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Respiratory system anatomy
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Characteristics of the lungs

People have an average of 480 million alveoli in their lungs,
located at the end of bronchial tubes.

The alveoli cover a surface of more than 1,399 feet (ft) or
130 square meters (m2).

Your lungs take in about 1.5 gallons (gl) or 6 liters (L) of air
per minute.

Each alveolus (singular of alveoli) is about 200 micrometers
(um) or 0.007 centimeters (cm) in diameter.

XapoKTNPIOTIKA TOV TVELUOVOV

Ov dvOpomor &ovv xatd péco opo 480 sxatoppvplo
KOYEADEC GTOVC TVEDLOVEC TOVC, OV Ppiockovtol GTo
TELOG TOV BPOYYIKOV COAMVOV.

Ot KoyeMOEC KOADTTOLV UL EMLPAVELD UEYAADTEPT] OO
1.399 woda (ft) | 130 tetpaymvikd pétpa (MA).

Ot Tvevpovég cag Aappavovy mepimov 1,5 yarovia (gl) 1
6 Altpa (L) aépa avd Aemto.

KdabBe kopehida (Lovadikn ToV KOWEMO®V) £Yel OLALETPO
nepimov 200 pikpopetpa (um) 1) 0,007 exaroota (cm).
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Intracostal fluid behaves like a
balloon

When pressed by our fist. It
protects the system Lungs-heart
from shocks, vibrations,
oscillations, etc. In case of
rupture, pleurisy, pneumonia
and other diseases are created
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Kvuttapikn Avanvon: Katavdimon o&uydvou kot mapaymyn
O10&e1d10v TOL AvBpaKa 6T LUITOYOVOPL, TOV KVTTAP®V
[Tvevpovikn Avamvor): Avtaiioyn aepiov (O, — CO,) pnetad
OAOKAN POV TOL OPYOVIGLOV Kol TOV TEPPAAAOVTOC

O, is taken from the nose
(clean and warm), while
CO, from the veins
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AvtoAAoyn] QLUGIKOD aEpiov XOAIPIKH EIKONA

O 0€pag €I0EPYETAL GTO GO0 LEGHD TOL GTOUOTOG 1) TNG UVTNG KOl LETOKIVEITAL YPNYOPO GTOV (ApLYYQ 1] TO Aaipd. Amd eKel,
TEPVA ATTO TOV AAPVYY, 1] POVITIKO KOVTI, KO EIGEPYETAL GTNV TPOYELOL.

H tpayeia elvar Evog 161vp0g GOANVOS TOL TEPIEYEL OOKTLAIOVS YOVOPOL TOV TNV EUTOOILOVY VO KATOPPEDGEL.

Méoca 6Tovg mvevoveg, N Tpayein OloKAOILETAL GE aploTEPO Kal 0eEL0 Ppoyyo. Avtd ywpilovtol TEPUITEP® GE UKPOTEPOLS
KOl LKPOTEPOVE KAAOOLGS TOL ovoudlovtor Bpoyytoiia.

Ta uikpoTeEP BPOoYyYLOAL0 KOATOAYOUV GE WKPOGKOTIKOVS 0EPOGAKOVS. AvTd ovopdlovtal KuyeAioec. Povckmvouy Otav Eval
ATOUO EIGTVEEL KOl EEPOVCKMVOLY Oty £va dtopo ekmveel. Katd v avtoiioyn aepimv, T0 oEuydvo HETOKIVEITAL OO TOVG
TVEVOVEC OTNV KVKAOQOPia Tov aipatos. Tnv idwa otryun to 010&€io1o Tov dvOpaka mtepvd amd TO OipLo, 6GTOVS TVEVUOVES. AVTO
ouuPaivel 6TOVC TVELUOVEG UETOED TV KLWYEAIOMV Kol EVOG OIKTVOV UIKPOGKOTIKAOV ALULOPOP®V OyYEI®V TOL ovoudlovtal
TPLYOELOT], TOL OTOL0 PPIGKOVTOL GTA TOLYMUATO TOV KOYEAIOWMV.

Edow BAEnete ta epuBpd apooceaipia va tacdsvovy péca and to tpryoedn ayyeia. To toryouota TV KoyeAidmv popalovol
uo pepPpdvn pe ta tpryosdn ayyeio. ToGo kovta gival.

Avto emtpénel 610 0ELYOVO Kol TO 010EEIO10 TOV AvBpaka vo dtoyEovTal 1] vo Kivoovtot eAe0Bepa HETAED TOV AVOTTVELGTIKOU
GUGTNUOTOG KOl TNG KLUKAOPOpiag TOL aiplaTod.

Ta poplo 0Euyovov mTpocKoAA®VTOL 6T EpLOPA apocPaipla, To omoia TaElOELOLY TG otV Kopold. Tavtoypova, Ta uoplo
010&e1010v ToL dvOpoaKka GTIC KLWYEAIDEC EKTOEEDOVTOL OO TO GO, TNV ETOUEVT] POPE TTOL VA, ATOUO EKTTVEEL.

H avtoAlayn aepiov EXTPENEL GTO COUO VO, AVATANPOCEL TO 0EVLYOVO Kol va, amoBaAel To 010Eeidto Tov avBpaka. To va kdvelg
Kol ToL 000 €ivorl amapaitnTo yio TV enPimon.



Gas exchange Overview

Air enters the body through the mouth or nose and quickly moves to the pharynx, or throat. From there, it passes through the
larynx, or voice box, and enters the trachea.

The trachea is a strong tube that contains rings of cartilage that prevent it from collapsing.

Within the lungs, the trachea branches into a left and right bronchus. These further divide into smaller and smaller branches
called bronchioles.

The smallest bronchioles end in tiny air sacs. These are called alveoli. They inflate when a person inhales and deflate when a
person exhales.

During gas exchange oxygen moves from the lungs to the bloodstream. At the same time carbon dioxide passes from the blood
to the lungs. This happens in the lungs between the alveoli and a network of tiny blood vessels called capillaries, which are
located in the walls of the alveoli.

Here you see red blood cells traveling through the capillaries. The walls of the alveoli share a membrane with the capillaries.
That's how close they are.

This lets oxygen and carbon dioxide diffuse, or move freely, between the respiratory system and the bloodstream.

Oxygen molecules attach to red blood cells, which travel back to the heart. At the same time, the carbon dioxide molecules in
the alveoli are blown out of the body the next time a person exhales.

