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AvomnvevuoTiki AVENAPKELQ
PaO, < 60 mm Hg

{
PaCO, > 45 mm Hg
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Yyporoinon Tou ELOTIVEOEVOU OEPQ

Inspired air Alveolar air

H,0 Variable 47 mmHg
o, | woanmbg |/ somnllg \
o, | 159 kg | [ tsmmbg |
N, |6t kg | | g |

oressure| 760 mmhg 760 mmHg




Awaxuon O, armo TG kueAideg ota KU EALS LKA
TPLYOELON

Terminal brachiole

Capillary bed



YNO=AIMIKH ANATINEY2TIKH ANENAPKEIA

-AIATAPAXEZ AIAXYZH2

-AIATAPAXEZ KATANOMH2 AEPIZMOY — AIMATQ2H2
(V/Q mismatch)

-AIADYTH AIMATOS (shunt)

- YITOAEPIZMO2

- MEIQ2H THZ MEPIKHZ MIEZH2Z O=ZYTONOY 2TON EIZ[MTNEOMENO AEPA
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EninTwoeic xapnAnc oxeonc V / Q
I

Va/Q'=2.0 Va/@=0.1

Pro,=45 mmHg
(6.0 kPa)

Paco,=45 mmHg
(6.0 kPa)

Pro,=118 mmHg
(15.7 kPa)

Paco,=35 mmHg
(4.7 kPa]

Peco,=118 mmHg (15.7 kPa) Pecr0,=45 mmHg (6.0 kPa) Pao,=70 mmHg (9.3 kPa]
Cec0,=20.5 mL per 100 mL Cec*0,=15.2 mL per 100 mL Ca0,=17.85 mL per 100 mL



EninTwoeic vekpoU xwpou (] V / Q mismatch)

Two compartment model
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>xeon kKuPeAdikou PAO2 kat PACO2 avaloya pe tov Aoyo V/Q
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MTwon Tou o€uyovou Aoyw xapnAng oxeonc V/Q

VA _ 1 Va_10 Va_10
Q 10 Q 10 Q 1

e N\
B

\ i 4\6
\ 7 7

O, concentration 14.6 16.0 19.5 20.0 17.9 mi/100ml




[LOITL O OVTLPPOTILOTLKOC UTTEPALEPLOMOC OeV SlopBwvel
TNV unofoupia otic dratapayec xapnAnc oxéonc V/Q ?

ZxEon HEPIKNG nieong - nepiekTikoTnTag CO, OTO

ZXEON WEPIKNG Nigong - nepiekTikoTnTag O, aipa
oTO aipa
— — 80
26 ~100 2 E i
E 290, (Z) 8
6.1 S -1
S 167 g0 = = 90
> I E
£ 124 % = =
— Pso a0 z E 40—
Z 1/ %] —_
e g 1 I/ -40 Z %
Z 7/ o O 20
@) /fr O d
O 4 ,/// -20 o
ON /// tissue arterial O O
= 0
0 . T T T T 1
0 20 40 60 80 100 I v 20 AR i =i

P02 (mmHg) Pco, (mmHg)



EnmnTwoelc BpaxukukAwpaTtoc (shunt)

Two compartment model

I Va
Ceco,

P70,=40 mmHg (5.3 kPa)
Cv0,=15 mL per 100 mL Ceco, - Ca0,
CEDE
>~ Ceco, - Cvo,
Va/Q'=2.0
Pr0,=118 mmHg Pa0,=40 mmHg
(15.7 kPa) (5.3 kPa)
Paco,=35 mmHg Paco,=40 mmHg
(4.7 kPa) (5.3 kPa)
Q' Cvo, J
—
Pec0,=118 mmHg (15.7 kPa) Pec*0,=40 mmHg (5.3 kPa] Pa0,=65 mmHg (8.6 kPa)

Cec0,=20.5 mL per 100 mL Cec*0,=15 mL per 100 mL Ca0,=17.75 mL per 100 mL



duaiooyiko BpaxukukAwpa (Shunt)

