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OAHTIEZ A TOYZ ZYITPA®EIZ

NMNEYMQN eival 1o enionpo emioTnuovikd neplodikéd g EAANvikig MveupovoAoyikng Etaipeiag kal g
EAANVIKYG BpoyxoAoyikng Etaipelag. H ermhoyr) tng UANG yivetat and tn ZuvTakTikh Emitponr tou mepto-
S1koU He euBUvn Twv AleuBuvimv Z0vTagng kat Twv YreuBuvwy g EknaideuTikng 'YANG kat twv EpeuvnTi-
KdV Epyactidv rou oploBnkav ané ta AloiknTika ZupBouAla Twv dUo Etaipeldv pe S5et Bnteia.

H UAn Tou meplodikoy MNEYMQON avagépetal katd kipto Adyo oté AvanveuoTikd Zuompua. H diapBpwon
NG UANG epthapBavet: 1) Apbpa SUvTa&ng, 2) lMpwTOTUNEG EPEUVNTIKEG epyaoleg, 3) Avaokonrjoetg, 4) Ex-
natdeuTikd Briua, 5) EvStapépouoeg mepintwoetg. 'ApBpa ouviagng, Avaokormfioelg, Etdikd dpBpa kat'Ap-
Bpa ekmaldeuTIKOU TiEplEXopévou (ExmaideuTtiké Briua)dnuociedovtat HETA and ypantr npdoKANon g
ZUVTaKTIKNG Emitporig.

O1 MpWwTOTUMES EPEUVNTIKEG EPYATIEG KpivovTal amd TouAdxloTov 300 aveEEpTNTOUG KPLTEG. OL evdlage-
POUOEC TIEPIMTWOELG ETIAEYOVTAL Mo TIG MEPIMTMOELG TIOU TIapoustaZovial oTiG AlavOOOKOUEIGKEG CUY-
KEVTPWOELS TNG BpoyxoAoyikig Etaipeiag. Td apbpa ouvIa&ng, T ei6ika 4p6pa, oL MPWTOTUTEG epyaoieg
SnuoctetovTal oOAGKANPeG oV EAANVIKY Kat AYYAIKT YAdooa. Ot epeuvnTIkEG EpYac(eq mou uttoBdaAAov-
TaL ota EAANVIKA 8a peTagpaZovral ota AyyAikd péoa oe éva prva ané tng anodoxnig g epyaociag yia dn-
pooleuon, pe eublvn TwV ouyypadLwv.

EPEYNHTIKEZ EPFAZIES: nepiéxouv katd oelpa:

1) ZeAida titAou: Tithog, Ovouata ouyypadEwy aTnV OVOUAOTIKY, KEVTPO TIPOEAEUONG, AlevBuvan, TnAé-
$wvo KUPLoU ouyypadéa yla emnKovwvia.

2) MepiAnyn: Ané 100 £wg 200 AEEELG TIoU B4 TIEPLEXEL CUVOTITIKA TO OKOMO, TN pEBodoO, Ta Baoikd amoTeAé-
OpaTA KOt Ta oupmEepdopata e epyaciag (o Tithog, n neplAnyn kai n BiBAoypadia va apxigouv amnd véa
oeAi5a). 10 TéAOC TWV MEPINYPEWY va avaypddovtal 5 TouAaxIoTov AEEELG KAELSIA.

3) Etlcaywyn, 4) YAik6 - MéBodog, 5) AnoteAéouara, 6) Zulrjtnon, 7) BiBAtoypaoia.

O1 BIBALOYPAdIKES TAPATIOUTEG Ba yivovTal pe To ouoTnua Vancouver SnAadr 010 Ke(UeVO aplBpouvTal Ka-
14 Oelpd ePPAVIOTG Toug. BiBAloypadia ané neplodikd: Metd tov apBuo, avagpépovral 6Aa ta ovéuata
TV ouyypadéwy, o MARPNG TITAOG Tou dpBpou, 1 emionun CUVIUNON TOU TIEPLOBIKOU, TO £T0G, O TéH0G, N
nMp®TN Kat TeAeutaia oeAida. m.x. 1. Milic-Emili J., Henderson J.A.M., Dolovich M.B., Trop D. and Koneko K.
Regional distribution of inspired gas in the lung. J. Appl. Physiol. 1966: 21, 749-759.

BiBAoypadia arnd Movoypadia: AplOpsg, ovopata ouyypadéwy, TITAog, apt8uog €kdoong, 0 EKSOTIKGS oi-
KOG, 0 TOTIOG Kal TO §T0G £kB0anG, oeAideq. T.x. 2. Nunn J.F.: Applied Respiratory Physiology 2nd Edition.
Mac Graw Hill, N.York, 1977, 33-35.

BiBAloypadia and kedpdaiaio BiRAlou: AplBuédg, ovéuata ouyypadewy Tou kepaAaiou, o TITAOG TOU KEDQ-
Aaiou, In, o TiTAoc Tou BiRAiouU, ol Emiotnuovikoi Zuvtdkteg (Editors), 0 aptBudg ékdoong, 0 ekSOTIKGG Of-
KOG, 0 TOTIOG Kal TO §T0G £k300NG Kat oL OeAIdeQ. T.X. 3) Gibson J.G., and Pride N.B.: Pleural, Alveolar and Sy-
stemic Diseases Affecting Chest Wall Function: In: The Thorax. Roussos C. and Macklem P.T. (eds) 1st edi-
tion.Marcel Dekker, New York, 1986, 1123-1133.

8) Nivakeg: Na éxouv oagr - eneEnynuatikd TiTAo Kal va ypdgetat o KaBévag oe xwpLoTr oeAida.

9) Eikéveg - Alaypdupata: YnopdAAovral oe pwtoypadies 9 x 12 cm (3 avatunay), TEXVIKA AYOYEG. ZNUEL®-
VETAL OTO THOW PEPOG HE HAAAKG HOAURBL, 0 aplBuédg g, o TiTtAog Tou GpBpou kat o MPWTOG ouyypadéag Ka-
Bd¢ Kal To eMAvw HEPOG auTHG. Ot UTIOTITAOL TWV EIKOVWYV (AECAVTEG) OF XwPLoTH oeAida.

MpolUnoBéaeig: MNelpapatikég epyacieg oe avBpwoug 1 melpapatdiwa Ba npénel va cuvodelovral He on-
Awon 6TL aKoAouBHBNKav 6AOL OL KAVOVEG NG ETIIOTNHOVIKNAG Se0VTOAOYiag oUUPwva LE TIG apxéqg Tou Hel-
sinki. TéAog n epyaadia dev Ba Tpémel va £xel dNUocieuBel PoNyoupEvVwg.

O1 epyadieg yia dnpocicuan, SakTuhoypadnuéveg o SIMAG S1acTnpa Kal Pe EUpU TEPIBWPIO, umofaAAov-
Ta1 oe 3 avatuma (1 MpwTdTUTO, 2 KAANG MoldTNTag dwrtoaviiypaga) oTn Aieduvon:

NEPIOAIKO «NMNEYMQN»

MANAAIAMANTONOYAOY 4

AOHNA 115 28

H dandvn ¢ napayyeAiag avatinwv Bapuvet Toug ouyypade(q kal n cuppwvia yivetat kateuBeiav pe v
ekdoOTpLa eTaLPEia.
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Pulmonary Endothelial
Function in Health and
Disease

/\EITOUPYIKOTNTA TOU
ITVEULOVIKOU evéoOnliou
UITO UYIEIG Kal
maBoAoyikég ouvOnkeg

IOANNHZ A. KATPABAZX

To A€oV €ECWTEPIKO OTPWHA TWV AINOPOPWY aAyYEi-
wv amoTeAeiTal and pia povn, ouvexn otoifada amo
anAd mAakwdn emOnAlaka KUTTAPA HECEYXUUATIKAS
npoeAeUoews, kaAoupeva evéoBnAiaka kutTapa (EK).
2tov avBpwmivo miveUpova, Ta EK amoteAouv mavw a-
1o 70 40% OAWV Twv TUMWY KUTTAPWY Kal KAAUTTITOUV
emoaveia epBadol mepimou 130 T.}J.1. 270 MapeABov,
T0 ev60OAAIO TWV MVEUUOVIKWV TPIXOEISWV BEWPEITO O-
TI AeIToupyouce Kupiwg ogav nuidiamepaTog ppayuog,
mou Slaxwpilel To dipga amo Tov SIAUECSO 1I0TO KAl TOV
aépa. Ta TeAeuTaia €ikool xpovia OPwS, N avanTugn To-
00 Twv TexVIKWy kaAAiépyeiag Twv EK, oco kai Siado-
PWV TTEIPAPATIKWY POVTEAWV N ViVO, ETIETPEYE TNV €-
KTETAPEVN MEAETN TNg duaioAoyiag kal maboduaiBo-
Aoyiag Tou mveupovikoU evéoBnAiou, kar odnynoe
oTNV avakaAuywn MoAAWV onuavTikwy 1SI0TATWY Tou.
ZUVETwG, €ival TTAEOV yvwaoTo OTI Ta mveupovika EK: 1)
OUVOETOUV Kal armeAeuBepwvouv ayyelodpaACTIKES 0P~
HOVEG, OTIWG TNV ayyeloTevaivn I, Tnv mpoaTakukAivn,
Tnv BpopBogavn, Tov evdoBnAiakd mapdyovra Tou
npokaAei xaAaon (EDRF), kai evéoBnAiveg Il) ekppa-
Couv €evlupa, OMwG T.X. TO METATPENTIKO €v(UPO TNG
ayyelotevoivng, Tnv 5'-voukAeoTiddon, kai Tnv Aimo-
mpoTeivikn Aimaon, mou petaBoAiouv i Siaomouv Al-
midla, ayyelodpaoTikeg kal alAeg ouaieg ) ekppa-

STYAIANOZ E. OP®ANOZ

The most intimal layer covering all blood vessels
is composed of a single, continuous sheet of simple
squamous epithelial cells which are of mesen-
chymal origin and are known as endothelial cells
(EC). In the human lung EC constitute over 40% of
all cells types and occupy an area of =~ 130 m” sur-
face'. In the past, pulmonary microvascular endoth-
elium was mainly credited for its function as a
semipermeable barrier, separating blood from inter-
stitium and air. However, the development of EC
culture techniques as well as of numerous animal
models, has allowed, over the last twenty years,
extensive studying of pulmonary endothelial physi-
ology and pathophysiology, and has led to the identi-
fication of a number of very important EC properties.
Thus, it is now recognized that pulmonary EC: i) syn-
thesize and release vasoactive hormones, such as
angiotensin I, prostacyclin, thromboxane, endothe-
lium derived relaxing factor (EDRF), and endothelins;
ii) express enzymes, e.g. angiotensin converting
enzyme, 5'-nucleotidase, and lipoprotein lipase, that
can metabolize or degrade lipids, vasoactive and
other substances; iii) express receptors and signal
transduction molecules; iv) remove and biotrans-
form drugs; v) regulate coagulation and thromboly-
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Couv umoS0XEIg KAl POPIA-UETADOPEIG ONUATWY UTTO-
Soxewv' IV) amoocupouv amd Tnv kukAodopia kal pe-
TaBoAifouv pappaka’ V) puBuiCouv Tnv &N kar Tnv
BpouBoAucn, Kupiwg pe TNV oUvBeon kai ameAeubeé-
PWON TPOTINKTIKWY, AVTITNKTIKWY, IVWSOAUTIKWY Kal
avTI-IVWSOAUTIKWY TTAPayovTwy, OTwG 0 TTapdywyv von
Willebrand, n 6popRomnAacTtivn, n Opoupopodoulivn,
O €vVepPYyOTIoINTAG TOU TAACMIVOYOVOU 10TIKOU TUTOU,
KA. VI) CUPMETEXOUV O€ aVOOOAOYIKEG AVTIOPACEIS
VIlI) ouvdéovtalr pe avooooupmAéyupata: VI avTi-
épouv pe BakTnpidia (dayokUTwon) kalr &ppopda
OTOIXEIO TOU AipaTog, OMwg Ta MoAupopdomupnva Kai
aigoretdAia’ IX) guppeTéxouv oTnv puduion Tou ay-
yelakou Tovou' X) emayouv Tnv Siadoporoinon Twv
A€iwv puikwv kuTTapwv: Xl) mapdayouv augnTikoug ma-
PAYOVTEG, kA2,

Méow auTiv Twv peTaBoAikwy 1IS1I0TATWY, KAl TTEPAv
TOU OTI MPOAYEl TNV AVTI-OUYKOAAUGN TwvV QIPOTIETA-
ANwv Kal TNV PEUCTOTATA TOU AIUATOG, TO TVEUMOVIKO
evo0BnAio €ival opoiwg uTeUBUVO yia Tov EAeyxo TNg
TVEUpOVIKAG KukAodopiag umd opalég kal maboAoyi-
K&g ouvOnkeg (m.x. umo&ikn ayyeloouomacn). Emmpo-
00eTa, AOYW TNG OTPATNYIKAG BEGNG TWV MVEUUOVWY,
T0 evS00nAI0 TG MveupoVvIKAg pikpokukAodopiag din-
B¢i 6Aov Tov KAOA mpiv amé Tnv €i00606 Tou oTNnV ap-
Tnplakn kKukAodopia. Eivar cuvenwg mpodaveg OTI N
SOMIKA Kal N AEITOUPYIKA AKEPAIOTNTA TOU TIVEUMOVI-
koU evdoBnAiou eival amapaitnTeg yia Tnv Siatnpnon
NG KapdIayyelakng oPoioaTacng, T000 OTNV MVEUHO-
VIKI| 000 Kal 0TV GUuoTNUATikn KukAodopia.

H BAAGBn tou evéoBnAiou pmopei va apyicel oav pia
AavBavouoa petaBoAikny SugAeiToupyia kal va egeAl-
xBei o€ epdavn Sopikn alAoiwan Kal KUTTApIkO Bdva-
T0. Alddopol evdoyeveig kal e§wyeveig MAPAYOVTEG €i-
val 1kavoi va BAdwouv To TIVeUpoVvIKO evdoBRAIo, €iTe
Spwvtag am’ euBeiag mavw oTo EK, €ite SdieyeipovTag
AaAAoug TUTTOUG KUTTApwY Kal 181aiTEPA TA OUSETEPOD-
dIAa, Ta oroia €ival MApovTa O€ PeYAAEG TTOOOTNTES
OTNV TMIVEUMOVIKA PIKpoKUuKAodopia (Segapevn mepide-
peiag). Ta oudeTepddiAa, apou SieyepBouv, TPOOKO-
AwvTtal ota EK kar mapdyouv To&ika mpoidvTa o§uyo-
vou, Omwg aviov urepoeldiou, pifeg udpo§uAiou Kal
utrepoéeidio Tou udpoyovou. AUTEG 01 0E€ISWTIKEG OU-
gieg mapouaoialouv évtovn TAON TPOG aAvTidpaon Kal
€ival ol Kupiwg umetBuveg yia Tnv BAaBn Tou EK. Ta
oUdeTEPOPIAG €KAUOUV €TTIONG MPWTEOAUTIKA Evupa,
16iwg eAaoTaaon, kKabwg kal TTpoiovTa apaxidovikoU o-
£eo¢. H nveupovikr BAaBn, mou mpokaAeital ano evep-
yorioinon Tou cupmAnpwpartog, dopRoAikoUg eCTEPES
(n.x. phorbol myristate acetate, PMA) n evéotogivn,
e€apTdrTal amo Tnv mapoucia oudeTepodilwy, av kai n
evdoTo&ivn Pmopei va aoknoel Kal Apeon KUTTapogikn
épdaaon. To&ika mpoiovTa o§uydvou eivai emiong SuvaTod
va nmapaxBouv peca ota EK i oto mAdopa kai emi a-
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sis, mainly through the synthesis and release of
procoagulant, anticoagulant, fibrinolytic and antifi-
brinolytic mediators, such as von Willebrand factor,
thromboplastin, thrombomodulin, tissue plasmino-
gen activator, etc.; vi) participate in immune reac-
tions; vii) bind immune complexes; viii) interact with
bacteria (phagocytosis) and blood components such
as polymorphonuclear leukocytes and platelets; ix)
participate in local vasoregulation; x) induce smooth
muscle differentiation; xi) produce growth factors,
etc.”>*.