Gas exchange allows the body to replenish the oxygen and eliminate the carbon dioxide. Doing both is necessary for survival.



Gas Exchange

Gas exchange occurs at two sites in the body: in the
lungs, where oxygen is picked up and carbon dioxide is
released at the respiratory membrane, and at the tissues,
where oxygen is released and carbon dioxide is picked up.
External respiration is the exchange of gases with the
external environment, and occurs in the alveoli of the lungs.
Internal respiration is the exchange of gases with the
internal environment, and occurs in the tissues. The actual
exchange of gases occurs due to simple diffusion. Energy is
not required to move oxygen or carbon dioxide across
membranes. Instead, these gases follow pressure gradients
that allow them to diffuse. The anatomy of the lung
maximizes the diffusion of gases: The respiratory
membrane is highly permeable to gases; the respiratory and
blood capillary membranes are very thin; and there is a
large surface area throughout the lungs.

Avtallayn aepiov

H avtoAlayn aepiov AapPdvel yopa ce 600 onueio Tov
OMUOTOS. OTOVE TVELUOVEG, OTMOL GLAAEYeton ofvydvo Kot
anelevBepmveTal 010EEI010 TOV AVOpPOKA GTNV AVOTVELGTIKY
ueuppdvn, Kol otovg 10ToVG, 0oL amelevbepmveTal o&vydvo
Ko AapPBévetar 010E€id10 Tov AvBpaKa.

H elotepikn avoamvon eivar 1 avioAdoayn oepiov pE TO
eEmtepkd mepPdArov, kol ocvuPaivel 6TIC KLYEMOES TOV
nvevuovov. H eocmtepikn avamvon eivon n aviailayn aepimv
ue to eomtepkd mepPariov kol cvuPaivel otovg otovg. H
TPpAyUOTIKY] ovtolloyn oepiov ovpufaivel AOY® NG amANg
olyvong. Aev amouteltal €vEPYELD Yo TN WETOKIVNOT TOL
o&uydévov 1 1oL O10EEWiov TOV AvOBpoka OTIC HeUPpaved.
Avtifeta, ovtd ta aépra axoAovBovv Pabuideg mieong mov
T0V¢ emtpémovy va olayéovtol. H avatouio tov mveduova
ueyotonolel ™ Owdyvon tov daepiov: H avoamvevostikn
uepuPpavn etvarl EopeTIKA dLOTEPATN GTO AEPLAL. Ol LEUPPAVES
TOL OVOTVELGTIKOD KOL TOV TPLYOEW®V OUUOTOC €ivol TOAD
AEMTEC. KOL VRWOAPYEL UEYOAN EMPAVEID GE OAOLG TOVLG
TVEDLOVEG.



External Respiration

The pulmonary
artery carries
deoxygenated blood
into the lungs from

the heart, where it
branches and
eventually becomes
the capillary network
composed of
pulmonary capillaries.
These pulmonary

capillaries create the
respiratory membrane
with  the  alveoli.
External  respiration
occurs as a function of
partial pressure
differences in oxygen
and carbon dioxide
between the alveoli
and the blood in the
pulmonary capillaries.

OTOGTATOL OTTO TV ALLOGPOLPiv

Detached from hemoglobin

KuyeAda Tvedpova

CO, dwivpévo 610 TAGCHLO

Fused basement membranes
CO, (dissolved in plasma)

Blood plasma

O, (dissolved in plasma)

Converted from bicarbonate
uetatpénetal oamd SirTovOpaKikd

In external respiration, oxygen diffuses across the respiratory membrane from the alveolus to the capillary,
whereas carbon dioxide diffuses out of the capillary into the alveolus.

21V e£®TEPIKT OVOTVOT], TO 0EVYOVO SLOXEETOL KOTE UNKOG TG OVOTVELGTIKNG LEUPPAVNG 0md TNV KLWEAISO TPOG
TO TPLYOEEG, EVM TO 010EE1010 TOV AvOpaka dto€etan £® Omd TO TPLYOELDEG GTNV KVYEAIDO.

EEmtepkn avamvon

H mvevpovikn aptnpio
LLETAPEPEL amo&vyo-
VOUEVO GTOVG
TVEVLOVEG and mv
Kopolwd, Omov  OloKAO-
dileton ko TeEMKA yiveton
TO TPLYOEWEC OTKTLO TTOV
amoteleiton amd mveLUO-

aipo

VIKA  Tpryocdn  ayyeia.
Avtd TOL  TVELHOVIKA
TPLYOELON ONUIovVPYOLV

TNV  OVOTTVELGTIKY] UEL-
Bpdvn pe t1g KuyeAioes. H
eEMTEPIKT] OVOTTVOT GLU-
Baivel g cvvaptnon tov
OLLPOPMOV UEPIKNG TIEOTC

ot0 0&LYOVO Kol TO
oto&eidlo  tov  avBpaxa

LETAED TOV KLYEAIO®V Ko
TOV OUUOTOC GTO TVELLO-
VIKG TpLyo€1dn ayyeia.



SapESO VYPO

Ecwtepikn
Blood plasma aVOTTVON

Internal Respiration

Internal respiratior
IS gas exchange that
occurs at the level
of body tissues
(Figure). Similar tc
external respiration
internal respiratior
also occurs  ac

H ECMOTEPIKN
avamvon  eivor M
avToAAayn oepimv
mov ovuPaivel oTo
EMMESO TOV 16TOV
0V copatog (Ewo-
va). ITloapopola pe

' iffusi v eEmtepKN
ZI mple d Iﬁ:USIPr| QTOCTLATOL OO TV AUOCPaLpivn OVOUTY OT’] N eowte-
ue to a partia . ,

: — _ : K
pressure gradient. 0, O, (dissolved in plasma) PKM avamvon

eppaviCetar emiong
®G amA]  Owbyvon
AOY® LLEPIKNG
KMong mieonc.

O, dwivpévo oto TAdCHO

Oxygen diffuses out of the capillary and into cells, whereas carbon dioxide diffuses out of cells and into the capillary.

To 0&uydvo drayéetar EEm amd TO TPYYOELDEG KOt 6TO KOTTAPO, EVO TO O10EE1010 TOV AvOpaKka dtoyéetan ££® amd To KOTTAPO Kot
LEGO OTO TPLYOELDES.