Shunts

Aorta

Pulmonary artery

A. Normal

Pulmonary vein

Bronchial arteries

Thebesian veins



EKTIMHZH THZ AIATAPAXHZ THZ XEZHZ V/Q 2THN KAINIKH MPA=H

KuwehidoapTnplakn diapopd oEuyovou

I:)AOZ_PaOZ



E¢lowon KupeAbikwv Agplwv

Fraction of inspired oxygen, 0.21 in room air PaCQ; from the ABG

: PaCO;
Pa02 = (FiO2 X (Patmos = Pr20)) -
Partial pressure of RespQ
alveolar oxygen

)

Respiratory quotient, which is usually 0.8

Atomspheric pressure: 760mmHg at sea level

H,0 vapour pressure In the alveolus:
its usually 47mmHg at 37°

Quotoloyiki PA—a02 pe Fi02 0.21
[HAwkia (€tn) / 4]4+4 mmHg

* Au€avel, av avénBel to FiO2



Napadeypa 1

pH 7.50
PaCO, 30 mmHg
Pao, 50 mmHg

FI102 21% =0,21



Napadeypa 1

pH 7.50
PaCO, 30 mmHg
Pao, 50 mmHg
FIO2 21% = 0,21

PAO2=150-30*1,25
=113 mmHg

A-a 02D =113 - 50 =63 mmHg



PaCO,
Pao,

FI102

Napadeypa 2

7.20
80 mmHg
42 mmHg

21% =0,21



Napadeypa 2

pH 7.20
PaCO, 80 mmHg
Pao, 42 mmHg
FIO2 21% = 0,21

PAO2 = PI102 — PaCO2/R
=150-80* 1,25
= 50 mmHg

A-aD0O2 =50 - 42 = 8 mmHg



YIOOEPLOUOC WC OLTLO AVATIVEUOTIKNAC AVETIAPKELOLC
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EMIAPAZH TOY KOPEZMOQOY THZ AIMOZ®AIPINHZ TOY
MIKTOY OAEBIKOY AIMATOZ 2TON KOPEZMO TOY
APTHPIAKQOY AIMATO2

E & Normal
/ Mild

Severe

Pa02

S,0,

B FIGURE 24-2 Influence of mixed venous oxygen
saturation (SVO ,)on PaO, In patients with mild and severe
lung disease. Vanatlons in SVO, related to an oxygen con-
sumptlon/dellvery imbalance have minimal effects on Pao,

in normal subjects but may profoundly affect Pao, in patlents
with extensive lung disease.



Response of the Arterial P, to 100% Inspired Oxygen for Mechanisms of Hypoxemia
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KAwikeC Kataotaoelg mou Zuvodevovtal
aro Yrofalpuikr) AvamveuoTtikn AvenapKeLa
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A C D
Clear Diffuse Lobar Unilateral
Intracardiac shunt Bronchaopneumonia Infarction Aspiration

Pulmonary vascular shunts

AV malformaticn
Cirrhosis

Asthma/obstructive lung disease

Pulmonary embolism
Pneumothorax
Head injury

Desaturated mixed venous blood

Obesity/airway closure

Bronchopulmonary
dysplasia

Hemorrhage

ARDS

Hydrostatic edema

Aspiration

Occlusion {drowned lung)

Lobar pneumonia

Pleural effusion

Mass and drowned lung

infarction

Main bronchus intubation

Mucus plug

Contusion

Re-expansion edema

Contralateral pneumothorax

Pneumonia

Decubitus position/
hydrostatic edema




Metadopa O2 oto ailpa

Total Oy — o=~
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PO2 (mm Hg)

Haemoglobin concentration

Rate of oxygen delivery (ml per minute) {grarns pextre)

DO; = CO x (1.39 x [Hb] x SaOz2 +(0.003xPa0;))

Amount of dissolved oxygen

Cardiac output (litres per minute) in the blood. in ml.
Haemoglobin oxygen saturation | | For every 1 mmHg of oxygen
Oxygen binding capacity of expressed as a fraction tension, 0.003ml of oxygen gas

haemoglobin: 1.39 ml per gram | | (je. 97% is expressed as 0.97) is dissolved in 100ml of blood.



