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OAHTIE: TIA TOY> :YTTPAOEI:

FENIKA:

KATHTOPIE'
AP@PON:

YNOBOAH
EPTAIION:

ANATYfIA:

1NEYMqN e(vor ro eriongo errornUovrK6 noprodrK6 rnq EAInvtKIiq nveulovoAoytxtig Etotpeioq Kctt rnq
Etr^lvrxrlg BpoyxoAoyrrng Erorpe(og. H enil\oyr1 qg 0Ar1q yivetot on6 tq Euvtoxrtxfl Enttpon{ rou nepto-

6rxori ge eu00v1 t<ov Ateuouvrdrv I0wo[qg Kql rov Ynerjouv<ov rrlq EKnot6euttxflq'Y)rr1g Kot rov Epeuvrltt'

x<iv Epyoouilv fiou optoenKqv on6 tq Arorxrlrrxd luUpo0trtq t<ov 60o Etotpettilv Ue Seni 0r1te(o.

H 0trr1 rou nepro6rror3 nNEYMON qvoqdperqr xotd x0pro tr6yo ot6 Avqnveuottxd ltiot41.to. H Otdp0p<oor1

qg 6trqg nepiloppdver 1),Ap1pa ztwa\4q, 2) ftputlruneg epeuvrpmiq, epYaoleq,, 3) Avaoxonl1oeG, 4) EK'

na6eunx6 Blpa, 5) Ev1orf{pouoeq, nepmtitoeq,. 'Ap0po o0vto[49, Avooxon{oetg, Er6txd 6p0po xqt'Ap-
opo exnotdeurrKorj reprexog6vou (Exnor6eutrx6 Brlpo)drlpoote0ovtot petd on6 yponti np6oxAnon trlq
Iuvroxrrxrlg Enrrponiq.

Ot l-1p<r:r6runeg epeuvrlrrx6g epyoo(eg xp(vovror on6 rouAdXtotov 60o oveEdptr1rouq xptt6g. Ot ev6to.OC'

pouoeq neprnr6oerg enrtr6yovror on6 rrg neprnrdloerg nou nopouotd(ovrqt ortq Atovoooxogetqxdq ouY'

xevrptiloerg Tnq Bpoyxo)royrxrlg Etorpeiog. Td dpopo sUvro€nq, td et6lxd dpopo, ot nptor6tuneq epYooieq

6rlprooLe6ovror otr6xLqpeg orrlv EAtrqvrx4 xor Ayyl,rxrl yAtilooo. Ot epeuvrltrx6g epyoo(eg rou urop6 Aov-

ror orq ElJrlvrxd go getoqpd(ovtot oto AyyAtrd 96oo oe 6vo p{vo on6 rrlq ono6oXtlg qg epyoo(og yto 611'

poo(euoq, ;re eu00vr1 rov ouyYpqqdov.

EPEYNHTIKEE EPI-AIIEI: nepr6Xouv xotd oetpd:

1) feii6o tftAou: Tirtrog, Ovd;.roro ouyypoo6ov orrlv ovo[oortxti, x6vtpo npo6treuonq, Ate0ouvon, rntr6'

Oovo Kriprou ouyypoQ6o yto entxotv<rrv(o.
2\ nepanqn: An6 100 6ro9 200 trd{erg nou 0d nepr6xer ouvontrxd to oxon6, Tn U60o6o, rq BqotKd onotetr6-

oUoro Kcu ro ougnepdopqro rnq epyoo(og (o rirAog, n repiAnqJn xqL n FrpltoYpo<|(o vo opX((ouv qn6 v6o

oetr(6o). Iro r6trog ttov neptArlrlleorv vo ovoypdqovrqt 5 touldXrotov tr6[etg rtret6t6.

3) Etooyayrt, 4) YALxd - M60o6oq, 5l AnoteAio1taru, 6) ZuQlvTo4' 7) BtpAtoypaQtu.
Or BrBl,roypogrx6g noponopn6q 0o yivovtor Ue ro o0otrlpo Vancouver 6r1tro6rl oto xe(gevo opt0po0vtot xo'

td oeLpd euedvrofiq rouq. Brpfuoypqoio on6 nepro6rxd: Metd tov opr0p6, qvoQcpovrot 6tro rolv6goto
rov ouyypoq6rov, o nlipnq rittroq tou dpOpou, n enionpn oOvtpr1o4 tou nepto6txor!, to 6ro9, o t6Boq, n

npcbq xor re,\eurq[o oetr(6o. n.1. 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.
Brp^roypoo(q on6 MovoypoQ(o: Apto969, ov6;toto ouYYpoQeov, ritl,og, opr0u6q 6r6oonq, o ex6ottx6g oG

xog, o r6nog xor to 6ro9 616oo119, oeA(6eg. n.X. 2. Nunn J.F.: Applied Respiratory Physiology 2nd Edition.

Mac Graw Hill, N.York, 1977,33-35.
BrptrLoypoqio on6 xeqdAoro prpA(ou: Apt0p6g, ov6poto ouyypoodov rou KeQo^o(ou, o t(tAog rou Keoo'

tro(ou, ln, o tirLog tou prpliou, or EnLotrlpovrxo( Zuvtdxreg (Editors), o qpt0p6q 6x6oor1g, o ex6otrx6g o(-

xog, o t6nog xor ro 6tog 6x6oonq roL oL oetri6eg.n.X.3) Gibson J.G., and Pride N.B.: Pleural, Alveolar and Sy-

stemic Diseases Af fecting Chest Wall Function: ln: The Thorax. Roussos C. and Macklem P.T. (eds) 1st edi'

tion.Marcel Dekker, New York, 1986, 1123'1133.

8) flivoxeq: No 6Xouv ooerl - eneEnyrlgorrr6 t(ttro ror vo ypd<petoL o ro06vog oe loptotti oeA(6o.

9) Erx6veg - Aroypdpporo: Ynopdtrtrovror os Ooroypqoieq I x 12 cm (3 ovdtuno), teXvtxd dtfoyeg. ZnUet<il-

verqr oro nioo p6pog Ue UqIqK6 ;rol,0pr, o qpt0u6q t4q, o t(tAog tou dpOpou xor o np<btog ouYYpq06oq Ko'

Qrilg xot to endvco g6pog out4g. Ot un6ttttrot tov etx6vtov (tre(6vteg) oe 1<optotti oetri6o.

Ilpoiinoo6oerg: lletpol.rorrx6q epyooieq oE qv0p6nouq r1 nerpouot6(too 0o np6ner vq ouvo6e0ovrqt Ue 6n-

lororl 6tL oxoAou0rl0lxov 6)rot or xov6veg rrlq entorrlUovtxqg deovtoloy(og o0;rrp<rlvo Ue ttq qpx6q rou Hel'

sinki. T6log rl epyqo(o 6ev 0o np6net vo 61er 6nUooreuOsi npoqyoug6v<og.

Or epyooieq yro 64pooieuo4,6oxrutroypog4p6veq oe 6lntr6 6r6orqyo Kot Ue eup0 nepr06pro, unop6llov'
ror oe 3 ov6runo (1 npor6tuno, 2 xol,rlg noL6rlrog Ooroovr(Ypqqq) orn Ate0Suvoq:

nEPIOAIKO aIINEYMONT
NANAAIAMANTONOYNOY 4
AOHNA 115 28

H 6ondvrl trlg nopoyyel(og ovor0nov pop0vet roug ouyypoge(q Kot n ouUQovio yiveror xoteu0eiov pe tqv
ex66rpro etorpe(o.
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Pulmonary Endothelial Aenoupyrrc6rnrq rou
Function in Health and
Disease

IOANNH: A. KATPABA:

To nr\Eov eooreprro orpdrpo rurv orpoQ6purv oyyei-
u-rv onoreAeirqr qno pio povd, ouveXrl ororBd5o ono
onAd nAqrdlSq enr0qAroro rurropo peoeyXuporrrdg
npoeAeuoeog, roAouprevo evSo0qArord xJrropo (EK).

Irov ovOpdlnrvo nveOpovo, rq EK qnorer\o0v nqvuJ o-
no to 4Oo/o 6Atov ruv r0nurv rurropurv rqr KoAunrouv
enrQovero eppo5oJ nepinou 130 r.p.1.Iro nopelOov,
ro ev5o0r1trro ruJV flv€upovrrtbv rprXoe lSdrv Oeupeiro 6-
rr Aerroupyo[roe rupitrrg oov rlpr6roneporog Qpoypo6,
nou 5roXulpi(er ro oipo qno rov 6ro;reoo roro ror rov
otpo. To reAeuroio eiroor Xp6vro 6UurS, n ovdnru(q ro-
oo rLr,v relvrr<6v r<oAArepyerog rulv EK, 6oo ror 5ro<p6-
puJV n€rpoporrrti.rv povrEAtuv in vivo, enErpeqre rrlv e-

rreropEvrl petrfrq rqg QuoroAoyiog ror noOoQuor0o-
Aoyiog rou nv€upovrro0 ev5o011Aiou, ror oSflyqoe
orqv ovordAuqq noAAdrv oqpovrrrr.i.lv rSrordrcuv rou.
Iuvend;5, eivor nAiov yvtuoro orr ro nveupovrrd EK: l)
ouv0Erouv rqr oner\eu0epurvouv oyyeroSpoorrrtg op-

trrov€S. 6ncug rqv oyye rorevoivq ll, rqv npoororurAiv4,
rqv Opoppo{dvq, rov evSo0qAror<o nopdyovro nou
npor<olei Xdloorl (EDRF), ror ev5oOqAiveg ll) €KQpq-
(ouv tv(upo, 6nt-rg n.X. ro perorpenrrr6 tv(u;ro rqg
oyyetorevoivns, rnv 5'-vourAeorSdoq. ror rqv funo-
nporeivrrq Arnooq, nou peroBoli(ouv d 5roonoiv Ar-

ni5ro, oyyeroSpoorrr<tg r<or dAAeg ouoie5' lll) er<Qpo-

frveu Lr ovt Ko ti ev6 oo r7 Ai o u
utrd uweis Kdt
nq0oAowKeS ouveiKes

:TY^TANO: E. OPOANO:

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). ln the human lung EC constitute over 4Oo/o ol
all cells types and occupy an area of - 130 m'sur-
face1. ln 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-
f ication 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 ll, 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-

wu,rro !l[ ouvrogrteffiffiwffi %ry
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(ouv uno5o1€is Kqr pdpro-peroQopeig orlpdrulv uno-
SoXiurv' lV) onooupouv qn6 rqv rurAo<popiq Kot tl€-
roBoli(ouv Qdpporo' V) puOUi(ouv rqv nr1(q Kqr rrlv
0poppoAuoq, rupiu-rg p€ rnv o0vOeoq rqr qneAeuOE-

puion ilponnrrrrov, ovrrnrlrrrrurv, rvto5oAurtrdlv rot
ovrr-rvu.rSoAurrrdrv nopoyovrov, 6nu-rg o nopoytrtv von
Willebrand, q OpopBonAoorivrl, n OpopBopo5ouAivq,

o €v€pyonorqrq5 rou nAooprvoy6vou tortro0 r[rnou,
r.A.n. Vl) ou;.rperEXouv oe ovoooAoyrrig ovrr5pdoerg'
Vll) ouv5iovror p€ ovooooupnAEyporo Vlll) ovrl-
5potiv pe BorrqpiSro (Qoyor0ruroq) ror f ppopQo

ororleio rou olporog, onu.rg ro noAu;.ropQon0pqvo rot
orponerdAro' lX) oupperEXouv orrlv pu0ptorl rou oY-

yeroro0 r6vou' X) enoyouv rqv 5ro<poponoiqoq rcr.tv

Aeicr.rv ;.rurxdv rurrdptr,rv' Xl) nopdyouv ou{qrrroiS no-
povovreq, r.A.n.''t'o.

Miou-r qurdJv ru.rv peropoArrdlv rSrordruv, ror nepov
rou orr npooyer rrlv ovrr-ouyroAAuorl rtrlv qrpon€ro-

Aicov rqr rqv peuordrnro rou oiporog, ro nveupovrro
ev5o0dAro eivor opoit,rg uneiOuvo yto rov tAeyXo rrlg
nveupovrrflg rurAoQopio5 uno opoAig ror no0oAoyr-
rEg ouv0rlres (n.X. uno(rrd oyyeroouonoorl). Enrnpo-

oOerq, A6yr.r-r r4g orporqyrrqg OEoqg rurv nveup6vtr.tv,

ro evSoOqAro rnS nv€utlovrrdg prrporurAoQopiog 5rq-

Oei 6Aov rov KAOA nprv on6 rqv eioo5o rou orrlv crp-

rqprorq rurAo<popio. Eivqr ouvendrg, npoQovEg 6rr q

5oprrq ror q Aerroupyrrq orepordrqro rou nv€upovt-
ro0 ev5oOqAiou eivqt onopoirqreg yro rqv 5tordpqoq
rqg ropSroyyeror<dg o;roroorooqg, 16oo ornv nv€uUo-

vrrd 6oo Kor orqv ouorq;rorrrq rurAo<popio.
H BIdBn rou evSo04Aiou pnopei vo opXioer oov prio

AovOdvouoq peroBor\rrd SuoAerroupyio ror vo e(eAr-

X0ei oe €pQovn 6oprr<q oAAoiooq Kor KurroprKo 0qvq-
ro. ArdQopor evSoyeveig ror e(u.ryevei5 nopoyovreg ei-

vor rrovoi vo Br\dqrouv ro lrv€upovrK6 ev5oOd,\ro, eire

Spdrvrog on' euOeiog novur oro EK, eire 5reyelpovrog
dAAoug rJnoug rurrdpurv ror rSroirepo ro ouSerepd-

QrAo, ro onoio eivor nopdvro oe preyoAeg noo6rqreg
orrlv nv€u povr rd p r r<por<u r<IoQopio (5e(opevd n€prQ€-
peiog). To ou5erep6Qrr\o, oQou 5reyepOouv, npooKo-
Adlvror oro EK ror nopdyouv rolrro npoiovro oEuV6-

vou, onog ovrov unepo[er5iou, pi(eg u5po{uAiou ror
unepo(ei6ro rou u5poy6vou. AurEg or o(erSu.rrrrfg ou-
oieg nopouord(ouv Evrovq rdoq npog ovri5pooq ror
eivor or rupirrlg unerJOuveg yro rnv BAoBq rou EK. To
ou5erepdQrAo er<Auouv enioqg npurreoAurrro tv(upo,
r6iurg eAoordoq, ro0drg ror npoidvro opolrSovrrorj o-
(Eog. H nveupovrrq FAqBn, Trou npoKol€lror on6 evep-
yonoiqoq rou oupnAqp0porog, qoppor\rroug eorEpeg
(n.1. phorbol myristate acetate, PMA) rl ev6oro(ivq,
e(oproror ono rqv nopouoio ou5erepoQiAulv, crv Kqr rl

evSoro[ivq pnopei vo oorqoer ror dpeoq rurropo(tril
6pdon. To(rrd npoi6vro o(uydvou eivor enioqg Suvord
vo nopoX0o0v pioo oro EK d oro nAoopq rqt eni o-
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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,

,1L
etc.- "' '.

ln addition to promoting anti-aggregation and
hemof luidity, the metabolic properties of the pulmo-
nary endothelium are responsible for the control of
the pulmonary circulation under normal and abnor-
mal conditions (e.9. hypoxic vasoconstriction). ln
addition, due to the strategic location of the lungs,
the pulmonary microvascular endothelium filters the
entire cardiac output before it reaches the arterial
circulation. lt 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.9. 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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nouoiog rurv ou6€r€poQiAurv. llopdyovreg ilou pno-
po0v vo npo(evqoouv o[er5t-rrrrq BAoBrl oroug nveu-

;roveg neprAopBdvouv 5ro<popeg eronveopeveg ouoieg
(unepo(io, d(ov, SroEeiSro rou o(tirrou, Qu.roytvro), rrlv
orrrvopoAio, (r(ovrorrovo (paraquat), XqperoOeponeu-
rrro (pAeopurivrl, o5propuriv4, vrrpo<poupovroivq),
rqr dAAq OdppoKo (Qorvulu5po(ivq, oAAo(dvrl, vr-
rpoQoupdvro). H o[er5currrn 5pson rcr.rv ro{rrtlv npoi6-
vrov o(uyovou eivqr 5uvor6 vo e[roopponq0ei, u.rg fvo
oqpeio, ono roug ovro(er5u.rrtro0g ;rqXovropoJg dpu-
vcrs rou EK, ontrrg n.X., ro Ev(upo Seopouroorl rou u-
nepo(er5iou, rordAooq, ror unepo(er5ooq rqg yAou-
ro0er6vqg. 'AAAor nopoyovreg nou nporoAo0v pAdBq

ornv nv€upovrrd prrporurAoQopio neprAoppovouv rrg
Ae urorprtveg, rrg npurreivdoeg, rrg ,\uoooulporrrtg ro-
rrovrreg npcueiveg, rov nopoyovrq Trou evepyonorei ro
orpronerdAro (PAF), rrlv roXe(ivq (tumor necrosis fac-
tor), rrg rvrepAeurives, rcr ovooooupnAEyporq, rrlv
OpopBivq, ror ro npoidvro onoSopqg rou rvdrSoug. Or

neproo6repor on6 roug ovtrrrtptr-r nopoyovreg nopdyo-
vror on6 Qoyorurropcr, €v€pvonorq;rEvo orponerdAro r1

ox6pq ror qn6 ro iSro ro EK5'6'7.

H SuoAerroupyio rou nveupovrro0 evSoOqr\iou o5q-
yei ouXvd orqv ovdnru(q rArvrrdrv ouvSpoptuv, nou
erSqAd.rvovror rupitr.lg pe 5roropoXEg orrlv oyyerord
5ronepor6rqro, orrlv peropoArrq Aerroupyio rou EK,

orqv poq rou oiproro5 Kcn ornv orp6orooq. Mei(ov
rArvr16 enordAou0o 5roXurqg nveupovrrrlg evSoOqAro-

rrlg BAdBng eivqr ro o0v5po;ro rrls qvonv€uorrrdg 5u-
oXEperog rulv evqAirr.rrv (ARDS), tvo pq ropSroyevvE5,
5rdXulo nveupovrr6 oi5qpo nou XopoKrqpi(eror ru-
pir-r-rg ono ou(qpivq LlrKpooyy€roKd 6ronepor6rqro. Y-
nopXouv enioqg ev5ei(erg 6rr 11 ev5o0qAtqrn BAdBrl q-

norer\ei oqpovrr16 nopdyovro orqv noooytvero rr15

npurronoOoug nveupovrrdg uniprooqg.'AA,\e5 v6oor
orrg onoieg Oeopeiror orr ouvundpXer ptrdpq 11 SuoAer-
roupyio rou nv€upovrrou evSo0qAiou, eivor rot q

nveupovrrd 0popBoepBoArrrl v6oog, rl oRVn, q toyeveig

nveupovrrE5 Aorptl(erg, rl p€rcrKrvrKd nveupovirr5o, 11

nveupovrrrl ivrr.rorl, rl nv€upovrKq oyyerirr5o oro nAoi-
oro ourodvoocr.rv vootrrv 6nulg orov ouorq;rorr16 epu-

0qportirSq Auro (SLE). oro orAqpd5eppo, oro o[,v-
5popo Goodpasture, Kor ornv r5rono0[ nveupovrrd
orpoorSflpulon (lPH), roOdrg Kqr rl nv€upovrrq 5uoAer-
roupyio ilou ouvoS€uer neptnr6oer5 or;roSrdAuoqg,
Ae urotpoipe orlg Kor ropSronve upovrrdg nopdrop-

8.9
vns

H oopopdrrlro noAAtirv on6 rq ovu-rrtpur otv5popo
iXer nporoAioer prio evrorrrq epeuvqrrrd npoond0ero
pe oron6 rov ro0opropr6 npuripurv 6errrdv evSo0qAro-
rdg pAdprlg. l-1po Surderoeriog or Gillis ror ouv. np6-
r€rvqv orr q ;reropoArrq Suolerroupyio rou EK npEnet

vo npoqyeiror rcov 5o;lrrtlv rurroprrtuv oAAortloeurvl0.
'Errore, q nporooq ourrl EXer enrpeporu-rOei qn6 ro o-
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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 E65'Q'2.

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 (lPH), and pulmonary dysf unction
related to hemodialysis, leukapheresis and cardio-
pulmonary bypass8'e.