Atdyvon O&uydvov Diffusion of Oxygen

Diagram showing the partial
pressures of oxygen and carbon
dioxide in the respiratory system

Aldypappo wov delyvel TIG LEPIKES
TEGES 0EVYOVOL Kol O10EEWDIOL TOV
GvOpaKa GTO OVATVELGTIKO GOGTILOL

Pcoz 0.2 mm Hg
Po2 160 mm Hg

Ambient air [TepBéArov aépag

Deoxygenated veins,
upper torso

Oxygenated arteries, upper torso
o&vyovopéves aptnpiec, dve Kopprog

Capillaries
TPLYOEON

Pcoz 46 mm Hg

Po2 40 mm Hg l

pcoz 40 mm Hg

Po2 100 mm Hg

QAefuco aipo  Venous blood Arterial blood

Deoxygenated veins, .
lower torso Oxygenated arteries, lower torso



Mepwceg meoels aepimv

. Some gas pressures
(otnv Bdhacoa) Jasp
(at sea)
inhaled air From breathing air
Eionveopevoc anp ‘Exnvedpevog anp
20,95x760=159mmHg [0, 1580 0 1160 16,4x(760-47)= 116,2mmHg
0,04x760 =0,3 mmHg |co, 03 cop, 320 4,0x(760-47) = 28,5 mmHg
H,0 57 H0 470
N, 5960 N, 565.0

alveoli Kuyeride:—(cop, 400) " BlaPepos ydpos 13,8x(760-47)=98mmHg

AcBur xupdic Apotepa kapdi 5y(760-47)=40mmHg

__________ 19ml 02 /100 ml awa (98mmHg)
"Aptnpuat
*H




Mepucég mEceS aepimv

Some gas pressures




To noépro g opoocparpivne, Hb

The hemoglobin molecule, Hb

Hemoglobin




To puopto g apoceopivne- Aéouegvon 4 popiov 02

The hemoglobin molecule - Binding of 4 O2 molecules
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1 epuBpd pépet 250 exart. popra Hb ko apa 1 d1¢ popua O, 1 red blood cell contains 250 million Hb molecules and
MB (Hb) = 68800, 1 1Mol Hb = 68.800 gr therefore 1 billion O, molecules
['pappopoprokog Oykog 4Mol O, = 89600ml MB (Hb) = 68800, or 1Mol Hb = 68,800 gr
1gr Hb petagpéper 1,32ml O, Molar Volume 4Mol O, = 89600ml
C Hb = 15.6gr/100ml aiparog X 1,32ml O,/grHb = 20,5ml O, 1gr of Hb carries 1.32ml of O2
/100ml aipartog C Hb = 15.6gr/100ml blood X 1.32ml O,/gr Hb = 20.5ml O,

/100ml blood



XNUIKEG avTIOPAGELC GTO aipo

Chemical reactions in the blood

IMNEYMONEX

¥ ¥

EPY&F0
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(e8] + H G-EI.=IHEC‘-03 — gt ng; e HeD

2 2 clk
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O, + HGBMisH) == Oxy-HGB

TpLyoeldeC ayyelo

HGB = Ydpoyovouévn opoo@atpivn Hydrogenated hemoglobin
Oxy-HGB = O&vyovouévn aipoceatpivn Oxygenated hemoglobin



XNUKEC avTOpAoELC 0TO alpa

Chemical reactions in the blood

IZT0OI
7N
co
Oz wotdg Pco2 > 50mmHg P oo e red blood cell
AIMOXEDAIPLIO

H+e -->H

+ . .
ODE + HEO '::rc.m HECD:}:::-H + HCO, HCO
CO2 +HbO2 ->HbCO2 +02-—————————————- JE[---------E-I ------- — o
0, + HGB hisH) ===  Oxy-HGB

HbO2+H-> HHb +02—4-

capillary vessel



Avookomnon

H cvumeprpopd tov aepiov umopei va eEnynbel amd tic apyéc tov vopov tov Dalton kot tov vépov tov Henry, mov kat ot dvo
TEPLYPAPOLV TTLYEG TNG avTaAAlaync aepiwv. O vopog tov Dalton Aéel 611 kG0e cuykekpIUEVO aéplo oe Eva Leiypo aepiwv ooKel
ovvaun (tn pepikn tov mieon) aveCdpnra and to dAla aéplo Tov peiypatos. O vopog tov Henry omAmvel 0Tt 11 TocOTNTO, EVOG
CUYKEKPIUEVOL 0EPTOV TOV OLOAVETOL GE £Vl LYPO Elval cuvAPTNCT TG LEPIKNC ieon Tov. Oco peyaldtepn elvor 1 LePIKT Tieom
eVOC agpiov, 1000 TEPIGGOTEPO amtd avTO TO aEPLo Ba draAvOel o Eva LYPO, KaBME TO aéPlo Kiveitar Tpog v 1soppomia. Ta puopia,
aePlOL KIvoLVTaLl TPOG T KAT® o€ pio Pabuida micone. Me aAla Adyio, TO 0£PL0 LETOKIVEITOL OTO Lol TEPLOYN VWNANG TEONC O€
o weployn yaunAng mieonc. H pepkn mieon tov 0&uydvou eivor vynir) oTic KOWEMOES KOl YOUNAT] GTO OiU0 TV TVELUOVIKOV
TPLYOEMV 0yYeEimV. ¢ amoTéAesua, T0 0EVYOVO OOYEETOL OTNV OVOTVEVGTIKT) LeUPBpdvn and Tic KuyweAideg 610 aina. Avtibeta, N
LEPIKT) TTieo™ TOL d10&EDI0VL TOV AvOpaKa ivol VYNAN GTO TVELUOVIKA TPLYOELOTN ayYeio Kot YaunAn otic Koyerldes. Emopévme, 1o
010&€1d10 10V dvBpaka dtayEETal TNV AVOITVELOTIKT) UeEUBpdvn amd 10 aipo oTic KuyeAidec. H moootnta 0&uydvou kot 010EE1010V
0L AvOpaKa TOL SLYEETOL GTNV OWVOTVEVGTIKY] LEUBPav Elvol TapOUOLO.