In addition to promoting anti-aggregation and
hemofluidity, the metabolic properties of the pulmo-
nary endothelium are responsible for the control of
the pulmonary circulation under normal and abnor-
mal conditions (e.g. hypoxic vasoconstriction). In
addition, due to the strategic location of the lungs,
the pulmonary microvascular endothelium filters the
entire cardiac output before it reaches the arterial
circulation. It is thus apparent that pulmonary
endothelial structural and functional integrity are
essential for the maintenance of cardiovascular
homeostasis in both the pulmonary and systemic
circulations.

Endothelial injury may begin as a subtle metabolic
dysfunction and progress to overt structural altera-
tions and cell death. Several endogenous or exo-
genous agents are able to damage the pulmonary
endothelium, either by acting directly on the EC or
by stimulating other cell types, especially neutro-
phils, which are present in great numbers in the
pulmonary microcirculation (marginating pool). Upon
stimulation, they adhere to the EC and generate
toxic oxygen metabolites such as superoxide anion,
hydroxyl radicals, and hydrogen peroxide. These
highly reactive oxidative species are mainly respon-
sible for the observed EC injury. Neutrophils also
secrete proteolytic enzymes, especially elastase, and
arachidonate products. Pulmonary injury induced by
compliment activation, phorbol esters (e.g. phorbol
myristate acetate, PMA), or endotoxin is neutrophil
dependent, although endotoxin may also be directly
cytotoxic. Toxic oxygen metabolites can also be
generated inside the EC or in plasma even in the
absence of neutrophils. Agents that can induce oxi-
dant lung damage include inhalants (hyperoxia,
ozone, nitrogen, dioxide, phosgene), irradiation, her-
bicides (paraguat), chemotherapeutic agents (bleo-
mycin, adriamycin, nitrofurantoin) and other drugs
(phenylhydrazine, alloxan, nitrofurans). Up to a cer-
tain degree, the oxidative properties of toxic oxygen
metabolites may be counterbalanced by the EC anti-
oxidant defenses, such as the enzymes superoxide
dismutase, catalase and glutathione peroxidase.
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nougiag Twv oudetepodilwyv. MapdyovTeg TOU WPTIO-
pouv va mpo&evnoouv o&eidwTik BAABN oToug TVeU-
poveg mepiAapBavouv SIAGOPEG EICTIVEOEVES OUTIES
(uttepo&ia, olov, 610&€idio Tou alwTou, GWOYEVIO), TNV
akTivoBoAia, JifaviokTova (paraquat), xnueloBepareu-
TIKG (BAeopukivn, adplapukivn, viTpodoupavToivn),
Kal aAAa ¢appaka (paivuhudpadivn, aAAogavn, vi-
Tpodoupavia). H oeidwTikn Spdon Twv ToIKwY mMPoid-
vTwv o&uyovou eival Suvato va e§icoppomnBei, wg éva
onueio, amd Toug avTiogelSwTikoUg unxaviopoug Apu-
vag Tou EK, omwg m.x., Ta evlupa SecpouTtdon Tou U-
mepo&eidiou, katalaan, kalr umepo&elddon Tng yAou-
Tabeiovng. “AAAol mapayovTeg mou mpokaAouv BAARN
OTNV MVEUUOVIKI pIKpokUukAogdopia mepiAaufBavouv Tig
AEUKOTPIEVEG, TIG TTPWTEIVACES, TIC AUCOCWHATIKES Ka-
TIOVIKEG TIPWEIVES, TOV TTAPAYOVTA TIOU EVEPYOTIOIEI TA
aiporretdAia (PAF), Tnv kayxeivn (tumor necrosis fac-
tor), TIC IVTEPAEUKIVEG, TA AVOCOCUMTIAEYPATA, TNV
Bpoupivn, Kal Ta TPOoIGVTA amoSopng Tou vwsoug. O
MePICCOTEPOI ATTIO TOUG AVWTEPW TTAPAYOVTEG TTAPAYO-
vTal ano ¢payokUTTApd, EVEPYOTIOINKEVA AIUOTIETANIA N
akoun kal amo Ta idia Ta EK>®7.

H SuogAeitoupyia Tou mveupovikoU evéoBnAiou odn-
vei ouxva otnv avanrtuin kAIvikwv ouvSpopwy, Tou
ekbnAwvovTal Kupiwg pe SiIaTapaxeg oTnv ayyelaxn
SiamepatdTnTa, otnv petaBoAiki Aeitoupyia Tou EK,
gTnv porn Tou aipgaTtog kai otTnv aipooTtaon. Meiov
KAIVIKO emtakOdAouBo SidaxuTng mMveupovikig evéodnAia-
KNG BAARNRg eival To oUVOpPOUO TNG AVATIVEUCTIKNAG SU-
oxépelag Twv evnAikwv (ARDS), éva un kapdioyevveg,
S1axuTo TveupovIKO oidnua Tou xapaktnpifeTar Ku-
piwg amo au&nuévn pikpoayyelakn SiameparétnTa. Y-
napyxouv emiong evéeifeig 0TI N evdoBnAiakn BAGBRN a-
moTeAel onuavTiko TapdayovTa otnv maboyévela Tng
mpwTonadoUg TVeUpoVIKNGg utepTaonsg. ~AAAeg vogol
oTIg oToieg BewpeiTal 0TI guvumapxel BAABn N SucAel-
Toupyia Tou TiveupovikoU evdoBnAiou, eival kar n
mveupovikn BpouBoeuBoAikn vooog, N onwn, n 10Yeveig
TIVEUHOVIKEG AOINWEEIG, N METAKTIVIKA TIVeUUoviTISA, N
TIVEUMOVIKR ivwaon, N TIVEUHOVIKA ayvyeliTida ota mAdi-
010 AUTOAVOOWYV VOOWYV OTIWG OTOV CUCTNMATIKO €PU-
Onuatwdn AUko (SLE), oto okAnpodepua, oTo OUV-
6pouo Goodpasture, kalr otnv 1610TaOR TIVEUNOVIKA
aipoaidnpwon (IPH), kaBwg kai n mveupovikn SucAel-
Toupyia Tou ouvodeuel TEPIMTWOEIS alpodidAuong,
Aeukadaipeong kai KAapSIOTIVEUHOVIKAG TTAPAKAM-
png™’.

H coBapoTtnta moAAwv ano Ta avwTépw guvopoua
€X€l TIPOKAAECEI Pia evTATIKN €PEUVNTIKA TTpooTIdBeia
€ oKkomd Tov KaBopIoPo TTPWidwyY SeIkTWY evéoBnAia-
kg BAABNG. Mpo Swdekaetiag o1 Gillis kar guv. mpo-
Tewvav 0TI n petaBoAikn SugAeitoupyia Tou EK mpémel
va TponyeitTal Twv SOUIKWY KUTTAPIKWY aMoiboewv'®.
"ExTOTE, N MPOTACN AUTR €xel empBeRaiwbei amod Ta a-

TINEYMOQON Teuxos 3o, Topog 3og, lovAiog-SentéuBpios 1990

Other factors that produce pulmonary microvascular
injury include leukotrienes, proteinases, lysosomal
cationic proteins, platelet activating factor (PAF),
tumor necrosis factor, interleukins, immune com-
plexes, thrombin, and fibrin split products. Most of
the above mediators are produced by phagocytes,
activated platelets, or even by G,

Frequently, pulmonary endothelial dysfunction
will lead to the development of clinical syndromes,
manifested mainly by disruptions in permeability,
metabolic functions, hemofluidity and hemostasis.
The major clinical consequence of diffuse pulmo-
nary endothelial injury is the adult respirotory dis-
tress syndrome (ARDS), a noncardiogenic, diffuse
pulmonary edema characterized mainly by increased
microvascular permeability. There is also evidence
that endothelial injury is a major factor in the
pathogenesis of primary pulmonary hypertension.
Other diseases, in which pulmonary endothelial
injury or dysfunction is a recognized or suspected
component, include: pulmonary thromboembolism,
sepsis, pulmonary viral infections, radiation pneu-
monitis, pulmonary fibrosis, pulmonary vasculitis
associated with autoimmune diseases, such as sys-
temic lupus erythematosus (SLE), scleroderma,
Goodpasture’s syndrome and idiopathic pulmonary
hemosiderosis (IPH), and pulmonary dysfunction
related to hemodialysis, leukapheresis and cardio-
pulmonary bypass8'9.

The severity of many of these syndromes has trig-
gered an intensive research effort towards the
indentification of early markets of endothelial injury.
Twelve years ago, Gillis et al. hypothesized that
metabolic dysfunction of the EC would precede
structural cell alterations'®. Since that time, numer-
ous reports by us and others have offered support to
that hypothesis, in various animal models of
ARDS'". Initially, the activity of pulmonary endothe-
lial carrier proteins (e.g., those for serotonin or
norepinephrine) received particular attention, including
a small number of clinical studies, which, however,
reported equivocal results. Recently, increasing
attention has been focused on the monitoring of
endothelial ectoenzyme activity. Many physiologi-
cally important enzymes are distributed along the
luminal surface of the EC, thus functioning as
ectoenzymes. Due to their location, they are directly
accessible to blood borne substrates and inhibitors.
Their activity can be measured in vivo by means of
indicator-dilution type techniques (ACE), the most
extensively studied pulmonary endothelial ectoen-
zyme, catalyses the conversion of angiotensin | to
angiotensin Il and the degradation of bradykinin.
Utilizing highly specific, synthetic radiolabelled tri-
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oTeAéopaTa peyahou apiBuoU epyaciwy, TOOO SIKWV
Hag 600 Kal AAwV epeuvnTwy, e SiIAPopa meipapaTi-
KA povTEAAa ARDS"'. I61aiTepn Tpocoxn €ixe 600l
apxIKa oTnv SpAcTIKOTNTA TWV TIPWTEIVWV-PETADOPE-
WV TOU TIVEUMOVIKOU evSoBnAiou (Tm.X. AUTWV TNG OEPO-
Tovivng N TNG VOPEMIVeDPivNg), Eyive HAAIOTA Kal Evag
TTEPIOPITHEVOG APIBPOG KAIVIKWY HEAETWY TIOU OUWG E-
dwoav augiBoAa amoteAéouara. Mo mpoopara, 18iai-
TePN TTPOCOXN Exel S0B€i aTNV PEAETN TNS SPACTIKOTN-
Tag Twv evéoOnAiakwy ekToevlUpwy. MoAAd, onuavTi-
KG ammo GuUCI0AOYIKNG amowewg, eviupa BpiokovTal ka-
Tavepunuéva otnv auAikn emgadvelia Tou EK, Aeitoup-
YWVTAg CUVETWG gav ekToéviupa. Aoyw Tng Beong
Toug, TpogeyyifovTal Apeca amd UMOOTPWHATA KAl d-
vaoToA€ig Tou kukAogopoUv aTo aipa. H SpaoTikdoTn-
TA TOUG PTTopEl va PeTPnBei, in vivo, Pe TEXVIKES TUTIOU
«aPAIWOEWS Tou O€ikTn» (OMWG AUTEG TTOU XPNOIUO-
molouvTal yia Tn yetpnon Tou KAOA). To petaTpenTikd
évlupo Tng ayyelotevoivng (ACE), To mA&ov pehetnuévo
ekTOEVUUO TOU Tveupovikol evSoOnAiou, kaTaAuvel
TNV METATPOTIA TNG ayyeloTevaivng | e ayyelotevaivn Il
kal Tnv Sidomnaon Tng Bpadukivivng. MeAéTeg Trou éyi-
vav o€ neipaparofwa, anod eudg kal AAAOUG €PEUVNTEG,
ME xpnon padlocecNUACHEVWY TPITEMTISIKWY UTO-
OTPWHATWY uWnAng eidikdTnTag, edeifav ot n SpacTi-
koTnTa Tou ACE Tou mveupovikou evéoBnAiou aAAoiw-
vetal and Tnv umepoia, Tnv Xpovia umofuyovaipia,
Tnv BAeopukivn, To paraquat, To MMA, tnv iovi{ouca
akTivoBoAia k.a. H SiamioTwon SuogAeiToupyiag Tou
ACE Bewpeital mAéov wg euaioBnrog Seiktng evdobn-
Aakng BAABng pia kai n evfuuikn SucgAeiToupyia
nponyeitar mavra omolacgdnTMoTe AAANg ekdRAWONG ev-
S00nAiakng B)\dBngn'm'M. 2UVETTEIA TWV TTPONYOUVHE-
vwy, epyalopaocTe Twpa mavw otnv avantuén anAou-
OTEPWV HEBOSWYV EAEYXOU TNG SPACTIKOTNTAS TWV €V-
S0BnAiakwy exToeviUpwy, peBdOSwv TTou Ba Exouv KAI-
VIKR) edappoyn, kal mou Oa xpnoipgeloouv TOaAvwg
oTnVv éykaipn SIAyvwon TIVEUHOVIKAG MIKPOAYYEIAKNG
BAGBNs.
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peptide substrates, numerous animal studies, by us
and others, have showed that pulmonary endothe-
lial ACE activity is altered by hyperoxia, chronic
hypoxemia, bleomycin, paraquat, PMA, ionizing
radiation, etc. Detection of ACE dysfunction has
proved to be a sensitive marker of EC injury insofar
as enzyme dysfunction has always preceded any
other manifestation of endothelial injury'*'*'* As a
result, we are in the process of developing simpler
procedures for monitoring of endothelial ectoen-
zyme activity which can be used clinically and per-
haps be useful in the early detection of lung micro-
vascular injury.
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H BaBuoAoynon tng aktivoypagiags Owpakog oTnv
EKTIiUNON aocBevwyv LE XPOVvIa armoppPAKTIKN

nmveuuovomrraBera

K. XATZHZTAYPOY, I. NTANOZ, X. MIMITZAKOY, A. MANTEAAKHZ, A. BOTZIOY, B. XATZHNIKOAAOQY,

I. IOPAANOTAOY.

NEPINHWH

XpnoipomoinOnke véa peBodog BadBuoAoynong Tng akTivoypagiag Owpakog mou
mponABe amd 1Sia Tpomomoinon TnNg Tadivounong TWV TIVEUMOVOKOVIWOEWV Tou Ale-
Ovoug MNpageiou Epyaciag (I.L.0.) yia Tnv exktéAeon Tng Xpoviag ArmoppakTikig Mveu-
povomaBeiag. MeheTnOnkav 102 aoBeveig kai SiamoTwOnke TOAU GNUAVTIKA OTATIOTI-
Ka e§APTNON-OUCXETION TOU TEAIKOU BaBuoul Tng akTivoypadiag Owpakog pe Tnv Pa0,
(p < 0,001) kai oTaTioTiKG onuavTikn pe TRv FVC (p < 0,05). H mpoTeivopevn BaBuoAd-
ynon Sivel mapAapeTpo pe Tnv onoia agiomoleiTal  akTIVOAOYIKI €1IKOVaA OTNV eKTIiUNoN
TNG KATACTACNG AGOeVWV HeE Xpovia armodpaKTIKA TIveupovoradela.

NMNEYMOQN (1990) 3:20-25

Eicaywyn

H exTipnon Twv aoBeviv mou mAcXouv amd Xpovia
anogpPakTIkA Tveupondbela KaTa Tnv ouvnen NpakTi-
KN oTnpifeTal ad’ evog pev o€ KAIVIKA SeSopéva, Omwg
0 BaBuog duomvoiag Kal ad’ €TEPOU O€ AVTIKEIMEVIKES
TTAPAPETPOUG TOU A€ITOUPYIKOU €AEYXOU TNG AvVATIVONG
Kal Tng avaiuong Tou aptnpiakoU aipatog. O poiog
NG akTivoypadiag Bwpakog mepiopiletal gTo va Oew-
peital anAd cupBartn pe Tnv vooo Tou aoGevoUg1.