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'0. Since that time, numer-
ous reports by us and others have offered support to
that hypothesis, in various animal models of
ARDSl1. lnitially, the activity of pulmonary endothe-
lial carrier proteins (e.9., 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 I to
angiotensin ll and the degradation of bradykinin.
Utilizing highly specific, synthetic radiolabelled tri-
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nor€ifoporo U€ydAou optepo0 €pyootdlv, 16oo Srrd.rv

UoS 600 ror dlkr.rv €p€uvrlrdv, oe 6rdqopo n€tpoUon-
rd povrtAAo ARDS11. lSroirepq npoooXfl eiXe 5o0ei
opXrrd orqv 5poorrr6rqro rulv nputreivtirv-peroQopE-
trtv rou nveupovrro0 evSoOqAIou (n.X. ourti.rv rqs o€po-
rovivqg r1 rqg vopenrve<ppivqg), iyrve ;rdAroro ror Evo5
neproproptvog opr0p69 rArvrrdv peAerdv nou 6pu.rg €-

6u.roov opQipotro onore.AEoporo. [1ro npdo<poro, tStqi-
r€pn npoooxd iXe r 5o0ei orqv per\Err1 rr15 Spoorrr6rq-
rcrs ruJv ev5oOr1fu o rtirv erroev( J p u.rv. l-l oAAd, o n povr -

rd on6 <puoroAoyrrqg on6qeu.rg, iv(upo ppiorovror ro-
roveprlpEvo orqv ouArr[ enr<pdvcro rou EK, Ierroup-
yti.rvrog ouvendrg oov errotv(upo. Adytrr rqg Oioqg
rouS, Fpoo€yyi(ovror dpeoo on6 unoorptirporcl Kot cr-

vooror\eig nou rurAo<popotiv oro oi1ro. H Spoorrr6rrl-
rd roug pnopei vo ;rerpqOei, in vivo, pe reXvrxig rrinou

"oportioeu.r5 rou Seirrq, (dnurg ourEg nou xpnorpo-
noroOvror yro rq pirprlorl rou KAOA). To prerorpenrrrd
Ev(upo rrlg qyy€ror€voivqg (ACE), ro nAtov preAer4pivo
errotv(u;ro rou nv€upovtKorl €v5oeqAiou, roroArje r

rqv p€rclrponq rrlg oyy<rorevoivq5 I oe oyyeror<voivn ll
Kcn rqv 6rdonooq rqg ppo5urrvivqg. MeAEreg nou iyr-
vcrv o€ nerpopor6(u-ro, ond epdg ror dAr\oug epeuvqrEg,

U€ XpRon poSrooeoqpoopivtrrv rprnenrrSrrdrv uno-
orpcr.rpdrcr-rv uWn^nS e r6rrorqrog, iSer(ov 6rr q 6poorr-
rdrqro rou ACE rou nv€uUovrro0 evSo0qAiou oAAordr-
veror qn6 rqv unepo(iq, rnv Xpovio uno(uyovorpio,
rqv pAeopurivq, ro paraquat, ro l-lMA, rqv rovi(ouoo
orrvopolio r.o. H Sronioru.roq 5uor\erroupyiog rou
ACE Oer,upeiror nAEov og euoioOqrog 6eirrrlg ev5oOq-
Arorqg BAdBqS Uro Kor q ev(uprrd SuoAerroupyio
npoqyeiror ndvro onorqoSqnore dr\Aqg er6dtr@orlS €v-
5oOq,\rorqg BAdBns''''t''0. Iuveneio rrrlv nporlyouvpi-
vov. epyo(opoore rdrpo ndvcu orqv ovdnru(q onlou-
or€pu-rv pe065ulv er\€yXou rqg Spoorrr6rrlrog ruJV €v-
5o0qArortirv e rroev(0;ru.rv, pe065ov nou 0o EXouv rz\r-
vrrq eQoppoyd, ror nou 0o Xprlorpe0oouv nrOovtilg
orqv tyrorpq 5rdyvuroq nveupovrrrlg prrpooyyerorrlg

BAdBqs.
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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 inluryl2'1s''o. As u
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 BaopoAoyqon rns dKrtvoypsQiag OdtpqKos ornv
emiprToq qo0evdv pe Xpovtq qrToQparcnrcq
nveupovondoerq

K. XATZH:TAYPOY, I. NTANO:, X. MNIT:AKOY, A. NANTENAKH:, A. BOT:IOY. B, XATZHNIKONAOY,
I. IOPAANOTNOY.

NEPIN Hq.,H

Xpqorpronorq0qxe vEo pEOo6oS Bq0poA6VnonS rrls oKrrvoVpqQiqS Ourporog nou
nporlA0e qn6 rSio rpononoirlorl rqg ro{rv6pnonS ru,v rv€ulrovorovltiroeurv rou Are-
0voig Fpo<peiou Epyooiog (l.L.O.) yrq rrlv exrEAeo4 rqg Xp6vrog AnoQporrrrqg flveu-
povondoerog. Meierd0rlrov 102 qoOeveig ror 6ronrordrO4re noAri oqpovrtrq ororrorr-
rd e{dprr1or1-ouo;lErroq rou reArrorJ po0por} rn5 qKrrvoypoqiog Otirporog pe rrlv Pa02
(p ( O,OO1) ror ororrorrrd oqpovrrrq pe rrlv FVC (p < O,O5). H nporerv6pevq po0poA6-
yqoq Siver nopdperpo U€ rrlv onoiq o(ronoreiror q orrrvoAoyrxq err6vo or4v errigqoq
rrlg rordoroo4g oooevdrv pe lpovia qnoQpqKrtKq nveupovondOerq.

nNEYMON (1990) 3:20-25

Erooyrlyq

H er<riprloq rcr.rv ooOevd.rv nou ndoXouv qn6 Xpovio
onoQporrrrq nveupondOero rqrq rrlv ouv[0q npoKl-
rd orqpi(eror oQ' ev6g p€v o€ rArvrrd 5e5optvo, dnog
o BoOpoS 50onvorog ror o<p' erEpou oe ovrrrerpevrrtg
nopopirpoug rou lerroupyrroi eAiyXou rrlg ovonvoqg
Kor rrls ovoAuoqg rou oprrlproroi oi;rorog. O poAoS
rqg qKrvovpoQio5 0dlporo5 nepropi(erqt oro vo Oetu-
peiror onAd oupBord p€ rnv vdoo rou oo0evotgl.

Or oxrrvoypoQieg Otirporog rtr.rv oo0evtlv nou nd-
olouv ono Xpovio onoQporrrrq nveupovonoOero no-
pouoro(ouv;rrrpEg enrnpoo0ereg orrooerg nou eivor 6-
por€S p€ rrg ro(rvopottl€v€S tr-rg p, g, r Kot s, t, u p€ rqv
pe0o5o rou Are0voug lpoQeiou Epyooiog (lnternatio-
nal Labour Office-1.L.O.12. Enioqg q ouyrtvrpuroq ovo
povd5o enrQoveiog (nurv6rqro) rtrrv orrqoeurv oullv
eivor ouyrpiorpq pe ourq rqg oe rpdg ru.rv npor0nu.rv o-

rrrvoypo<prtirv rrlg ro{rv6pnoq5 rurv nveupovorovrti-r-
oec,rv rou LL.O.

Oeu-rpq0qre ,\ornov 6rr ro piye0os Kqt q nurvdrqro
rurv orrqoeurv eivor nr0qvdv vo ouppoSi(ouv p€ rqv
roroorooq rou qoOevoig nou ndoXer on6 Xpovio o-
no<pporrrrd nveupovondOelo ror rord ouvtnero vq
ouoXeri(ovror p€ nS ovrrrerpevrri5 nopopirpous Trou

5eiXvouv rqv pop0rrlro rqg v6oou.
kondg rqg epyooiog flrov n Xpnorponoiqoq vEog

;reOo5ou poOpol6yqons rnS orrrvoypo<piog Otirporog,
perd on6 rpononoiqoq rqg ro(rvopdoeulg rou l.L.O.
ror 11 6repe0vnorl ov ou;rpdAAer orqv o{roA6ynol rqs
rordorooq5 ouoXerr (optvq p€ ovl K€t pevr rorj g 5eirreg.

ME0oSog

MeAerqOqrov 1 02 oo0eveig nou tnooXov ond Xpd-
vro onoQpqKrrxd nveupovondOero pe oroOeponorqpt-
vq rorooroorl oe oX€oq p€ rrlv nopo{uvoq rrlg v6ooullveupovo)oytxrl KArvtxry lloventor4piou A9qvuv
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rurv yro rqv onoiq €ronx0noov oro voooKopeio. Ie rd-
0e oo0evd iyrve po0poA6ynon rq5 qKrvoypqQios 06-
pqKo5, onAq onrpopErpqoq pe uyp6 onrp6perpo r0-
nou Volutest rqg Minjardt rqr ovdAuon rnS peptrrlg
nieoqg rurv oepiurv rou oprqprqro0 oi;.rorog.

E(erdo0qrov or onro0ronp6o0reg orrrvoypo<fieg
Otirporog ono rperg nveupovoAdyoug. Kd0e e(eroordg

Bo0poAoyouo€ rnv orrrvoypotpio ove(dprqro ono
roug oAAoug, Xtrtpig vo yvurpi(er ro onorerfo;roro roug
roOdrg ror ro eupdporcr rou Aerroupyrrorj tAeylou rrlg
ovonvoqg Kor rng ovdAuorlg rou oprtlprctrou oiporoS.
Or 5uo orpoieg rrpig onopprnrdrov ror Aoppovdrov
oov reArrog po0p6g (T.8.) n peooio o[roAoyqorl. Ie ro-
0e nepinruroq yrv6rov o0yrprorl rqg e{ero(optvqg o-
rrrvoypo<piog pre rg nporun€S rq5 oerpd rou l.L.O.

Irrdoerg oporeg p€ nS p Kor s rrls ro(tvdpqoqg rou
l.L.O. Xoporrqpio0qrov trtg o, p€ q Kor t u-rg p, pe r ror
u rlg v. l-ro rrg orrdoer5 o 5r56rqv 1 po0p6g, yro rrg p 2

Kor yro rrg y 3 BqOpoi ovriororXo. I-ro rqv Bo0ttor\6Vn-
on rqS nurv6rqrog rov olAorcr,ro€ulv XpnorponorqOqre
q rAiporo rwv 12 oqpeir,-rv3. H po0poA6yqon rn5 nu-
rv6rqrog yrvdrov orqv neproXd rrls oKrvoypo<piog 6-
nou ourq drov ;reyoA0repq. Irrg neprnrdoerg -/O rr:r
0,/O 5ev 5r56rov Bq0udS (q orrrvoypoQio Oeu-rpo0vrov

QuoroAoyrrq), evdr yro ro undAotnq oqpreio n Bo0poAo-
yqoq dpxr(e on6 ro 1 ror rorEAqye oro 1 O.

'Orov q nordrqro rqg e(ero(opfvqg orrrvoypoQlog,
oJp<ptr.rvo p€ rrlv ro(rv6pqoq rou l.L.O. qrov ror\q 5r-

Sorqv o po0p6g 1, 6rov frov ono6errq o Bo0p6g
1,25, ev jo 6rov undpXov olroAoyo reXvtrd o<pdAporo

oAAd e(oroAou0orioe vq eivqt ono5e rrfl o Bq0pdS 1.5.

Or onopd5err€S oKrvoypo<pie5 5ev poOproAoyoivrov.
'Orov q orrrvoypo<pio qrov npoAorq, o ouvreAeorq5
nor6rqrog Eprnorve oro nopqvopoorq rqg e[roti.roet,rg

on6 rqv onoio yrv6rov o reAr169 Bq0p6S.
TEr\o g, Xpqo r pono r q0q re ouvrer\eord g 5 r op0ti.roeog

ovdr\oyo tr€ rqv €rnru(r1 rou Odrporog (ouvreAeorqg
peyiOoug)a: O ouvreAeorqg our6g drov o r\6yog rou o-
pr0poi rtrlv nAe upri,rv ;riXpr rou qprSro<ppoyporog (npd-

o0ro drpo) 6ro rou 7 (l-livoros 1).

O rehrog po0p6g 5r56rqv ono rqv e(iouroq: T.B. =

(:XHMA) x (I.IYKNOTHTA) x (IYNTENE:TH: MEI-E-

1

OOYI) x :YNTENE:TH: NOIOTHTA:

Ilopd5ery;ro 1. Ie qrrtvoypoQio roldg notorrlrog
(Bbep6s 1) noporqpotlvrot ortdoe rS F (Bq0poi 21, nu-
rv6rqrog 2/2 (Bc9poi 6) ror or nAeup€g pixpt ro
qpr5roQpoypq eivqt 7 (Bq0p6S 1). O reAr16S Bo0p6S
rqg oKrvoypoQiog eivor: T.B. = 2 x 6 x 1 x 1 = 12.

flopd6erypo 2. Ie poAord orrrvoypoQio pe oopopd
reXvrrd o<pdAporo (Bo0p6S 1/1 ,51 noporqpouvrot
orrdoer5 V (Bo0poi 3), nurvdrqrog 3/2 (Bo0poi 8) pe

opr0p6 n,\e upd.rv pEXpr ro rlpr6rdtppoypo 7 (Bo0p6S 1).
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O reArr6g po0p6g eivqr: T.B. = 3 x 8 x 1/1,5 x = 16.
Irov nivorq 1 nopouoro(ovrqr rq ororxeio oro o-

noio orqpi(erqr n n€prypcr<peioo poOpoA6yqo4.

llivoros 1. BAOMOAOTH:H TH: AKTINOI-PA-
QrA: OOPAKO:

IXrlpo-Miye0oS (l.L.O) Xoporrqptortro Bo0poi
p,s o 1

q,t g 2

z,u y 3

flurvdrrlg (Kli;rorog 1 2

onpeiov)
-/O ror O/O

o/1
1/O
1/1
1/2
2/1
2/2
2/3
3/2
3/3
3/+

2
3
4
5

6
7
8
9

10

o) IuvreAeorqg nordrlrog: 1-1, 25-1,5
p) IuvreAeorqg peyi0oug: opr0p6g nleuptirv,/7

YAr16 - AnoreAEoporo

'Onurg ovoQip04re Kor orqv neprypoQd rq5 pe06-

5ou e(erooOrlrov 1 02 ooOeveig ndoXovreg on6 lpovio
onoQporrrrd nveupovondOero. Or rrpiS rtov peAerrl0t-

vrurv rqpopirpuv (T.8., PaOr, PaCO2, FVC, FEVr,

FEVl%, rqr norEro-irq ronvioporog) oe rdOe ooOevq

nopouord(ovror orov flivoro 2.
Aror\o00qoe ororrortrq ovdr\uoq ;re nopoperprrd

pE0o5o npog 5repeuvrlon rns e[dprqoqg-ouolErtoqg
rou reArro0 poOpoti pe ro xdnvtopo (norEro-irq), rqv
Pa02 ror rqv PaCO2, roOdrg Kot rnv FVC. rov FEV.1 rot
rov FEV,,%. To qnoreAiopqrq rnS ororrorrrdg ovoAu-
oqs nopouord(ovror orov Iivor<o 3.

Aronrord.r0rlre noArl oqpovrrr<r1 orortortrd e(dprq-
oq-ouoyirroq rou rer\trorJ Bq0potl p€ rqv PaO2. H

ypopprrq eldprqoq T.B. ror PaO2 nopouord(eror oro
Ixnpo 1. Eniorlg otortortrd oqpovrtrq drov 11 e(dprr1-

oq-ouoXErrorl rou T.B. p€ rrlv FVC (IXdpo 2).

Iu(qr4o11

Kord rq reAeuroio 6O Xpovro EXouv nporoOei ou-
yrerprpEvor rp6no ro(rv6pqoqg ruv oKrtvoYpoQrdrv

0
1
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FVC FEV1 FEVI%
A/a f .B. o/o trpop.o/o npop.

PaO2 PaCO2 P.Y
(mmHg)(mmHg)

FVC FEVI FEVI%
A/o T.B. % npop.% npop.

PaO2 PaCO2 P.Y.
(mmHg)(mmHg)

55470
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
85450
76 42 80
72330
51 60 85
52 46 40
60 43 75

100 42 60
82 38 80
46 60 40
84 45 50
58360
64 63 80
73 45 50
64 52 50
61 42 60
64 42 20
34420
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
82350
60 48 45
59450
44 84 40
81 33 40
72 45 60
36 51 60

1 17,21 73,8
239 35
3 7 94,4
4 7,O5 73,6
5 ',I9,5 38,6
6 2,66 50
7 I 38,8
I 23,72 66,6
9 24,83 64,7

10 14 52,2
1 1 12 36,8
12 16 48,7
13 14 75,5
14 7 68,7
15 9,77 71,7
16 20 34,2
17 12,33 45,7
18 24 80,6
19 1,55 54,1
20 14,66 62,7
21 13,33 79,7
22 14,77 72,5
23 22 96,8
24 6,83 100
25 7,1 137,7
26 21 ,33 77,5
27 17,77 49,3
28 10,33 68,8
29 13,5 48,2
30 9,33 24
31 4,88 92,8
32 3 87,7
33 12 72,2
34 24 39,7
35 14,21 44
36 15,33 67.3
37 6.94 58,6
38 16,55 58
39 21 51,7
40 12,88 103,2
41 3,1 90,9
42 22,66 58,8
43 13,05 47,3
44 12,44 66.6
45 6,66 41,9
46 14 77,5
47 19,1 1 72,5
48 2 69,7
49 18 67,8
50 31.5 100
5 r 18,66 53,5

70,9 95 97
19,6 45,9 33
42,5 75,7 70
61,5 89,5 66
25 69,4 33
20,5 40,25 71

42,3 111,4 64
73 107,4 72
37 56,4 73
41,6 81,6 74
41,6 88,7 68
41,3 86,4 43
56,7 74,6 52
45 61,4 73
62,5 86,4 51

20,8 59,1 68
25 54,8 51

42,1 50,7 55
35,2 62,5 78
50,5 79,1 61

58,3 72,2 81

61,5 86.8 56
49,2 100 55
82 81.6 62
82,7 60.5 66
76,6 98,6 70
64,7 127,9 56
63,9 101.3 65
46 94 53
37,2 32J 83,8
90 95,8 88
82,9 94.5 78
48,1 68,9 59
24,1 60,5 54
32.1 71,8 66.3
56 78,8 81

55 98.5 51

43,1 74,4 73
34,0 51,3 37

100 96.1 98
94,8 104 84
52,6 86,9 75
52,1 1 16,6 90
41,6 64,6 73
23,8 60,8 69
85.6 109,5 80
75,8 104,1 79
48,3 69,4 100
33,2 48,6 70
54,1 57.3 88
40 71,8 67

8,88 28
5,22 57,1

38,66 52,3
36 48,7
38,66 66,9
14,22 44,7
22,66 50,4
15,33 77,7
18,5 41,6
16 40,5
25,66 71,9
8,16 66,6
0,88 86.6
9,33 73,6
5,77 66,6
775

16,83 44
12,5 45,2
7,16 70,9
0,38 83.3

22,66 54,5
28 46,8
20 46,4
8 48,1
5,5 42,4
7,5 28,9

10,16 41,O
19,5 34,O
10,88 103,1
19.05 45,2
28 41,6
18,66 28,6
13,5 52,25
7,22 84.6
1,31 57,5
4 52,7
8,74 62,2
4 62,5
7,66 55,2
9,33 51,5
10 48,8
7,55 52,6
7 ,11 62,4

17,77 33
4,27 79

22,66 56,4
16,88 59
21,33 50
13,22 84,7
3,88 133

15,44 63

33.3 121,1

62,9 117 ,4
46,1 86,9
48 95,6
75 104,2
25,9 59,7
34,5 65,7
61,5 84,2
33,3 80.3
37,9 93,9
50 97,2
70,5 105.8
91,3 105.8
73,3 98,7
46,6 64,3
51,7 89.1
29,7 67,5
29,5 69,4
57,1 80,2
80 95.9
45,5 79,3
20,8 47,2
20,7 42,2
46,6 89
27,9 62,8
39,2 87,5
18.5 50
23,O 71,6

103.7 100
39,2 80,2
33,3 71,4
25,9 90,6
29,6 52,8
92,3 104,4
39,5 65,4
22,2 50
66,9 108,3
62 104,1

22,2 38,8
40,9 75
20,3 38,5
38 56,25
46.3 74,1
28,5 87,5
80,6 107,3
69,6 69,1
74,1 126
23 63,8
70,5 82,4

100 97
57,6 92,7

37
63
43
45
66
44
59
36
64
46,5
40
64
29
42
36
49
53
42
54
47
57
34
32,5
29
39
36
30
32
48
68
39
38
23
40
47
37
34
51

72
36
43
55
43
42
50
42
37
50
37
40
45

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
o

30
75

100
80
0

60
60
80
90
50
70

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

117



PaO2 T.B.
PaCO2 T.B.
FVC T.B.
FEV1 T.B.
FEV 1o/o T. B.