O aepiopoc gtvar 1 01001KAGIN TOV UETAKIVEL TOV a€pa. LEcA Kol EE® amd TIC KLYEMOEC Ko 1] alLdToT ennpedletl T por Tov
aipatog ota Tpryostdn ayyeio. Kot ta 000 eivor onuovtikd otny avtoaiioyn aepiov, Kadmg 0 aeplolds TPEMEL Va, VAL ETOPKNG Y10
Vo, ONULOVPYNGEL LYNAN HEPIKT TTiEGN 0ELYOVOL GTIC KLYEATDEC. Edv 0 aeplopoc elvon avemapkng Ko n LEPIKT Tieom Tov 0&vydvou
TEPTEL GTOV KLYEMOIKO 0EPQ, TO TPLYOEWEC CUGTEAAETOL KOl 1 POT) TOL CGiUATOC OVAKATELOVVETOL OTIC KOWEAIDEC LE EMOPK)
aeplopd. H eEmtepikn avamvon avoa@EPETal otV avtoAlayn aepimv mov cLUPAivEL GTIC KLYEMOIES, EVD 1 ECMOTEPIKT] AVOTVON)
AVOPEPETOL GTNV avToAlayn aepiwv mov cvuPaivel otov 161d. Kat ot 000 0onyovvtor and Heptkéc Staupopig mieonc.



Review

The behavior of gases can be explained by the principles of Dalton’s law and Henry’s law, both of which describe aspects of
gas exchange. Dalton’s law states that each specific gas in a mixture of gases exerts force (its partial pressure) independently of the
other gases in the mixture. Henry’s law states that the amount of a specific gas that dissolves in a liquid is a function of its partial
pressure. The greater the partial pressure of a gas, the more of that gas will dissolve in a liquid, as the gas moves toward
equilibrium. Gas molecules move down a pressure gradient; in other words, gas moves from a region of high pressure to a region
of low pressure. The partial pressure of oxygen is high in the alveoli and low in the blood of the pulmonary capillaries. As a result,
oxygen diffuses across the respiratory membrane from the alveoli into the blood. In contrast, the partial pressure of carbon dioxide
Is high in the pulmonary capillaries and low in the alveoli. Therefore, carbon dioxide diffuses across the respiratory membrane
from the blood into the alveoli. The amount of oxygen and carbon dioxide that diffuses across the respiratory membrane is similar.

\entilation is the process that moves air into and out of the alveoli, and perfusion affects the flow of blood in the capillaries.
Both are important in gas exchange, as ventilation must be sufficient to create a high partial pressure of oxygen in the alveoli. If
ventilation is insufficient and the partial pressure of oxygen drops in the alveolar air, the capillary is constricted and blood flow is
redirected to alveoli with sufficient ventilation. External respiration refers to gas exchange that occurs in the alveoli, whereas
internal respiration refers to gas exchange that occurs in the tissue. Both are driven by partial pressure differences.



Glossary

Dalton’s law: statement of the principle that a specific gas
type in a mixture exerts its own pressure, as if that specific
gas type was not part of a mixture of gases

external respiration: gas exchange that occurs in the alveoli
Henry’s law: statement of the principle that the concentration
of gas in a liquid is directly proportional to the solubility and

partial pressure of that gas

internal respiration: gas exchange that occurs at the level of
body tissues

partial pressure: force exerted by each gas in a mixture of
gases

total pressure: sum of all the partial pressures of a gaseous
mixture

ventilation: movement of air into and out of the lungs;
consists of inspiration and expiration

["\owcodplo

Nopoc tov Dalton: onAwon t™c oapyng Ott  €vag
CUYKEKPLUEVOC TOTOC aepiov o€ €va pelypo aokel TN Ok
TOV TEGT), GOV VO UNV NToV UEPOG EVOG LETYLOTOC aepimV

e€MTEPIKT avomvon: aviaAiayn oepimv mov cvuPaivel oTig
KOYEMOEC

Nopog tov Henry: oAwon g apyns 0Tt 1 GLYKEVIPWOGT TOV
aepiov 6€ Eva vYPO gtvar evBEWG avaroyn pe ™ O1AVTOTNTA
KOl T1 LEPIKT] TTLEGT L TOV TOL OEPIOV

E0MTEPIKT] avamvon: avioaAlayn aepiov mov cvuPaivel 6to
EMINEDO TOV 1GTAOV TOL GOUOUTOG

Lepkn mieomn: oOvaun mov aokeital and Kébe aéplo oe
netypo aepiov

OMKT 7ieon: Afpoicpa OAMV TV UEPIKOV TIEGEMV €VOG
0EPLOV UETYHATOG

aEPICUOG: Kivnon Tov oépa UEcH Kot €EM amd  TOLG
TVEDLOVEC. QTOTEAEITOL OTTO ELGTVOT] KOIL EKTTVOT)



XOpNTIKOTNTO TOV TVELUOVEOV

I4 4 r .
Eav éva atopo

EICTTVEVGEL UEYPL TNV
OAIKT] TVELLLOVIKT|
YOPMNTIKOTNTO KO .
EKTVEVLGEL £TELTO OGO
70 duvaTtoOV o Ploa
KOl 0G0 TEPIGGOTEPO
aépa umopet, o Plota
EKTTVEOLEVOG OYKOG
KOTA TNV OLOPKELN TOV
TPMTOL dgvTEPOAEMTOL
¢ eknvong (FEV1)

Ko 1 Blom Cotikn
yopntikotnta (FVC),
LUTTOPOVV VO,

KafopioTovV

O Loyoc FEV1/FVC mapéyel mAnpogopiec yio tnv
avtiotaon tov aépa. Kavovikd, mepimov 80%

¢ FVC Ba e€€MBet katd v dtdpkeLla TOv
TPDOTOV OEVLTEPOAENTOV. AV 1 avtioTaoT awEdveTat,
TO TOCOGTO OV EKTVEETAL KATA TNV O1APKELD TOV
TPDOTOV 0EVLTEPOAETTOL Ol pelwbEet.

EtomvevoTikn
xwpntwkotnta(/C)

AgLToLpYIKN
UTTOAEUTOMEVN
xwpentikotntalFRC)

Zwtikn xwpnukotnra(VC)
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Lung capacity
If a person inhales to
total lung capacity and
then exhales as
forcefully and as much
air as possible, the
forcefully expiratory
volume during the first
second of exhalation
(FEV1) and the forced
vital capacity (FVC)

can be determined
The FEV1/FVC ratio

provides

Information on air
resistance. Normally,
about 80%

of FVC will be
output during the first
second. If the
resistance increases,
the percentage
exhaled during the
first second will
decrease.



To ompouetpo petpdel TOGO
0EPO UTOPEITE VO EIGTVEVGETE
KOl VO €EKTVEVGETE Kol TOGO
YpMyopo Umopel va, yivel auto.