Or1 akTivoypadieg Bwpakog Twv acBevwyv mou md-
Oxouv amo xpovia amodpakTIki Tveupovondbeia na-
pPouaIalouv PIKPES eMTIPOOBETEG OKIATEIG TTOU €ival O-
MOIEG JE TIG TASIVOUOUNEVES WG P, g, I KAI' S, T, U JE TNV
peBodo Tou AleBvolg Mpadeiou Epyaciag (Internatio-
nal Labour Office-1.L.0.)%. Emiong n ouykévrpwon ava
povada emdaveiag (MukvOTNTa) TWV OKIACEWY QUTWV
€ival OUYKPIoIUN JE AUTR TNG CEIPAg TWV MPOTUTTWY a-

lMvevpovodoyikny Khvikny Mavemornuiov A6nvwv

KTIvOoypadiwv Tng Ta§IvOUNONG TWV TMVEUMOVOKOVIW-
cewv Tou |.L.O.

OewpnBnke Aoimdv o1 To péyebog Kkal n MUKVOTNTA
TwWv oKIAoewy €eival mBavov va cupBadilouv pe TNV
KaTaoTaon Tou acBevolg Tou TAgyeEl amd xpovia a-
TOPPAKTIKN TVEUPOVOTIABEIA KAl KATA OUVEMeEIAd va
OUOXETICOVTAl HE TIG AVTIKEIUEVIKEG TIGPAUETPOUS TTIOU
Seixvouv Tnv BapuTnTa Tng vooou.

2KOTIOG TNG €pyaciag ATAv n Xpnoigoroinon véag
peBOSoU BaBuoAdynaong Tng akTivoypadiag Bupakog,
MeTa amd Tpotmotoinan Tng Tagivopnoewg Tou I.L.O.
kai n Siepelvnon av cupBdaAAer otnv agloAdynon Tng
KaTAOoTAONG CUOXETICOMEVN LE AVTIKEIMEVIKOUG OEIKTES.

MeBodog

MeAetnBnkav 102 aoBeveig mou emaaxav amd xpo-
via ano@PakTIKR) TVeupovordbela pe aTabepomoinue-
VN KATAOoTAoN O€ OXEON WeE TNV mapoguvaon Tng vooou
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TWV yIa TNV oToia €I0nXBnNoav GTo VOTGOKOWEIO. 2€ KA-
B¢ aoBevn eyive BaBpoAdynon Tng akTivoypadiag Bw-
PAKOG, ATTAN OTIPOPETPNCN UE UYPO CTIIPOPETPO TU-
mou Volutest Tng Minjardt kai avdAuon Tng HePIKAg
Teong TwV AeEPiwWV TOU apTNPIAKOU AifdaTog.

E€etaoBnkav o1 omoBionpocBieg akTivoypadieg
Bwpakog amd Tpelg MveupovoAoyous. KaBe egetaoTng
BaBuoAoyoloe Tnv akTivoypadia aveidprtnta amo
TOUG AAAOUG, XWPIG va yVWPIlel Ta AMOTETECUATA TOUG
KaBwg Kal Ta eUPNPATA TOU AEITOUPYIKOU ¢ Asyxou TNG
avamnvong Kal TNg avaAuong Tou apTnplakou dipaTos.
O1 800 akpaieg TINEG amoppIimToTaAV KAl AauBavotav
oav TeAikdg Babuog (T.B.) n pecaia aioAoynon. Ze ka-
B¢ mepinTwaon yivoTav ouykpion Tng eéetalopevng a-
KTIvoypagiag pe Tig mpdTumeg Tng geipd Tou I.L.O.

JKIAO€IG OPOIEG PE TIG P KAl S TNG Tagivounong Tou
I.L.O. xapakTnpiocBnkav wg a, pe q kai t wg B, e r kai
u wg y. Na 1ig okidoeig a &166Tav 1 Babuog, via Tig B 2
kai yia Tig y 3 BaBuoi avTioToixa. MNa Tnv BaBpoAoyn-
on TNG TUKVOTNTAG TwV AAAOILCEWY XPNOIUoToINOnke
n kAipaka Twv 12 or]ueiwv3. H BaBuoAoynon Tng mu-
KVOTNTAg yIvoTav GTnv TEPIoXn TNG akTivoypadiag o-
Tou auTh ATav peyaAuTepn. ZTig mepimTwaelg -/0 kai
0/0 Sev Si166Tav Babuog (n akTivoypadia Bewpouvrav
duaioAoyikn), evw yia Ta uttoAoima onueia n BabpoAo-
ynon apxile amno 1o 1 kar kateAnye ato 10.

"OTav n moidoTnTa Tng e€etalopévng akTivoypadiag,
oUpdpwva pe Tnv Tagivounon Tou |.L.O. ATav kaAn éi1-
d6tav o BaBuog 1, otav ATav amodekTh o Babuog
1,25, evw otav utipxav a&idAoya Texvikd odpaipara
aAAda e€akoAouBouoe va eival anodexkTh o Babpog 1,5.
O1 amapdadekteg akTivoypadieg dev BabuohoyoluvTav.
"OTav n akTivoypadia nTav «UaAakfi» 0 OUVTEAEOTNG
TOIOTNTAG EMTIAIVE OTO TIAPAVOMAOTH TNG €§I0WOEWS
and Tnv oroia yivoTav o TeAIKog Babuog.

Tehog, xpnoigonoindnke ocuvteAeoTng S10pBWOEWS
avdloya pe Tnv exmTuén Tou Bwpakog (CUVTEAEOTNS
peyeBoug)®: O ouvteheoThg auTdg Tav o Adyog Tou a-
PIOUOU Twv TTAEUPWV PEXPI TOU NUISIadpaypartog (mpo-
0010 akpo) &ia Tou 7 (Mivakag 1).

O TeAikdg Babuog di1doTav anod Tnv egiowon: T.B. =
(EXHMA) x (MYKNOTHTA) x (XYNTEAEETHZ MEIE-

1
SYNTEAEZTHZ MOIOTHTAZ

Napadeiyua 1. Ze akTivoypadia KaAng moidTnTag
(BaBuog 1) mapatnpolvrtal okidoeig B (Baduoi 2), mu-
kvotnTag 2/2 (Baduoi 6) kal ol TAeupég péxpl TO
nudiappaypa eival 7 (Babudg 1). O TeAikdg Babuog
NG akTivoypagiag eivai: T.B. =2 x6x 1 x1 =12

MNapadeiyua 2. Ze pahakn akTivoypagia pe coBapd
Texvika odpdApara (Babuog 1/1,5) mapatnpoivral
okiaoeig y {Badpoi 3), mukvotnTag 3/2 (BaBpoi 8) pe
apiBuod MAeupwv pexp! To nuISiadpaypa 7 (Babuog 1).

O0YZ) x

MINEYMOQN Teuxos 30, Touos 3og, lovAiog-ZentéuBpros 1990

O Tehikog BaBuog eivai: TB.=3x8x1/1,56 x=186.
2Tov mivaka 1 mapoucialovTal Ta GTOIXEid OTA O-
moia otnpifetal n mepiypadeica BabuoAoynon.

Mivakag 1. BAOMOAOTHXH THX AKTINOIPA-
PIAY OQPAKOZ

Ixnua-Meyebog (I.L.O) XapaktnpioTika BaBpuoi
p. s a 1
gt B 2
z, u Y 3
MukvoTtng (KAipakag 12
OnUEiwv)
-/0 ka1 0/0 0
01 1
1/0
1/1
1/2
2/1
2/2
2/3
3/2
3/3
3/+

OWWONOOOPdWN

—_

a) ZuvteAeoTng moidéTnTog: 1-1, 25-1,6
B) ZuvteheaTng peyEBoug: apiBuog MAeupwv/ 7.

YAiko - ArtoteAeéoparta

"Onwg avadépdnke kal oTnv mepiypadn tng pedo-
Sou e€etaoBbnkav 102 aoBeveig mMAGKOVTEG AMO Xpovia
anodpakTikn rveupovondBeia. O TINEG Twv PeAeTnBE-
vTwv napapéTpwv (T.B., PaO,, PaCO,, FVC, FEV,,
FEV,%, xai MakéTa-€rn kamnviopartog) oe kaBe acOevr)
napouoialovTal atov Mivaka 2.

AxoAoUBnoe OTATIOTIKA aAvAAUGCN ME TIAPAPETPIKN
peBodo mpog Siepelivnan Tng €§APTNONG-CUCXETIONG
Tou TeAikoU BaBuou pe To KAMvIoPa (TAKETA-€TN), TV
PaO, kai Tnv PaCO,, kaBwg kai Tnv FVC, Tov FEV, kai
Tov FEV,%. Ta amoTeAéopaTta Tng oTATIOTIKAG avaAu-
ong napouaialovrail gtov lMivaka 3.

AilamoTwOnke TMOAU ONUAVTIKA OTATIOTIKA €§apTn-
on-cuoxeTion Tou TehikoU Babupou pe tnv PaO,. H
vpauuikn €€aptnon T.B. kai PaO, mapouocialetal oTo
>xnua 1. Emiong oTarioTikd onuavTikn ATav n e§aptn-
on-ouoxetion Tou T.B. pe Tnv FVC (Exnua 2).

ZulnTnon

Katd ta TteAeutaia 60 xpovia exouv mpotabei ou-
YKEKPIPEVOI TPOTO TASIVOUNONG TWV AKTIVOYpPApIwv
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Mivakag 2.

A/a T.B. % npoB.% npopB.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51

17,21
39
7
7,05
19,5
2,66
8
23,72
24,83
14
12
16
14
7
9,77
20
12,33
24
1,55
14,66
13,33
14,77
22
6,83
7.1
21,33
17,77
10,33
13,5
9,33
4,88

12
24
14,21
15,33
6,94
16,55
21
12,88
3.1
22,66
13,05
12,44
6,66
14
19,11

18
31,6
18,66

FVC

73.8
35
94,4
73,6
38,6
50
38,8
66,6
64,7
52,2
36,8
48,7
75,5
68,7
71,7
34,2
45,7
80,6
54,1
62,7
79,7
72,5
96,8
100
137,7
77,5
49,3
68,8
48,2
24
92,8
87,7
72,2
39,7
44
67.3
58,6
58
51,7
103,2
90.9
58,8
47,3
66,6
41,9
77,5
72,5
69,7
67,8
100
53,5

FEV,

70,9
19,6
42,5
61,5
25
20,5
42,3
73
37
41,6
41,6
41,3
56,7
45
62,5
20,8
25
421
35,2
50,5
58,3
61,5
49,2
82
82,7
76,6
64,7
63,9
46
37,2
90
82,9
48,1
241
32,1
56
55
43,1
34,0
100
94,8
52,6
52,1
41,6
23,8
85,6
75,8
48,3
33,2
541
40

FEV,%

95
45,9
75,7
89,6
69,4
40,25
11,4
107.,4
56,4
81,6
88,7
86,4
74,6
61,4
86,4
59,1
54,8
50,7
62,5
79.1
72,2
86,8
100
81,6
60,5
98,6
127,9
101,3
94
32,1
95,8
94,5
68,9
60,5
71.8
78.8
98,6
74,4
51,3
96,1
104
86,9
116,6
64,6
60,8
109,5
1041
69,4
48,6
57.3
71.8

PaO, PaCO,
(mmHg)(mmHg)
97 37
33 63
70 43
66 45
33 66
71 44
64 59
72 36
73 64
74 46,5
68 40
43 64
52 29
73 42
51 36
68 49
51 53
55 42
78 54
61 47
81 57
56 34
55 32,5
62 29
66 39
70 36
56 30
65 32
53 48
83,8 68
88 39
78 38
59 23
54 40
66,3 47
81 37
51 34
73 51
37 72
98 36
84 43
75 55
90 43
73 42
69 50
80 42
79 37
100 50
70 37
88 40
67 45

P.Y.

60
50
120
55
32
60
85
40
20
160
160
80
60
80
60
80
50
50
100
30
50
60
25
150
50
30
50
0
150
50
0
30
40
150
80
50
90
40
100
0
30
75
100
80
0]
60
60
80
90
50
70

A/a T.B. % npoB.% mipopP.

52

53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102

8,88
5,22
38,66
36
38,66
14,22
22,66
15,33
18,5
16
25,66
8,16
0,88
9,33
5,77
7
16,83
12,5
7,16
0,38
22,66
28
20
8
5,5
7,5
10,16
19,5
10,88
19,05
28
18,66
13,5
7.22
1,31
4
8,74
4
7,66
9,33
10
7,55
747
17,77
4,27
22,66
16,88
21,33
13,22
3,88
15,44

FVC  FEV,
28 33,3
57,1 62,9
52,3 46,1
48,7 48

66,9 75

44,7 259
50,4 34,5
77,7 615
416 333
405 37,9
71,9 50

66,6 70,5
86,6 91,3
736 733
66,6 46,6
75 51,7
44 29,7
452 295
70,9 57,1
833 80

54,5 455
46,8 208
46,4 20,7
481 46,6
42,4 279
28,9 39,2
410 185
34,0 230
103,1 103,7
45,2 392
41,6 333
28,6 259
52,25 29,6
846 923
576 39,5
52,7 22,2
62,2 66,9
62,5 62

55,2 22,2
51,6 40,9
488 203
52,6 38

62,4 46,3
33 28,5
79 80,6
56,4 69,6
59 74,1
50 23

84,7 705
133 100

63 57,6

FEV,%

1211
117,4
86,9
95,6
104,2
59,7
65,7
84,2
80,3
93,9
97,2
105,8
105,8
98,7
64,3
89,1
67,5
69,4
80,2
95,9
79.3
47,2
42,2
89
62,8
87,5
50
71,6
100
80,2
71,4
90,6
52,8
104,4
65,4
50
108,3
1041
38,8
75
38,5
56,25
74,1
87,6
107,3
69,1
126
63,8
82,4
97
92,7

PaO, PaCO, P.Y.
(mmHg)(mmHg)
b5b 47 0
76 42 80
39 43 90
43 44 90
44 44 80
74 35 80
68 41 60
85 49 90
60 61 75
70 61 75
74 51 45
77 28 80
76 45 40
85 45 0
76 42 80
72 33 0
51 60 85
52 46 40
60 43 75
100 42 60
82 38 80
46 60 40
84 45 50
b8 36 0
64 63 80
73 45 50
64 52 50
61 42 60
64 42 20
34 42 0
43 45 100
40 64 80
69 37 80
76 45 30
73 42 60
72 54 67
66 39 50
82 45 33
58 43 80
66 37 60
43 86 100
74 48 100
70 69 100
69 35 40
82 35 0
60 48 45
59 45 0
44 84 40
81 33 40
72 45 60
36 51 60
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Mivakag 3. XTATIETIKH ANAAYZH TQN STOIXEI-
ON THXZ MEAETHX

MapapeTtpog E€iowon e€apthoewc r p

PaCO, T.B.=43,09-0,18 (PaC0,) 0,1383> 0,1

FVC T.B.=69,46 - 0,56 (FVC) -0,234 < 0,05

FEV, T.B.=60,7 - 0,53 (FEV,) -0,1314> 0,1

FEV:%  T.B.=81-7,45 (FEV;%) -0,0467> 0,1

PY. T.B.=57,3+0,22 (P.Y)) 0,052 > 0,1
Ixnupa 1

304

SD=15,1

T
40 60 80 100
POZ mmHg

2xnua 2

60

30 SD=20,19

T
40 60 80 100

FVC % tng mpoBAenopuevng Tiufg

Ixnua 1, 2: Napouoialerar n ypappikn €€3pTNon Tou TeAIKoU
BaBuou pe TN pepikn Tieon Tou 0&uyOvVOU OTO APTNPIAKS aipa
Pa0, kal Tnv Taxéwg ekmveopévn wTikn xwpnTtikdtnTa (FVC).