P.Y. T.B.
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llivorog 3. :TATI:TIKH ANAAYIH TON :TOlXEl-
ON TH: MENETH:

llopdperpoq E(iouoq e(oprrloeurq r
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pqArdv Kor y) rtr.rv Bloptirv rou un€(uJKoro. H Korq-
VpqQn ru.lv oKrrvo^ovtKdrv €tKovuJv yiveror p€ rnv Xprl-
orponoinon 5roQ6pulv ou UBd^ulv.

Avrrrerpevrrog oronog rrls roEtvopnons rou l.L.O.
€ivor n KuJ5rKonoiqorl ruv €upnlldrtov ;re qnA6 Kot o-
vonopoytiryrpo rp6no. Me rqv ptOo5o ourq 5ev npoo-
5ropi(ovror no0oAovoqvoroutKEs ovr6rqreg, o0re rpi-
v€rqr I rrovdrqro rou or6pou yro epyooio. Iupetrlvo
pe rrg oSqyieg rou l.L.O. 5ev undpXouv €tKov€S orqv o-
rrtvoypoQio otirporog or onol€S pnopo0v vo oetr-rpr1-

0o0v no0oyvurl.rovrKts rqg trOeoqg oe rovroproBprOEg
neprpdAAov. Av or noporrlpo0tl€v€S orrdoerg eivqr ro
onori:A€opo dAAqg orrroAoyiog r6re 5ev eivor nopoS€-
Kro vo ro[rvo;rouvror p€ rnv pE0o5o qurrl2.

Irqv nopo0oq p€AErq errr;rdOqrov orrrvoloyrrig er-
K6v€S nou 5ev ovqrouv o€ ooe€v€ig nou ndoxouv qfio
rv€upovoKovrdro€rS. EnoprEvtr.rg 5<v ro(rvopd0qrov pe
rqv pt0o5o rou l.L.O., oAAo pe er5rr[ poOpoA6yqoq.
H ro(rv6pqorl ilou XprlorponorrlOqre npotruqe ono
ouOoiperq rpononoiqoq rqg pe0d5ou rou l.L.O., Xpq-
orponorti.rvro5 opurg ro poorrd ororXelo rqg, 5qAo5d
rrlv nororrlro rqg oKrrvoypqQios, ro oXqpo piyeOog
rulv l.rKpr-ilv enrnpooOivrulv orrdoetlrv, roOdrg Kqt rqv
nurvorrlro.

Aronrordl0rlre orr or orrrvoypoQieg 0ti.rporog nou
npotpXovror on6 qoOeveig 1.re Xpovio ono<pporrlrd
nveupovond0ero eivor 5uvqrov vo o[roAoyq0otv ou-
yrprvopeveg pe rrg nporun€S rq5 oerpdg rou l.L.O. [lo-
porqpd0qrov rupio5 prrptg ovtir;ro,\eg orrooerg opord-
(ouoeg pe rrg ru.r5rronorqptveg uJS s, t ror u. IXerrrd pe
rqv frroorl nurvorqrog rtov orrdoeutv SronrordrOqre
enioqg orr eivor 6uvorq 4 erri;rqor1 p€ rnv Xpqorponoi-
non rn5 rAiporog rwv 12 oqpeiu.rv U€ rov rpdno nou
neprypdqqre orqv ovdr\uor1 rqg peOo5ou. H nurv6rq-
ro ruJV orrqoeu.lv onoreleoe rov oqpqvlKtilrepo nopd-
vovrcr yro r4v Bo0por\6ynon rng orrrvoypoeios ornv
nopoioo peltrq. Auro orqpiX0qxe orrlv Aoyrxq rqg
ro{rvoprloqg rou l.L.O. roro rqv onoio ooo pop0repq
eivor q trOeoq oroug e(cr.ryeveig nopoyovr€S nou ouvrE-
Aeoov or4v epQdvroq rq5 v6oou, ro0tirg ror 6oo oo-
popti.rreprl €ivor n rordorooq rou ooOevoig, rooo pe-
yoAureprl 0o npEne r vo eivor 11 ouyxivrptrtoq ru.rv orrd-
o€tr)v ornv orrtvoypo<pio.

Iro o4peio our6 6ptrlg nopeppoivouv 5rio oqpovrr-
roi nopdyovr€S nou eivqr 5uvor6v vo peropdAAouv
rrlv erripqo4 n15 oKnvoypo<piog: o) q ropSrorrl ove-
ndpxero nou nporoAei, oe u.rproptveg neprnrdroetg, rnv
epQdvroq Sroptoou or5qporog ror B) ro epeioqpo, 6-
nou q epq;rurorl rou nopeyX0porog perdver orlprovrrro
rqv nurvorqro rLriv enrnpoooirtrlv prrpd-rv orrdoeu.rv
ror ouvendtg o5qyei orrlv uno€Kripqorl rqg crKlvoypo-
Qiqs.

H rop5ror4 ovenopre ro enlpopuver rqv orrrvoAoyrrq
errovq Kor ro v€yovog our6 eivql nr0ovd vo ouoXeri(e-

= 77,29 - O,79 lPaO2l
= 43.09 - 0,18 (PaCOr)

= 69,46 - 0,56 (FVC)

= 60,7 - 0,53 (FEVI)

= 81 - 7,45 (FEVI%)

= 57.3 + O,22 (P.Y.l

-0,4458< 0,001
0.1383> 0,1
-0,234 < 0.05
-0,1314> 0,1
-o,0467> O,1

0.052 > 0,1

Iyqpo 1

100

P02 mmHg

fXqlro 2

40 60 80 100

FVC % r4s npoBlfldp€vqs flpri(

IXqpo 1, 2: llopouord(eror q ypopprrrl e(dprqoq rou reArroJ
BoOpoJ pe rq peprxrl nieoq rou o(uy6vou oro oprqpror6 oipo
PaO2 ror rrlv royitoq ernveopivq (currrq yupqrrrdrrlro (FVC).

Odrporog ooe€vdlv U€ nv€ullovoroviu.roq, rJpro ono ro
l.L.P. konog rurv ro(rvopqoecuv qurdtv qrov q rporu-
nonoiqoq rqg pe065ou ti.rore vo 6reuroAuvOouv or ou-
yrpioerg nou yivovror 5reOvdrg, oAAo ror 11 ororrorrrfl
5repetvqoq nou o<popd ols nv€upovorovrtloerg.

Me rqv reAeurqio ro[rv6pqoq rou l.L.O. (1980) 5i-
5eror ;rEOo5oS ouorrlpoirKdg roroypoQqg rurv ovrupcr-
Artlv nou Sqprroupyotivrot ornv qKlvovpoQiq Otirporog
ond rqv eronvoq r6vr1g. H nAnpng rolrv6pr1oq rou
l.L.O. neprAoppover rov XopoKrrlpropd o) rrlg nororq-
rq5 rng orrrvoypoQiog, p) rov nop€yxuUorrrdrv qvu-



PNEUMON Number 3. Vol. 3. July-September lggo

ror p€ rnv €nt5€ivuJon Kqt ovlK€tl-r€vrrtirv 5errrdrv rrlg
Kordoroorlg rou ooO€vorlg. Irqv rTclpoJoq ;reAirq 5ev
unqpXov ndoXovreg pe rArvrrtg toro evSei(e rg rop5ro-
ri15 ovendpr€tog Kot enoptvtr.rg o nr0ov6g ouros ouv-
Xurrrog nopdyovrqs onoKI€ioerlK€.

Irrg orrrvoypoQi€S onou unqpXov erreropEveg ep-

Qu oq porr rt5 oAAord.roer g ro np6BAn po noporo;re0r1re
p€ rnv o(roAoyqoq rou oXqporog-;reyE0oug-nurvdrq-
rog ornv neproXq rrls oKlvoypo<piog, nou ot BAdpeg
nopouoio(ov rqv peyoAureprl irrooq. llovrtr-rg yto rrlv
ovrrrelpevrrtlrepq e(oytrtyil oupnepoopqruJv onorrei-
ror q o0yrproq opd5og qoe€vdlv ;re ppoyXirr5o pe opo-
5q ooOevdv pe epQtoqpo.

H unop(q rruv €ntnpoo0Erov prrptilv ovtr-rpdlurv
orrdoeurv ol5 oKlvovpoQieg 0tilporog ooO€vrirv p€

Xpovio onoQporrrrq nveupovond0erq eivqr 5uvor6v
vo eppqveu0ei pe pdoq rqv nolunopoyovrrrq qrrroAo-
yio rou rArvrroJ ourou ouv5popou. H trOeoq o€ Ko-
vropropprOtg neprpoAAov ror or ouXvEg Aorpd;(erg rou
ovqnv€uorrKou nporoAouv rqv ou{qoq rou Srrr0ou
rou ouv5errrou rorori rou nverjpovos. l6roirepq oqpo-
oio EXer eniorlg ro ronvropo. To 1963 or Anerbach ror
ouu.u .,opouoiooov ro onoreAeoproro peydAqg pelirqg
oe 1 340 verporopq0Evreg dvSpeg. Ano ro loroprr6
rulv o16pu.rv ourdv npoo5ropioOnKov ot ronvrorrrtg
ouvrl0ereg, ro enoyye,\po Kqr o r6nog 5rotr.rovqg, oror-
Xeio ro onoio oyvoo[roe o noOoAoyoovor6prog e(ero-
ordg 6ore vo onoQeJyovrqr noponAovlrrrd Kot Ko-
reuOuvdpevo onorel€o;-roro. Iroug ronvrorEg 5ronr-
orti.r0qre pq(q rrr-rv ruqreAr5lrtlv rorXcrrpdrtuv, ivu-roq
ror ndXuvoq rou rorXdlporog ru.rv prrpdrv oprqprdrv ror
ruJV oprnpror\itrrv. Ynrlp{e roXupd orqlolKrl ouoXErr-
orl rn5 ouXvorqrog Kot rou po0pou rqg rvdroetug U€ rrlv
qr\rrio ror rrlv Konvtortrd ouvr'1Oero. H ouXvdrqro rqg
ivurro4g oro dropo nou 5ev rqnvroov norE drov opeAq-
rEq, o€ dr\eg rrg qArrieg, evdr ou(ov6rov orlpovrrrd
orous KorTVrortg nopdAAqAo ;re rqv o0[qoq rqg qAr-
riog. YnrlpXe oXioq 5doqg-onorelEopqros u€ rov q-
pr0p6 rurv ronvr(optvcr.rv rorydprrtv ror 6rov ouro drov
neproo6repo qn6 4O qpepqoicrlg oro drolto qr\rriog
60-64 erdrv 11 ivoorl EqOove oro 90%. Aev unilp(e e-
noyyeA;rorrr[ ErOeoq oro preAerqOivro dropo, n onoio
0o 5rroroAoyoJo€ rnv Ivtr.roq. Oetrrpd0qre orr q trrooq
rurv roroAoyrrdv Blopdrv nou noporrlpd0qrov firov r-

rovrl oe Bo0po nou 0o pnoporjoov vo nporoAEoouv
orrrvoAoyrrq onerrdvroq.' Oporo ;reAirqT enoveArleOq
oe uArro ond 7 5ro<poperrrd voooropeio rord ro trq
1963 pEXpr 1 970. Aronrordr0qre drr o po0poS rng i-
vuJorls qrov 40 Qoptg peyotr0repog oroug ronvrorig d-
vu.l ruJV 40 oryopErru.rv qpepqoiurt5 ond 6rr orous pn
ronvrorEg. AvdAoyo onoreAioporq, ro onoiq E5elXvov
ouoXErrorl ronvioporog ror ivuroqg, noporqprlOqrov
oe pelEreg p€ E€rpopor6(oo8'e ror oe enr5qproAoyrrig
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&peuveg pe Bdon rnv oKrvovpoeio Orlporolo'11'12.
Irqv noporloo peAtrrl or oAAortiroerq rrls oKrvovpo-

Qiog Otilporog Bo0poAoyrl0qr<ov ror Eyrve 5uvorrl 11

ororrorrrd 5repe0vqoq (ouoytrroq-e(dprqoq) 5roeo-
perrr<d-rv peyeOdrv. Tq qnoreAEoporo rrls ororrorrrqg
ovdAuoqg E5er(ov orr q orrrvoAoyrrrl errdvo (rcfu169

BqOpoS) eivor 6uvorov vcr Xpqorponorq0el oqv ovrrK€r-
pevrrd nopdprerpog ener5d ouoXeri(eror orqrrorrrd
oq;rovrrro Kor l-r€ iAAoug qvrrK€rp€vtKo[g Seirreg, o-
nog 11 PaO2 ror 11 FVC. AqAo5q or uqrqAorepeg rrpEg
rou relrrou po0pou nou 5qAtirvouv rorq oKrlvoAoyrKrl
err6vo ouvSiovrqr qvqAoyrKo pe uno[uyovor;-rio ro0tirg
ror peir.r,lo11 rqg (orrrrlg Xtoprlrrr6rqrog.
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The Grading Method of Chest X-rays, in the
assess ment of Chronic Obstructive Pulmonary Disease

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

SUMMARY

A grading method of the chest radiographs, created by modification of the l.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 ( O,OO1) and statistically significant between the terminal
grade and FVC (p ( O,O5). This observation shows that the grad.ing of chest ra-
diographs possibly provides a useful method in the assessment of COPD patie-
nts.

PNEUMON (1990) 3:20-25

lndroduction

The assessment of patients suffering f rom 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
conf irming the patient's diseasel.

Chest X-rays from patients suffering from COPD
present small additional opacities which are similar
to those classified as p, q. r, and s, t, u according to
the international Labour Office (l.L.O.) method2. ln
addition the concentration per square unit (density)
of these opacities is comparable with that o{ the ser-
ies of prototype chest X-rays of the l.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

background the aim of this sudy was firstly to use
the new grading method of chest X-rays, created by
modification of l.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. ln 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. ln 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. ln each
case a comparison was made between the chest X-
ray and the l.L.O. series prototypes. Opacities sim-
ilar to p and s of the l.L.O. classif ication where cha-Pneumonological Clinic, University of Athens
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racterised as a, q and t as b, r and u as g. For a
opacities the score was 1, tor 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. ln, cases -/O and O,z0 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 l.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. ln 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. ln addition a correc-
tive factor was taken into consideration according to
chest expansiona. 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

x1
(Ouality factor)

Table 1. CHEST X-RAY SCORING

Size-Shape (l.L.O)

P,S
q,t
z,u

Density (12 point
scale)

-/O and O/O
o/1
1/O
1/1
1/2
2/1
2/2
2/3
3/2
3/3
3/+

o) Ouality factor: 1 -1, 25-1,5
p) Size factor: no. of rtbs/l.

Characteristics
o
p

Score
1

2

0
1
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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),
PaO, and PaCO2, and also wirh FVC, FEV,, and
FEYIo/o. These results are shown in table 3. A very
significant dependence - correlation of FS with
PaO2 was found and this is shown in fig. 1. ln addi-
tion the correlation between FS and FVC was signif-
icant (Fig. 2).

Discussion

Over the last 60 years various methods of classif i-
cation of chest X-rays have been proposed mainly by
the l.L.O. in order to facilitate the comparison made
internationally. The latest comparison made by the
l.L.O. (1980) gives systematic def initions of the
abnormalities in chest X-rays created by dust inha-
lation. The full classification of the l.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 l.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.L.O. instructions no X-rays can be considered
pathognomonic of exposure to a dusty environment.
Classif ication by this method is not acceptable when
the observed opacity is the result of different
etiology2.

ln this study chest X-rays in patients not suffering
from pneumoconiosis were studied. Therefore they
were not classified according to the l.L.O. system
but with a special grading system which was
derived from a modification of the LL.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.L.O. series. Small abnormal opac-
ities similar to the S, T and U of the l.L.O. prototypes
were observed. We found that the density of opaci-
ties could be estimated by using the 12 point scale
as described in Methods. ln this study the density of
opacities was the most significant factor in chest X-
ray scoring. This was based on the logic of l.L.O.
classification, according to which the greater the
exposure to exogenous factors responsible for the
disease the greater the concentration of opacities on

2

3

4
tr

6

l
I
q

10

Results

Table 2 shows the studied parameters (F.S., PaOr,
PaCO2, FVC, FEV,%, and smoking habits) in each
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Table 2

nNEYMON Teiyog 3o, Tol.tog 3og, loiAtog-ZenrilL\proE lggO

FVC FEVI FEVl% paOz paCO2 p.y
No f .B. %o pred. % pred. (mmHg)(mmHg)

FVC FEVI
No T.B. % pred. % pred

FEV1% PaO2 PaCO2 p.y.
(mmHg)(mmHg)

1 17,21 73,8
239 3s
3 i 94,4
4 7,os i3,6
5 19,5 38,6
6 2,66 50
7 8 38,8
I 23,72 66,6
9 24,a3 64,j

1o 14 b2,2
11 12 36,8
12 16 48,7
13 14 7s,5
14 7 68,7
15 9,77 71,7
16 20 34,2
17 12,33 4s]
18 24 80,6
19 1.55 s4.1
20 14,66 62,7
21 13,33 79,7
22 14,77 72,s
23 22 96,8
24 6,83 1oo
25 7,1 13i,7
26 21,33 77,s
27 1i,77 49,3
28 10,33 68,8
29 13,s 4B,z
30 9,33 24
31 4,BB 92,8
32 3 87,7
33 12 i2,2
34 24 39,7
35 14,21 44
36 1s,33 67,3
37 6,94 b8,6
38 16,55 sB
39 21 s1,7
40 12,88 103,2
41 3,1 90,9
42 22,66 58,8
43 13.0b 47,3
44 12,44 66,6
45 6,66 41,9
46 t4 7i,s
47 19,'t 1 72,s
48 2 69,7
49 18 6i,B
50 31,8 100
51 18,66 53,5

70,9 95 97 37
19,6 45,9 33 63
42,5 75,7 70 43
61,5 89,5 66 45
25 69,4 33 66
20,5 40,25 71 44
42,3 111 ,4 64 59
73 107,4 72 36
37 56,4 73 64
41,6 81,6 74 46,5
41,6 88,7 68 40
41,3 86,4 43 64
56,7 74,6 52 29
45 61,4 73 42
62,5 86,4 51 36
20,8 59,1 68 49
25 54,8 51 53
42,1 50,7 55 42
35,2 62,5 78 54
50.5 79,1 61 47
58.3 72,2 81 57
61,5 86,8 56 34
49,2 100 55 32,5
82 81.6 62 29
82,7 60.5 66 39
76,6 98.6 70 36
64,7 127,9 56 30
63,9 101,3 65 32
46 94 53 48
37,2 32,1 83,8 68
90 95.8 88 39
82,9 94,5 78 38
44,1 68,9 59 23
24,1 60,5 54 40
32,1 71,8 66,3 47
56 78,8 81 37
55 98,5 51 34
43,1 74,4 73 51

34,0 51,3 37 72
100 96,1 98 36
94,8 104 84 43
52,6 86.9 75 55
52,1 1 16.6 90 43
41,6 64,6 73 42
23,8 60,8 69 50
85,6 109,5 80 42
75,8 104,1 79 37
48,3 69,4 100 50
33,2 48,6 70 37
54.1 57,3 88 40
40 71,8 67 45

52 8,88 28
53 5,22 57,1
54 38,66 52,3
55 36 48,7
56 38,66 66,9
57 14,22 44,7
58 22,66 50,4
59 15,33 77,7
60 18,5 41,6
61 16 40,5
62 25,66 71,9
63 8,16 66,6
64 0,88 86.6
65 9,33 73,6
66 5,77 66,6
67775
68 16,83 44
69 12,5 45,2
70 7,16 70,9
71 0,38 83,3
72 22,66 54,5
73 28 46,8
74 20 46,4
75 8 48,1
76 5,5 42,4
77 7,5 28,9
78 10,16 41,O
79 19.5 34,O
80 10,88 103,1
81 19,05 45,2
82 28 41,6
83 18,66 28,6
84 13,5 52,25
85 7,22 84,6
86 1,31 57,5
87 4 52,7
88 8,74 62,2
89 4 62,5
90 7,66 55,2
91 9,33 51,5
92 10 48,8
93 7,55 52,6
94 7,11 62,4
95 17,77 33
96 4,27 79
97 22,66 56,4
98 16,88 59
99 21,33 50

100 13,22 84,7
101 3,88 1 33
102 15,44 63

33,3 121,1
62,9 117 ,4
46,1 86,9
48 95,6
75 104,2
25,9 59,7
34,5 65,7
61,5 84,2
33,3 80.3
37,9 93,9
50 97,2
70,5 105,8
91,3 105,8
73,3 98,7 ,
46,6 64,3
51,7 89,1
29,7 67,5
29,5 69,4
57,1 80,2
80 95.9
45,5 79,3
20,8 47,2
20,7 42,2
46,6 89
27,9 62,8
39,2 87,5
18,5 50
23,O 71,6

103,7 100
39,2 80,2
33,3 71,4
25,9 90,6
29,6 52,8
92,3 104,4
39,5 65,4
22,2 50
66,9 108,3
62 104,1
22,2 38,8
40,9 75
20,3 38,5
38 56.25
46,3 74,1
28,5 87,5
80,6 107,3
69,6 69,1
74,1 126
23 63.8
70,5 82,4
100 97
57,6 92,7

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

55
76
39
43
44
74
68
85
60
70
74
77
76
85
76
72
51

52
60

100
82
46
84
58
64
73
64
61

64
34
43
40
69
76
73
72
66
82
58
66
43
74
70
69
82
60
59
44
81

72
36

470
42 80
43 90
44 90
44 80
35 80
41 60
49 90
61 75
61 75
51 45
28 80
45 40
450
42 80
330
60 85
46 40
43 75
42 60
38 80
60 40
45 50
360
63 80
45 50
52 50
42 60
42 20
420
45 100
64 80
37 BO

45 30
42 60
54 67
39 50
45 33
43 80
37 60
86 100
48 100
69 'lO0

35 40
350
48 45
450
84 40
33 40
45 60
51 60



PaO2 T.B.
PaCO2 T.B.
FVC T.B.
FEV1 T.B.
FEVl% T.B.
P.Y- T.B.