GTPOUETPO

The spirometer measures
how much air you can
inhale and exhale, and how
quickly this can be done.

spirometer
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1. Venous line
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4. Oxygenator
5. Arterial filter
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9. Cardioplegia bag

10. Flow meter/ gas mixer
11. Cooling/heating machine
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Oxygenator

An oxygenator is a medical device that is
capable of exchanging oxygen and carbon
dioxide in the blood of human patients
during surgical procedures that may
necessitate the interruption or cessation of
blood flow in the body, a critical organ or
great blood vessel. These organs can be the
heart, lungs or liver, while the great vessels
can be the aorta, pulmonary artery,
pulmonary veins or vena cava.

Support screen

O&vyovmtnc

O o&uyovmtg elvol Lo 10TPIKT) GUGKELT] TOL EIvOIL TKOVT) VO,
avtoArldocel oSuyovo Kot O10&edlo tov dvBpoko 6TO ool
avOpoOnov acbevav KaTd TN OPKELN YEWPOVPYIKOV ENEUPAGEDV
TOV UTOPEL VO OITOUTIICOVV T1] OLOKOTT 1 TN OKOTY| TG POTG TOV
aillOTOC GTO GO0, GE £vol KPIoOo Opyavo 1 UEYAAD OUOPOPO
ayyeio. Avtd ta Opyavo Umopel va eivar 1 Kopold , ol TVEDUOVEC 1)
T0 GUKMTL , EVO TO. pEYAAo ayyeio pumopel va glvor m aoptn, 1M
TVELULOVIKT] apTnpia , 01 TVELUOVIKEG EAEPEC 1) 1 KOTAN EAEPaL.
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Usage

One component of the heart-lung machine is
the oxygenator. The oxygenator component
serves as the lung, and is designed to expose
the blood to oxygen and remove carbon
dioxide. It is disposable and contains about 2—
4 m?> of a membrane permeable to gas but
impermeable to blood, in the form of hollow
fibers. Blood flows on the outside of the
hollow fibers, while oxygen flows in the
opposite direction on the inside of the fibers.
As the blood passes through the oxygenator,
the blood comes into intimate contact with the
fine surfaces of the device itself. Gas
containing oxygen and medical air is delivered
to the interface between the blood and the
device, permitting the blood cells to absorb
oxygen molecules directly.

Xpnon

‘Eva e&aptnua. e unyovhg kopoldg-tvevpova givar o
ovyovotng. To ovotatikd oSvuyovemtn  YPNOILEDEL MG
TveELLOVOG Kot €xel oyxedlootel Yy vo ekBétel 10 aino o€
o&uYOVOo Ko Vo aopoKpOVEL TO 010EE1010 Tov AvBpaka. Etvor
woc ypnone ko mepiEyel mepimov 24 m?*  pepPpavng
dlamepatng amd agplo OAAE adLOmTEPAGTN OO TO OHpLdL , LE TN
nopon kolthwv wvav. To aipo péel 610 £MTEPIKO TOV KOIA®V
WOV, EVO TO 0EVYOVO pEEL TPOG TNV avTifeTn KortevBVVGT GTO
eontepkd TV wov. Kabog 1o aipa mepvd péoo amd tov
0ELYOVMTI], TO OILO. EPYETOL GE GTEVI] EMAPY) HE TIG AEMTEC
eEMPAvEIEC NG 100G ™G ovokevns. A€plo mov TEPLEXEL
0EVYOVO KOl 1TPIKO OEPO TAPEYETAL OT OLETIPAVELN HETAED
TOV OIUOTOG KOl TNG GVGKELNG, EMTPETOVTAS GTA KOTTOPO TOV
alloTog Vo amoppo@ovv anevdeiog popto oEvydvoo.



Avamvevotikd Zootnua — Teyvntol O&vyovmtég
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(z.X.)= (M.O.E.) + (N.0.) + (M.O.Ek.),
(0.X.)= (M.O.E.) + (N.0.) + (M.0.Ek.) + (Y.0.)
500mI1*16 avanv./min = 8lt

M.O.E. = Méyiotoc Oykoc Elomvonc Maximum Inspiratory Volume
. INEYMONIKOI OrKOI XQPHTIKOTHTEZ NNEYMONQN

I1.0. = IaApporakdg Oykog Air volume at simple rest ' -
(OyKo¢ aépa 6e amAn avaTavo™) '
>~ = g
M.O.Ek. = Méylotog Oykog Ekmvonc I\/Iax_imum MaBiBe o o
Expiratory Volume | | )/ 3
Y.O. = Yrnorouwo O&uyovo Residual oxygen ) ;H\ ::3
? H-R"%.0 =
X.E.=Xopntikdétmrtoa Etemvonc Inhalation Capacity = _J__\[_* U g
" G >
M.O.Exn. o
A Y.X.=Aertovpykn Yrolewouevn Functional ReSIduaI | v ' 3
Xopnrikdtnto, Capacity = 10 px
(0ev 0ALAL® TEAEI®G TOL TVELUOVIAL) . | ' z




Alax,v on O10GE16i00 Diffusion of Carbon Dioxide
Tov avOpaxa CO,

Diagram showing the
layers making up the
diffusion barrier in the
lungs

Aldypoppo Tov detyvel ta
GTPOUOTO TTOV OTTOTEAOVV
TO QPAYLO d1dYVONG OTOVG
TVEVDLOVEG

. ENDOTHELIAL ENAO®HAIAKA KYTTAPA
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BASEMENT
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Avtallayn aepiov ot KoyeAd Gas exchange in alveolus

P Air Movement

i
Yein Artery

Blaad Flow Eluud Flawr
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carbén Dicxide

zas Exchange at the Alveolar Level

avToArayn aepiov 6e KOYEMOIKO ETITEOO
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XNUKEC avTOpAoELC 0TO alpa

Chemical reactions in the blood

TTo £oLIPO ALLOCOALPLO:

'va to 02 @

0,+HHD = HbO,+H 99% sav HHO
{02+HbCOZz HbO2+CO2 1% otTo mAdoua

CO,+HbO2 ¥ HDbCO:2+0:2 (to 20%)
r'va to CO2: g v
{C02+HQ_O + H,CO; HCO3; +H (to 70%)

LTO TIAQOUO:
- +
CO,+H,0 % H,CO3; % HCO3z +H (to 10%)




Metagopd palog aepiov and KoWeMOO GE TPLYOEIOESG

Gas mass transfer from alveolus to capillary
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c(x)Qblood + J (x)6x = [c(x) + 6] Qblood.