KAwika mapadelypata

Acute Respiratory Distress Syndrome
The Berlin Definition

Table 3. The Berlin Definition of Acute Respiratory Distress Syndrome

Acute Respiratory Distress Syndrome

Timing Within 1 week of a known clinical insult or new or worsening respiratory
symptoms

Chest imaging® Bilateral opacities—not fully explained by effusions, lobar/lung collapse, or
nodules

Origin of edema Respiratory failure not fully explained by cardiac failure or fluid overload

Need objective assessment (eg, echocardiography) to exclude hydrostatic
edema if no risk factor present

Oxygenation®
Mild 200 mm Hg 4 Pao,/Fio, £ 300 mm Hg with PEEP or CPAP =5 cm H,0O°¢
Moderate 100 mm Hg < Pao./Fio, = 200 mm Hg with PEEP =5 cm H,0

Severe Pao./FIo, = 100 mm Hg with PEEP =5 cm H,O



Normal Alveolus | Injured Alveolus during the Acute Phase
|

Alveolar air space, Protein-rich adema fluid

Sloughing of bronchial epithelium

Tvpe]cen\ Necrotic or apoptotic type | cell
4 sul
Epithelial
iesesnent SNy Acti Red call
membrane i hil
Interstitium J" Type li call B l 5
[ |
{

Endothelial” |
basement

Swollen, injured
endothelial cells
Fibroblast ! Fibroblast  Neutrophil

Mnxowviopol Yroéopiag:

-Kuplotepog unxaviopog to shunt mou pmopet HEXPL Kal va EETMEPATEL TO

50% tNn¢ KapdLaknE mapoxnG

-Meploxég pe xapnAn oxéeon V/Q CUHUETEXOUV OE ULKPO BaBud otnv umofapia

-Alatapaxeg tng dudxuong dev daivetal va mailouv KAToLo poAo



[Mvevpovikn EpBoAn

Artodppatn KAASwWV TNC VEVUOVLKAC apTnpiog KUpiwe amo

OpouBouc tou ev Tw PaBeL PpAeBikov Siktlou

lung regions with no or reduced blood
flow (high VA/Q regions) and,
thus, increased wasted ventilation




Mnyaviopot Yroéoupiog:

- AVOKQTOVO TNG OLLUATLKAC POAC OTOV UYLA Ttvelova, SnuLloupyel
TIEPLOXEC HE QUENUEVN alLATWOoN Kal Peltwpévo V/Q Adyo, odnywvtag ot
urtoéaLpia

- Awatapoayxéc V/Q mpokadouvtal EMLONC oo TEPLOXLKO BPOYyXOOTOOMO N
TIVEUUOVLIKEC BAAPEeC (mveupovika EpdpaKTa — SLOTAPOXEC
eTLPavELOOPAOTIKOU TIapAyovTal).

- H unto€atpia enti coBapnic (uPnAov kvdlvou) mveupoVIKNAC ELBOAAC
urtopet va emdevwvtal ano BpaxukukAwpa (evdéokapdlako right-to-left
shunt) kat peiwon tng kapdlakng mapoxnc (mtwon touv Cv02).



YTEPKATIVLKN
AVQTTVEUOTLKN
AVETIAPKELQA



O atpocdalpkog agpag epLexel eAayoto CO,

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

Partial Pressures of Gases in
Inspired Air and Alveolar Air

Inspired air lcveolar j‘

Ho0 Variable 47 mmHg \
‘- CO, | 000.3 mmHg / 40 mmHg \
O, 159 mmHg / 105 mmHg \

No 601 mmHg K 568 mmHg
Total

pressure 760 mmHg 760 mmHg




Metadopa CO, cto aipa

J AwtaAupévo oto aipa — (5-10%)
To CO, eivat 20 ¢popeg o dtaAuto amno to O,

d Zuvdedepévo pe tnv Hb — (5-10%)

H H

’ d
R_H"x +~!.'.'.|t‘.1i,--‘=5'.—I«T“~~r + H*

H Co0~
Terminal Cerbaming
miec poap compound

a Qg HCO; - (80-90%)
OO+ HO0e 2 S H 00— HY + HOOS



H avanvevotikny eéicwon

PaCO2=k x V'CO2/ V'a

V'a =V'E-V'D
" V'E : OMkdC TVELHOVIKOC 0EPIGHOC (Ve AETTO)  VixF
" VA Koyediodc aeplopoc
" V'D: Aepiopdc vekpod yhpov