= 77,29 - 0,79 (Pa02)

= 43,09 - 0,18 (PaCO2)

= 69.46 - 0,56 (FVC)

= 60,7 - 0,53 (FEVI )

= 81 - 7,45 (FEVI%)

= 57,3 + O,22 (P.Y.l
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Table 3. STATISTICAL ANALYSIS OF STUDY
PARAMETERS

Parameter Equation
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and therefore this disrupting factor was ruled out.
ln 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. ln 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 lungs. Smoking is of course particulary signif-
icant. ln 1963 Anerbach et a16 presented the results
of a big study based on 1,340 male post-mortems. ln
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, f ibrosis 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 6O-64 the fibrosis reached
5O%. ln the subjects there was no occupational
exposure which could justify f ibrosis. ln 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. lt 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-
als8'e and also in epidemiological studies based on
chest X-rays'0'12. ln 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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Fig. 1,2. Linear relationship of final score with PaOo 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

signif icantly 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. ln this study
there were no patients suffering from heart failure
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H a{ia rou eAEyyou rqs avarrveuortKis titons Kdrd rn
6rq6trcaoiq ono5Eopeuoryg aoOevdtv pe Xpdvtd
anoQparcn rcry rTveu povondoerq qn6 SnAeinovrq
unoxpeutrr r<6 ae p r o1t 6

A. NATAKA: E. MAYPOOPYAH:. M. KAKOYPA, A. I-EOPTONOYNO:, H. KAKABENAI.

NEPIN HVH

2e 17 oo0eveig pe 1p6vro qro(DpqKrlKq nveupovondOerq nou unoBdAAovrqv o€ Un-
;1ovr16 oeprop6, peAerrloopre rrg peropoAEg rrrrv;lpovrrdrv Odoeov ovonvorlg (XOA) rql
rns qvqrrv€uorrrqg dtonS (AO) orq Srdprero npoo6eurrrqg peiurons rou puOpo0 rou
SrqAeinovro5 urroxp€urrrro0 oepropo0 (AYA) rord rq Srq5rrqoiq qnoo0v6eoqg roug o-
n6 rov ovonveuorqpq, F€ oron6 vq Srqnrordlooup€ ov or peropoAEg rrrrv XtpA ror rqg
AO pnopo0v vo npo6rrdoouv rqv Expoorl rrlg npoond0erog ono6Eopeuoqg qn6 rov q-
vonveuor4po.

Or perpdoerg Eyrvov rord rq 6rdprero AYA pe unoxp€u,rrKq ovonveuorrxd oulv6rqro
1 O, 5, 0 qvonvodrv / )retr6. Or oo0eveig 6lorpE0qrov oe 50o opd6eg ovdAoyo F€ rrlv €flt-
rulio (AE - 9 qo0eveiS) n Ue rrlv qroruxio (AA - 8 ooOeveis) rn5 Sro6rrooiog qnoouv6E-
oedrg roug qn6 ro p41ovrr6 oeprop6 ro en6pevo 24wpo. BpEOqre 6rr roOtig o pu0p6g
rou AYA eAorr@v6rqv 6ev noporqprl0qrov oqpuvrrr€g peropoAEg orrS XOA (Ti, Ti,/Ttot)
Kqt oro teAoernveuorr16 CO2 perol0 rurv 60o opd6rrrv. AvriOerq, n UEon ovonveuorrrd
porl (V,,/T') oulqOqre o4povrrrd g6vo oroug AE rqr r'l roou€rprKrl oro;rorrrr1 nieoq (Po.r)
qu(nOrlre Kcrl orrs 2 opd6eg roOtirg ;lerov6rov o pu0p6g rou AYA. Or ooOeveig rqg AE
opdSog nopouoio(ov Po., prrp6re pq on6 8 cm H2O, evdr 6Aor or rn5 AA oUd6qS Po.r l.r€-
yoAtrepq qn6 I cm H20 o' 6Aeg rrg <pdoerg rrlg peAEr4g. O tr6yo9 Ps.1/Yr:Ti rqr o rqrd
Aenr6 oeprop6g (V.) flrov o4povrrrd peyoAirepor ornv AA o].rd6o. YnoOEroupe 6rr q
uqrnAi P6.1 rurv AA oqeiAeror pdAAov oe oul4yEvo pqlovrx6 <poprio.

Eupnepoivoupre 6rr q Po., onoreAei rqA6 rpovvu,orrK6 6eirr4 ytcr rrlv retrrxd qnoo0v-
5eor1 on6 unopoqOo0p€vo q€ptop6 oe ooOeveig pe XAI-I .

nNEYMON (199O) 3:20-25

O Aroleinurv YnoXpetr-rrrxdg Aeprop6g (AYA - IMV)
<nrrp€ner orov ooOevf vo ovonvEer ourdporo evdr 5€-

Xeror neproSrr€g ovonvoig ono rov ovonv<uorrlpo. O

AYA iXer rep5ioer eupeio ono5oXd oov pEOoSog ono-

Movo6o Avanveuortxryg Avenopxerug, fl a)oAoyrxog
Toltiog rou lorptxoi Tltr1porog rou A.11.O. -

N oooxo p ei o l-. Ll anov t xoAdo u

oJvSeoq5 qo0evruv ond ro pqXovrrd oepropd. loXupi-
(ovror 6rr o AYA epno6i(er rrlv qvqrTv€uorrrq okd-
,\crroq rord rrlv €Oqppoyq pqXovrrou oeproporir enrrpE-
novrcrs oroug ooOeveig vo roOopi(ouv rrg 5rrig roug
nrtoerg 5ro{er5iou rou dvOporo (PCOr), per\rrti.rver rqv
ovonv€uorKd ondvrqoq oro CO22 xor -tlovrog ourtg
rrg ouvEneres- ouvrop€0er rq 5rdpr€rq rrls onoouv-
5eoqg tvovrr ourqg pre enoverAqp;rEveg 5orrpooieg pe

r
b aFS-+Geer,Or,ro

I artieleesDecia
w
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To 20% rcr.rv ooOevdrv nou unoBdAAovrql o€ prlxovt-
16 oepro;r6 5ev pnopoiv vo ov€Xrouv rq Sloronfl
,ouo. H Epeuvo yro npoyvuJorrrig peroplqr€5 €Xer e-

vroOei ror tXouv nporo0ei 5rdQopeg 5orrpooie5 c,-rg

Seixreg 6rr o ooOevqg;rnopel vo onoouv5eOei enrruXdrg
qno rov ovonveuorrlpo.

Or Murciano ror ouv.u tSer(ov orr or xoporrrlpror.-
rfg yro ronuroq rtrlv ovonv€uorKdlv putilv qAerrpo-

;ruoypo<prrEg (HMf) peropoAEg ouvo5e0ovror qno u-
qqAq rooperprrq nieoq ond<ppo(qg oepo<p6purv o5dlv
neprypo<p6pevr1 c,-rg Po,, (perporjpevq 0,1 sec on6 rrlv €-

vop(q rrlg eronvorlg). Or Sasson *q, our.u enrBepoiur-
oov npdo<poro rrl Xpnorp6rrlro rqg Po,,. llEvre on6 1 2
ooOeveig, oroug onoioug q onoorjv5eo4 drov qv€iltru-

Xrlg, epqovi(ouv Po,., peyoAJrepq on6 6 cmH2O, ev6 or

evonopeivovrcg 7, rou oiloouvSE0qrov pe enrruXio,
eiXov opXrrd P0,1 rdrtu on6 rq 6 cmH2O. <Doiverqr orr
or oo0evei5 pe XAI1 ror uqqArl Po.,, 0o eivqr ereivor nou
eivor enrppenei5 vo ovonr0{ouv r6noorl rt.t.lv qvqnv€u-
orrrdrv prurirv rord rr1 5rdprero rqg onoo0v6eoqg.

O oronog ourdg rqg epyooiog qrov vo xo0opioer ro-
rd n6oo peropor\tg orrlv qvonv€uorlrq dloq (P0,.,) ror
ortg lpovtrES Qdoer5 rrlg ovonvoqg (T1,/T,o,) rord rq
5rdpxero npoodeurrrqg peir.,.ro4g rou pu0poJ rou AYA
eivor Xpqorpo TTpoyvruorrxd yro enrruXd onoouv5eoq
ooOevtilv yro XAI-'l nou nr\4po0v ro ouprporrrd rprrd-
pro onoouv6eoqg on6 unopoq0oipevo oepro;16.

ME0o6or

Ae roenrd (17) ooOevei5 nou erodXOrlocrv orrl Movd-
5o pog. pe o[eio ovqnv€uorKq ovenoprero o<perAopEvq

oe nopo[uvorl XAI-l per\errlOr1rov npooXe5rooptvo r]-
orepo on6 ouyrordOeod roug. Or 5 flrov yuvoireg ror
or 12 ov5peg pe pEorl rlArrio 61 trq (eupog 38-73).
'OAor or oo0eveig rlrov 5roourAqvo;,rtvor qn6 ro oropo
lpqorponordvros rpclx€roor-,-rAdveg (8,5 mm) p€ Xol.ln-
Aqg nieoqg oepo0oAdpoug. l-ro ro pqXovrr6 rous cr€pt-

opd Xpqorponorot)vrov ovonveuorqpeg Servo 900 C

rqg Siemens. H neprerrrrorqro rou reAo-ernv€uol-
rou 5ro{erSiou rou ovOporo (FE$O2) roroypd<povrov
ouveXtitg Xprlorponor6vrog ovoAurn Godard Statham.
H neprerrrr6rqrq rou eronveopivou o(uy6vou (F1O2)

pu0pr(6rov pero(0 O,4-O,5 tbore vo 5rorqpei Evo

SaO, ) 94Yo orc ouri. H SaO2 noporoAou0eiro pe i-
vo o([perpo ourro0 rqg Hewlett Packard. H nieoq
ruuv oepo<p6pcuv oSdlv perpr6rov p' Evo ;ropQorponio
nieoqg SinAo oe pro poApiSo cEpog nou Xprlorponoro0-
vrov yro 6roronq rng pons oro rtlog rqg ernvorlg.

H pod rou oEpo ror o ovonve6pevo5 6yro5 (Vr) pe-
rpr6rov pe Evo TTV€uporoxoypdqo, evroXur4 nieoqg xor

oAorAqptr.rrq ponS (Hewlett Packard 8815A) ouv5e-
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5epEvo orq oerpd yro rov rpoXeroooAqvo. Or roprnJ-
Aeg nieoq5, 6yrou ror poqg roroypdQovrov pe roXirq-
ro, 25 mm/sec' n Po,, roroypdQovrov pe roX0rrlro
100 mm,/sec.

Or oo0eveig ppioxovrov o€ inro Otoq, or oepo<p6-
peg o5oi roOopi(ovrov p€ ovoppoQrloerg ror 5ev Xo-
pqyoJvrov rov€vo roroorqArrro q puoXoAopurrrrd

Qdppoxo, rour\dXrorov yo 24 ti.rpeg nprv ono rqv E-

vop{q rqg peAErqg.
'Or\or or ooOeveig pqs lr€ XAF1 nAqpo0oov ro rqOre-

ptr.rpfvo xprrdpro nqnoyqAqrrro;ro0, nprv on6 rqv f-
vop{r1 rqg peAErqg, 5qA. pEyrorq eronveuorrrrl nieoq )
-20 cmH20, FVC rouAdXrorov 1O ml,/kg ror drov or-
poSuvo;rrrd oroOepoi (pton oprnpror4 nieoq ) 90
mmHg ror onouoio oppu0prrirv).

Or ooOeveig ;reAerq0qrov oe Xp6vo nou rArvrrd u-
noOErope 6rr prro Sorrpooio errdg ovonveuordpo 0o 11-

rov overrq. To neipopo dpXroe pe pro nepio5o 30 Ae-

nrdlv pe 1O ovonvotg AYA' orq ouviXero, orov nopo-
rqpq0qre oroOep6rrlro -rou r0nou rqg ovonvoq5 ror
rou reAoernveuorrroti CO2, ro qvonv€uorKd rirAo;ro
Sroxdnrovrov Kor Koroypd<povrov q P6.1. Merd nS U€-
rpqoerg rlS Po,r Kcn ruJV Xpovrrdv Qdoeov rqs ovq-
nvodg, q ouXv6rqro rou AYA eAorrov6rov oe 5 ovq-
nvo€9,/Ienr6 Kor orrl ouvEXero o€ 0 ovonvoig,zAenr6.

Ie rdOe pro on6 ourig ng ouXvdrrlreg AYA, o ovo-
nvedpevog dyrog ror q po4 roroypoQ6rov yro ovdr\u-
oq perd on6 3O Aenrd ror pdvo eQ6oov ivog oroOe-
pdg r[rnog noporqpo0vrqv eni 1 O Aenrd rouAdXrorov.

Or ;rEoe5 rrpEg rou ovonve6pevou 6yrou (Vr), er-

onveuorrxo0 Xp6vou (T,), oArr[g 5rdprerog ovonv€uon-
rotl r0rAou (T,o,) ror ptorlg eronveuorrrrlg porls (V,/T,)
unoAoyi(ovrqv oe rdOe ouXv6rqro AYA Xpqorponorrir-
vrog 5-10 Sro5oXrrEg ovonvoig. H Po,, drov q pioq rr-
pd 5 perp4oetov.

Merd ro neipopo q 5ro6rrooio ono5iv6eoqg ouv€-

Xr(6rov ;re rq p€0o5o nopoXflg 02 on6 ourArlvo T ror or

ooOeveig Srorpt0qrov yro ovdr\uoq oe 2 opdSeg. H pio
nepr€AoBe 9 ooOevei5 TTou qroouvdtOqrov enrruXtirg
(AE) pEoo oro en6pevo 24wpo ror q d,\,\q oprd5o nepri-
Aope 8 ooOeveig nou onEruXov vo onoouv5eOo0v
(AA). Ie xoOe opoSo unor\oyiorqrov or pioeg rrpEg ror
or oroOept5 onorAloerg rouS (SD) yro rdOe peropr\r1r4.
Xpqor;ronor40qre ro Student's t test yrcl vo npoo6ro-
pioer rq oronorr14 oqpooio rov 5ro<poptirv pero(0
rurv 5[ro opd5urv, ;re SropOtr-roq rord Bonferonni yro
noAAonAfg ouoXerioer5: p ( O,005 Oeop[Oqre oov
orqrrorrrd oqpovrr16.

AnoreA€opuro

'OAo ro onoreAEoporo on6 rr1 peA€rq rurv qoOevdrv

pog neprAo;rpdvovror orov flivoro 1 .
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flivoros 1. MeropoAi5 o.g XQA Kor ovonv€uorrr4 riroq orrl drdpK€ro AyA (lMy)

AYA (ovonvoEg,zAenrd)

10

AA AA AEAAAE AA
To sec 0,850 + o,182 0,772 + O,182 0,881 + 0,230 0.780 + 0,203 0,800 + 0,205 0,691 + 0.230
T/r.ot o,4o2 + 0,085 0,389 + 0,078 0,421 + O,1O4 0,391 + 0,071 0,392 + 0,084 0,366 + 0,062
R1 (ovonvoEg,/min) 30 + 9.2 31,3 + 4,5 29,8 + 7,4 31,4 + 5,4 30,8 + I 34,1 + 7,7
V1 ml 404 + 164 419 + 112 459+190 446 t 150 462+ 212 445 + 462
YE, L/min 1 1.1 + 3.6

t13,2 + 2,3 12,9 + 4,7 14 + 4,5" 14,2 + 5,7 15,2 + 4,9
Y1/T1, ml/sec 487 + 109 557 + 172

*513 + 133 591 + 237 576 + 207 715 + 365
Po,1 cmH2O 4,6 + 1,6 10,3 + 4.4*r *s,4 + 1,1 10.9 + 3,9** 6,41 + 2,24 13,2 + 4,4**
P1,1/V1Y1, cmH2O./L:sec 1O,S + 3,1 18,7 + 1O,2x *12,3 + 4,O7 22,3 + 13,3* 12,5 + 6,36 23,7 t 16,0
FECO2, o/o 3,67 + 6.9 4,1 + 1,O1 3,93 + 1,02 4,37 + 1,17 3,98 + 1,08 4,45 + 1,18

Atr

AA

+

= ono5eopeu0ivreg enrruXtilg

= ono6eopeu0EvreE ovenrruXtirg
t-test u€roEi AE ror AA (* p ( 0,05, ** p ( 0,001)
Kord (e0yq t-tesr (+ p ( 0,05) oroug AE perol0 10-S
tiv,/min

ror 5-O ovonvotirv,/min Kot orous AA gero[ir 10-5 xor 5-0 ovonvo-

'Orov ouyrpivoupre rrg 50o opodeg, 11 po., qoiveror
nurg onoreAei Evov ro16 6eixrq enrruXoug onooJv5e_
ons or oo0eveig nou oniruXov vo ofioouv6e0o0v ei-
Xov Po., prrp6repq on6 8 cmH2O orq 5rdprero rov 10,
5 xqr 0 ovonvoti.rv AYA, evtir ol 8 qoOeveig nou onEru-
Xov vo qnoouv5eOo0v eiXov Pe,, peyoArjrepq on6 g
cmH2O rouldXroro rord rrg nepr6dou5 pe 5 ror O
AYA.

H Pe., ou{ov6rov ror orrg 50o opdd<g doo 4 ouXvd-
rrlro rou AYA eAorrcuv6rov. H piorl ovonveuorrrd
poq (V1lV;) BpEOqre, eniorlg, XopqA6rep4 orqv opd5o
AE, oAAd or 5roeopEg 5ev firov ororrorrrd oqpovrrrEq.
O rord Aenr6 oeprop6S Ur) qrov ;reyoAtir€pos oroug
ooOeveig nou onErulov oronolKd oqpovrlrd p6vo
orr;v enrruXdrg onoouv5eOeioo opd5o qoe€vdJv.

Or ;rtoeg rr;rtg rou T, ror T,./T,o, 6ev ppE0qrov onuo-
vrrrd 5ro<poperrrig orrg 5Jo opd5eg, nopo rrlv rdoq
orqv AE vo €peqvtorei pe uryqAdrepeg rr;rtg. H oroOe-
p6rqrd roug. enioqg, SeiXver 6rr rqr orrg duo opddeg q
ourdporq ovoilv€uolKd ouXvdrqro d<v peropArlOqre
orlpovrrrd orq Srdprero rqg peAErrlg.