Bwpakog aoBevwV |IE IVEUOVOKOVIWoN, KUpIa anod To
[.L.P. Zkomog Twv Ta&IvOUnoewy auTwy ATav n mpoTu-
rorioinon Tng peBodou woTe va SieukoAuvBoUv ol ou-
Ykpioeig Tou yivovTal SieBvwg, aAAd kai n oTaTIoTIKA
Siepelvnan mou adopd OTIG MVEUROVOKOVILOEIS.

Me Tnv TeAeutaia Ta&ivounon Tou I.L.O. (1980) &i-
SeTal HEBOSOG CUCTNUATIKAG KATAYPADS TWV AVWUA-
Alwv TTou énuioupyoUlvVTal OTNV akTivoypadia Bwpakog
andé Tnv eigmnvon kovng. H mARpng Tagivounon Tou
[.L.O. mepiAapBaver Tov xapaktnpiopd a) Tng moidTn-
Tag TNG akTivoypadiag, B) Twv MAPeEYXUHATIKWY AVW-

MNEYMQON Teuxos 3o, Topos 3o, lovAiog-SenréuBprog 1990

paAiwv kai y) Twyv BAaBwv Tou unelwkoTa. H kata-
YPadn Twv aKTIVOAOYIKWY €IKOVWY YIVETAI PE TNV XPN-
gigotmoinon Siadopwv cuuBoOAwv.

AvTikelpevikog okomog Tng taéivounong tou |.L.O.
eival n kwdIkomoinon Twv eupnuaTwy pe amAd kai a-
vanapaywyipo T1pomo. Me Tnv peBodo autn Sev npoo-
SiopiovTal maBoAoyoavaTopikég ovTdTNTES, OUTE KPi-
VETal N IKAvOTNTA TOU aTOMOU yia €pyacia. ZUudwva
pe Tig 0dnyieg Tou |.L.O. Sev unapyouv eikdveg oTnv a-
KTIvoypadia Bwpakog ol omoieg pmopolv va Bewpn-
Bouv maBoyvwioVIKEG TNG EKBECNG T€ KOVIOPTORPIBES
mepiBaAAov. Av ol mapatnpoUpeveg okIAgeIg eival To
aroTeAeapa aAAng aitiohoyiag T0Te Sev eival mapade-
KTO va TagivopouvTal pe Tnv pebodo GUTﬁz.

2Tnv mapouoa PENETN ekTIUABNKAV AKTIVOAOYIKEC €l-
KOVeG rTou Gev avnkouv oe aoBeveig Tou MAGXoUV amod
nveupovokoviwoels. Emopévwg dev Tagivoundnkav pe
TNV péEBodo Tou |L.L.O., aAAd pe eidikn BaBuoAdynon.
H tafivopunon mou xpnoiponoindnke mpoekuwe amod
auBaipetn Tpomomoinan Tng peBddou Tou I.L.O., xpn-
olyoTolwvTag Opwg Ta Bacika aTtoixeia Tng, SnAadn
TNV ToI0TNTA TNG akTivoypadiag, 1o oxnua péyedog
TWV PIKPWVY €MMTPooBevTwy okIdoewy, kaBwg Kal Tnv
TTUKVOTNTA.

AlamoTtwOnke OTI o1 akTivoypagieg Bwpakog mou
TpoépxovTal amd acBeveig |ie Xpovia AMOPPAKTIKN
nveupovonaBela eival SuvaTdv va afioAoynBolv cu-
YKPIVOUEVEG e TIG TTPOTUTTES TNG oelpag Tou |.L.O. Na-
pPaTNPERBnkav KUPiwg HIKPES AVIWAAES OKIATEIG OUOIA-
Jouoeg Je TIG KWOIKOTTOINMEVES WG S, T KAl U. IXETIKA PeE
TNV EKTAON TUKVOTNTAG TWV OKIACEWV SIamoTwOnKe
€niong OTI €ival SuvaTh n eKTIUNGN Pe TNV XPNOILOTION-
non g kAipakag Twv 12 onpeiwv pe Tov TPOTO TTOU
nepiypddnke otnv availuon tng pebodou. H mukvoTn-
TA TWV OKIAOEWY ATTIOTEAECE TOV ONPAVTIKWTEPO TTAPA-
yovta yia Tnv BaBuoAdynon Tng akTivoypadiag oTnv
napolca peletn. AuTtd oTnpixBnke otnv Aoyikn Tng
Ta§ivopnong Tou I.L.O. katd tnv omoia 600 BapuTepn
€ival n €kBeon 0TOUG eEWyEVEIG TAPAYOVTES TTOU CUVTE-
Aeoav oTnv epdavion Tng vooou, kabwg kal 600 go-
BapwrTepn eival n katdoTaon Tou acBevoug, TOOO pe-
YaAUTepn Ba TPETEl va €ival N CUYKEVTPWON Twv OKIA-
O€ewv 0TNV akTIvoypaagia.

270 onueio auTtd opwg MapepBaivouv SUO onuavTi-
Koi TapdayovTeg mou eival SuvaTtdv va petafdaAlAouv
TNV ekTipynon Tng akTivoypadiag: a) n kapdiakn ave-
TTAPKEIA TTOU TTPOKAAEI, € WPIOHEVES TIEPITITWOEI, TNV
eppavion Siapecou oIdAPATOG Kal B) To epdpuonua, 6-
TTOU N EPAHWON TOU TIAPEYXUNATOG HEIWVEI ONUAVTIKA
TNV TTUKVOTNTA TWV €MMPOCOETWY HIKPWV OKIACEWV
Kal OUVETIWS 0ONYel OTNV UTTOEKTIUNGN TNG AKTIVOYPA-
diag.

H xapdiakn avemdpkeia emBapUvel TNV AKTIVOAOYIKA
€IKOVa Kal To yeyovog auTo eival mBavo va cuayeTile-
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Tal Je TNV emSeivwon Kal aVTIKEIPEVIKWY SEIKTWV TG
KaTdoTaong Tou acBevoug. ITnv mapoloa peAETn Sev
uUTNPXav MACXOVTES Pe KAIVIKEG E0Tw evoeigelg kapdia-
KNG QVEMAPKEINg Kal EMOPEVWS 0 MOAVOS auTdg Guy-
XUTIKOG TTapdyovTag amokA€igOnke.

271G akTIvoypadieg OMOU UTIHPXAV EKTETAUEVES EU-
duonuatikég ahAoiwaelg To MPORANUa mapakaudOnke
He Tnv a§loAdynon Tou OXAMATOG-PEYEBOUG-TTUKVOTN -
Tag TNV TEPIOXN TNG akTivoypagiag, mou or BAABeg
napoucialav Tnv peyaAuTepn éktaon. MNavtwg yia Tnv
AVTIKEIJEVIKWTEPN €Eaywyr CUUTEPACUATWY QTIAITEI-
Tai n oUyKpion opddog acBevwy e BpoyxiTida pe oua-
60 aoBevwyv pe epdpuonua.

H Onapén Twv emmnpooBetwv piKpuv avwpdAwy
OKIAOEWV OTIG akTIvoypadies Bwpakog acBeviv e
Xpovia amodpakTiki mveupovordBeia eivar SuvaTodv
va epunveuBei pe Baon Tnv moAumapayovTikn aitioAo-
yia Tou KAIvikoU auToU ouvépouou. H &Beon oe ko-
viopToBpIB&g TepIBaAAov Kal o1 guxveég AoipwEeig Tou
avanveuoTikoU TpokaAoUv Tnv auinon Tou SikTUou
TOU OUVSOETIKOU 1I0TOU TOU nveUpovas. I81aiTepn onua-
oia éxel emiong To kanviopa. To 1963 o1 Anerbach kai
ouv.® napouciacav Ta anmoTeAETUATA peyAANng HeAETNG
oe 1340 vekpoTounBévreg avépes. Amd TO 10TOPIKO
TWV aTOHWY AUTWY TIPOCSIoPIodNKAV oI KATVIOTIKES
OUVNBeleg, To emAyyeApa kai o TOMOG SIANOVIS, GTOI-
X€ia Ta omoia ayvoouge o maBoAoyoavatopog efeta-
OTAG WOTe va anodelyovTal mapanAavnTikd Kal Ka-
TeuBuvOpEva amoTeAEOPATA. STOUG KATIVIOTES Siari-
oTWONKe pPREN TWV KUWEANISIKWV TOIXWHATWY, ivwon
Kai TAaXUvon ToU TOIXWHATOG TWV HIKPWY apTnPIwV Kal
Twv aptnpioAiwv. YIApEe 1gXupn oTATIOTIKI OUCXETI-
0N TNG oUXVOTNTAG Kal Tou BABPoU TNG IVWOEWS E TNV
nAikia kal Tnv kamvioTik cuvinBeia. H ouxvoTnTa TNng
ivwong oTa dTopa Tou Sev KATIVIoAV TIOTE fTAav apeAn-
T€a, o€ OAeg TIg nAikieg, evy auavdtav onpavTikd
OTOUG KATIVIOTEG MAapdAAnAa pe Tnv adgnon tng nAi-
Kiag. Yrapxe oxeon 600NG-AmoTEAEGUATOG HE TOV a-
PIBUO TwV KATVIOPEVWY TOIYAPWY KAl 6TAV auTd ATav
nepioooTepa and 40 nuepnoiwg ota atopa nAikiag
60-64 etwv n ivwon épBave oTo 90%. Aev uTApée e-
nayyeAparikn €ékBean ota pehetnBévra atopa, n omoia
Ba SikaloAoyoUaoe Tnv ivwon. Oewpndnke 0TI N EKTacn
Twv I0ToAoyikwy BAaBWwv mou mapartnpnRdnkav [Tav I-
kavr oe Babud mou Ba umopoloav va MPOKAAECOUV
akTIvoAoyIkR ameikovion. "Ouola pe)\ém7 enmaveAndon
0€ UAIKG amo 7 S1adopeTika voookopeia katd Ta &Tn
1963 pexpr 1970. AiamoTwbnke o1 0 BaBuog TG i-
vwong nTav 40 popég peyaAlTePOg OTOUG KATIVIOTES & -
vw Twv 40 OIyapeTTWV NUEPNTiwg and OTI GToug [N
kamvioTés. Avaloya amoTeAéopaTta, Ta omoia ESeixvav
OUGCXETION KAMVIOPATOg Kal ivwang, mapatnpiénkav
o€ pehéTeg pe meipapatolwa®? kai oe eménUIOAOYIKES
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v v 5 v 10, 11,12
€peuveg e Baon Tnv akTivoypadia Bwpaka .

21NV mapoloa PEAETN ol AAAOIWCOEIG TNG AKTIVOYPA-
odiag Bwpakog BabuoAoynBnkav kai éyive SuvaTh n
oTaTioTIKR Slepelvnon (ouoxeTion-e€aptnon) Siago-
PETIKWY HeyeBwv. Ta amoTeAéouata Tng OTATIOTIKAG
avaAuong €deigav 0TI n aKTIVOAOYIKN €1KOva (TEAIKOG
Babuodg) eivar SuvaTdv va xpnoiporoinBei oav avTikel-
MEVIKR) TIAPAUETPOS €meldf) CUOXETICETAl OTATIOTIKA
ONMavTIKA KAl Pe AAAOUG avTikelpevikolg O€ikTeg, O-
nwg n PaO, kar n FVC. AnAadn o1 uwnAdTepeg Tipég
TOU TeAlkoU BaBuoU mou SnAWVOUV KAKR aKTIVOAOYIKNA
€lkOva ouvSeovTal avaAoyika pe uto§uyovaipia kabwg
kal peiwon Tng CWTIKAG XWwPNTIKOTNTAG.
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The Grading Method of Chest X-rays, in the
assessment of Chronic Obstructive Pulmonary Disease

K. HATZISTAVROU, I. DANOS, C. BITSAKOU, D. PANDELAKIS, A. VOTSIOU, B. HATZINOKOLAOU,

I. JORDANOGLOU

SUMMARY

nts.

A grading method of the chest radiographs, created by modification of the 1.L.O.
classification of pneumoconiosis, was used in the assessment of 102 COPD patients. Ve-
ry significant correlation-regression was found between the terminal grade of the chest
radiograph and PaO, (p < 0,001) and statistically significant between the terminal
grade and FVC (p < 0,05). This observation shows that the grading of chest ra-
diographs possibly provides a useful method in the assessment of COPD patie-

PNEUMON (1990) 3:20-25

Indroduction

The assessment of patients suffering from chronic
obstructive pulmonary disease (COPD) is usually
based on the one hand on clinical data such as the
degree of dyspnia and on the other hand on parame-
ters from breath function and arterial blood ana-
lyses. The role of chest X-ray is usually restricted to
confirming the patient’s disease'.

Chest X-rays from patients suffering from COPD
present small additional opacities which are similar
to those classified as p, g, r, and s, t, u according to
the international Labour Office (I.L.O.) method?®. In
addition the concentration per square unit (density)
of these opacities is comparable with that of the ser-
ies of prototype chest X-rays of the |.L.O. classifica-
tion of pneumoconiosis.

It is possible that the size and density of these
opacities reflect the condition of patients suffering
from COPD and therefore correlate with objective
parameters assessing patients’ condition. With this

Pneumonological Clinic, University of Athens

background the aim of this sudy was firstly to use
the new grading method of chest X-rays, created by
modification of I.L.O. classification of pneumoconio-
sis and secondly to see whether this method con-
tributes to the evaluation of patients’ condition by
correlating these with objective markets.

Methods

We studied 102 hospital patients suffering from
COPD in a stable condition. In each patient chest
X-ray grading, simple spirometry using a Volutest
type spirometer (Minjardt) and arterial blood gas
analysis were performed in each patient. Chest X-
ray was assessed independently by 3 pneumonolo-
gists. In addition no examiner knew the results of
the breath function tests or arterial blood gas analy-
sis. The two extreme values were rejected and the
mean value was considered as final score. In each
case a comparison was made between the chest X-
ray and the |.L.O. series prototypes. Opacities sim-
ilar to p and s of the |.L.O. classification where cha-
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racterised as a, g and t as b, r and u as g. For a
opacities the score was 1, for b 2 and for g 3. For
scoring of the density of opacities we used a 12
point®. Scoring of the opacity was made at the point
of maximum density. In. cases -/0 and 0/0 chest X-
ray was considered normal, whereas for the
remainder scoring was 1 to 10. When the quality of
chest X-ray was good, according to the I.L.O. classic-
ication, the score 1 was given, when acceptable the
score 1,25 was given, whereas when there were
considerable technical defects but the chest X-ray
was still acceptable the score 1,5 was given. The
technically non-acceptable X-rays were not asses-
sed. In cases where X-ray was considered ‘soft’ this
was taken into consideration (quality factor) in the
denominator of the following equation with which
the final score was calculated. In addition a correc-
tive factor was taken into consideration according to
chest expansion4. This factor was the result of the
number of ribs up to the diaphragm (anteriorly)
divided by 7 (Table 1).

The final score (F.S.) was extracted by the equa-
tion: FS = (Chest shape) x (Density) x (Size factor) x

1

(Quality factor)

X

Table 1. CHEST X-RAY SCORING

Size-Shape (I.L.O) Characteristics Score
p, s a 1
q t B 2
z, u Y 3

Density (12 point
scale)

-/0 and 0/0 0

01 1
1/0
1/1
1/2
2/1
2/2
2/3
3/2
3/3
3/ +

OWoOONOOOP~WN

—_

a) Quality factor: 1-1, 25-1,5.
B) Size factor: no. of ribs/7.

Results

Table 2 shows the studied parameters (F.S., Pa0,,
PaCO,, FVC, FEV,%, and smoking habits) in each
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patient.