'I(X) = Qblood dC/dX: ROUdC/dX (1) J (X) = D/Ay *[Calv = C(x)] (2) Ay =NaAY0¢ TOXWUATOS

Nopocg Henry, C(x) =PxPx, B=ouvtek. Srhutomrag solubility coefficient

U*Ro

< OX —»

(1)=(2) RoUdPi/dx =D/Ay * [Paw — Pix)]



p_PO—Pin _ P(Patv— Pin) = P(x)— Pin =
Pahv — Pin

P ZﬁPah?—ﬁPin + Pin =

P(x) = PPaiv+ Pin(1— P) )

P = ﬁ(Pah’ — Pfﬁ) + Pin > dP(x) = dﬁ(Pﬂh* ~Piny+ ()

(2) (1)
RoUdP (x)/dx = D/Ay * [Pawv — Px)]

dﬁ(Pafv — Pin) _ D
dx Ay

dﬁ(Pﬂﬁf — Pin) . D
dx Ay

RoU

|:Pnfv — ﬁPm’v — Pf'n(l — ]3)] —

RoU

[Pafif(l—ﬁ)—Pm(l_ﬁ)] —



dP(Palv-Pin)y D

RoU | (1= P)(Paiv—Pin) | =
dx Ay _ _ .
Normalized blood gas partial pressure, p, in the
alveolar model as a function of dimensionless
dP D dﬁ N axial position, X/L 4,
RoU 1-P)=  RoU (P-1)=0
dx A)’ dx ,&y
N —X
Abon: P =1 — ¢Lehar
The solution of equation is: 1 0.63
B L URoAy 2 0.86
Where: T 3 0.95
9 0.993
10 0.99996

Opoiomomuévn HePKN mieom aepiov ailatog, p, 6TO KOYEMIKO
LOVTELO @G GLVAPTNON TNG adtdoTatng aEovikng 0éomc, X/L .,



Ro = 4um=4*10"cm
U =0.1em/ sec
D=2.10%10cm’ / sec
Ay =0.6m=6%10"cm

Lchar = 2.4 um



Principles of Oxygenator Function: Gas
Exchange, Heat Transfer, and Operation

Despite the diversity in designs through the
years, they all contain three essential components: a
mechanism to circulate the blood, a method of gas
exchange for oxygen and carbon dioxide, and some
mechanism for temperature control.

We will now focus on the two subsequent
elements: gas exchange and heat transfer. And while
it is referred to as the “oxygenator,” we must
recognize that it is responsible for the movement of
both oxygen in, as well as carbon dioxide out. A
basic review of the principles of physics, and then
we will apply those principles to the devices used
specifically in extracorporeal support, including
cardiopulmonary bypass (CPB) and extracorporeal
membrane oxygenation (ECMO).

Apyéc Aertovpyiag ovyovmtn: AvtaAioym
aepiov, petapopd Bepuotntag Kot Asttovpyia

Kotd v avdntoén woc unyovne Kapdldc-tvevpova, vanpée
Lo TEPACTLN, EEEMEN GLGKELMOV KO UNYOVIULATOV Y10 KOPILOKT)
VoG TNPIET. 26TOGO, TOPA TNV TOIKIAOUOPPIN OTH GYEOL LUE TO
TEPAGLO, TOV YPOVOV, OO, TTEPIEYOLY Tpiot POCIKA CLGTOTIKA:
VOV LIYOVICUO V1oL TNV KLUKAOQOPio. TOL aipatog, o uEbodo
avtallayng aepimv yio o&uyovo Kol 010EEL010 Tov AvBpaKa Kot
KATO10 UnyavicUo Yo Tov EAeyy0 TG Bepuokpaciac.

Oua emkevipowbovue 6To OVO EMOUEVA OTOLXEIN: CVTOAANYT
aeplov kot petapopa Oeppomnroc. Kot evod avagépetar ¢
«0&LYOVOTNCGY, TPEMEL VO oVayVOPicovue 0Tl givarl vrevhuvog
Yo TV Kivnon 1660 tov 0&LYOVOL TPOG TO. LEGO OGO KOl TOV
d10&e1diov tov dvBpoaka Tpog Ta EEm.

Mo Bacikny avacKOTNGT TOV apYOV TNG PLOIKNG KUl GTN
GUVEYELL LI EPAPLOYT] OVTOV GTIC OPYES KO GTIG GCUGKEVES TOV
YPNOIUOTOOVVTOL €WK otV €£MOMUOTIKY]  LTOGTNPIEN,
CUUTEPIAOUPAVOUEVC NG KOPOLOTVEVUOVIKNG  TTOPAKOLLYTG
(CPB) kot g eEmomuatikng o&vyovoong uepppavne (ECMO).




PHYSICS OF GAS EXCHANGE

The movement of gas molecules of oxygen (O2) and
carbon dioxide (CO2) between air and blood across a
biologic or synthetic barrier is controlled by several
specific laws of physics. We will first review the
principles of those laws and then discuss their direct
application to the natural process in the human lung, as
well as our attempt to imitate the natural process with
various devices and techniques.

Dalton’s Law (John Dalton, 1801):
Pr=P,+P,+Py+P,+ ...
The total pressure of a mixture of gases is equal to
the sum of the partial pressures of all the individual

gases in that volume. At sea level this must equal 760
mm Hg.

OYXIKH ANTAAAATHX AEPIOY

H xivnon tov popiov agpiov ovyovov (02) kot d10&ediov
tov &vOpako (CO2) petald oépa kot aipotog UEC® EVOC
Bodoywkod 1 ovvhetikov EpoyHoD eAEYYETAL Omd OPKETOV]
E101KOVG VOUOLS NG QLOIKNG. Oa eetdoove TPMOTO TIC OPYES
AVTOV TOV VOU®V Kol oTn cLuvEyela 0o cu(ntnoovue v QuUeon
EQUPUOYN TOVC OTN QLUOIKN OJwdikacioe otov  avOpdOTIVo
mvevuova, Kabmg kol v mpoomabeld pog va punbovue ™
(QLOTKN O10OTKAGTO LE OLAUPOPEC CLOKEVEC KO TEYVIKEC,

Nopog tov NtdAitov (John Dalton, 1801):
Pr=P,+P,+Py+ P+ ...

H ocvvolikn mieon evoc petypatog oepiov eivor ion pe to
GOpoIGLa TOV UEPIKOV TIEGEDMY OAMV TOV UELOVOUEVOV AEPTMV
€ ALTOV TOV OYKO. 2TO €Minmedo NG OdAaccug avTd TPETEL Vol
1covton pe 760 mm Hg.