H peropo,\4 rqg ouXv6rqros rou AyA dev eiXe oq-
povrrrd eni5pooq orq Xqprrq drorl (F61CO2), oJre or ;rt-
oe5 rrptg SrEQepov oqpovrrrd orrg 2 opd5eg. H ovo-
nveuorrrq o5povero -o Adyog P6..,,/yr:T1- BptQqre
oqpovrrrd qlqldreprl roro rr1 Srdprero 6Acov ru.rv ou-
Xvorrlrov AYA orrlv opd5o rulv ooOevtirv nou qntru-
Xov reArrd vo onoouv6€0oJv. Or dAAe5 ovonveuorrxtg
nopdperpor 5ev ep<fdvroqv orololKd o(roAoyrlorpe5

SroQoptg pero(i rtov Srlo opddov. To F1O2 eiXe rdoq
vq eivor gqr\6repo orrlv AA opd5o.

Eu(drqoq

An6 rq onoreAEoporo pog edvqre 6rr, nopd ro 6rr
nAqpo0oov ro oupporrrd rprrrlpro onoo0vdeoqg ond
ro pqXovr16 oeprop6. ot qoe€v€ig pe XAI-'l nou on€ru-
Xov vo qnoouv5eOo0v ep<pdvr(ov uq.rqA6repeg rrp€g
P0,,, V, ror P6,,,/V1:Tr ouyKptvdp€vot U€ rous enrruXdrg
onoouvSe0ivr€S orrl Srdprero AYA pe 10, S ror O q-
vonvotg,/Aenr6.

H uqrrltrn P0,., oroug ooOeveig nou oniruXov vo o-
noouv6eOoriv prnopei vo qno5oOei oe: 1 . Au{11tivo
ltrlyovrxd Qoprio, 6nog edvqre ond rq peyoAtrepq
5poorrrq pqXovrxfl o6pdvero (Po.,,,zV1:T,) oroug ooQe-
veig rqg opdSog AA. Ie ooOeveig, dptrrg, pe oroOepo-
norqpfvq XAI-l or npoorrOipev€S €tonv€uorrri5 ovrr-
ordoe lg orq 6tdprero enove ronvoqg CO2 dev ou{dvouv
rrlv ondvrqol rlS Po,r orrlv ur€pKonvio7. 2. Mrxp6re-
pq FRC ror peAriu-roq rqg oXiorlg d0vopq5-prlrou5 Kor
pdroug-rdoqg rtrlv €toflveuorlrti.rv putirv. Epeig vopi-
(oupre 6rr o uq.rq,\drepog Adyog pqr/y-:Tl oroug ooOe-
vei5 pog nou ontrulov vct clrToouv5eOorjv unodqAtirver
ou[qpEveg ovrrordoerg orrg oepoedpeg o6o0g, yeyovog
nou o5qyei o€ nv€upovtKq unep5rdrooq ;rdAtrov nopd
rr1 peiuroq rrlg FRC. 3. Au{qpivq ovctnveuortKi thorj
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oov oirdvrrlon o€ qu{nUEvo prlxqvrKo Qoprio. Ie oleio
qvqnv€uorKq ovendprero n v€upopurKrl 60q (Po.,,) ei-
vqr nol0 uqrrlArls, oAAd perti-rveror oroSrqrd p€ rqv q-

vdppuroq oe rrprEg ouyrpiorpeg ;r' ourEg oe oroO<po-
norqpEvq rordorooqe. Irq 5rdprero rqg ono5Eopeu-
orlg ond pqXovr16 oeprop6 ooOevdrv pe XAI1 rqrqSei-
Xrqre releuroio uqrlAd P0,,5'6 ror Oeurpd0qre oov oq-
pelo r6ncuorls Ttr.rv qvonve uorrrtrtv put.rv.

Irq 5rrrl pog peAErq or rrpEg rlS Po.r drov uqrlldre-
peg on6 ourEg nou ppdrov oAAo15'61o oxr povo oroug
opptloroug nou crrToouv5E0qrov enrruXtirg or\Ad ror oe
dooug oniruXov orqv npoondOero ourq.

H ooupQr.r.rvio o<peiAeror nr0qv6v e( ioou oe 6ro<po-
p€g rou nAq0uo;rou rov peAerq0€vrurv qoOevtiv (n.X.

oro BoOpo epe0ropou ru.rv Xqperouno6oXtr.r.rv q orov rrj-
rro Kor oopop6r4ro r4g unoreipevq5 v6oou). Epeig pe-

,\errloope enrnlEov roug oo0eveis pqg orq 6rdpxero
npooSeurrrqg geitrroq5 rou puOpro0 rou AYA rqr 16oo
q Po,, 6oo ror q pEoq eronveuorrrq poq (V1:T,) nqpou-
oiooov oi(qoq oe rd0e npoyporonoroipevq ;reioorl
rou puOpou rou AYA, evtl ro reAoernveuorr16 5ro(ei-
5ro nopi;rerve oro0ep61 

1.

H ovdnru(q qvonv€uorKdg ovendpxerog oXerr(6pe-
vnS p€ r6ncr.rorl ruv qvqnv€uorrrtlv pur.,"rv ouvo5e[reror
on6 Xoporrrlprorrxd r0no ovonvoqg. Or Tobbin rqr
ouu.'' neprEypoqlov opEourg perd rq Sroronq rou un-
Xovrro0 oepropo[r ourti.rv ru,rv oppr.i.rorulv nou onoruy-
Xovouv reArrq vo qnoouvSeOo0v fvq prrpo[r Bd0ouS
enrn6Aqro r0no qvqnvonS. O rord lenr6 oeprop69 5ev
perep,\fl04 orrg 50o opd5eg nou preAerqoope, oA,\d o

ovonve6pevog 6yrog drov prrrp6repog evtil rl ovqnv€u-
orrrq ouXvdrqro uryqA6r€pn orous onoruyX6vreg re-
Arrd vo qnoouv5e0o0v.

Or ooOeveig AA epQovr(ov uqrqAdrepeg rrpEg Po..,

ouyrprvdpevor pre ourEg rtuv AE. Kor or 5Jo opdSeg ei-

Xcrv rqv rxov6rqro vo ou{dvouv rqv P6., xo0ti.rg perdr-

v€ror o pu0p6S rou AYA' oe ovri0eoq 6pulg p6vo or o-
oOeveig nou rcArxd onoouvSiOqrov enrruXdrg ori(qoov
rr1 ptoq etonve uortrq pon (ro Vr,/T, Oeu.rpeirot 6rt ono-
reAei p11 euoioOqro Seirrq rrls ovonv€uorrrflg dloqg oe
oo0eveig p€ nv€upovrKq vooo prog ror or 6roropolig
rrl5 nv€upovrrqg Aerroupyiog pnopei vo nopeppoivouv
orq pqXovrrfl perorpond rqg veuprrdg 5poorqpr6rrlrog
o5rlytirvrog oe unoexriprlon rns ovqTrv€uorKrlS dronE)
ror ouroi or ooe€v€i5 p6vo epQdvroov Uro npooS€un-
rq.oqpovrrrq oJ[qo'q orov ovoTrv€dprevo 6yxo.

O ,\6yog T1,/T,o, ilrov nop6prorog orlS 5uo opdSeg o-
o0ev6v. Aur6g ovopd(eror ror evepyog Xp6vog, prdg
ror SeiXver ro rop;rdrr rou qvonv€uorrrotl rrirr\ou oro
onoio SouAe0ouv or eronveuorrroi pug.

To T,,/T,ol ror o A6yog rtrrv peropoAtirv rqg €loTIv€u-

orrrqg nieoqg npos rq ptyror4 eronve uorrrq nieorl €1e r

6erXrei retreurqiq 6rr elvqr e( ioou oqpovrrrd oov
npooSroprorrroi nopdyovr€S rrls r6nooqg rcttv ovo-
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nveuorrxdrv prutirv'', ror ro yrv6pevd rou5 nou ovopd-
(eror 5eixrqg rdoqg-Xp6vou (tension-time index, TTI)
iXer Xpqor;ronorqOei tr.rg 1.r€oo np6pAerp4g rqg nr0ovd-
rqrog ovdnru(qg r6ntrroqg'o. H ptoq rrprl rou Tr,/Ttor n-
rov nopdporq ong 50o oprdSeg ooOevdrv pog ove(dp-
rqro on6 r4v Erpoorl rqg npoondO€rqs onooiv5eoqg,
5eixvovrog orr rqnorq qiEnon orov evepyd Xp6vo 5ev
onor<Aei npoyvurorrx6 Selrrq enrruXoig onoS€o;reu-
oq5 on6 p4Xovrx6 oeprop6.

Iupnepoivoupe, reArrd, 6rr orq 5rdprero npoo6eurt-
rqg pelu-ror15 rou puOpo0 rou 5rqAAeinovro5 uroxp€o-
rrro[r oepropor], or qoOeveig pe enrruXd reAtrtl irpooq
onoorjv5eoqg e;rQovi(ouv XopqA6r<pq nieoq onoQpo-

{qg oepoQdptr.rv o5u-rv (P6,1) ouyrprvd;revor pr' ereivoug
nou onEruXov vo qnoouv6e0o0v. Aurrl q oprd6o o-
oOevdv pnopo[roe enioqg vo ou[doer rq pforl er-

onveuorrrq poq (V1lT,) Kot rov ovonve6pevo 6yro (V1)

ro0tirg eAorrtlir6rqv o opr0pr6g rou AYA. To Ps.1,/V1:T1

pptOr;re uqqAdrepo orous ooe€veig nou on€ru1ov vo
onoouv5eOoiv, yeyov6g nou unoSqAurver 6rr ot noOo-
Aoyrrtg pqXovrrE5 rSr6rqreg rurv nveupdvurv qner€Ae-

oov rov rupiopXo unoreipevo ;rqXovropd onoru;1iog
rqg 6roSrrooiog rou onoyoAoxrroporj.
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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. GEORGOPOULOS, 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 (Ti, Ti,/Ttot) and in FETC02 (chemical drive) between the two groups. ln contrast
mean inspiratory flow rate (Vr,/Tr) was significantly increased only in the SW group. The
mouth occlusion pressure (Po.r) was increased in both groups while IMV was rate decrea-
sed, but the SW pts had a Po., less than 8 cmHrO and the FW pts had a Po..' greater than 8
cmHrO throughout the study. lnspiratory impedance (Ps.1,/V1:T1) and Vs were significa-
ntly higher in the FW group. We suggest that the high Po., in the FW group is due proba-
bly to the increased mechanical load.

We conclude that Po., is a good predictor for weaning outcome from assisted ventila-
tion in COPD pts.

PNEUMON (1990) 3:20-25

The lntermittent Mandatory Ventilatilation (lMV)
allows the patient to breath spontaneously while
receiving periodic mandatory breaths f rom the
ventilator.

IMV has gained widespread acceptance as a

method of weaning patients from mechanical venti-
laiion. lt is claimed that IMV prevents respiratory
alcalosis during mechanical ventilationl by allowing
patients to determine their own CO, tensions,

improves ventilatory responsiveness to carbon diox-
ide2 and these are the reasons that it shortens the
weaning time more than the T-piece repeated trials
do3.

About 2Oo/o of patients who undergo mechanical
ventilation are unable to tolerate its discontinua-
tion4. 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-
leguess have shown that the EMG changes which
are characteristic of respiratory muscle fatigue
accompanied by a high airway occlusion pressure,
known as Po, (by convention measured 0.1 sec from
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the onset of inspiration effort) Sassoon and co-
workers6 have lately confirmed the usefulness or
Po,,; 5 of 12 patients in which weaning was unsuc-
cessful had a Ro,, above 6 cmHrO, whereas the
remaining 7, who weaned successfully, had initial
P0.., below 6 cmH20. lt seems that patients with
COPD and high P0.,, trend to develop resriratory
muscle fatigue during weaning.

The purpose of this study was to determine
wheather changes in respiratory drive (po.,)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 (FErC02) was continuously recorded using
a Godard Statham infrared analyser. lnspired oxy-
gen concentration (Fl02) was adjusted between 0.4-
0.5 in order to maintain an ear SaO2 ) 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 f low and tidal volume (Vr) were mea-
sured in line with endotracheal tube with a pneumo-
tachograph, pressure amplifier and flow integrator
(Hewlett Packard 8815A). Pressure, volume and
f low curves were recorded at a speed oI 23
mm,/sec. Po., 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 ) 2O
cm H2O, FVC of at least 10 ml,zkg 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 3O min period on
10 IMV breaths per minute, then, breathing pattern
and F*CO2 were observed to be stable, the brea-
thing circuit was ocluded and Po., was recorded.
After Po,., and respiratory timing were measured,
IMV rate was reduced to 5 breath,/min and then to O

breaths,/min for 30 min each. lf there was a stable
pattern for at least 1O min, V, and flow were
recorded for analysis in each of these IMV rates.

Mean values of Vr, inspiratory time (T1), total res-
piratory cycle duration (T,o,) and mean inspiratory
flow rate (V/f tl were calculated at each IMV rate
using 5-10 consecutive breaths; Po.., 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 po.,

appeared to be an excellent indicator for successful
weaning; pts who successfully weaned had a po,,

less lhan 8 cmH2O during 10,5 and 0lMV period,
whereas all 8 pts who failed to wean had p0..,

increased in both groups as IMV rate decreased;
there was a statistically significant increase of p6,,

between the IMV rates of 10 and 5 bpm in the SW
group (p < O.O5) and between 5 and O in the FW (p
< 0.01).

ln addition Vr,/T, was lower in the successfully
weaned pts but the difference was not significant.
Mean inspiratory flow rate (Vr,/T,) in the group of
SW pts increased from 487 + 109 during 1O bpm
IMV to 513 + 133 mt,zsec during 5 bpm tMV (p (
O.O5) and increased further during O IMV to 576 +
2O-l ml/sec (p ( 0.05). ln contrast the changes in
Yr/T, in the group of patients who failed to wean
were not signif icant.

Minute ventilation (V.) was higher in the pts who
had failed to wean; during 1O dpm in the success-
fully weaned pts V, was 11.1 + 3.6 and in those
who had failed to wean 13.2 + 2.3 1/min (p I
0.01). The corresponding values during b and O dpm



132 nNEYMON Te)yog 3o, T61Log 3og, loiAtog-ZenrtpBprog 199O

Table 1. Change in timing and drive during IMV

IMV (breaths,/min)

't0

SWFWSW FW SW FW

To 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

r/r.r 0,402+ 0,085 0,389+0,078 0,421 + 0,104 0,391 +0,071 0,392+0,084 0,366+0,062
R1 (breaths,/min) 30 + 9,2 31,3 + 4,5 29,8 + 7,4 31,4 + 5,4 30,8 + 8 34,1 + 7,7

V1 ml 404 + 164 419 + 112 459 + 190 446 + 150 462t212 445+ 462

Vs, L,/min 11,1 + 3,6
*13,2 + 2,3 12,9 + 4,7 14 + 4,5" 14,2 + 5,7 15,2 + 4,9

V1/f ,, ml/sec 487 + 109 557 + 172
*s13 + 133 591 + 237

*976 + 2o7 71s + 36s

P6.1 cmH2O 4,6 + 1,6 10,3 + 4,4**
*5,4 + 1,-/ 10.9 + 3,9** 6,41 + 2,24 *13,2 + 4,4**

P6.1,/V1:V1, cmH20,/L:sec 10,5 + 3,1 18,7 + 1O,2x +12,9 + 4,O7 22,3 + 19,3* 12,5 + 6,36 23,7 t 16,0

FECO2, % 3,67 + 6,9 4,1 + 1,O1 3,93 + 1,02 4,37 + 1,17 3,98 + 1,08 4,45 + 1,18

= successf ully weaned
= failed to wean
t-test between SW and FW patients (* p ( 0,05, "" p ( O,OO1 )

Paired t-test (+ p ( O,O5) between SW at 1O-5 and 5-O breaths/min and between FW at 10-5 and 5-0 breaths./min.

AE
FW

+

IMV rate were 12.9 + 4.7 vs 14.5 + 4.5 (p < O.O5)

and 14.2 -F 5.7 vs 15.2 + 4.9 (p < 0.05). V. was
increased only in the FW group between 1O-5 bpm
(p ( 0.05).

V, was signif icantly increased only in the success-
fully weaned group of pts and when IMV rate was
decreased from 1O to 5 bpm.

The mean values of T, and T,,/T,o, were also not
signif icantly different in our two groups; there was a

tendency for the SW group to present with higher T,

and T,,/T,o,. The stable T, and T,,/T,o, indicate that
spontaneous respiratory rate was not significantly
changed during the period of study in both groups.

As IMV rate decreased progressively from 1O to O

bpm there was no significant change in Fg1CO2

between the two groups. During 1O bpm IMV in the
SW group FrrCo2 was 3.67 + 0.9%, increased to
3.93 + 1.02 with 5 bpm IMV and 3.98 + 1.08% with
0 lMV. These changes were not statistically signifi-
cant. The corresponting values of the FW group
were 4.1 + 1.01 ,4.37 + 1.11 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 (P6,1,/V1:T1) 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 signif icant differences between both groups.

The F1O2 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 Po,r, VE and P0..,,/V-:T,

values than did the successfully weaned patients
during 10, 5 and O bpm lMV. There was also a trend
for a lower T1./T,o, in patients who had failed to
wean.

The high Pe.1 in the patients who failed to wean
may be ascribed to: 1) increased mechanical load, as
indicated by the higher effective inspiratory impe-
dance (P0,,,/V1:T1) in our patients who failed to wean.
However in patients with stable COPD added inspi-
ratory resistances during CO2 rebreathing do not
increase the Po., response to hypercapniaT. 2)
Smaller FRC and improvement in the inspiratory
muscle force-length and length-tension relation-
ship. We feel that the higher Po)/Vl.f 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
(P0,,) is very high8. With recovery Pe., was decreas-
inE substantially to values comparable to those in
stable states. A high P6.1 in patients with COPD dur-
ing discontinuation of mechanical ventilation dem-
onstrated recently5'6 and was considered as a sign
of muscle fatigue.

ln our study Po.r values were higher than those
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reported by othersu.6,ro 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 po.., and mean
inspiratory flow rate (Vr/Ttl increased with each
decrease in IMV rate, whereas F.11 CO2 remained
constantl l.

The development of respiratory failure related to
respiratory muscle fatigue has been associated with
characteristic breathing pattern. Tabbin and asso-
ciatesl2 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 Po.,, when compared
with Po,., of pts who successfully weaned. Both
groups had the ability to increase Po,, as IMV rate
decreased; in contrast only patients who success-
fully weaned increased the mean inspiratory flow
rate (Vr,/T, is considered to be an insensitive index
of respiratory drive in patients with pulmonary di-
sease, as dearrangement in lung f unction 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 Vr.

T,,/T,o, was similar in the two groups of patients.
The T,,/T,o, ratio is refered as duty cycle, as it is indi-
cating the portion of the respiratory cycle when
inspiratory muscles are active. T;./T,o, and the ratio
of inspiratory pressure swings to maximal inspira-
tory pressure have recently been shown to be
equally importa.nt as determinants of respiratory
muscle fatiguel3. and their product, termed the
tension-time index, has been employed as a means
of predicting the likelihood of developing fatigue.
Mean T,,/T,or 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.

ln conclusion, during progressively reduced IMV
rate, patients with successf ul weaning outcome had
lower Po,., 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 po)/Ti/Tbl
was higher in the patients who had failed to wean,
this suggests that abnormal pulmonary mechanics
was likely to be an important underlying mechanism

of weaning process failure.
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Mqyavtxdg aeproltog uttrrlAis ouxvilrqras (HFV)

KOYT:OYKOY ANTONIA

Etoaywyrl

H erooyr.rryd rou prlxqvrKoO oe propou Oerrrqg nieoqg
orrlv rArvrx[ npo{q oupninrer ;re rqv enrSrlpio noAro-
pueAirrSog orqv KoneyXdyq ro 1 952. And r6re ol qu-
(qpEveg onorrdoerg ror q ovoyrq e ueAr(iog rord rr1 Xprl-
oq o5rlyqoov oro ouv€Xd erouyXpovropo ru-rv ovo-
nveuorqpu-rv pre onortleopo orlpovlKfl npooSo orqv
ovrrperdrnroq rqg qvonv€uorrrdg ovendprerog.