A statistical analysis was made by a parametric
method in order to study the dependence — correla-
tion of F.S. with smoking habits (packets, years),
Pa0, and PaCO,, and also with FVC, FEV,, and
FEV,%. These results are shown in table 3. A very
significant dependence — correlation of FS with
Pa0, was found and this is shown in fig. 1. In addi-
tion the correlation between FS and FVC was signif-
icant (Fig. 2).

Discussion

Over the last 60 years various methods of classifi-
cation of chest X-rays have been proposed mainly by
the I.L.O. in order to facilitate the comparison made
internationally. The latest comparison made by the
I.L.O. (1980) gives systematic definitions of the
abnormalities in chest X-rays created by dust inha-
lation. The full classification of the I.L.O. includes
the characterisations of a) chest X-ray quality, b)
parenchymal abnormality and c) damage. According
to the above each chest X-ray is characterised by
various symbols. The main objective of the I.L.O.
classification is the coding of X-ray findings with a
simple and reproductive system. Histological chan-
ges and the ability of the subject to work are not
taken into account with this method. According to
[.L.O. instructions no X-rays can be considered
pathognomonic of exposure to a dusty environment.
Classification by this method is not acceptable when
the observed opacity is the result of different
etiologyz.

In this study chest X-rays in patients not suffering
from pneumoconiosis were studied. Therefore they
were not classified according to the I.L.O. system
but with a special grading system which was
derived from a modification of the I.L.O. classifica-
tion, but by keeping the basic principles of this clas-
sification, ie. chest X-ray quality, shape and size of
small opacities and also density.

We found that chest X-rays from patients with
COPD can be estimated by comparison with the
prototypes in the |.L.O. series. Small abnormal opac-
ities similar to the S, T and U of the I.L.O. pkototypes
were observed. We found that the density of opaci-
ties could be estimated by using the 12 point scale
as described in Methods. In this study the density of
opacities was the most significant factor in chest X-
ray scoring. This was based on the logic of I.L.O.
classification, according to which the greater the
exposure to exogenous factors responsible for the
disease the greater the concentration of opacities on
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Table 2.
FvC FEV, FEV;% PaO, PaCO, P.Y.
No T.B. % pred. % pred. (mmHg) (mmHg)
117,21 738 70,9 95 97 37 60
2 39 35 19,6 45,9 33 63 50
3 7 94,4 42,5 75,7 70 43 120
4 705 73,6 61,6 89,5 66 45 55
5 19,5 38,6 25 69,4 33 66 32
6 266 50 20,5 40,25 71 44 60
7 8 38,8 42,3 111,4 64 59 85
8 23,72 66,6 73 107,4 72 36 40
9 24,83 64,7 37 56,4 73 64 20
10 14 52,2 41,6 81,6 74 46,5 160
1 12 36,8 41,6 88,7 68 40 160
12 16 48,7 41,3 86,4 43 64 80
13 14 75,5 56,7 74,6 52 29 60
14 7 68,7 45 61,4 73 42 80
15 9,77 71,7 62,5 86,4 51 36 60
16 20 34,2 20,8 59,1 68 49 80
17 12,33 45,7 25 54,8 51 53 50
18 24 80,6 421 50,7 515) 42 50
19 1,565 54,1 35,2 625 78 54 100
20 14,66 62,7 50,5 79,1 61 47 30
21 13,33 79,7 58,3 72,2 81 57 50
22 14,77 725 61,5 86,8 56 34 60
23 22 96,8 49,2 100 b5 32,5 25
24 6,83 100 82 81,6 62 29 150
25 7.1 1377 82,7 60,5 66 39 50
26 21,33 77,5 76,6 98,6 70 36 30
27 17,77 49,3 64,7 1279 56 30 50
28 10,33 68,8 63,9 101,3 65 32 0
29 1355 48,2 46 94 b3 48 150
30 9,33 24 37,2 321 83,8 68 50
31 488 92,8 90 95,8 88 39 0
32 3 87,7 82,9 945 78 38 30
33 12 72,2 48,1 68,9 59 23 40
34 24 39,7 241 60,5 (5748 40 150
35 14,21 44 32,1 71,8 66,3 47 80
36 15,33 67,3 56 78,8 81 37 50
37 6,94 58,6 b5 98,5 51 34 90
38 16,65 58 43,1 74.4 73 51 40
39 21 51,7 34,0 51,3 37 72 100
40 12,88 103,2 100 96,1 98 36 0
41 8.1 90,9 94,8 104 84 43 30
42 22,66 58,8 52,6 86,9 75 55 75
43 13,06 47,3 52,1 116,6 90 43 100
44 12,44 66,6 41,6 64,6 73 42 80
45 6,66 41,9 23,8 60,8 69 50 0
46 14 77,5 85,6 109,56 80 42 60
47 19,11 72,5 75,8 104,1 79 37 60
48 2 69,7 48,3 69,4 100 50 80
49 18 67,8 33,2 48,6 70 37 90
50 31,5 100 54,1 57,3 88 40 50
51 18,66 53,5 40 71,8 67 45 70
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FvC  FEV, FEV,% PaO, PaCO, P.Y.

No T.B. % pred. % pred. (mmHg)(mmHg)
52 8,88 28 33,3 1211 55 47 0
53 5,22 571 62,9 1174 76 42 80
54 38,66 52,3 461 86,9 39 43 90
55 36 48,7 48 95,6 43 44 90
56 38,66 66,9 75 104,2 44 44 80
57 14,22 44,7 25,9 59,7 74 35 80
58 22,66 50,4 34,5 65,7 68 41 60
59 15,33 77,7 61,5 84,2 856 49 90
60 185 41,6 33,3 80,3 60 61 75
61 16 40,5 37,9 93,9 70 61 75
62 25,66 71,9 50 97,2 74 51 45
63 8,16 66,6 70,5 1058 77 28 80
64 0,88 86,6 91,3 105,8 76 45 40
656 9,33 73,6 73,3 98,7 . 85 45 0
66 5,77 66,6 46,6 64,3 76 42 80
67 7 75 51,7 891 72 33 0
68 16,83 44 29,7 675 51 60 85
69 126 452 295 69,4 52 46 40
70 7,16 70,9 57,1 80,2 60 43 75
71 0,38 83,3 80 95,9 100 42 60
72 22,66 54,5 45,5 79,3 82 38 80
73 28 46,8 20,8 47,2 46 60 40
74 20 46,4 20,7 42,2 84 45 50
75 8 48,1 46,6 89 58 36 0
76 55 424 27,9 62,8 64 63 80
77 75 28,9 39,2 875 73 45 50
78 10,16 41,0 18,5 50 64 52 50
79 195 34,0 230 71,6 61 42 60
80 10,88 103,17 103,7 100 64 42 20
81 19,06 45,2 39,2 80,2 34 42 0
82 28 416 333 714 43 45 100
83 1866 286 259 90,6 40 64 80
84 135 52,25 29,6 528 69 37 80
85 722 846 92,3 1044 76 45 30
86 1,31 5756 39,6 65,4 73 42 60
87 4 52,7 22,2 50 72 54 67
88 8,74 62,2 66,9 108,3 66 39 50
89 14 62,5 62 1041 82 45 33
90 7,66 55,2 22,2 38,8 58 43 80
91 9,33 51,6 409 75 66 37 60
92 10 48,8 20,3 38,55 43 86 100
93 7,565 52,6 38 56,256 74 48 100
94 7,11 624 46,3 741 70 69 100
95 17,77 33 28,5 87,5 69 35 40
96 4,27 79 80,6 107,3 82 35 0
97 22,66 564 69,6 69,1 60 48 45
98 16,88 59 74,1 126 59 45 0
99 21,33 50 23 63,8 44 84 40
100 13,22 84,7 70,56 82,4 81 33 40
101 3,88 133 100 97 72 45 60
102 1544 63 57,6 92,7 36 51 60
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Table 3. STATISTICAL ANALYSIS OF STUDY
PARAMETERS

Parameter Equation r p

PaO, T.B.=77,29 - 0,79 (Pa0O,) -0,4458< 0,001
PaCO, T.B.=43,09 - 0,18 (PaCO,) 0,1383> 0,1

FvC T.B.=69,46 - 0,56 (FVC) -0,234 < 0,05
FEV, T.B.=60,7 - 0,63 (FEV,) -0,1314> 0,1
FEV:% T.B.=81-7,45(FEV:%) -0,0467> 0,1
P.Y. T.B.=57,3+0,22 (P.Y) 0,052 > 0,1

Fig. 1
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Fig. 1,2. Linear relationship of final score with PaO4 and FVC.

the chest X-ray.

However, two significant factors interfer with the
assessment of chest X-rays:

a) Heart failure, which in some cases causes
interstitial oedema, and

b) Emphysema, where the absence of parenchyma
significantly decreases the density of opacities
which leads to underestimation of chest X-ray.
Heart failure worsens chest X-ray appearance and
this possibly correlates with deterioration of objec-
tive parameters of patients’ condition. In this study
there were no patients suffering from heart failure
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and therefore this disrupting factor was ruled out.

In the X-rays with extensive changes of emphy-
sema the problem was by-passed by evaluating the
shape —size— density of the part of the chest X-ray
where the changes were greatest. In any case, for
the most objective results comparison of a group of
patients with bronchitis and a group of patients with
emphysema is necessary.

The presence of additional small abnormal opaci-
ties in the chest X-rays of patients with COPD is
possibly explained by the multifactional etiology of
this clinical syndrome. Exposure to dusty environ-
ments and frequent infections of the respiratory sys-
tem cause an increase of the connective tissue net
in the lung®. Smoking is of course particulary signif-
icant. In 1963 Anerbach et al® presented the results
of a big study based on 1,340 male post-mortems. In
this study the pathologist ignored smoking habits,
occupation and residence in order to avoid biased
results. The results showed that in smokers there
was a rupture, fibrosis and thickening of the walls of
small arteries and arteriols. There was a strong sta-
tistical correlation between the degree of fibrosis
with H and smoking habits. There was a close result
relationship as far as the number of cigarettes were
concerned and when the number was greater than
40 daily in subjects aged 60-64 the fibrosis reached
50%. In the subjects there was no occupational
exposure which could justify fibrosis. In this study we
consider that the extent of histological changes was
such that it could cause radiological changes in
chest X-rays. A similar study was conducted with
material from seven different hospitals, from 1963
to 1970. It was found that a degree of fibrosis was
40 times greater in smokers of more than 40
cigarettes daily in comparison to non-smokers. Sim-
ilar results which showed smoking and fibrosis
were obtained in studies with experimental anim-
als®® and also in epidemiological studies based on
chest X-raysm'n. In the present study chest X-ray
changes were scored and therefore a statistical
study showed that the chest X-ray can be used as
an objective marker because it correlates signifi-
canty with other objective markers such as PaO,
and FVC.
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special article

H aia Tou eAéyxou TnNg avamveuoTIKNG wWoNg KATA TN
oradikaoia armodETUeEUONS AoBevwVY UE xpovia
arroPAaKTIKN MveulovortaBela amo SiaAeimovra
UITOXPEWTIKO AEPICUO

A. NATAKAZ E. MAYPOOPYAHZ, M. KAKOYPA, A. TEQPITOMOYAOZ, H. KAKABEAAZ.

MEPINHWH

e 17 aoBeveig pe Xpovia amoppakTIKi MveupovoridBela ou utroBaAlAlovrav ce un-
XOVIKO A€EPIOMO, HEAETATAME TIG HETABOAEG TWV XPOVIKWY pacewv avanvong (XPA) kai
TNG avamveuoTIknG wong (AQ) oTn Sdiapkeia MPOoOSEUTIKAG Heiwong Tou puBuol Tou
S1aAeimovTog umoXpewTIKOU aepiopou (AYA) kata Tn Siadikaocia amocUvSeong Toug a-
O TOV AVATIVEUCTRAPA, ME OKOTO va SIAMOTWOOUNE av o1 petaBoAég Twv XPA kal Tng
AQ prmopouUv va mpodikaoouv TNV ekBaon Tng mpoonddeiag anodETpeuong amd Tov a-
VATveuoThHPd.

O1 peTpRgeig éyivav kata Tn Sidpkeia AYA e UTTOXPEWTIKA AVATIVEUOTIKI] CUXVOTNTA
10, 5, 0 avanvowv/Aento. O1 acBeveig Siaipednkav ce SU0 opadeg avaloya he Tnv emi-
Tuxia (AE - 9 aoBeveig) N pe Tnv amotuyxia (AA - 8 aogBeveig) Tng Siadikaciag amoouvdeé-
O€WG TOUG ATIO TO MNXAVIKO OEPICHO TO endpevo 24wpo. BpédBnke 0TI kaBwg o puduodg
Tou AYA elatTwvoTtav Sev maparnpnOnkav onupavTtikég peraBolég otig XDA (T, T,/ Ty
Kal oT1o TehoeknveuoTikd CO, peTadu Twv SU0 opadwy. AvTiBeTd, N MECT AVATIVEUOTIKA
pon (V./T;) au§ndnke onuavTika povo otoug AE kal n 1Icoperpikn otoparikn miean (Pg 1)
auinonke kai oTig 2 opadeg KOOWG pelwvoTav o pubuog Tou AYA. O1 acBeveig Tng AE
opadag mapouaialav Py ; pikpoTepn amd 8 cm H,0, evw dAoi o1 Tng AA opadag Py 4 pe-
YaAuTepn ané 8 cm H,0 o' 0Aeg Tig paoelg Tng perétng. O Adyog Py 1/ VT, kai o katd
Aent16 aepiopog (Vi) NTav onuavTtikd peyaAuTepor otnv AA opdda. YnoBeToupe o11 n
uypnAn Py, Twv AA ogeiletar paAAov oe augnuévo pnxaviko ¢opTio.

Zupmepaivoupe 611 N Py ; amoTeAei kKaAo mpoyvwoTiko SeikTn yia TV TEAIKR anmocuv-
6eon amd umofonBoupevo aepicud oe acBeveig pe XA,

NMNEYMAQN (1990) 3:20-25

O AigAeinwv YmoxpewTikog Aepiopiog (AYA - IMV)
EMTPEMEl OTOV a0O€EVR va avanvéel auTGuaTa evi Sé-
XETal TEPIOSIKEG avamnvoeg amd Tov avanveuaTipa. O
AYA éxel kepdioel eupeia amodoxn cav peBodog armo-

Movada Avanveuortikiis Aveniapkerag, lNaBoAoyikog
Touéag Tou latpikou Tunuartog Tou A.l1.0. -
Noookoueio I'. lNamavikoAdou

ouvoeong aoBevwy amod To PNXAVIKO AePIoHO. laxupi-
CovTtal 0TI 0 AYA eunodilel Tnv avamveuoTikni aAkd-
Awaon KaTd TNV ebApPoyn PNxavikou aeplouou1 ETITPE-
movTag oToug aaBeveig va kabopifouv Tig SIKEG TOUG
meoelg S1o0&eidiou Tou avBpaka (PCO,), BeATiwvel Tnv
AvamnveuoTIKA AmdvTnon oTo COZ2 KQl —EXOVTAG AUTEG
TIG OUVETEIEG— OUVTOMEUEl TN SIAPKEID TNG ATTOCUV-
S€ong EvavTl AUTAG PE emaveIANUUEVEG SOKIPNATTES HE
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owAnva T

To 20% Twv aoBevwyv mou umtoBAaAAovTal o€ pnxavi-
KO aepioud Sev pmopouv va avextoUv Tn S1aKorn
Tou®. H épeuva yia mpoyvwaTikég peTaBANTEg Exel €-
vTaBei kal éxouv mpoTabei Siddopeg Sokipagieg wg
S€ikTeg OTI 0 a0Bevg umopei va anoouveedei emTuxwg
amd Tov avanveuoTnpa.