Fick’s First Law of Diffusion (Adolf Fick, 1855):

{2
' dx

In this mathematical formula, J represents the diffusion
flux or amount of substance (e.g., O2) moved per unit area,
per unit time.

D, the diffusion coefficient, is a constant for the
particular barrier, based on its composition, and so forth. It
Is also referred to as the “diffusivity,” and the preceding
negative sign simply makes the flux J positive when the
movement is down the concentration gradient.

The substance concentration is represented by ¢ and the
length by x.

O mpmToc vopog ¢ didyvong tov Fick (Adolf Fick, 1855):

ol
; dx

€ aVTOV ToV LoONUaTKd TOmo, T0 J aVTITPOGmTEVEL TN POT)
dtdyvong 1 v tocotnTo. TG ovoiog (m.y. O2) mov petakiveito
VA LOVAOO, ETLQAVELNC, 0V LoVAdQ YPOVOV.

D, o ouvvtekeotc Oudyvong, eivonr pe otabepd yoo 10
CUYKEKPIUEVO @payuo, une PBdon ™ ovvBeon tov, Kol 00T
KaOeENc. AvapEpeTal ETONG MG «OLAYLOT KAl TO TPOTYOVUEVO
apPVNTIKO TPOCT|UO amA®G KAveL TN pon J Betikn Otav 1 kivnon
etvar KdTo and ™ Pabuida cvykévipmong.

H ovykévipoon g ovcilog avIimpos®OTEVETOL OO ¢ KOl TO
pHNKog pe X



Graham’s Law (Thomas Graham, 1848).

r o ]hr"'mw

The diffusion rate of a gas is inversely proportional to
the square root of its molecular weight.

Henry’s Law (William Henry, 1803):

p = kyc

The amount of gas that can dissolve in a volume of liquid is
directly proportional to the partial pressure of the gas in that
liquid. Mathematically, where p is the partial pressure of a
particular gas, c is the concentration of the dissolved gas, and k;,
is a constant for a particular gas in a particular solution; for
example, k, for O2 dissolved in water at 298 K is 769.2 L
atm/mol.

O vopoc tov I'kpdyap (Thomas Graham, 1848):

r o ]hr"'mw

O povOBuog oyvone evoc aegpiov gitval avTIoTPOPMS
avVOAOYOG UE TNV TETpAY®VIKN pilo TOL HOPLOKOD TOV
Bépovc.

Nopog tov Xévpt (William Henry, 1803):

p = kyc

H mocotta agpiov mov pmopet va dtadvbet oe Evav dyko
VYPOV eival EVOEMC avdloyn UE TN UEPIKN TiEGT TOL aEPiov
e aTO TO VYPO. Mabnuatikd, 6mov P eival n pepikn mieon
EVOC_ GLYKEKPIUEVOL 0EPiOV, C €ivol 1 GLYKEVIP®OT TOV
olvpévov aepiov kon K, sivor pio otabepd yio éva
GUYKEKPIWEVO aéplo Ge éva ouykekpuévo dtdivue. T
nopdoetypa, 1o Ky yio O2 dwwdvpévo og vepd otovg 298 K
givan 769,2 L atm/mol.
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Me 1010 popd Evavtt avtiBetng pong. AvEnpévn petagopd copPaivel Aoym
™G Kivong Katd UNKog OAOKA POV TOV GLGTNUOTOC LE ovTifeTn pony, avti

™m¢ péyotg ooppomiog 50:50 mwov pmopel va emitevyBel pe tovtodOxpovn pon.

Apyn ™g Avtarlayng Avtipponc

Aappavoviac vroyn 000 ToPAAANAOVE GOANVES YEUATOVS LUE PEVGTO M
a€plo ov ywpiCovtal amd po pepPpavn pe kédmolo Pabud domepatdOTnToS
G€ GLOTATIKG OVTOD TOVL PEVLGTOV 1 Ogpiov, 1 aviailoyr Hopiov 1)
COUOTOIMV KATE UNKOG TOL @PAYUOD Elvol MO OTOTEAECUATIKT €AV Ol
KWWNOELS TV LYpOV etval avtibeteg oty katevbuvon. Xe éva Bempntiko
nopddetypo pe €va €ukoAo, dwyvowo aépro G mov Béhovue va
puetaxivnBoope amd 10 £va GUGTNUA GTO OGAAO UEGH Otdyvons, Oa
vrnoBécovpe 0Tt 11 oLYKEVTIPpWON Tov G og aVTO oL Ba AVUPEPOLUE MO
ocvotnua «d0tNne» etvor 100% wou 611 ekel eival pundevikn mocoOtTTa G
oTNV TAELPA «TapoAnTTN» ToV cvotnuatog (Eik.). Eav ta dvo cvetiuata
Ktvoovton mapdAinia (tavtdypova), TOTE GTNV €IGO000 Ol GUYKEVTIPMGELS
etvar 100% xor 0%. Koabmg to 000 GLGTAUATO TPOY®POLY, LIAPYEL
ovveyng owbyvon tov G Katd UNKOG TOL @EPOYUOV HE pEl®oN NG
ovykévipoone tov G oty mlevpd TOoL dOTN Kol avénon NG
GUYKEVIPMOONG GTNV TAELPA TOV OEKTN.

2Ta010KA 01 GLYKEVTIPMOGELS aALdLovv oe 90%:10%, 80%:20% wou oVvTm kabeENg uExpt va. emtevydel 1ooppomia 6to 50%:50%.
H cvuveync xivnon xatd unkoc tov mpocHetov unkove Tov GoOANva dev mapgyel kapio Tpocetn aviarioyn G 610 cOGTNUA ATOdE-
KT1 Kot TO TeEAKO amotédeocua ot 0E€on e€6dov mapapével 50%. Av topa aviioTpéyovue Ty kKatevbovvon evog and o, GLOTNLOTO
£T01 MOTE TO. CLOTNUATO OOTN Kol OEKTN Vo, pEovy o€ avtifetec katevBvvoelg (avtippomo), 1 kivnon tov G umopei va couPet oe

OLO TO UNKOC TOL GUGTNUATOC, EMEWN 1 KAIGN oL 0dNYel TN O1dyvomn umopet vo dratnpnOet .