Quorro, rord rq ouv5eoq rou oo0evo0g U€ rov q-
vonveuordpo, q onopoirqrq nieoq yto rnv npo60qor1
rou oepiou nporoAei reAeiog 5roQoperrrEg ouv0qreg
UJS npos rq pqXovrr<d rou ovonv€uorrrou ouorqprorog
Kor rnv rurAoQopio, oe oytoq pe lg Quoroloyrrtg. 'E-

ror. evd.r q onoreAeoporrrorrlro rou ouveXou5 cr€pr-

opo0 Oerrrrlg nieoqg (PPV) orq peAritr.roq rqg o[uyo-
vulorls rou oiporog Kot rrl preiooq rqg nveupovrrflg

QAeprrdg npoopr(qg (shunt) Oeulpeiror ovopQropqrrl-
rrl, ornv npo{q n €Qqppovn rou ropouoro(er ouyr<e-
r<prptvo perovexrrl;roro :

1. H nopoXrl rou ovonveopevou 6yrou pre oyoy4 rqg
oiptog po(og EXer ouyvo oov onor€,\eopo rrlv o-
vo1-roroyevq rorovopd rng orov nveu;rovo ror rq
5 r oropoXrl ro u Aoyou oepropou,/o r poruroqg (V,zO)

pe ouv€nero rqv ovenoprero o(uyovutorls Kor o€-
propo0 oe Bopreg nveu;rovondOereg.

2. H Xopnvqorl trreydAou ovonve6pevou dyrou 5q-
;rroupyei uqqAtg ev5onve upovrrig nrEoerg pe nr0o-
v6 onorfAeopo Sqproupyio pAdpqg er nrEoeuig
(barotrauma) ror 5roropoxrl rng ropSroyyerorrlg
Aerroupylog. EnrnAiov 6q;rroupyei nporrrrtg 5u-
oXEpereg orov cr€ptop6 ooOevtirv pe erreropevo
rpox€roorooQoyrrd d ppoyXo-une(ororrro oup-
piyyro.

3. H roXeio Srorupovoq rqg ruryeAr5rrflg nieoqg u-
noBdAAer rov nve0povo oe enevqAo;rpov6pevq ro-
oq nou tXer ono5ery0ei orr eivor nopoyovrog
nveupovr r[g BAqBnS'''.

4. H onopoirrlrn nqpouoio rou evSorpoyerorou ou-r-

Advo elvor Suvordv vo nepropioer rq Xerpoupyrr<d

npooBooq oe ne5io nou o<popouv rqv rpoXeio ror
ro Adpuyyo.

To npopAflporo quro ouvrorouv, prero(u dAAov,
roug A6youg nou unoydp€uoov rqv ovoyrq Vtq rrlv €-

{eipeorl prog A0oqg nou 0o 5rorqpouoe pev ro euvoi-
rd qnoreAtopcrro rou PPV, 6oov oeopd rov ruq.reAr5r-
ro oepropo Kot rrlv ovroAAoyrl rtuv oepiu-rv, evdr nq-
poAtrrlAo 0o oniQeuye lg ovenr0Jpqreg evEpyereg. H
ovo(r1rqoq rqg Aioq5 ourdg onorEAese ro ivouopo
Vro rrlv ovonru(q rou prlxovro;rorJr oepropro0 urpqAdg
ouXv6rrlrog (HFV).

'Evvorq ror nopoJ\Aoytg rou HFV

O HFV ouvroro pro ptOo5o pqXovrrou o€ptotlou
nou Xprlorponorei Xopqlo0g ovonveol.r€vous oyroug
(V.) (iooug d r<or prrporepoug on6 rov oyro rou ve rpou
Xtirpou), Xopqyo0pevous l..l€ uq,nAn ouXvdrqro. Anorrei
er5rr<o0g ovonveuorqp€S nou yoporrqpi(ovror ond pl-
r<p6 eotoreprro oyro Kcn pn 5roroorpoug oyrrryoug3. H
ouxvorrlro nou Xpnorponoreiror ouvdOtr-rg eivor rerpo-
nAdorq rrlg ovo;rev6p€vnS ovoilveuorrrqg ouXvdrqrog
rou ouVK€Kprprtvou ooOevo0g, uno quoroAoyrrtg ouv-
04r<eg. H enrAoyq ourd, ov ror ev piper ouOoiperq, po-
oi(eror orqv ro0reptrrpivq nporrrrrl nou oroAouOeiror
ono noAAoug <peuvqrego 11.

Yndpyouv reooeprg poorroi r0nor HFV.

Mqyovtx6E q€ptopog uWq\ig ouyvdrqrag )enxqg nie-
oqe (HFPPV)

To 1967, or Sjostrand ror ouvepyoregl2, roro rq
5rdpr<e ro nerpoporrrdrv preAerdrv eni rou qvrqvorAqorr-
ro0 rou ropu.rrrSrrou r6lnou oe oruArd uno pqyovrrd
ovonvod. ovrrpertinroqv rrlv ovdyrq vo onoerjyouv
rrq rouroXpov€S U€ rtS ovqrv€uolKEg xrvrloelg peroBo-
trtg rrlg oprqprordg nieoqg. [lpog ro or<on6 ouro eAdr-
ruoov ro V, oro enine5o rou verpo0 Xdrpou p€ no-
poAAqAq qtEnon rrlS ovonv€uorrrrlg ouXv6rqrog oe
60-100 ovonvoeg ro Aenro (q.q.I.) yro rq 5rorqpqoq

;&m&&trq&e
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rou Korq ,\enrov o€ptopo0. Or epeuvqrig noporqprl-
oov 6r qrov Suvor6v vo 5rorqpqoouv enoprfl oEuV6-
vuJoq Kqr oeptopo vto nopor€rcrpEvo Xpovrro 6rdorq;ro
pe XopqAore pr1 pEyrorq ror ;rioq nieorl oe poyrrryti.rv ror
Xtr.rpig ev6ei(erg eni5pooqg eni rurv orpo5uvoprrdv no-
po;.rirpuv. EnrnAEov, noporqprlOqre 6rr 11 enireu(q
vopporonvio5 tt€ rnv piOo5o ourq odqyotoe oe nAd-
pq rorooroAq rqg ou16porqg ovonvoqg. To npturono-
pro16 our6 neipo;ro rlrov q nptirrq nporrrrd €OoppoyR
prog vtog reXvrrdg nou opyorepo tyrve yvtoorq oov
HFV. To opXrrd onoreAEoporo enrpeBoltirOqrov ro
1 971 qno rov Johnson Kqr rous ouvepydreg roul3.

Iqpepo yro ro HFPPV Xpqorponoreirot Evo orjorqpo
poApi6uuv nieorlg (pneumatic valve) (oXqpo 1). Kord
rqv e ronvoq nenreopivo oEpro Xopqyeiror orov ooOevq
pEoul ev6g noponleupou oytrryoJ rou ouorq;rorog. H
€Knvorl nopo;river noOqrrrd Srq5rrooio nou, 6nurg ror
orrlv ouroporq ovonvorl, eivor onoriAeopo rulv er\o-
ortrdlv r5rordrtrlv rou nve0;,rovo. To ernveopevo oEpro
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IXqpo 1 . IXqporrrrl nopooroorl rt;v xurAupdru.rv nou XprlotUo_
norouvrol oro 6rd<popo ei6q prlXovrrou oepropou urpqlqg ouy_
vorqroq (HFV).
l: HPPV a: nopdnAe upog oytr_ry6q, b: npog rov evdorpoyeroro
ou.rA4vo, c: prog r<orei6uvoq6 poApi6o.
ll: HFJV a: Aenrdg pq 6rordorpog ro0erqpog, b: nopdnleuprl
n0Ari yro rrlv eioo6o rqg np6ogerqg oEproq pd(og flou oupnopo_
ouperor, c: npos rov evSorpoXetor6 otoArlvo, d: prog rore0_
0uvoqg BoApiSo.
lll: HFO a: €;rBo,\o nou e rreAei noArv5poprxq rivqorl, b: nopoyrl
erorv<opevou oepiou, c: t(o5og ernveoptvou oepiou, d. npog rov
ev6orpoXeror6 oo,\r1vo.
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e(tpXeror on6 rov rupro oytuy6 rou ouorrlUcrrog. Aev
noporqpeiror oupperoXq npooOerrlg otprog po(og (6_
nurs oro HFJV. pI. nopordru-r). Oor6oo o nopeX6pe_
vog dyrog 5ev trrnopei vo npoo6ropro0ei enorprpd,tg
yrori tvo ptKp6 TToooor6 rou e{tpXeror ond ro €Knv€u-
orrro rprlpo 145 5roro(qg d6q rord ro riAog rn5 €to_
nveuorrrq5 QdoqS. To nooooro rou Xopqyoup€vou 02
npoQovtirg ro0opi(eror ono ro F,O2 rou Xopqyoupevou
o€piou. IuvqOtug e<poppo(eror ouxvdrnro rqg ro{r1g
rou 60-1OO q.o.A. O V, eivor 3-S ml,zkg Kcn I crvoAo-
yio rou Xpdvou €ronvoqs (Ti/T,,t) O. 15-0.35.

Mqyovrx6E aeprcp1g uWqAiE ouxvorrlrqg pe npowlq-
nxq ixyuorl (HFJV)

Irlpepo eivor q €upur€po XpnotUonotoupevq nopoA-
Aoyd rou HFV. Tt0qre o€ n€tpopqrrrq eqoppoyq yro
nptilrq Qopo ro 1967 ono rov Sandersla nou onide r[e
orr drov 5uvorov vo 5rorqpq0ei rxovonorqrrrfl o{uy6_
vuJorl Kqt oepropog Kqrd rn Sroprero 145 ppoyxooro_
nlons pe rq Xprlo4 n€proStKdrv tloeutv (jets) nenreoprt_
vou o€piou (15-50 psi). To oipro erodyerot piotrt €vos
Aenrou (1 4-18 guage) ;rq droroorpou roOerflpo (oXd-
;ro 1 ), evour;rqrupCvou_orrlv opxtl q oro ptoo ev65 ev-
5orpoXeroro0 our,\qvo15. Mro poApido poqg (fluidic va-
lve) d nrioeos n pio qAerrpovrxo eAeyXoprev4 poApido
(solenoid valve) 5rordnr€t rrl poq orov ro0erqpo rord
rqKrq XpovtKo Sroordporo. H poApi5o pu0;ri(erol vo
nqpoptv€t ovorrrrl yro 50-400 msec nqpixovrog iror
pro rrpq Ti/Td O.2-O.5 oe ouXvorrlreg 60-3OO o.o.A.
To ruporo (tiroerg) rou o€piou e;-rnAouri(ovror p€ u-
Sporpo0g pe qeroopo ev6g 5roAJporog <puoroAoyrro0
oppou oro reArr6 orpo rou ro0erqpo.

Ie rd0e Xopqyoupevq Ooq, 11 oEpro ;rd(o nou eroEp-
x€rqr oro rpoxeroou,\dvo pe uqqAd rqxJrqro nqpoou-
p€r pto enrnAeov otpro pd(o ono ro ne prpdAlov rou q_

epoytr.ryou, Booer rqg opXqg rou Ventouri. H np6o0errl
fiooorrlro €toEpx€rclt orov evSorpox€tqK6 or.rrldvo ono
pro noponA€upn €tonv€uolKn ntAr1. To <forv6;revo
ourd nopqrnpeiror orqv opXR rns eronveuorrrqg <po-
oqg, otrid oropord npos ro rttrog rr1g, nopotrA4Ao pe
rqv o0{qoq rrlg nieoqg orous cr€povr,ryoi5'6.
O V, roouror npos ro dOpotopo rou Xoprlyou;rEvou rot
rou oyrou nou oupnopqoup€rot ror eivor rqg rd[qg
rou 3-4 ml,zkg. l-lpoqovtirg q ovoAoyio rou reArrtlg
nqp€Xot.l€vou 02 elvor ouvoprqoq rutv F,O2 T(l.)v duo
ourdrv, SroQoperrrqg npoir\euoq5, Ll€prlv rou Vr. H
ernvoq €ivqt Kot edtl nooqrrr[ 5roSrrooio.

YWqAiS ouxvonlrqs ltrlyawrdg aepopoE pe ra\qvru-
otj (HFO)

H reXvrrq ourrl ne prypdeqre opXtrd ono rov
Lunkenheimer Kor oroug ouvepydreg roul7 ro 1g72.
Xpqorponordrvrog Evo tppotro yto rrlv nopoXR prrpd;v
o€picrrv dyrtuv o€ n€tpoporo(oo pe ouXvor4ro p€Xpr

II
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40 Hz, q epeuvqrrrrl opd5o nEruXe o[uy6vuloq rot o-
nopoAq CO2 ouyrpiorpo p€ rq onorelEoporo on6 rq
xprlon ou;rporrro[r ovonveuorqpo. H pE0o5og eQopp6-
ornK€ yro npdlrq Qopo oe ovOptirnoug qno rov Butler
Kor rous ouvepydreg rou't ,o 1 980 ue rq xprloq qpr-

rovoerSo05 (oppovrxrts) roAdvroo4g ouXvorqrog 15
Hz ror Vr 1 .5-3.0 mL,/kg. flEpov rou enoprous o€pr-

opori noporqpdO4re oqpovrrrq er\drru,roq rqg ev5o-
Ocr.rporrrd5 nieoqg ror peAriuoq rq5 rop5torrlg nopo-

XnS (ouyrprrtrd ;re rqv e<DqppoVn oupportrfig Unxovr-
x4g ovonvodE) ror oe 5rlo oo0eveiE pe COPD, er\drrcrr-

orl rou shunt.
H ouorti-r5qq, 5roQopd rou HFO uS npos roug dtr-

Aoug r[rnoug HFV Eyxerrot oro 6rt q ernvod unopoq-
Oeiror ;re evepyqrr16 rp6no. l-evrrd o HFO Aerroupyei

oe ouXvdrqreg 1-60 Hz rqr nopEXer V1 oo<ptit5 prrp6-
r€po rou 6yrou rou verpoir Xdrpou (1 -3 ml/kg). Ae-

5optvou 6purg drr, rord rqv e<Dqppoyrl rqg pe0o5ou q

PA CO2 6rorqpeiror oe guorohoytrd nhqioro, yewdrot
e0Aoyo evSrotpEpov yro rous nrOovoig pqXovropo0g

nou oupper€Xouv ornv ovroAAoyd rurv oepiu"rv.

YtytlLiE ouyvirqrag roAdvrwoq rou )wpoxtxo} rot-
ytitporog (HFCWO)

H relvrxq ourd ovo<pipOqre oplrrd qn6 rov Zidulka
Kor rous ouv<pydreg ,outt to 1983. Iuviorcrror orrlv
roxeio SroSoXrrrl oupnieoq Kcn crnoouprieoq rou Odr-

poKcr l-r€ enoroAou0o rq 5qproupyio potilv orous ct€-

poyoyoug Xurpi5 rqv ovdyrq Jnop(qg rpoXerooo,\r1vo.
'Eror ro dropo Srorqp€i Kor rqv ouroporq ovonvod.
KoOdtrq rq 5rdprero rrlg 5roSrrooiog o nveupovr<69 6-
yrog nopopEver Aiyo XopqA6repog on6 rq Aetroupyrrrl
unolernd;revq Xu-rpqrrr6rrlrq (FRC). MtXpr rd-rpo ot ou-
Xv6r4reg nou EXouv e<pop;rooOei oe nerpopor6(uro xot

uyrd dropo rupoivovror qn6 3-17 Hz2o.

To 1983 o Ward Kor or ouv€pydreg rou21 €Onpuo-
oqv rnv i5ro opxrt o€ nv€upovrro nopoore0ootlo, €-

1169 rou odrporog, p€oo oe oepooreyEg SoXeio.

Or pqlovropoi rqg ovruAAoyqg rurv oepiurv

Elvor yvoord orr 11 ovroAAoyq rov oepiurv oroug
nverJ;rove5 enrreA<iror p6vo ortg ruq.re,\i6eg ror npou-
no0Erer popror[ 5rdXuoq ;rEour rrlg rprloer5oruq-rer\r5r-
rrlg pepppdvqg. H 0epeArrirSqg ourd <puoroAoyrrfl op-

Xrl, o€ ouv6uoop6 p€ rnv runonoiqoq rutv optilv rou
ovoroprro0 ror <puoto,\oyrroJ verpoi Xtitpou Kot rnv
onoooQrlvroq rqg Aerroupyrrqg Evvorog, o5rlyqoe orqv
rr\obrxd nopo6oyrl: Ave{dprqro qn6 rov rJno rqg o-
vonvoqg (our6;rorq q pqXovrrrl), ovror\Aoyr; oepiu-rv

pnopei vo ouppei p6vo ov o Vr uneppoivet ro verp6

Xdrpo (Vo).

nNEYMON Teiyog 3o, T61toE 3oE, loiAroE-Zemippptog 199O

Kqrq ouvEnero, q Sronlortuoq orr rord rrg n€rpopo-
rrxtg xor rArvrrig €Ooptroyis rou HFV noporqpeiror e-

noprdg ror orooepfl o(uy6vtrrorl ror onopolfl CO2 pe

V1 ;rEXpr ror 2Oo/o rou Vo", Oeu.rpd0qre tvo rorvo<povtg
Kqr -Kor' opxRv- nopd5o(o <porv6pevo, oAAd rour6-
Xpovcr Kor Uro np6rAqoq npos rous epeuvqr€g ytq rnv
eppqveio rou.

Iro oqpeio our6, npEner vo rovtorei 6l q rAootrq
Oeurprlrrrq ovdAuoq rqg ;rqXovrrds rtrrv p€uorti.rv. <ixe

on6 noAu nprv npopAEqrer drr q 5rotreinouoo enovol4-
nrrrrl eQopproyd ev6g npovo[rE nrioerl.rg oe evov oytrryd

o5qyei oe poq pre reAelo5 6roQopertro Xoporrqprorrxo
rqr 6r or onorAioets, nou roporqpoivror eivor peyd-
Leg,, r5roirepo oe uqql,€g ouXv6rqreg. Or pretrEre5 ourEg
rou unoorqpi(ovror on6 nAq0drpq n€tpoponKdrv 5e-

Sopivov, oe opropEveg neprnrdroerg un6retvrqt o€ po-
0qporrxq n€plypoQn pe $doq np6runo e[otpertrflg, ye-

vrr6rqrog Kor €uxprloriog (dnog n.X. neprypdqovror
oro pvqpertrr5e5, tpyo rou Schlkichting n@66pio rou
Oprorou Irpdrporog").

Irrlv nepinrtr-rorl rou HFV, or epeuvrlrrrEg on6nerpeg
oroAou0qoov Srorpoperrrq pe0o5oAoyio. [lpordOqrov
enrpEpoug e(erSrreupEvor ;rqXovrroi nou rtOrlrov oe
nerpoporrro E,\eyXo ror eyrve npoondOero po0qporrrdg
nporunonoiqodg roug. [1opd ro ev5roQEpovro Kqr €v-

Ooppuvrrrd onoreAio;roro, Ooiv€rol 6rr or on6nerpeg
ourig 5ev eivor npog ro nop6v oe 0Eoq vq ouvOEoouv
pro evroio 0ec,lpio vro rrlv ovroAr\oyf ru.rv oepit-rv rord
ro HFV. Or pnXovropoi nou tXouv nporo0ei, qv ror o-
nooilooporKpi, nopouord(ouv rorvd oror;1eio ror rqrd
ndoo nr0ov6rr1ro Aerroupyo0v rour6xpovo Kor ou-
prn,\qpoporrrd. H ovoAurrxd roug nopouoiooq {e<peJ-
yer ono rrg npo0Eoerg ourEg rqg ovoordnqoqg.

Or oqpovrrr6r€por prlxovro;roi eivor, enrypopprorrro,
-. 23or €lns :

- H dpeoq qvulyR ru-rv oepiu.rv eivor 6uvor6v vq npo-
oeyyioer rS ovonv€uorrrig povd6eg nou ppiorovror
xovrd orrg onolq(erg rurv o€poyulytirv. Or ruqe,\i5eg
ourEg nopouord(ouv verp6 Xti.rpo prrp6repo rou pi'-
oou 6pou ror eivor, tlg er rourou, npootrtg oropo
Kor p€ prKpors Vr'o.

- Kdru.r ono opropEve5 ouvOdreg, eivor 5uvor6v vo
noporqpqOei ronrrq enovorurAoQopio ru-rv q€piulv
pero(0 yerrovrrti.rv povd5tov ovroAAoyqg oepiurv. To
<porv6pevo our6 ovoQtp€ror oov odepro errpeprEg,
(Pendelluft) ror pooi(eror orrg 5roQoperrrEg rrpig
rqg oro0epdg Xpdvou noporei;revo.rv ruqer\i5r.uv pe

ouvtnero rrl prl ouyxpovroptvq eivor q perorivqoq
oepiu.rv pero(i nopoAA[Acrrv ;.rovd5tr.rv ror q evioXu-
on rq5 5ro6rxooiog ovroAAoyflg roug.