O1 Murciano kai ouv.” €deifav OTI 0l XAPAKTNPIOTI-
KEG YIA KOTIWON TWV AVATIVEUCTIKWY HUWYV NAEKTPO-
puoypadikeg (HMT) peraBoAég ouvodelovTal amd u-
WnAn 10oPeTpikn Tiean amodpaing aepodpopwv odwv
repiypapopevn wg Pg 4 (MeTpoupevn 0,1 sec amd Tnyv é-
vapén Tng eionvong). O1 Sasson kai ouv.® emBeBaiw-
cav ipdéadara Tn xpnoipoTnTa tng Py . Mévte amd 12
aoBeveig, GTOUG OTTOIOUG N AmooUveeTn ATAV AVETITU-
XNs, endavitouv Py, peyaAuTepn amd 6 cmH,0, evw ol
€vaTopeivavTeg 7, TTOU amoouvseBnkav pe emTuyia,
eixav apxikn Py, kdtw amo ta 6 cmH,0. daiverar ot
o1 acBeveig pe XATT kar uwnAn Py, Ba eival ekeivol mou
€ival emppereig va avantugouv KOMWon TwV avanveu-
OTIKWY HUWV Katd Tn SIApkeia Tng amoouveeang.

O okomdg auTAg TNG epyaciag fTav va kabopicel ka-
TG 1000 peTaBoAég aoTnv avanveuoTikn won (Pyq) kai
OTIG XPOVIKEG pacoelg Tng avarvong (T,/T,,) kara tn
S1apkeld MPooSeUTIKAG peiwang Tou puBuol Tou AYA
€ival XpPrnoiya TPOoyvVWOTIKA yia €MTUXN Amocuvaean
aoBevwv yia XAl mou mAnpouv Ta cupBatikd KpiTh-
pia anmoguvéeang amo umoBonBoUpeVo AePIGUO.

MeBodoi

Aekaentd (17) acBeveig mou eionxBnoav otn Mova-
6a pag, e o&eia avanveuoTiKn averTapkeia opeIAOpEvN
oe napoguvon XAl peAetnOnkav nmpooxediacueva U-
oTepa anod cguykataBear) Toug. O1 b ATav yuvaikeg kai
ol 12 avépeg pe péon nAikia 61 &tn (eUpog 38-73).
"OAol o1 aoBeveig nTav SiacwAnvwuévol amd 1o oToua
XPNOoIPoTIoIWVTag TpaxeloowAnveg (8,5 mm) pe xaun-
Ang mieang aepoBaAdpoug. MNa To PNxaviko Toug aepi-
OpO xpnoigomoloUvTav avanveuoTnpeg Servo 900 C
™G Siemens. H mepiekTIKOTNTA TOU TEAO-EKTIVEUOTI-
koU Sio0&eidiou Tou avBpaka (FerCO,) kataypadovTav
ouvexwgs xpnoigomnolwvtag avaAutry Godard Statham.
H mepiekTikoTNTa Tou eiomveopévou ofuyovou (F,0,)
puBuioTav petadu 0,4-0,5 wote va diatnpei éva
Sa0, > 94% oto auti. H Sa0, mapakoAouBeiTo e é-
va ofupetrpo autiou Tng Hewlett Packard. H miean
TWV AEPODOPWY 0OWV HETPIOTAV U’ Eva HOPGOTPOTTE
mieong SimAa ge pia BaABida aépog mou XpnoipormoioU-
vTav yia S1aKOoTI TNG POng 0TO TEAOG TNG EKTTVONC.

H pon Tou aépa kal o avamveopevog oykog (Vq) pe-
TPIOTAV € EVA TIVEUMOTAXOYPADO, EVIOXUTH TECNS KAl
oAokAnpwTn pong (Hewlett Packard 8815A) cuvde-
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Sepevo oTn oelpd yia Tov TpaxeioowAnva. O1 kaumu-
Aeg mieong, dykou kai pong kataypadovTav ye TaxuTtn-
Ta 25 mm/sec’ n Py, kartaypddovrtav pe taxutnrta
100 mm/sec.

01 aoBeveig BpiokovTav oe UnTia Bean, ol aepodo-
peg odoi kabapifovrav pe avappodnaoelg kar Sev Xo-
pnyouvTav KAvéva KATACTAATIKO 1 HUOXAAAPWTIKO
$papuako, ToUAaxioTov yia 24 wpeg TIpIlv amd Tnv é-
vapgn Tng peAérng.

"OAo1 o1 agBeveig pag pe XAl mAnpouocav Ta kabie-
PWHEVA KPITAPIA «ATTOYAAAKTIOUOU» TIPIV QTIO TNV €-
vapin TnNg PeAETNG, SNA. HEYIOTN EIOTIVEUTTIKN TTiECn >
-20 cmH,0, FVC touhaxiotov 10 ml/kg kai fqrav ai-
poduvauika oTtabepoi (neon aptnpiakn miean > 90
mmHg kal armougcia appuBuiwv).

O1 aoBeveig peAeTiOnkav oe xpovo Tou KAIVIKA U-
moBeTape 0TI pia Sokipacoia ekTog avanveuaTipa Ba n-
Tav avekTn. To meipaua apxioe pe pia nepiodo 30 Ae-
nTwv pe 10 avanvoeg AYA' oTn guvexela, oTav mapa-
TNPAONKe oTaBepoTNTA .TOU TUTIOU TNG AVATIVORS Kal
TOoU TehoekTveuoTikoU CO,, To avamveuoTiKO KUKAwPa
diakorrovrav kal kataypagovrtav n Py, Meta Tig pe-
TpRoeig TNG Py Kal Twv xpovikwv GAacewv Tng ava-
mvong, n ouxvotnta Tou AYA eAatTwvoTav oe 5 ava-
MVOEG/AenTO kal oTn guvexela oe O avamvoeg/AemTo.

2e kAOe pia amo auTeg Tig ouxvoTnTeg AYA, o ava-
TTVEOPEVOG OYKOG Kai N por kataypadoTav yia avaiu-
on peta and 30 AenTtd kal povo epocov évag aTabe-
pOg TUTOG MapaTnpouvTav emi 10 AenTd TouAdyioTov.

O1 pégeg TIMEG Tou avamvedpevou oykou (Vi), ei-
onveuaTiKoU Xpovou (T;), oAIKAg S1ApKeIAg avanveuaTi-
koU kUkAou (T,) ka1 peong eionveuaTikig pong (V,/T,)
utroAoyilovTtav e kaBe guxvoTnTa AYA Xpnoipormolw-
vtag 5-10 diadoxikeg avanvoég. H Py, nrav n péon -
pun 5 peTproewv.

MeTta 1o neipapa n Siadikacia anmoduivdeong cuve-
x1¢oTav pe Tn peBodo mapoxng O, and ocwAnva T kai ol
aoBeveig SiaipeBnkav yia avaAuaon oe 2 opadeg. H pia
nepieAaBe 9 aoBeveig Tou aAMOCUVSEDNKAV EMITUXWS
(AE) yeoa ato enopevo 24wpo kai n dAAn opdada mepie-
AaBe 8 aoBeveig mou ametuyxav va amoouvéeBolv
(AA). 2e kGBe opada umoAoyioTnKav ol HECES TILES KAl
o1 oTaBepeg amokAioeig Toug (SD) yia kaBe petaBAnTn.
XpnoiyomomnOnke 1o Student’s t test yia va mpoadio-
picel TN OTATIOTIKA onpacia Twv Siadopwy PeTagu
Twv U0 opadwy, pe SiIdpBwaon kara Bonferonni yia
moAAamAég ouoxeTioelg: p < 0,005 Bewpnbnke cav
OTATIOTIKA ONUAVTIKO.

AmnoteAeocuarta

"OAd Ta amoTeAéguATA amo TN HEAETN Twv agBevv
pag mepiAapBavovtai otov lNivaka 1.
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Mivakag 1. MetaBoAég aTic XPA kai avamnveuoTikR won oTn Sidpkeia AYA (IMY)
AYA (avanvoég/AemnTo)
10 5 0]
AA AA AE AA AE AA

T, sec 0,850 £ 0,182 0,772 £ 0,182 0,881 + 0,230 0,780 + 0,203 0,800 + 0,205 0,691 + 0,230
T/ Tiot 0,402 £ 0,085 0,389 + 0,078 0,421 + 0,104 0,391 £ 0,071 0,392 + 0,084 0,366 + 0,062
R (avarvogg/min) 30+9,2 31,3+£45 298+ 74 314+54 308+ 8 341+77
Vi ml 404 + 164 419+ 112 459 + 190 446 = 150 462 + 212 445 + 462
Ve, L/min 11,1+ 3,6 13,2+ 2,3 129147 14 + 4,5* 14,2 £ 5,7 15,2+ 49
V1/T,, ml/sec 487 £ 109 557 £ 172 ‘513 + 133 591 + 237 576 + 207 715 + 365
Po.s cmH,0 46 +1,6 10,3 £ 4,4** '5,4+1,7 10,9 £3,9**  6,41+224 13,2+ 4,4%*
Po,1/V1V,, emH,0/L:isec 10,5 + 3,1 187 +£102* "™23+4,07 223+133* 12,5+ 6,36 23,7+ 16,0
FeCO,, % 3.67+6,9 4,1 +1,01 393+102 437+ 117 398+108 445+1,18

AE = anodeopeubévTes emTuytig
AA = anodeopneuBévTeg avemTuxwg
* t-test petagu AE kai AA (* p < 0,05, ** p < 0,001)

+ Kara Celyn t-test (+ p < 0,05) oToug AE peragu 10-5 kar 5-0 avanvowv/min kai oToug AA petal 10-5 kai 5-0 avarnvo-

wv/min

"Otav ouykpivoupe Tig SUo opddeg, n Po,1 daiveran
nwg aroTeAei évav KaAd SeikTn emTuxoUs anooUve-
ong' ol acBeveig TTOU AMETUXAV VA ATTOCUVSEBOUV €i-
xav Pg 1 pikpoTepn amd 8 cmH,0 oTn Sidpkeia Twy 10,
5 ka1 0 avanvowyv AYA, evw o1 8 aoBeveic mou améTu-
xav va aroouvéeBolv eixav Py, peyaAitepn amd 8
cmH,0 TouAdxioTo kard Tig mepIdSous pe 5 kar O
AYA.

H Po,1 augavoTav kai oTig U0 ouadeg 600 n cuxvo-
TnTa Tou AYA eAatTwvoTav. H péon avamveuaTiki
pon (V1/V|) Bpébnke, emiong, xaunAdTepn oTnv opdda
AE, aAAd ol Siadopég Sev ATaV GTATIOTIKA ONMUAVTIKEG.
O katd Aento aepiouog (Vi) Arav peyaAUTepog oToug
aoBeveig TOU AMETUXAV OTATIOTIKA ONUAVTIKA uovo
OTNV EMTUXWS amoouvdeBeioa opada aocBeviv.

O1 péageg TipEg Tou T, kai T,/ T, Sev Bpédnkav onua-
VTIKG 81aOopETIKEG OTIG U0 opddeg, mapd Tnv Tdon
oTnv AE va epdavioTel pe uwnAoTepeg TipEg. H oTaBe-
POTNTA Toug, emiong, Seixvel 6TI kAl OTIG SUO opadeg n
AuTOHATN AvVaNVeUOTIK ouxvoTnTa Sev peTaBAROnke
ONUavTIKa oTn SIApKeIa TNG PEAETNC.

H petaBoAn Tng aguxvotnTag Tou AYA Sev eixe on-
MavTiki emiépaon oTn xNuikn won (FgrCO,), oUTe ol ME-
0€G TINES SiEdepav onuavTika oTig 2 opddes. H ava-
MVEUOTIKA adpavela —o A6yog Py ;/Vi:T— Bpébdnke
onpavTika ynAoTepn katda tn Sidpkeia OAwV Twv GU-
xvotATwv AYA otnv opdda Twv agBeviyv Mou améTu-
Xav TeAika va anoouvéeBolv. O GAAeg avamveuoTikES
napdueTpol Sev epdpAavicav oTaTIOTIKA a&iohoynoipeg

Sladopég petalu Twv SUo opddwy. To F,0, eixe Taon
va eivar ynAdTepo otnv AA opdada.

ZulnTnon

Ano6 Ta anoTeAéoparta pag pavnke 6TI, mapd To OTI
mAnpoucav Ta oupBatika kpITApIa anoclvéeong anod
TO UNXAVIKO aepIgud, o aoBeveig pe XAl mou amétu-
Xav va amoouvéeBouv eudavilav uwnAdTepeg TIpES
Po.1. Ve kai Py 1 /V1:T, ouykpivouevol pe Toug ETTITUXWS
amnoouvéeBevteg atn Sidpkeia AYA pe 10, 5 kai O a-
vanvoeg/Aento.

H uwnAn Py, oToug aoBeveig mou amétuxav va a-
moouv6eBolv pmopei va anodoBei oe: 1. Aufnuévo
Hnxaviko gopTtio, onwg davnke amd Tn peyaAuTepn
SpaoTikn pnxavikn adpaveia (Po1/V1:T) oToug acBe-
Vveig TN opadag AA. Ze aoBeveig, 6w, pe aTabepo-
noinpévn XAT ol MPooTIBEEVES €I0TIVEUTTIKES QAVTI-
otdoeis oTn Sidpkeia enaveionvorg CO, Sev aufdvouv
v anavtnon g Py, atnv unepKanvic17. 2. Mikpdre-
pn FRC kar BeAtiwon Tng oxéong SUvaung-unRkoug Kai
MMAKOUG-TAGNG TWV EICTIVEUCTIKWV UGV, Epeig VOMi-
Coupe 0TI 0 UYWNAOTEPOG ABYOC Po.1/ V1T, oToug aoBe-
VEIG Pag Tou améTuxav va anoouvéeBouv umodnAdvel
au&nuéves avTioTAOEIG OTIG AepodOpes 050UC, YEYOVOg
Tou 0bnyei Ge Mveupovik umepSiataan pdAAov mapd
Tn peiwon tng FRC. 3. Auénuévn avanveuortikn won
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oav anmavtnon ge augnuevo punxaviko ¢opTio. 2e ofeia
avamnveuoTiki avendpkeia n veupopuikn won (Py4) €i-
val oAU utpn)xr']g, aAAda peiwvetal otadlakda pe Tnv a-
vappwon o€ TIJEG CUYKPIOIPEG ' AUTEG O€ 0TABEPO-
moinpévn kardotaon’. $Tn SIAPKeId TN AMOSETHEU-
ong amd unxaviko aepiopd acBevwyv pe XAT katadei-
XTNKE TEAEUTAIA UWNAN POJS'6 kal BewpnBnke oav on-
MEI0 KOTTIWONG TWV AVATIVEUCTIKWY HUWV.

2Tn SIKM pag PEAETN ol TIFES TNG Py 4 ATav uwnAoTe-
PES Ao auUTEG ToU Bpnkav c'l)\)\0|5'6'1(j Ox! HOVO aTOUg
appwWoTOUG Mou amoouv&eBnkav emTuxwes aAAd xai ge
000UGg ameETuXav oTnNV MPOCoTIabela auTh.

H acupdwvia odeileTal mBavov €€ icou oe Siado-
PEG ToU TTANBUCOHOU Twv PeAeTnBEVTWY aoBevwv (..
070 BaBuo epeBiouol Twv XNUEIOUTOSOXEWV i} OTOV TU-
o Kal coBapoTnTa Tng UTToKeipevng vooou). Eueig pe-
AeTnOape emTmA€ov Toug acBeveig pag otn SiApKela
TTIPOOSEUTIKNG Heiwang Tou puBuou Tou AYA kal T0go
n Po4 000 kai n péon eignveuoTikn pon (V1:T) mapou-
giacav auinon o€ KABe TPAYUATOTIOIOUMEVN HEIWON
Tou puBpou Tou AYA, evws To TEAOEKTTVEUOTIKO Sl10&e€i-
810 Mapépeive oTadepd’ .