Edv vrdpyel enapkéc unKog oto

CLGTNUATA, ] GLYKEVIPpWGST) ToL G umopet dSvvnrikd va ptdoel To 100% otn 0€omn €600V Tov, aKkpPOC dimAa otV TAELPA E1GOS0V
TOL GLGTNUATOG TN OOV N GLYKEVTPpWON eitval eniong 100%. 'Etol 1) ieoppornia exttvyydvetal oto 100% avti oto 50%.
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Concurrent versus countercurrent flow. Increased transfer occurs due to
movement along the entire system with countercurrent flow, rather than
the maximum 50:50 equilibrium achievable with concurrent flow.

Principle of Countercurrent Exchange

Given two parallel tubes filled with fluid or gas separated by a membrane
with some degree of permeability to components of that fluid or gas, the
exchange of molecules or particles across the barrier is more efficient if the
movements of the liquids are opposite in direction. In a theoretical example
with a readily diffusible gas G that we want to move from one system to
another through diffusion, we will assume that the concentration of G in
what we will refer to as the “donor” system is 100%, and that there is zero
amount of G in the “recipient” side of the system (Fig.). If the two systems
are moving in parallel (concurrent), then at the entrance the concentrations
are 100% and 0%. As the two systems move along, there is continued
diffusion of G across the barrier with reduction of the concentration of G on
the donor side, and increase in the concentration on the recipient side.

Gradually the concentrations change to 90%:10%, 80%:20%, and so on until equilibrium is reached at 50%:50%. Continued
movement along the additional length of the tube does not provide any additional exchange of G into the recipient system, and the
end result at the exit site remains 50%. If we now reverse the direction of one of the systems so that the donor and recipient
systems are flowing in opposite directions (countercurrent), the movement of G can occur throughout the entire length of the
system, because the gradient driving the diffusion can be maintained. If there is sufficient length to the systems, the concentration
of G can potentially reach 100% at its exit site, immediately adjacent to the inlet side of the donor system where the concentration
Is also 100%. Thus the equilibrium is reached at 100% rather than 50%.



OXYGENATORS FOR EXTRACORPOREAL
SUPPORT
Basic Oxygenator Design

The development of the ideal device for gas
exchange has been built upon a series of
compromises between the advantages and
disadvantages of available surface area, resistance
to flow, size, priming volume, diffusion capability,
plasma leakage, and biocompatibility.

» Direct Contact Oxygenators (Bubble,
Screen, Rotating Disc, Drum)

» Membrane Oxygenators

» Microporous Oxygenators

* “Plasma-Tight” Hollow Fiber Oxygenators

OZYT'ONQTEX I'TA EEQYXOMATIKH
YIIOXTHPIZH
Baokoc oyediacpuog ofvuyovot

H avantuén g 10oviKnc GLUGKELNG Yol TV OVTOAAOYT
aepiov €yel Paciotel oe wa cepd cvuPifacuoy peTacnd
TOV TAEOVEKTNUATOV KOl TOV HUEWOVEKTNUATOV NG
OBEGIUNG EMPAVEINC, TNG OVTIIOTOONG GTN POT), TOL
ueyéovg, TOL  OYKOL  EKKIvVNOMG, NG  KOVOTNTOG
owdyvong, ™G OWPpPoNg  MAACUOTOS  KOL  TNG
BrocvuPatotac.

*  O&vyovmtéc dueong emagns (puoaiida, 066vn,
TEPIOTPEPOUEVOS dIOKOG, TOUTOVO)

e  O&vyovotég pepppdvng

* Miwkporopmoelg OSvYovmTEG

*  O&uyovmtéc Koilmv vov «ITAdcuo-ZeuyTay.



The artificial lung is an oxygenator device a little bigger than O teyvnTdC TVELUOVOC EIVOL L0 GVOKELT- 0EVYOVMTNG €
a matchbox with two catheters that are inserted into the body péyeboc Aiyo peyordtepo omd €va kovti omipta pe OVO
through the wveins of the leg. In this way the oxygenator koaBetmpec o1 0moiol EIGAYOVTOL GTO GAOUN OO TO OyYEioL TOV
"interferes” in the blood circulation helping to oxygenate it, modwoV. Mg Tov TPOTO OVTO 0 0EVYOVOTNG «TOPEUPAAAETOL

which the lungs are unable to do. otV KuKAOQOpia. Tov aipato¢ fonbavtoc oty 0&uyovmon
TOV, KATL TOL AOVVOTOVV VO KAVOLV 01 TVEVLLOVEC.

Teyvntog ®opntog [veduovog

OrudynKe
TEYVNTOG
TVEVLOVOG TTOV
LLETAPEPETAL
OTNV AT

Acrtificial Portable Lung
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3377501/

Movtehomoinom LeTaPopAS Kot avToALAYNS 0ELYOVOL Kot
d10&e1diov tov dvBpaka e yp1on KVKAOPOPIKOD GUGTILOTOC
KAE1GTOU Bpdyov

e Outflow: O, . CO,. HCO3, &

Modeling Oxygen and Carbon Dioxide Transport and Exchange
Using a Closed Loop Circulatory System

Inflow: O, .CO, , HCO4,

y e
<-¥————-—~-————-—~——~\
0, +Hb = HbO, } 3
i e RN R
CO,+Hb = B, "} | Red Blood
BEIRERS | B NS CBUR RERS AWR. SR / Cell (rbe)

/

/ Plasma (pl)

- —

Dixt'\

Interstitial

A Fluid (1sf)

D(;pc D g Parenchymal

) CO, pe ! arenchyms
SRR e | Cell(po)

O, +Mb == MbO,

Blood-tissue exchange unit showing red blood cell, plasma, interstitial fluid,
and parenchymal cell regions, convection of RBC and plasma, solute transport
between regions, the PSs, axial diffusion, binding, and buffering within regions.
Bicarbonate buffering occurs in all regions. Each region is axially-distributed and
radially well-mixed.

Movéda avtoddayng 16To0 aipatog Tov delyvel Teployés epufpdv aoc@alpimv, TAGGIATOG,
SIIUEGOV VYPOD KOl TOPEYYVUATIKOV KLTTApwV, petapopd RBC kot mAdopatog, peta@opd
dtdvpévng ovoiag peta&d meploymv, PSS, aéovikn dtbyvon, déopevon kot puouoeTikd dtdivpo
eVTOg TV Teploy®v. PuBuiotucd didivpa dittavlpokikov epeaviletar o Oheg Tic meproyés. Kabe
mepoyn €ivar 0EOVIKE KATOVEUNUEVT KO OKTIVIKG KOAG OVOUEUELYUEVT).
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