- Irqv neplnruroq rov uqqltirv ouXvorqrulv, ro yvrrr-

ord nopopoArrd pErono rov potirv oroug oyuryo0g
nopopop<ptirvovrcn. H SroQopd on6 rqv runrr4 no-
poBoln o<popo 5rJo ororleio: oQevdg pev q rivqoq
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oro K€vrpo rou o€poy(r)you nopouoro(er 5ro<popo
<Doong oe oXioq p€ rrlv rivqoq orqv nepreip€to Kot
o<per€pou nopouord(erqt oouptl€rplo pero(J rou
ouvor\rrou €tonv€uoTtKod ror ernveuorrrorj p<rtl-
nou, eni nopouoict 5rorr\o5tloec,.rg26.

- Iup<purvo p€ lS €pyooieg rou Taylor. q ouv0nop{r1
qyuJyRS o€piulv, un6 rnv eniSpooq rou npovoJg nrE-
o€t.rl5 Kor poprorfg 6rdXuoqg uil6 rnv eni5pooq rou
npovoug ouyriwpuroqg, o5qyei oe nooorrxq o0(qoq
rou 6eurEpou <porvopEvou nou ovorptperol r6re oov
oevtoXupivrl Sroyuoq, n n5roonopq runou Taylor,27.

H o,\lqAeniSpooq ourq, nou enrSEXeror po0qporr-
rq runonoiqoq noporqpeirot ove(oprqro on6 rov ru-
no rqg oyuryns (VpoUprrn r1 orpoprAdrSns pon) ox6po
rqr oe noAu prrpEg pEoeg roXJrqr€S U€roeopdS n o-
rdpo ror orqv nepinru-roq 6nou n paon rolirqro ei-
vor prl5evrrq, 6nu.rg oro HFO. Eivor rSroirepo ev5ro<pE-
pov orr or4v nepinrtr-ror1 ourrl 11 evioXuo4 rqg ovroA-
Aoydg rcr.rv o€piutv 5ev onorrei oroOepd ouXv6rqro,
oAAo noporqpeiror or6p4 rqr orov Xp4orponoreirol t-
vo <poopo 5ro<poptrtv ouXvorqrurv, on6re q rivqoq
rrr.,v Uopirrtv nporrrrd eivor reAeiug ru1oio28.

- TEIoS peprroi epeuvqrEg nporeivouv urg enrrouprr6
1.r4Xovro1.ro roug ropSroyeveig noApoug nou pero<pE-

povror lurpig oq;rovrrr4 on6opeon olg yelrovrxiS
neproXEg rcr.rv nveupdvrrrv. Ynoorqpi(eror orr or rlvrl-
oerg ourEg eivor Suvor6v vo oSqyqoouv o€ evioXuoq
rrlg ovroAAoyrlg rulv q€piulv olg onopoKpuopiveg
xuqleAi6e5 ptXpr ror n€vre qopig2e.
O Stutsky3o enrXeipqoe pro ouv0errrrl errip4oq rov

pqXovropdrv nou ovoQip0qrov, npor<ivovrog rq 6rol-
p€orl rou nve0povo o€ rp€ts (tlveg:

l. Toug peydAoug oepoytrryotig, 6nou q pofi elvor
orpoprAtir5q5 Kot rl p€roQopd ruuv q€piurv evroXieror
rupitrrg on6 rq poprorq 5roonopd.

ll. Toug prrp6repoug oepoytr-ryoJg dnou q porl elvor
ypol.rprrd ror evroX0erqr on6 rqv qoupp€rpio ruuv ;re-
rti.rnov rng or5 6rorlodti.roerg rol

lll. rrg ruqeAiSeg 6nou nporrrrd 5ev ueiororor pod
ror onou 11 enrrer\ou;rEvq ovror\Aoyq rr.uv oeplurv, €nt-
roupeiror on6 ro <porvdpevo Pendelluft, rqv evroXu;rE-
vq 5rdXuo4 Kor rous ropSroyevelg noApoJg.

YndpXouv pdorpor ,\oyor vo nlore0oupe dn or Oeur-
pqrrrtg ovoAuoerg Kot rl r€tpoporrrd Epeuvo nou ou-
veXi(ovror 0o npoo<pEpouv oro piAAov ;rro evroio 0e-
urpig ror 0o onovrqoouv Eror oprorrxd orqv np6rAqorl
rqg eppqveiog rrlg ovroAloyrl5 rurv oepir.r.rv Koro ro
HFV31.

l-lopdyovreg nou roOopi(ouv rov oeprop6 Kqt rnv
o(uy6vuroq

l. Aeprcptog

Koro 14 oupporrrrl pqlovrrq ovqnvon (CMV), o ru-
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qefu5rr65 oepropdg roOopi(eror (ev pEper) ond rov o-
vonve6pevo oyro (Vr) Kot rrlv ovonv€uolKrl ouXv6rqro
(f). Kord pdoq ro i5ro roXJet Kor yro rq prqXovtrq ovo-
nvod uqqlqg ouyvdrqroS (HFV) oAAo q eni5pooq rov
nopoy6vrtov ourdrv eivor neproo6repo 6uvoprrq.

Iro HFJV q PaCO2 eivor ovrrorpdQog ovdAovrl rou
rord ,\enr6v oepropoi (5qlodn rou yrvopivou Vr x f)
yro XopqAEg ouyvorqreg (( 3 Hz)32-3a, oAAd yro uqqA6-
repeg ouXvdrqre5 () 6 Hz) n ouordr5q5 nopoperpog yro
rqv onopdrpuvorl rou CO2 qoiveror 6rr eivor o Vr no-
pd n f3u. l-1op6poro onoreAtoporo noporqpq0rlKcrv Kol
yro ro HFO, dnou, nEpov rwv 4 Hz o p6AoS rq5 ouXv6-
rrlrcrs orov ro0opro;r6 rou PaCO2 nepropi(eror oqpo-
vrrrd35. O pqXovrop6s rrou n€propl(er rq peAriuron rou
oepropo[r orrg noAu uqrnlis ouXvorqreg ntor€r]€rqt 6l
eivor o eyrAr.rrprop65 rtov oepicrrv ;re snox6r\ou0rl o0(rl-
oq nieoqE orous o€povu.ryorig ror nopordlAuon ruJV
poti.rv33'37. 'Ooov oeopd rrlv eni6poon rou nv€upovr-
xoi 6yxou orqv onopo,\q rou CO2, 5ev u<piororor o-
poQtovio. Or Goldstein .o, ouu.tu, ovE<pepov 6rr, ppo-

Xunp60eopo, q onopdrpuvorl rou CO2 peArrdveror
nopolArlr\o p€ rrlv ou[qoq rou nv€upovrro0 dyxou. A-
vrlOero or Wright 

"o, 
ouu.t' rqr or Slutsky Kor ouv.38

nou n€rpclporioOqrov oe QuoroAoytrd oxuAtd 5ev 6re-
niortrroqv olioq p<ro[J rou pEoou rrv€upovtKo0 6-
YKOU Kor rqg onOrer\eoprorrr6rqrO rou HFV.

ll. O{uyovworl
T6oo oro HFJV, 6oo Kqt oro HFO, n oq;rovrrrdrep4

nopoperpog Vro rov ro0oprop6 rqg PaO2 eivor q Aer-
roupyrrrl unoAerndpevq xtr-rpqrrrorqg (FRC)33'37. Ie ov,
Opdrnoug Kqr n€rpqpcrro(trro, o HFV EXer enrrrjXer ou-
yrpiorpq o[uydvuroq oe oXioq pe 14 oupporrrfl prlXo-
vrr4 ovonvod oe rooSOvo;reg prEoeg nriocr5 oepoyurydrv
Kor nv€upovrro0g 6yxoug"'oo. 'O!,rs dAAor epeuv4r€g
noporrlpqoov ro,\rjrepq oluyovrr.roq pe ro HFV, erdrrd
oe o(eio nveupovono0ero32 11 ovendprero r4g enreo-
vero5poorrxrl5 ouoiog33. l-ro rqv €ppqv€io ruJV nqpq-
rqpqoeulv ourti.rv npordOqrov oqv ur€00uvot pnxovt-
opoi. q roAtrep4 oXEoq V,/Oa' 1A6yt, rrls rTto opor6-
popqqg rorovopdg rou cr€propo0), n ouEnUEv4 np6o-
,\nVn Oz oro enine6o rqg rprXoer6o-ruge,\rSrrd5 p€p-

BpdvnS ror ruplu.rg ro Qorv6pevo auto-PEEP trrro rord-
oroor1 ou(rlpEvou oyxou qpepicrs ruJV nveup6vr,rv3a.
Aurd ouvendyeror npu.rrpdrepq ror nAqptor€pn €nt-
orporeuoq ruq.reAi5ov orqv ovroAAoyd ru.rv oepiurv.
To 0eu-rpqrr16 n,\eovErr4po rn5 €Qoppoydg HFV yro rq
Srorrlprloq prog roroorooqg unep5rdrooqg (oe oXiorl
pe rq Xp4o4 oupporrrdE prlXovrrqg qvorvoqs Kcn €-
<DoppoVn PEEP) Eyxerrot oro orr q o{uydvoon Stqrn-
peiror Xulpig vo unopdAlovrot ot oepoyt,ryoi Kot ot KU-
qleAi5eg oe uneppoArrig ;r€yroreg eronveuorrrEg nrioerg
ror neproSrro enovoAppovd;revq rdo4a'. Me quro, ,o,
rp6no ono<p€0y€ror n BldBn er nrioeurg (barotrauma)
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Kor n ovonruErl suvSp6pou uq^ivns U€pppovns.
l-lpdyporr, or Hamilton *o, orr." €5er(ov ro 1983 oe
rouv€Arq pe SrdXurrl nve upovondOero un6 CMV rrlv o-
vdnru(q rou ouv5p6pou. yeyovog nou 5ev noporqpq-
0qre drov oro n€rpcrpor6(uro eQopp6o0qre HFO.

Eni6pooq rou HFV orrl pnxovtKq rrov nveup6vurv

llptner vo yiver ooQt5 6rr o HFV eivot pro popQn
pr'lXovrrqg ovonvoqg Oerrrfig nieoqg. Aoyo rou n€pro-
pro;ro0 rrls €Knv€uorrrqg poqg 6,\or or r0nor HFV npo-
t<oAoiv Evo <porvop<vo oloo5uvopou PEEP, o Bo0pdS
rou onoiou e(oproror on6 nopdyovr€S nou oQopouv
rdoo rS prlXovrrig pu0pioerg, 6oo rot rov iSro rov cr-

oOevfl. To nroo6ivopo PEEP, ou(over nopdAr\qr\o npog
ro A6yo Xp6vou eronvorlg-ernvonS (l,zE), rr1 Sptitoo
nieoq ror. oe ptrp6repo po0pd, rqv ovonv€uorrrq ou-

xvorqroa3. M< oro0epEg pu0;rioerg orov ovonveuord-
po, o Bo0p6g eyrArrrpro;rou rou oepiou eivor ouvdprq-
on rn5 6roroorp6rqros rou ovqllv€uolKo0 ouorqpo-
ros Kor rrlg ovriSpoons rurv oepoyoytitv. A6ytu rou e-

yrltrrpropo0, 11 perpou;rEvq nieorl rulv o€pqyuJydrv ei-

vqr 5uvqr6v vo prlv eivor ouvoprnon rnS Sroroor;r6rq-
ro rous ovqnv€uorKo0 ouorqproros Kctt rqg ovrioro-
ons ruJV oepoytrlytirv. A6yr.u rou eyrAulpropo0, n p€-

rpouptvq nieoq ru.rv oepoytr.lydrv eivqr 5uvor6v vo Unv
eivor ovrrnpoocuneurrrq rrlg ruqreArSrrdg nieoqg, q o-

noiq dr\Itrtore ouyvo uneppoiver rrg nttoetg TTou Kqro-
ypdQovror revrpt r6repoo2.

'EXet yiver eupiog onoSerrd orr pe ro HFV enrruyxd-
veror qvroAr\oyd oepitrrv pe nor\u nepropropEv€S p€ro-
poAEq, nrEoeurg oe ouyrprorl p€ ro CMV44'45. Ie <puoro-

Aoyrrd nerpopor6(u-ro roroypd<peror pEytorq €toTIV€u-

orrrq nieoq prrrp6re pq qno 1O cm HrOa6, or\Id q 5ro-
<Dopd pero[t ru-rv 5uo runutv eivor enioqg epr<povqg ror
roro rqv o[eio ovonveuorrrrl ovendpretoo'-ae. Tevtrd,
0eulpeirot ort o riv5uvog yro pAoprl er nrEoecr-rg (baro-

trauma) eivor prrpdr€pog p€ ro HFV oe o1ior1 ;re ro
CMV oAAd ptXpr rdrpo 5ev undpxer oprorrrq on65er-
qnuo. H e<Dqppovn rou HFV oe npdtrrpo veoyvo po-

Bouivu.rv;re rr1 vooo rqg uoAivr;g peppdvqg, eiXe oov o-
norEAeopo rqv epQovroq 6roptoou nveupovtro0 ep-

51 -Quorlporog"'. Enrnleov n Xpqon 5rorpoXerordrg HFJV
ouoXerioOrlre oe 5uo neptnrti.roetg pe pAdpq er ntE-

oerr-rg, A6yur on6Qpo(qg rn5 qvqnv€uorrrdg o5o052.
'AAr\rl.rore nro.re0eror 6rr or uqqAEg pfyroreg nrEoerg ei-

vqr uneu0uv€S yro rrlv unep5rorooq rov reAtrtiv oe-
poytrlyd.rv oe orer\errqrrrrd r;rflporo p< onorEAeopo
rnv KoroorpoQrl rou enrOqAiou rous Kqr ro oxnpqn-
opo uoAivqg pepBpdvns. Mro ;reAErrl ono roug Hamil-
ton Kor ouvepydregs3 iSerqe n xpnon HFV pnopei vo <-

pnoSioer r4v epQdvrorl rqg enrnAor4g ourdg oe nvcJ-
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trovo tr€ oEeiq BAdBrl pero ono irnAuorl oe <puotoAoyt-

16 op6. EnrnAtov, or Phala ror ouvepydregsa noporq-
prloov npoo5eurrrq oJ[qoq orqv eloortrq nieoq xoro
ro CMV, evSerrrrrrl elorrooqg rnS €ntOqv€tortirg 5po-
orrrdg ouoiog Kor oxrlporro;ro0 uoAivqg pepBpovng,

evti q peropoAn ourn 5ev noporqprl0qre rord ro HFV,

iv5er(q yro Srorqprlorl rrlg €fltQovero5poorrrq5 ouoiog.
O unorei;revog ;rqXovrop6g nopo;rEver dyvtuoro5, oA,\o

I eAoyroronoiqoq rcr.rv rtvqoeu-rv rou nverjpovq. nt0q-
vov vq onoreAei rov ro0optorrr6 nopoyovrq. H eni-

5pooq rou HFV orq p€roQopd rqs pl€vvqg on6 ro
rpooou-rr6 enr0dAro ;reAerq0qre ono nor\Aoig €p€uvq-

rig oAAd ro onoreAEoporo drov ovrtQortrd. AvoQEp-
Oqre o0(qo4 rqg noodrqrqs rqs pAiwr1gss 16oo ;re ro
HFO, doo Kor p€ ro HFJV. Avri0€ro, o€ dAAeg peA€-

,eguu 5e, noporqpdOqre peropor\q oro pu0p6 rqg
p,\evvorpooorl.rrdg rdOopoqg. Tilog, o HFCWO nopo-
rqpq0qre 6rr enrroxuver rq ;.reroqopd57.

EniSpoorl rou HFV orrlv rop5royyerox4 Aetroup-
viq

H eQopproVn rou CMV ouXvd ouvo5erieror on6
nr(roq rr;g xopSrordg nopoxq5, er5rxd 6rov Xpnoruo-
noreiror PEEP. Boorro, evoXonotouvror 50o Unxovt-
opoi: o) AuEnpEvn ev6o0trrporrrrl nieoq pe onorEAe-

o1.ro p<iooq rqg QAeprril5 enovoQopo5. p) l-leproSrrq

unepSrorooq rov ruqeAi5cr.rv pe onorEAeo;,to ou;rnieorl
rou flv€upovrrou rprXoer5rrou 5rrr0ou, qJEnon rtrtv o-
vrrorqoetrtv orrlv nv€upovrrd rurAoQopio ror reArro
peiuroq rq5 nopoXqg npos nS oprorepEg Kqp5toKiS Kot-

Aorqreg. 'Evo on6 ro 0eu.rpqrrrd nAeoverrilpqro rou
HFV eivor drr pe ;rrrporepeg nrEoerg oepoytrlydrv ro o-
venr0ip4ro onoreAEoporo rou CMV eivqt Suvor6v vo
ono<peuX0ouv. AprerEg pe,\Ereg oprurg oe vopporootro
nerpo;roro(trro E5er(ov 6rr q eniSpoon org orpo5uvo-
prr€g nopoprtrpoug eivor nopdporo rord ro HFJV ror
CMV drov eQoppo(ovror rooSuvo;reg pfoeg nrEoetg o-

, 5859 ,
e poyr-,rytirv'"'"'. 'Eror, SropopQtioqre q yevtxq onoqrl
nou evroni(er ro nAeov€rrnpq rou HFV orq Suvor6rq-
ro peiu.roqg rurv nrEoeurv ourtrrv. EnrnAtov, pro npo-
oQqrq nerpoporrrq peAErq iSer(e orr o HFJV eivor 5u-
vor6v vo peArrd-roer rqv orpoSuvoprrd ovolq Evovrt rrlg
noporeropEvns ouEnong orqv ev5oOt.rporrrrl nieoq, o-
ro;lo ror Xtr.rpig nopdAArlr\r1 nrdroq rq5 pEorlg nieoqg
ru.)v q€poyrrjvt.,vuo. Or Fusciardi ror ouvepydre5ol ovE-

Q€pov 6r, oe oo0eveiE p€ n€prQ€prK4 roronAq{io ror
o(eio ovonveuorrrq ovendpreto, noporqpdOqrov ror\J-
repe5 orpoSuvo;rrrEg nopdperpor pe HFJV nopd pe

CMV, ;'re i5ro enineSo ptoqg nleoqg oepoyr.r.ryd.rv. Eni-

orlg or Ushizima rqr ouvepydreg62 t5erqov orr or HFJV
nAeoverrei rou CMV uJg npos rrg orpoduvoprrig enr-
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Spooerg o€ oKultd pe Xpdvro nv€upovtKR uniproorl €ni
nopouoicrs 5roreroprEvqg 6e(rog rorAiog. AvriOero, ro
TTqpondvtrr €upnporq 5<v enoAq0eirrlrov on6 roug
Lucking r.d.63.

Eni6pooq rou HFV orov EAeyXo rqg ovonvoqg

'EXer ppe0ei orr o HFV eivqr Suvor6v vo enreiper d-
nvoro nou 5ev oXeri(ercl p€ rrl 5poon rtrrv Xqpre roLino-
Soxtov I rrg peropoAig rou nveupovrrou oyrou6o. H

ovoorold rqg eronvod5 <poiveror orr eivor onortAeopo
rrls €v€pyonoiqor15 ru-rv prlXovoijno6oXEov rou 0trrpo-
rtro0 rorXtirporos Kqt ru.,v cl€poyurytilv. l-lop6Ao ourd
SrEyeporl ru.rv Xrlprerouno5oXir.rlv nopouoio ovonv€u-
orrrqg o(Etuoqg pnopei vo onoKorclordoer rrlv our6po-
rq ovonvoqa2.

KArvrrEg €OqppoyE5 rou HFV

Av rqr o HFV EXer e<pop;roorei oe Evo euprj edopo
rArvrxdrv roroorqoecrtv, q ovturep6rqrd rou evovrr rou
CMV 0eurpeiror SeSopevq p6vo eni ev65 nepropropE-
vou opr0po0 onolOrtrrg erSrr0v evSei{eurv.

:THN ANAI:OH:IONOTIA

Me rqv eqoppoyd rou HFV ptoo evo5 SroSepprro0
oyoyou pe prrpo ouAo eivol 5uvordv vo ilctpclyporo-
nor q0ouv u.rroprvo,\opuyyr rtg eneppooerg, ppoylooro-
nqoerg, Aopuyyooronqoerg q eneppooerg pe Laser. A-
vri rqg 5rootuAdvtrrons Xpnotponoreiror tvog 5rorpo,
Xeroxog Sro5eppr169 roOerrlpog q Evog np6o0<rog o-
yulyds oro e uropnro ppoyyooronro6s'66. EnrnAEov eivor
5uvorq q enovopOorrrd entppooq orqv rpoXeio 11 q e-
rropd pp6yXou tt€ rrl Xpnon ro0erilpurv nou erooyo-
vror 5rq rou rpox€rootu,\qvo. H pErpqoq r4g p€or1g

nieoqg ruJV q€poyoytiv 5ev eivor eQrrrd pe ourrl rq 1.r€-

0o5o ror o enoprdg oeprop6g er\EyXeror pe ouveXrl
5ro5epprrq roroypoeq rou PaCO262'66.