H avanTtuén avanveuoTikAg AVveTTapKeiag OXeTI{OME-
VNG LE KOTIWON TWY AVATIVEUOTIKWY HUWV guvodeleTal
and xapaktnpioTikd TUTo avanvonrg. O1 Tobbin kai
guv. ~ TIEPIEYPAYAV AMECTWS PMETA TN SIAKOTIR TOU JN-
XQVIKOU dePICHOU auTwyV TwWV AppWOTWYV TTOU arnoTuy-
XAavouv TeAIka va amoouvdeBouv eva pikpoU Baboug
emmoAaio TUTo avarnvong. O KaTd AenTo aepiouog dev
MeTeBANON 0TI U0 opadeg Mou PeAeTAOAUE, AAAd o
AvVATVEOUEVOS OYKOG NTAV UIKPOTEPOSG EVW N AVATIVEU-
OTIK OUXVOTNTA UWNAOTEPN GTOUG ATTIOTUYXOVTEG TE-
Alk@ va amoouvéebouv.

O1 acbBeveic AA epdaviav uypnAoTepes TiNEG P,
ouykpivouevol pe auteg Twv AE. Kai o dUo opddeg ei-
Xav Tnv ikavétnTta va augavouv tnv Py, kabwg peiw-
veTal o puBuog Tou AYA' ge avtiBeon Opwg POVo ol a-
06eveig ToU TeAIKA amoouveeEBnKav emTUXWS auénoav
TN MEON eloTIVEUOTIKN pon (To V1/T, Bewpeital 0T amo-
TeAei pn euaioBnTo S€IKTN TNG AVATIVEUCTIKAS WONG O€
aoBeveig pe TIVEUUOVIKR VOOO HIAG KAl OF SIaTAPAYES
TNG MVEUMOVIKNG A€IToupyiag propei va nmapepBaivouyv
oTN UNXAVIKA METATPOMN TNG VEUPIKAG SpacTnpioTnTag
oSNywVTag O€ UTIOEKTIUNGN TNG AVATVEUCTIKAS WONG)
KAl auToi ol aoBeveig povo epdaviocav pia TPoodeuTi-
KN.oNPavTikn augnon oTov avamnveouevo OYKo.

O Aoyog T,/T,,, ATav mapouoiog oTig SUo opdadeg a-
0Bevwv. AuTog ovouddeTal Kal evepyog XpPOvog, MIAg
Kal O€ixvel To KOPUATI TOU avamnveuoTikoUu KUKAOU OTO
o10io S0UA€UOUV Ol EICTIVEUGTIKOI JUG.

To T/T,: Kal 0 AOYOG TwWV PETABOAWV TN EICTIVEU-
OTIKNG TTIETNG TIPOG TN MEYIOTN EICTIVEUOTIKI TIIEOT) EXEI
SeixTei TeAeuTaia OTI €ival €€ iCou OnNuUavTikA cav
TPOCSIOPIaTIKOI TTAPAYOVTEG TNG KOTIWONG Twv ava-

MINEYMQN Teuxog 3o, Touos 3og, lovAiog-SenréuBpios 1990

TIVEUOTIKWV puu’uvw, KAl TO YIVOUEVO TOUG TTOU OVOMA-
Cetar &€ikTng TAong-xpovou (tension-time index, TTI)
€x€l xpnoiuoroinBei wg peco mPOoRAewng Tng mMOavo-
TNTAg avanTuéng K(')nwcngm. H péon 1ipA Tou T/ T N-
Tav napopoia oTig dUo ouadeg aoBevwy pag avegdp-
™NTa anod Tnv €ékBacn Tng Mpoomndabeiag amoouvdeong,
SeixvovTtag ot kamola auénon oTov evepyo Xpovo Sev
anoTeAei TTPOyvVwOoTIKO S€iKTN emTUXOUG AmOSETHEU-
ong amo PNXAaviko aepiouo.

JUMTEPAIVOUE, TEAIKA, 0TI 0Tn SIAPKEIA TIPOOSEUTI-
KNG HEiwoNg Tou puBpoU Tou SIOAAEITTOVTOG UTTOXPEW-
TIKOU aepIopoU, ol aoBeveig pe emTuxn TeAikn exBaon
anmoouvéeong epdavifouv xaunAoTepn mieon anodpa-
&ng aepodopwyv odwv (Py ;) ouykpivopevol B’ ekeivoug
mou améTtuxav va amoouvéeBouv. AuTtn n opada a-
cOevwyv pmopoloe emiong va auinoel Tn MEon €l-
onveuoTiki pon (V1/T)) kai Tov avarnveouevo oyko (Vy)
KaBuig eAaTTwvoTav 0 apiBuodg Tou AYA. To Py, /VrT,
BpeEBnke uwnAoTEPO OTOUG ATBEVEiG MOU aMETUXAV va
amocuvéebouyv, yeyovog mou urodnAwvel 0Ti ol Tabo-
AOYIKEG WNXAVIKES ISIOTNTEG TWV TIVEUMOVWY ATTETEAE-
gav TOV KUPIapXO UTIOKEIJEVO UNXAVIOPO amoTuyiag
NG &1adikaciag Tou amoyaAakTIoHOU.
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Respiratory drive during intermittent mandatory
ventilation can predict a sucessful weaning of patients
with chronic obstructive pulmonary disease (COPD)

D. PATAKAS, E. MAVROFREDES, M. KAKOURA, D. GEORGOPQULOS, H. KAKAVELAS

SUMMARY

We studied the timing and drive changes during progressive decrease in IMV rate in or-
der to determine their predictive value for weaning outcome from assisted ventilation of
17 mechanically ventilated COPD pts who met the standard weaning criteria. Measure-
ments were performed on IMV rate of 10, 5 and O breathes/min. Pts were divided into
two groups according to their outcome in the next 24h; A. The Successfully Weaned
(SW) —9 pts— and B the Failed to Wean (FW) —8 pts—. There was no significant change
in timing (T;, T;/T,,) and in F;;CO, (chemical drive) between the two groups. In contrast
mean inspiratory flow rate (V;/T,) was significantly increased only in the SW group. The
mouth occlusion pressure (P, 1) was increased in both groups while IMV was rate decrea-
sed, but the SW pts had a P, , less than 8 cmH,0 and the FW pts had a P, , greater than 8
cmH,0 throughout the study. Inspiratory impedance (P, ,/Vy:T|) and V; were significa-
ntly higher in the FW group. We suggest that the high P, , in the FW group is due proba-
bly to the increased mechanical load.

We conclude that P, ; is a good predictor for weaning outcome from assisted ventila-

tion in COPD pts.

PNEUMON (1990) 3:20-25

The Intermittent Mandatory Ventilatilation (IMV)
allows the patient to breath spontaneously while
receiving periodic mandatory breaths from the
ventilator.

IMV has gained widespread acceptance as a
method of weaning patients from mechanical venti-
lation. It is claimed that IMV prevents respiratory
alcalosis during mechanical ventilation' by allowing
patients to determine their own CO, tensions,

From the Respiratory Failure Unit, Dept. Internal Medici-

ne, University of Thessaloniki, Thessaloniki, Greece,
G.H. «G. Papanikolaou»

improves ventilatory responsiveness to carbon diox-
ide” and these are the reasons that it shortens the
weaning time more than the T-piece repeated trials
do’.

About 20% of patients who undergo mechanical
ventilation are unable to tolerate its discontinua-
tion'. The research for predictive variables has
increased and various tests have been proposed as
indicators of these patients who can be succefully
weaned from the ventilator. Murciano and col-
legues® have shown that the EMG changes which
are characteristic of respiratory muscle fatigue
accompanied by a high airway occlusion pressure,
known as P, (by convention measured 0.1 sec from
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the onset of inspiration effort) Sassoon and co-
workers® have lately confirmed the usefulness or
Po,1: 5 of 12 patients in which weaning was unsuc-
cessful had a Ry, above 6 cmH,0, whereas the
remaining 7, who weaned successfully, had initial
Po1 below 6 cmH,0. It seems that patients with
COPD and high Pg,. trend to develop resriratory
muscle fatigue during weaning.

The purpose of this study was to determine
wheather changes in respiratory drive (Po1) and tim-
ing (T,/T,,) during progressive decrease in the rate
of IMV is a useful predictor factor for successful
weaning from assisted ventilation in patients with
COPD who met the standard weaning criteria.

Methods

We studied prospectively seventeen patients with
acute respiratory failure due to chronic obstructive
pulmonary disease (COPD). All of them were fully
informed and agreed to take part in the study. Five
were females and twelve males with a mean age 61
years (range 38-73). All patients were intubated
with oral endotrachial tubes (8.5 mm) with low
pressure cuffs and were ventilated using a Siemens
servo-ventilator 90 C. Endtidal carbon dioxide con-
centration (FgCO,) was continuously recorded using
a Godard Statham infrared analyser. Inspired oxy-
gen concentration (F;0,) was adjusted between 0.4-
0.5 in order to maintain an ear Sa0, > 94% which
had been monitored with a Hewlett Packard ear
oxymeter. Airway pressure was measured with a
gas transducer proximal to a pneumatic valve,
which was used for flow interruption at the end of
expiration. Air flow and tidal volume (V;) were mea-
sured in line with endotracheal tube with a pneumo-
tachograph, pressure amplifier and flow integrator
(Hewlett Packard 8815A). Pressure, volume and
flow curves were recorded at a speed of 25
mm/sec. Py, was recorded at a speed of 100
mm/sec.

Patients were in a supine position, the airway was
aspirated and no sedative or muscle relaxant drug
had been given for at least 24 hours prior to the
study. All our COPD patients had met the standard
weaning criteria: maximal inspiratory pressure > 20
cm H,0, FVC of at least 10 ml/kg and were stable
haemodynamically (mean arterial blood pressure >
90 mmHg and absense of arrythmias). Patients were
studied when clinical opinion suggested that it was
the appropriate time for discontinuing the mechani-
cal ventilation.
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The experiment started with a 30 min period on
10 IMV breaths per minute, then, breathing pattern
and FgCO, were observed to be stable, the brea-
thing circuit was ocluded and Py, was recorded.
After Py, and respiratory timing were measured,
IMV rate was reduced to 5 breath/min and then to O
breaths/min for 30 min each. If there was a stable
pattern for at least 10 min, V; and flow were
recorded for analysis in each of these IMV rates.

Mean values of V, inspiratory time (T)), total res-
piratory cycle duration (T,) and mean inspiratory
flow rate (V/T)) were calculated at each IMV rate
using 5-10 consecutive breaths; P,; was the mean
of 5 measurements.

After the experiment, the weaning procedure con-
tinued with the T-piece method and the patients
were divided for analysis into two groups. The one
included 9 pts who were successfully weaned (SW)
in the next 24 hours and the other group included 8
pts who failed to wean (FW). Group means and
standard deviation of the means (SD) for each varia-
ble were calculated. Student’'s t test was used to
determine the significance of differences between
groups.

Results

All our patients results are summarized in Table 1.

When we compare the two groups, the Po1
appeared to be an excellent indicator for successful
weaning; pts who successfully weaned had a Py,
less than 8 cmH,0 during 10, 5 and O IMV period,
whereas all 8 pts who failed to wean had Py,
increased in both groups as IMV rate decreased:
there was a statistically significant increase of Po.1
between the IMV rates of 10 and 5 bpm in the SW
group (p < 0.05) and between 5 and O in the FW (p
< 0.01).

In addition V./T, was lower in the successfully
weaned pts but the difference was not significant.
Mean inspiratory flow rate (V;/T)) in the group of
SW pts increased from 487 + 109 during 10 bpm
IMV to 513 = 133 ml/sec during 5 bpm IMV (p <
0.05) and increased further during O IMV to 576 +
207 ml/sec (p < 0.05). In contrast the changes in
V:/T, in the group of patients who failed to wean
were not significant.

Minute ventilation (V¢) was higher in the pts who
had failed to wean; during 10 dpm in the success-
fully weaned pts Vg was 11.1 = 3.6 and in those
who had failed to wean 13.2 =+ 2.3 1/min (p <
0.01). The corresponding values during 5 and O dpm
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Table 1. Change in timing and drive during IMV

TINEYMQN Teuxos 3o, Touog 3og, louAog-ZentéuBpios 1990

IMV (breaths/min)

10 0
Sw FW SW FW Sw FwW
T, sec 0,850 £ 0,182 0,772 £ 0,182 0,881 + 0,230 0,780 £ 0,203 0,800 = 0,205 0,691 *+ 0,230
T/ Tiot 0,402 = 0,085 0,389 + 0,078 0,421 £ 0,104 0,391 £ 0,071 0,392 + 0,084 0,366 + 0,062
R¢ (breaths/min) 30+9,2 31,31t 45 298+ 74 31454 30,88 34177
Vi ml 404 + 164 419 £ 112 459 £ 190 446 = 150 462 + 212 445 + 462
Vg, L/min 11,1 +£36 "132+23 12,9 £4,7 14 + 4,6* 14,2 £5,7 15,2 +4)9
V:/T,, ml/sec 487 £ 109 557 £ 172 513 + 133 591 :x:237 576 + 207 715 £ 365
Po,1 cmH,0 4616 10,3 £ 4,4** 5,4+ 1,7 10,9 £ 3,9 6,41 +£224 132+ 4,4%
Po.1/V1:V, cmH,0/L:isec 10,6 £ 3,1 18,7 £10,2* "123+£4,07 223+133* 125+6,36 23,7 £ 16,0
FeCO,, % 3,67 £6,9 4,1 +1,01 3,93 £ 1,02 4,37 £1,17 3,98 £ 1,08 4,45+ 1,18

AE = successfully weaned
FW = failed to wean

* t-test between SW and FW patients (* p < 0,05, ** p < 0,001)
+ Paired t-test (+ p < 0,05) between SW at 10-5 and 5-0 breaths/min and between FW at 10-5 and 5-0 breaths/min.

IMV rate were 12.9 = 4.7 vs 145 + 4.5 (p < 0.05)
and 14.2 = 5.7 vs 156.2 £ 4.9 (p < 0.05). V¢ was
increased only in the FW group between 10-5 bpm
(p < 0.05).

V7 was significantly increased only in the success-
fully weaned group of pts and when IMV rate was
decreased from 10 to 5 bpm.

The mean values of T, and T,/T,,, were also not
significantly different in our two groups; there was a
tendency for the SW group to present with higher T,
and T./T,. The stable T, and T,/T,, indicate that
spontaneous respiratory rate was not significantly
changed during the period of study in both groups.

As IMV rate decreased progressively from 10 to O
bpm there was no significant change in FgCO,
between the two groups. During 10 bpm IMV in the
SW group Fg;Co, was 3.67 + 0.9%, increased to
3.93 £ 1.02 with 5 bpm IMV and 3.98 £+ 1.08% with
O IMV. These changes were not statistically signifi-
cant. The corresponting values of the FW group
were 4.1 + 1.01, 437 + 1.17 and 4.45 + 1.18;
these values were also not significantly different.
The IMV rate thus had no significant effect on chem-
ical drive.

The inspiratory impedance (P, ;/V;:T)) was signifi-
cantly higher during all IMV rates in the group of
patients who failed to wean.

The other ventilatory variables did not achieve sta-
tistically significant differences between both groups.

The F,0, tend to be higher in pts who failed to
wean.

Discussion

Our results indicated that despite meeting the
standard weaning criteria, patients with COPD who
failed to wean had higher Py,, VE and Py,/V:T,
values than did the successfully weaned patients
during 10, 5 and O bpm IMV. There was also a trend
for a lower T/T,, in patients who had failed to
wean.

The high Py, in the patients who failed to wean
may be ascribed to: 1) increased mechanical load, as
indicated by the higher effective inspiratory impe-
dance (Pg/V7:T)) in our patients who failed to wean.
However in patients with stable COPD added inspi-
ratory resistances during CO, rebreathing do not
increase the Py, response to hypercapnia7. 2)
Smaller FRC and improvement in the inspiratory
muscle force-length and length-tension relation-
ship. We feel that the higher Py,/V+:T, ratio in our
pts who had failed to wean suggests increased ari-
flow resistances that led to hyperinflation rather
than to decrease in FRC. 3) A high respiratory drive
in response to increased mechanical load. During
acute respiratory failure the neuromuscular drive
(Po+) is very high8. With recovery Py, was decreas-
ing substantially to values comparable to those in
stable state’. A high P, ; in patients with COPD dur-
ing discontinuation of mechanical ventilation dem-
onstrated recently’® and was considered as a sign
of muscle fatigue.

