiazanglunanaun (dissolve oxygen) wag

pandaunsuiudlulnadu (oxyhemoglobin) Fsanunsaf1uiulsunaveseondiaulanadl

0; solubility coefficient x PO
0.003x 100

0.3 ml #iaiden 100 ml
Oxyhemoglobin = 0 capacity of Hb x Hb x SO
1.34x15x(98/100)

= 1.97 ml siaiden 100 ml

Dissolve oxygen

NaTVD4 Dissolve oxygen fiu Oxyhemoglobin 138131 Oxygen content(Ca0,) agdA1 19.7 + 0.3 = 20 ml
moldon 100 ml ws Oxygen content Liigsegrafenliiisanefiazindonlulnduiodsla s19neazdesdl Cardiac
output tatelinisvudadonuareandiauaniululd lnenanmves Oxygen content fiu Cardiac output Awi3en

Oxygen delivery

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

1,000 ml/min

Weosaudseandlaulidulodona Weobeaztheendiaululd (Seni1 Oxygen consumption (VO,) @wnsa

mMuulalay

VO, = CO (Ca0; - CvOy tnevhlufiruszanas 250 ml/min

dvnnaudnsaunsifu CO = VO2/(Ca02-CvO2) awt3anan Fick principle wagiisilaibouisendiauly
14 dndiusywinelsnnaesoandiauiwassululalu 1 wil reUsinuvesoandiauludonuns (3811 Oxygen extract
ratio asnsaAwIUlAIINGNS

Oxygen extractratio = (Ca02-Cv02)/Ca02 luamzunddaviihu 0.25
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Tug{nefifl Oxygen delivery saaisoeeliinasiduainnnig shock 3o anemia 319Mefiazdinns extract
oxygen N INVULToEIURIYANTIN extraction ratio WU 0.67 $19n8azlaia1U15a extract oxygenlaudeyinli

oxygen consumption anass9N183aAA anaerobic metabolism ¥ilLN198379 Lactic acid 1ssnnTy

=

2 & Qo,c

s ] \ Supply dependence
o 4

Ok N .
zE 21 / Oxygen consumption
9 ,

> T T T T d

o 5 10 15 20 25

OXYGEN DELIVERY (mi/min/kg)

z 1.0 .

)

5 8 1 Extraction limit

— o 6 - E

Lz‘g . for maintaining

§ ) aerobic metabolism
S .

T T T |
5 10 15 20 25
OXYGEN DELIVERY (mi/min/kg)

Tugdheunanguiy sepsis iidaymniseants extraction oxygen latiaendtuni (Seninil pathologic supply
dependence t5anunsaguarthenguillalagan oxygen consumption wu GegUaelvinismeladiniuventilator
wayinnsity oxygen deliverylvisnn@u uwaylugtengy trauma, burn fausiinagdinig extract oxygen lanuund

woirUneLantiazdl oxygen consumption 7iad FaAislyinisgualagan oxygen consumption WagyinN134isl oxygen

delivery TAunnauiguiu

Normal nmnin 1.0

\'fqz(-lltu-ll)
-]
R
e @
UOHODI4 WOl IBANT

EFcs.67 EFc:.33
4

o 10 20 30
QO (m!/kg/min)



Respiratory system 16

Pathologic supply dependence

dwsunszuiunisudegesndiaulubondingiwadaelusienie Sududledinig perfusion veddenud

piwaegluseniy waaaziinalnlunisviliesn@auaiunsauandueniu hemoglobin Tadelneladusigseadl

gaumgillugadigendt wu luwadnduiilendnsunuedTugs aelinalvinnuanunsalunmsdusening O,

9 Y

o

fuhemoglobin Taas WaidonluvaeiassdadiunltuiiesUdessandiauldined

Amzfiwadiiviina Co, gauazan1wdunsn (The Bohr effect)

OETRTITEATI 2,3 diphosphoglycerate (2,3 DPG) FaHuansfiintuluuiums glycolysis vpaLindanua
Tudmdenunsazlaill mitochondria fefuruiunisadrandssmdedufu elycolysis WWundn Tuunwennie
YureaNEINY AMEfisanIevIneenTiau wnseRuliinuuINnIg glycolysis Wity il Aszuves

2,3 DPG fnalnanuaninsalun1sduiuwes O, uag hemoglobin anas

Og Cont.  Sat.(%)

HO
AL 4

5 mp Vaamee/ ,"T
2,30P6

0 so} TOaffinft 1 0,affinity
5 25
rz.o
) 0 e fa/—a
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