Yreprnapaywyn CO,

I V'CO,
PCO, = K » —m

VA




Au&npevn napaywyn CO,

O MupeTdc (10-15% 1/ 19C)

J Aoknon

3 YnepkatavaAwon udatavepakwy
3 Piyoc

3 Tetavocg




Mewwpevoc Kupehdikoc Aeplopoc




2XEon POoPTLOU-VEUPOHULKAG EMLAPKELOC

Reduced capacity of Increased load
respiratory muscle pump

Ventilatory
system
meets
demands

Ventilatory
failure




Aitia
UMNEPKANVIKIIC QVarnveUOTIKIIGC AVENAPKEIAC

Vassilakopoulos T et al Eur Respir J 1996;9:2383-2400

1

Neuromuscular
. competence
‘IE)ad (per breath)]
d Drive Muscle weakness
1. Drug overdose 1. Electrolyte
2. Brain stem lesion derangement
T Resistive loads T Chest wall elastic loads 3 a‘ee(ftr?%ar "i’(‘;‘ig?n“ g mag‘“;m‘o“
1. Bronchospasm : 1. Pleural effusion 5 Stgprvati{)n/o 4 H)sllpgrinﬂétion
:25' G"'w ay qedem:s stec§tlons g Elr;ciur;:othorax malnutrition 5. Drugs - Corticosteroids
- Lpper airway obstruction - Flail chest 6. Metabolic alkalosis 6. Diffuse atrophy
4. Obstructive sleep apnoea 4. Tumour 7. Toxic metabolite 7. Sepsis
5. Endotracheal tube kinklng 5. Obesﬁy 8 Bulbar pollomyelltls -
and secretion encrustation 6. Ascites 9. Acid maltase deficiency
6. Ventilatory circuit resistance 7. Abdominal distension 10. Myotonic dystrophy
11. Sleep-induced
T Lung elastic loads hypoventilation
1. Hyperinflation (PEEPI)
2. Alveolar odema Impaired nerve/
3. mfm ) neuromuscular transmission
. Atel sis i ini
5. Interstitial inflammation ; ggfﬁgf cr;?gv Iez;?g:]ry
and/or oedema 3. Neuromuscular blockers
6. Lung tumour 4. Myasthenia gravis
5. Aminoglycosides
6. QGuillain-Barré
7. Botulism
8. Critical illness
polyneuropathy
9.

Poliomyelitis




KAwiko Mapadetyua
Napoéuvon Xpoviacg Antodpaktiknc MvevpovonaBbelog
Entelocodia otnv duoikn mopeia tng XAl rov oxetilovtal Pe AUENUEVO CUUTTTWHLOTO

(m€pav TN KaBNuepLvic Stakupavong) kat odnyouv o aAAayn tng Beparmeiag

Triggers

Bacteria Viruses Pollutants

T

Effects Inflamed COPD airway




MEIQMENH IKANOTHTA TOY AIAOPATMATOZ EMI YNEPAIATAZH2

Upper
rib cage :
Diaphragm l = :
Lower ﬂ e ‘ :
rib cage h Insertional
force
/ Zone of

Diaphragm
(hyperinfiated)

Decreased
curvature

apposition| \

Appositional Medial orientation of
force dianhraamatic fibers

Komwaon avamveuoTikwy HUwV — YITOOEPLOUOC - YIiepKkarvia



Avti EmtiAoyou....

Xapaktnplotikd Atadopwyv Tumtwv Yrofapiag n lotikng Ymoéiag

5 — O, Administration
Pa Pa PE!(,2 P3002 0302 Sao2 P"02 c"oz Hélpfu!?

0, co,

Lungs
Hypoventilation
Diffusion

impairment
Shunt
V,/Q inequality

Blood
Anemia
CO poisoning

Tissue
Cyanide poisoning

a0, normal; T increased; | decreased.
5QOf some (but limited) value because of increased dissolved oxygen.
°if O, saturation is calculated for hemoglobin not bound to CO.