In our study Py, values were higher than those
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reported by others;g,, not only for patients who
successfully weaned but also for those who had
failed to wean. The discrepancy was probably
related to same extent to differences in the patient
population (ie to the degree of chemoreceptor input
or to type and severity of the underlying disease).
We had also studied our patients during progres-
sive decrease in IMV rate and the Py; and mean
inspiratory flow rate (V;/T) increased with each
decrease in IMV rate, whereas Fg;CO, remained
constant'".

The development of respiratory failure related to
respiratory muscle fatigue has been associated with
characteristic breathing pattern. Tabbin and asso-
ciates'” demonstrated immediately following discon-
tinuation of mechanical ventilation in those patients
who failed to wean shallow breathing pattern. Minu-
te ventilation remained similar in the two groups but
Vr was lower and respiratory frequency was higher
in the pts who failed the weaning trial. Patients who
had failed to wean had higher Py, when compared
with Py; of pts who successfully weaned. Both
groups had the ability to increase Py; as IMV rate
decreased; in contrast only patients who success-
fully weaned increased the mean inspiratory flow
rate (V1/T, is considered to be an insensitive index
of respiratory drive in patients with pulmonary di-
sease, as dearrangement in lung function may inter-
fere with the mechanical transformation of neural
activity heading to underestimation of respiratory
drive) and these patients only demonstrated a pro-
gressively significant increase in V.

Ti/T.x was similar in the two groups of patients.
The T,/T,, ratio is refered as duty cycle, as it is indi-
cating the portion of the respiratory cycle when
inspiratory muscles are active. T,/T,,, and the ratio
of inspiratory pressure swings to maximal inspira-
tory pressure have recently been shown to be
equally important as determinants of respiratory
muscle fatigue', and their product, termed the
tension-time index, has been employed as a means
of predicting the likelihood of developing fatigue.
Mean T/T,, was similar in the two groups of
patients irrespectively of weaning outcome, indicat-
ing that an increase in the duty cycle is probably an
uncommon determinant of a successful weaning.

In conclusion, during progressively reduced IMV
rate, patients with successful weaning outcome had
lower Py, when compared to those who had failed
to wean. This group of patients was also able to
increase mean inspiratory flow rate (T,/T,,) and tidal
volume as IMV rate decreased. Since Po1/Ti/ T
was higher in the patients who had failed to wean,
this suggests that abnormal pulmonary mechanics
was likely to be an important underlying mechanism
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of weaning process failure.
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AvVagKomnNon:
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Mnxavikog aepiouos vwnAng cuxvornras (HFV)

KOYTZOYKOY ANTQONIA

Eicaywyn

H eicaywyn Tou pnxavikoU aepiopol BeTIKAG TTieang
oTnNV KAIVIKN TTPAgn CUMPTITITEl e TNV eménuia mMoAlo-
MueAiTidag otnv Komeyxdayn 1o 1952. Ano 16Te o1 au-
ENpéEveg amaiTnoelg Kal n avaykn eueAi§iag kata Tn xpn-
on odAynoav OTO OUVEXN EKTUYXPOVIOMO Twv ava-
TIVEUOTAPWY HE amoTEAeCUa onuavTiki mpoodo oTnv
QVTIMETWITION TNG AVATVEUTTIKNG AVETAPKEIQG.

Puoika, kata Tn ouvdeon Tou acBevoug e Tov a-
VamnveuoThApa, N anapaiTnTn mieon yia Tnv mpowdnon
TOU aepiou TMPOKAA€i TeAeiwg S1APOPETIKEG TUVONRKEG
WG TMPOG TN PNXAVIKR TOU avamnveuoTIKoU OUCTAHATOG
Kal TNV KUKAoopia, o€ aoxean pe TiIg GUCIOAOYIKES. " E-
TOI, €VW N ATOTEAECUATIKOTNTA TOU OUVeEXOUS aepl-
opoU Betikng mieong (PPV) oTtn BeATtiwon Tng ofuyod-
VWONG TOU aipaTog Kal Tn MEIwWon Tng TVEUHOVIKNAG
dAeBikng Mpoopigng (shunt) Bewpeital avapdionTn-
TN, oTNV MPA&N n edapuoyn TOU MAPOUCIAlel OUYKE-
KPILEVA HEIOVEKTAMATA:

1. H mapoxn Tou avamveouevou OyKoU HE aywyr TS
a€plag padag exel ouXva oav amoTeEAeCcpa TNV a-
VOMIOIOYEVR KATAVOMN TNG OTOV TIVEUUOVA KAl TN
Siatapaxn Tou Adyou aepigpou/aipatwong (V/Q)
ME OUVETIEIO TNV AVETIAPKEIA 0EUYOVWONG KAl a€-
pIooU o€ BapIiég MVEUPOVOTIAOEIEG.

2. H xopnynon peyalou avamveopevou oOykou &n-
MIOUPYE UYNAEG eVSOTIVEUOVIKEG TIETEIG € TIOA-
vO amoTéAeopa Snuioupyia BAGBNG ek TETEWS
(barotrauma) ka1 SiaTapaxn TNG KAPSIAYYEIAKAS
Aeitoupyiag. EmmAeov Snuioupyei mpakTikég Su-
OXEPEIEG OTOV QEPIOPO a0BevWwV HE EKTETAPEVA
Tpaxeioolcopayika 1 Bpoyxo-ume{wKoTIKG cup-
piyyia.

3. H Taxeia Siakupavon Tng kuweAidikng mieong u-
mofdAAel Tov mvelpova o€ emevalapBavopevn Ta-
on Tou éxel amodeixBei OTI eival mapdyovTag
TIVEUHOVIKNG B)\dBng1’2.

4. H anapaitnTn mapoucia Tou evooTpaxeiakoU ow-
Afva eival SuvaTov va Teplopicel TN XEIPOUPVIKN

npoafacn oe media mou apopouv TNV TPaxeia Kal
TO Adpuyya.

Ta mpoBAfuata autd ouvioTolv, peTafl AAAwv,
TOUg AOYOUG ToU UTIAyOPEUTAv TNV avaykn yia Tnv e-
§eUpeon piag AUong mou Ba S1aTNPOUCE eV TA €UVOI-
K& armoTeAéoparta Tou PPV, 600ov agopd Tov kuyeAidi-
KO aepIopd Kal TNV avraAlhayn Twv aepiwv, evw Ta-
paAAnAa Ba amépeuye TiIg avemBUuNTeS evépyeleg. H
avalitnon Tng AUong auThAg amoTéAEdEe TO Evaucua
yia Tnv avantuén Tou pnxaviopoU aepiopol’ UWnARg
ouxvotntag (HFV).

"Evvoia kail mapaAAlayég tou HFV

O HFV ouvioTta pia peBodo unxavikol aepigpou
ou Xpnaiyotiolel xaunAoUg avanveopevoug OyKoug
(V+) (iooug 1 kar dikpOTEPOUG AMd TOV OYKO TOU VEKPOU
XWPOU), XOpNYOUHEVOUS pe UWNAR guxvoTnTa. AmaiTei
€161KoUG avanveuoTAPES Tou xapaktnpiovtal amod pi-
KPO €OWTEPIKO OYKO Kal pn SIaTACIHOUS oywvoUgs. H
ouxvoTNTA TOU Xxpnaoldormoleital ouvhRBwg eival TeTpa-
MAACIa TNG AVApEVOPEVNG avanveuaTIKAG GUXVOTNTAC
TOU OUYKeEKPIPNEVOU aoBevoug, umid GpuUOIOAOYIKEG GUV-
Bnkeg. H emAoyA autn, av kai ev uépel auBaipeTn, Ba-
oiCeTal oTNV KaBiepwPEVN TIPAKTIKA TTOU akoAouBeiTai
amo moAAoug epeuvmégwﬂ

Ynapxouv T€Eaaepig Baaikoi Tumol HFV.

Mnxavikés aepioucs uwnins ouxvoTntag Betikiig rie-
ong (HFPPV)

To 1967, o1 Sjostrand «ai quepydTeg12, Katd Tn
SIAPKEIa TIEIPAPATIKWY HEAETWV €M TOU AVTAVAKAQGTI-
KOU TOU KapwTISIKOU KOATIOU 0€ OKUAIG UTTO pNXavIKD
avarnvon, avTINeETwIoav TNV avdaykn va amopUyouv
TIG TAUTOXPOVEG HE TIG AVATIVEUTTIKES KIVIOEIG PeTaRo-
A&G TNG apTnpiakng mieong. Mpog To okomd auTd eAAT-
Twoav 70 V¢ 0To eminedo Tou vekpol XWPou He Ta-
PAAANAN al&non TNg avarmveuoTiKAg CuXVOTNTAG Oe€
60-100 avamnvoég 1o AemTo (a.a.A.) yia Tn SiatApnon
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TOU KaTa AenTov aepiopol. O1 epeuvnTéS TTapaTtnpn-
oav 0TI ATav SuvaTov va S1aTnpPoouV enapkr ofuyo-
vVWwaon Kal aEPIoPO yia MMAapATETAPEVO XPOVIKO SIAoTNUa
M€ XaunAOTepn PEYIOTN KAl PECN THEDT AEPAYWYWV KAl
Xwpig evéeigelg emidpaong emi Twv alyoSUVAPIKWY TTa-
papérpwy. EmmAéov, mapatnpnBnke ot n emiteudn
voppokanviag pye Tnv peéBodo autn 0dnyoloe oe TAR-
PN KaTaoToAR TNg autdpaTtng avanvorg. To MpwToTo-
PIOKG auTo Meipapa ATAv N MPWTN TTPAKTIKA ehapuoyA
MIag VEOG TEXVIKNAG TTOU aPYyOTEPA &VIVE YWWOTH oav
HFV. Ta apxikd amoteAéouata emBeBaiwdnkav 1o
1971 and Tov Johnson kal Toug cuvepyaTeg Tou'"?
2nuepa yia To HFPPV xpnoiporoieital éva oUotnua
BaABidwv mieong (pneumatic valve) (oxAua 1). Katd
TNV €EICTIVON| TIEMECPEVO AEPIO XOPNYEITAl GTOV acBevn
MECW evog TMapdamAeupou aywyoU Tou oucTApaToc. H
eKTIVON TTapapével mabntikn Siadikacia mou, 6w Kal
0TNV QuTOMPATN avamvor, €ival amoTéAeoua Twv eAa-
OTIKWV I6I0TATWY TOU TIVeUova. TO eKTTVEOUEVO TEPIO

i
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Exnua 1. Exnuarikn napdoTaon Twv KUKAWPATWY TIOU Xpnoiuo-
roloUvTal oTa S1adopa €idn pnxavikol aepiopou uwnAng oux-
voTtnTag (HFV).

I: HPPV a: mapdanheupog aywyog, b: TPOG Tov evOOTPAXEIAKD
owAnva, ¢: piag katelBuvong BaABisa.

[l HFJV a: Aentog pn Siatdoipog KaBeTnpag, b: mapdanAeupn
TUAN yia TNV €i6060 TNG MPOGBeTNS aépiag padag mou cupnapa-
OUpeETal, C: MPog ToV evSOTPAXEIaKO owAnva, d: plag kateu-
Buvong BaABida.

III: HFO a: éuBoAo mou ekTeAei maAivépopiki kivnon, b: mapoxn
€1I0TIVEOHEVOU aepiou, ¢: €§080¢ ekTveouEvou aepiou, d: Tpog ToV
evooTpax€eIakd owARva.
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€§EpxeTal and Tov KUPIO aywyod Tou ouoTnuartog. Aev
napatnpeital cuppeToxn MPoabetng aépiag palag (-
nmwg ato HFJV, BA. mapakdTtw). Qotoco o napexoue-
vog OYKog Sev pmopei va mpocdiopiodei emakpiBwg
ylaTi éva PIKpO TTOOOCTO TOU €£EPXETAI ATIO TO EKTTVEU-
OTIKO TUARPA TG S1aTagng Aén kata 1o TeAog NG €10-
MVEUTTIKNAG pacng. To MOCgoaTo Tou XopnyoUpevou 0,
nmpodavwg kabopiletai and To F.0, Tou XOopnyoupevou
aepiou. ZuvnBwg edpapudletal ouxvoTnTa ™¢ TAéng
Tou 60-100 a.a.A. O V; eivar 3-5 ml/kg kai n avaro-
yia Tou xpovou eiomvong (T,/T,,) 0.15-0.35.

Mnxavikos aepioucs uwnArg ouxvoTnTas ue mpowon-
Tk ékxuon (HFJV)

2fjpepa eival n euplTepa XPNoipomoloUpevn TapaA-
Aayn Tou HFV. TéBnke oe meipapariki edpappoyn yia
TpwTN dopd 10 1967 and tov Sanders'® mou anedeite
oTI Atav duvaTov va SiatnpnOei IKAVOTIOINTIKA 0&UYO-
vwaon Kal aepiopog kartda tn Sidpkeia Tng BPoyxooko-
mNaNG Ue TN Xprion MEPIOSIKWY WaewV (jets) memeapé-
vou aepiou (15-50 psi). To aépio eicayetal péow €vOg
AenTou (14-18 guage) un Siatacipou KaBeThApa (oxn-
pa 1), evowpaTwpévou otV apxn i oTo MECO €VOg ev-
SoTpayelakoU ow)\hvaw. Mia BaABida porig (fluidic va-
Ive) i meoewg f pia nAekTpovikd eAeyxouevn BaABida
(solenoid valve) SiakomTel T pon oTov KaBeTnpa kartda
TAKTA Xpovika Siaotipara. H BaABida pubBpiletarl va
napapéver avoikth yia 50-400 msec mapéxovrag ETol
Mia miun T./T, 0.2-0.5 ge ouxvoTnteg 60-300 a.a.A.
Ta kopata (Woeig) Tou aepiou eumAouTiCovTal pe u-
SpaTpoUs e Wekaopd evog SIaAUpaTog duaioAoyikoU
0pPPOU 0TO TEAIKO AKPO Tou kaBeThpa.

2e kaBe xopnyolpevn wan, n aépia pdla mou €EI0EP-
X€Tal 070 TpaxeloowAnva pe uynAn Tax0iTnTa napacy-
PEl pia emmAéov aépia pada and To nepiBaAlov Tou a-
epaywyou, Bdaoel Tng apxng Tou Ventouri. H nmpooBeTn
TOTOTNTA EICEPXETAI OTOV €VEOTPayelakd owAnRva amnod
Mia mapanAeupn eiomnveuoTiky mOAR. To daivopevo
auTo mapartnpeitTal gtV apxn Tng €IOTIVEUOTIKAG pA-
ong, aAAa oTapara mpog 1o TéAog TNG, MapdAAnAa ue
TNV augnon Tng mieong oToug onepa\/uuyoug1
O V5 100UTa1 mpog To dBpoioua Tou XOPNYOUMEVOU Kal
TOU OYKOU TTOU CUUTIapacUpeTal Kal €ival ™™g Taéng
Tou 3-4 mL/kg. Mpodavwg n avahoyia Tou TEAIKWG
napexopevou O, eival ouvdptnon Twv F0, Twv Suo
auTwy, SIaPOPETIKIG MPOEAEUONS, HEPWY TOU Vi H
ekTIvon eival kal €dw madnTikA Siadikaaia.

YwnAng ouxvorntas unxavikog AEPIOUOS UE TaAGVTwW-
on (HFO)

H Texvikn autn mepiypddnke apxikd amo Tov
Lunkenheimer kai 6Toug GuvepydTeg Tou'’ 10 1972.
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