:TH OOPAKOXEIPOYTIKH

'EXe r onoSelX0ei orr rord rq Srdpxero Xerpoupyrrqg
oQolpeorlg oveupuopdruv orn Ou-rporrrd poipo rq5
rorro0o45 ooprqg (onou onorreiror oprorepd 0ruporr-
rq ropd Ue iAEn ror oupnieoq rou optor€poJ nve0po-
vo) o ouv5uoop6g HFV orov crptor€pd nveJpovo ror
CMV oro 5e[r6 eivor noAri onoreAeoporrrorepog vto rrl
5rorrlpqoq rqg ovroAAoyrlg rrrlv oepitr-rv3. Enioqg 4 ere-
ponAeupq eQoppoyq HFV oe ene;rpdoerg nv€upov€-
rropdg, oQoipeoq onoordporog ror 6r6p0rl.rol ppoy-

Xonv€uUovrKou ouppryyiou oqp<iruoe rdnoro enrruXio.
E(dr\Aou or Nevin ror ouvepyoreg6T noporqpqoov pei-
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uorl rq5 eninru-roqg p€r€yx€tpnlKrirv Ooporrrtlv Aor-
p6(eov Kcu rqg p€r€yx€tpqlK4g nopopov4s oro vooo-
xopeio o€ qppdroroug nou unopA40qrov oe Aoperroprl
uno HFJV. 05 npog rr5,\orptir(erg, ro €u€py€lK6 qnori-
Aeopo rqg €Ooppoyng HFJV ono5oOqre orqv ovorep6-
rrlrq rrls peOo5ou, orqv np6Aqqq rqg oupnrtrroqs rurv
ruq.rer\i5r.r-rv Kot orqv evioXuoq rnS p€roeopos TnS
ptrtwrlg ono ro rpoooor6 enr04Aro.

:TH TENIKH XEIPOYPTIKH

H €Oqppoyn rou HFV ev5eirvuror oe neprnrtiroerg 6-
nou enrSrtir€ror o fl€ptoprop6g rur-rv rlvdo<urv rou X€t-
poupyrroi ne5iou, 6nog or eneppdoerg eni rcr.rv euvn-
rrrdrv Xop5drv Kot n ArOorprq.rio. Er5rrd yro rqv e(oorrr-
porrrq hOorprqio pe rpouorrrd rJporo pp€0qre 6rr o
HFJV pertirver Oeoportro rqv rivrloq rov AiOruv. eAor-
rdrv€r rov oprOpo Kot rrlv Evrooq rtrtv KpouolKtlv rupd-
rtrtv Kor enlrpEner rqv €Oqppoyq rng pe065ou pe ,\ry6-
repo qAerrp66ro68'6e.

:THN ANTIMETONI:H BPOTXO.YNEZOKOTIKON'YPIT.
TION ME :HMANTIKH AIAPPOH

O ev0ouoroopo5 ylo rnv npoonlKq rqg egop;royrlg
rou HFV orqv nepinrt.roq BpoyXo-une(urrorrrd.rv ou-
pryyiurv npoqA0e on6 rqv ovoroivu.roq rtr.rv Carlon rol

,70-ouvepyortilv'". Iro lpovr16 Srdorqpo nou peoor\dprloe
o HFV Oeurpeiror nliov ooeig ev6eSerypEvog eni no-
pouoio po(rrorj oupryyiou, 6rov q oupporrrd pqXovlrd
ovonvod 5ev ;rnopei vo <nrriXer rKovonotrlrtKrl ovroA-
Aoyq oepiulv. Or oupporrxEg pE0o5or ouvendyovror
popro uno{orpio ror unepronvio ee6oov ro preyoA0re -

po pipog rou V, Xdv€rot pioo rou oupryyiou ror 11

PEEP 5ev eivor Suvordv vo 5rorqpqOei ro06Aq rr1

Srdprero rqg ernvorlg. H enoprqg ovroAAoyq o€piurv
pe HFV oQeiAeror orq ppoyuvor; rou Xpdvou ernvo45
(nou epno5i(er rqv enrorpo<pq or4v FRC pero(t rov
ovoilv€uolKtirv rJrlulv, 5reuroAuvovros rrl oupp€To-
Xq rurv ruqreli6r.uv ror ou[dvovrqs rrl pEoq nieo4 ruv
oepoyr.lydrv), qAAd npos ro nop6v, €rtruyxdv€rot U€
riprrlpo rqv ou[qo4 rqg Sropporl5. O HFV €ivot nro o-
noreAeoporr169 oe oo0eveig pe rdrooq rtuv peyoAtrrv
oepoyt-rydv nou ouvoSei€rot ond eAdyrorq nOp€yXU-
porrrd Bldpq, orprpdrg 51611 4 Slqppon pnopeivo cAs-
Xroronorrl0ei p€ rn Xpnon XopnAnS piorlg nieoqg oe po-
yt-rydrv.

:THN O=EIA ANANNEY'TIKH ANENAPKEIA

Merd on6 pro oerpo qvororvd)oeuiv nou ovo<pEpouv
roAJrepq ovroAAoyd o<plov oe Xo;rqA6repeg nrtoerg
oe poyoytilv ror pe fuy6repe5 enr5pooerg oro rurlo<po-
pro16, o HFV ror erdrx6repo o HFJV onoreAci pro eA-
ruorrrfl evoAAorrrrd Aioq yto rqv ovrrperdlnroq ooOe-
vdrv pe ARDS, 6nou q XoprlAq nveupovlxf 5loroor;16-
rqro enrpoAAer rrlv eQoppoyq peydAr.r.rv nrioeu.rv yro



rqv €nir€uEn €nqpKotlS ovrq^iqYns o€piujv.l.l€ rrS oup-
porrrtg peOo5oug. Mro npoonrrrd peAtrrlso E5ei(e 6rr o
HFJV eqoppo(oprevog yro peyoAo Xpovr16 Sroorqpo,

;rnopei vo enrrrjXer nop6poro onore,\Eoproro p€ rtg
oupporrrEg peOoSoug oe PEEP. Ie peprrEg neprnrtrtoetg
r5roirepo Boprdg o(eiog ovonveuorrrdg ovendpretog o

HFJV unepix€r rou CMV71'72. M6vo pro pelEr4 rort-
Aqle oe ovrlOero oupnEpoopo. Or Holzaptel r.d.73 pre-

A€rqoov 16 ooOevei5 pe ARDS rot evr.r.t 5ev ppqrov

SroQopig orqv PaOr. PaCO2 Kol qro onorroup<vo
Fi02, Sreniorcuoov 6rt, eni popeiog nveupovlrdS pAo-

BnS. or ooOeveig un6 HFJV Xperd(ovror urpqA6repo e-

nine5o PEEP, ;re onoriAeopro uq.rqA6repe5 nteoetg oe-
poyrrryri-rv ror prrpdrepo oyro nolpoi (KAOA).

O HFJV tXer XpqorponorqOei pe entruXio orqv qvrl-
perdnroq veoyvurv pe ARDS, oAAo q ovurrepdrqro rqg
pe065ou Evovrr rou CMV 5ev Oetopeiror enioqpo ono-
6eSeryptvq. Mro peydAq noAurevrprxd peAtrqTa nou

oupnepr€AoBe 1019 npou.rpo veoyvd pe ovonveuorrrtl
qv€nqpK€rq rou ovnp€rulniorqrov pe pio on6 rrg 5uo
pe065oug perd ono ruxoio rorovoprq, 5ev 5roniortuoe
ororrorrrq oqpovrrrtg 5ro<poptg uS npos ro ev5eX6pe-

vo ppoy;onveupovrrq5 5uonlooio d rq 0vrlr6rqro p€-

ro[0 rrr.rv 50o opoStuv.

:TON ANOTANAKTIEMO ANO TON ANANNEY:THPA

H Xpqorp6rqro rou HFV orq 6ro5rrooio oro5rorq5
qnoo0v6€ong rou oooevoiS on6 rov qvonv€uorfpo,

Bpioreror or6po uno Srepe[rvqoq. Or Klain r.d.75 nr-
ore0ouv 6rr q Xpqorpdrqro rqg peOo5ou Eyretrot or4v
ouoroorrrrl onouoio pn ouYxpovroprou pe rov ovo-
nveuordpo, nou ouvendyerot peyoA[rrepq dveorl rou
ooOevoug ror ovdyrrl Aryoreprl5 rorooroldg.

EntnAorEg

H eQqppoVn rou HFV ouvo5e0erot ono rrlv epQdvr-

orl ruJV neproodrepu.tv, ov 6Xr 6Ar.rlv, enrnAortlv rou
CMV, EnrnAtov o HFO ror o HFJV iXer ovoQepOei 6rr

oXeri(ovror p€ rnv ep<povroq vexporrrrlg rpoXeroppoy-

Xirr5o976. H enrnAorq ourq nro-re0erot 6rt o<peiA<ror oe

dueoo uhxovrr<d rpouuorropo noO nporoAeirot on6 ro
peupo rqg tloqg ror q nt0ovorqrd rqg pnopei vo eAo-

xroronorqOei pe rordAr\qAq iypovoq rov xopqyou;tE-
vtrrV oepitrrv.

Eupnepdogqrq Kql rrpoonrrrEg

Ano rq npoovoQepOEvro, npEner vq eivot ooQEg 6rr
o HFJV nopouord(er rerp4prr-,-rprtvo nr\eoverrqporo,
rouAdXrorov trls npos rqv ovroAAoyq rurv o€piurv, rqv

nNEYMON Teiyog 3o, To1tog 3og, loiAroS-Zenrtppptog 199O

eninrtooq rrlg pAdprlg er nrEoeog Kor ruJV orpoSuvo;rr-
rti.rv enrnAortirv. l-r ' qurd ro A6Vo q vEo reXvrrq Oeo-
peiror oqpepo, ov oXr pro onor\Jrurg evor\AorrrrnS An-
oq, ontooSqnore €vq onopoirqro oupnAqpu.rporr16
ororleio oro Oeponeurrro peneprdpro rng X€rpoupyr-
rrlg ror rqg evrorrrdg 0eponeiog. EloAIou, ro npoKo-
roprrrrd onoreAEoporo qn6 rnv €Ooppoyd ouv5uo-
opoi HFV pre CMV"'78, eivqr rSrqirepo evOoppuvrrrd
ror EXouv nporoAEoer repdorro ev6rotp€pov ylq rnv
nAqpEorepq o[ronoiqoq ruiv Suvqrorqrutv rot yrq ro
ev5eX6pevo ouvSuoo;rorj 5ro<pdpurv rJnurv, 6ntug HFO
pe HFPPVTe nou ppiorovror or6po un6 o{roAdyqoq.
Eivor npoQovEg drr 0o lperooro0v neproodrepeg peAE-

r€S Kor epnerpio yro vo yiver oro pEAAov Suvorq q opr-
orrl enrAoyd rurv qoOevdv nou 0o pnopoiv vo o<peAq-

Oouv rq pEyroro on6 rqv €Ooppoyn rqg vEo5 rot nor\-
Id unooXd;revqg ourqg reXvrrrlg.
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High Frequency Ventilation (HFV)

ANTONIA KOUTSOUKOU

lntroduction

The introduction of positive pressure mechanical
ventilation in clinical practice coincides with a polio
epidemic in Copenhagen in 1952. Since then
increasing demands led to modernisation of respira-
tors resulting in significant progress in dealing with
respiratory failure.

Obviously when a patient is connected to the res-
pirator the pressure necessary to supply the gas
causes completely different mechanical conditions
than normal in both the respiratory system and the
circulation. Thus while the effect of continuous posi-
tive pressure ventilation (PPV) on improvement of
blood oxygenation and on reduction of pulmonary
shunt is considered undoubtable, in clinical practice
its use has certain drawbacks.
1 . The supply of respiratory volume conducted by

gas mass often results in variable distribution in
the lung and the disturbance of the ventilation to
haematosis (v/ql ratio. This results in inefficient
supply of oxygen in serious lung disease. The
supply of a large respiratory volume creates high
intrapulmonary pressures possibly resulting in
trauma (barotrauma) and disturbance of cardiac
function. ln addition it creates practical difficul-
ties in the ventilation of patients with extensive
tracheoesophageal or other fistulas.

2. The rapid change of alveolar pressure puts the
lung in repeat tension which has been proven to
be a factor for pulmonary damage (1.2).

3. The presence of the intratracheal tube possibly
restricts the surgical approach to the trachea and
larynx.

These problems dictate, among others, the neces-
sity for a solution which on the one hand will retain
the benef icial effects of PPV, as far as alveolar venti-
lation and gas exchange is concerened and on the
other hand avoids side effects.

The quest for such a solution was the beginning
of the development of mechanical high frequency
ventilation (HFV).

Meaning and Variations of HFV

HFV is a method of mechanical ventilation which
uses low inhaling volume (V1) given with frequency
which requires special respirators with small inter-
nal volume and non-expandable conductors3. The
frequency usually used in tetraplasia is four-fold the
expected respiratory frequency of the specific patient
under normal conditions. This choice, although par-
tially arbitrary, is based on common practice fol-
lowed by many researchers o'".

There are four basic types of HFV.

Mechanical ventilation of high frequency ventilation
and positive pressure (HFPPV)

ln 1967. Sjostrad et all2 during experimental stu-
dies of the carotid reflexes in dogs under mechani-
cal ventilation felt that they should avoid simultane-
ous changes of blood pressure and respiratory
movements. To do this they reduced the V, with a
parallel increase of the respiratory frequency to 60-
1OO breaths,/minute to retain the pre minute venti-
lation. They showed that it was possible to maintain
adequate oxygen supply and ventilation for a pro-
longed period with lower maximum and mean air-
way pressure and with no influence on haemody-
namic parameters. This important experiment was
the first practical appliance of a new technique
which later became known as HFV. These initial
results were conf irmed in 1971 by Johnson et al'3.

Today pneumatic valves are used for HFPPV (Fig.
1). During inhalation the inhaled gas under pressure
is given to the patient via a system by-pass conduc-
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tor. Exhalation remains as in automatic breathing.
The percentage of the supplied oxygen is obviously
determined by FiO2 of the supplied gas. Usually a
frequency of 6O-1OO breaths,/minute is applied. The
V, is 3-5 mm,/kg and the ratio of the inhalation time
is T,,/T,o, O. 1 5-0.35.

High frequency jet ventilation (HFJV)

This is the most widely used variation of HFV.
Sandersla first used this method experimentally in
1967 and proved that it was possible to achieve
satisfactory oxygenation and ventilation during bron-
chostomy using jets of pressurised gas (15-50 psi).
The gas is inserted through a thin (18-18 gauge) low
compliance catheter (Fig. 1) incorporated at the
beginning or in the middle of an endotracheal tube.
A fluidic valve, a pressure valve or a solenoid valve
interrupts supply to the catheter at regular intervals.
The valve is regulated to open for 5O-4OOO msec giv-

EXPIRATION

1+,-+ b c( +
-1//-- / //,/ //

INSPIRATION

ITFPPV

Fig. 1. Schematic representation of circuits used by different
HAV types.
l: HPPV a: channel by-pass, b: to the endotracheal tube, c:
one-way valve.
ll: HFJV a: thin, low compliance catheter, b: by-pass entrance,
c: to the endotracheal tube, d: one-way valve.
lll: HFO a: piston movement, b: supply of inhaled gas, c: exit of
rnhaled gas, d: to the endotracheal tube.
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ing a T,,/T,o, value of 0.2-0.5 at a frequency of 60-
3OO breaths,/minute. Each jet of gas is enriched
with steam and for each jet the gas mass which
enters the tracheal tube at high speed pushes extra
gas mass from the tube environment according to
Venturi's law. The V, is equal to the sum of the gas
given and the gas already in the tube and is about
3-4 ml/kg. Obviously the oxygen supply depends on
the FiO2 of these two different parts of Vr.

High frequency ventilation by high frequency oscilla-
tion (HFOV)

This technique was first described by Lunkenh-
heimer et all7 in 1972 in experimental animals. ln
man the techique was used by Butler et all8 in 1980
using 15 Hz oscillations and Vr 1.5-3 ml per kilo.
Apart from sufficrent ventilation they observed a
significant reduction of interthoracic pressure and
improvement of cardiac putput (in comparison to
conventional mechanical ventilation) and in addition
shunt reduction in two patients with COPD. Gener-
ally HFO functions in frequencies 1-60 Hz and gives
V1 clearly smaller than dead volume (1 .3 ml,zkg).

High frequency chest wall oscillation

This technique was f irst reported by Zibulka et alle
in 1983. lt comprises fast chest compression and
decompression successively which results in the
creation of flow in the airways without the need for
a trachea tube. During the entire procedure pulmo-
nary volume remains just below FRC. Frequencies
used so far in experimental animals and normal
humens are 3-1 7 Hz2o. Ward et al in 1 983 applied
the same technique in lungs out of the body ie. in an
airtight container.

Mechanisms of gas exchange

It is known that gas exchange in the lungs takes
place only on the alveolar level and requires diffu-
sion through the capillary alveolar membrane. This
important principle combined with the definition of
the terms of anatomical and physiological dead
volume led to the acceptance that regardless of the
type of inhalation (automatic or mechanical) gas
exchange can take place only when V-, surpasses
the dead volume Vo. Therefore, the fact that in
experimental and clinical applications of HFV a suf-
ficient and steady oxygenation and cardon dioxide
elimination with V, up to 2Oo/o of Ys22, was consi-
dered a new and primarily paradoxical phenomenon,
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but at the same time a challenge for researchers to
explain.

So far, the results of research are too few to com-
prise a'whole theory for gas exchange during FHV.
The mechanisms which have been proposed have
some points in common and most probably function
at the same time and complement each other. The
most important mechanisms are the following23:

- Direct gas conduction can possibly reach the
respiratory units which are near the end of air-
ways. These units however have Vo less than
the mean and therefore are approachable even
with small V-2a.

- Under some circumstances, a local gas resircula-
tion between neighbouring units of gas exchange
can be observed. This phenomenon is known as
"Pendelluft" and is based on nonsynchronised
filling and emptying of neighbouring units. The
final result is the movement of gas between
parallel units and boosting of the procedure of
their exchange.

- ln the case of HFV the familiar parabolic fronts of
gas f low in the airways are warped and this con-
cerns two elements; on the one hand the move-
ment in the centre of the airways presents a

phase difference in comparison to peripheral
movement and on the other hand there is an
asymmetry between the entire inhaling and
exhaling front in the presence of branches26.

- According to Taylor's studies the coexistance of
gas conduction under the influence of pressure
and molecular diffusion leads to a quantitative
increase of the latter which is called "aug-
mented diffusion" of "Taylor's diaspora"27. This
interaction is observed regardless of the type of
conduction (linear or circular), even in the case
where the mean speed is very low or even zero
as in HFO.

- Finally, some researchers propose cardiogenic
pulses which are transferred almost unchanged
to the neighbouring lung areas as assistant
mechanisms. lt is supported that this movement
may lead to an augmentation of gas exchange in
the remote alveoli of up to five times2e. Slitsky3o
tried a combination of the mechanisms des-
cribed above and proposed a division of the lung
into three zones:

i) The large airways, where the flow is circular
and gas transportation is augmented mainly by
molecular diaspora.

ii) smaller airways where the flow is linear and is

augmented by the asymmetry of its fronts into the
branches.

iii) Alveoli where there is practically no flow and
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where the gas exchange is helped by Pendelluft,
augmented diffusion and the cardiogenic pulse.

There are hopes that future research will offer a

complete theory which will definitely meet the chal-
lenge of explaining gas exchange during HFV31 .

Factors influencing ventilation and oxygenation
i) Ventilation

During conventional mechanical ventilation (CMV),
alveolar ventilation depends on V1 and respiratory
frequency (F). Basically the same applies to HFV but
the influence of these two factors is more dynamic.
ln HFJV, PaCO2 is inversely related to the result of
Vr x F low frequencies (( 3 Hz)33-34, but for higher
frequencies () 6 Hz) the main parameter for CO2

elimination seems to be Vr rather than F35. Similar
results were observed for HFO. where, beyond 4 Hz

the role of f requency in determining PaCO2 is signif-
icantly restricted3s. The mechanism which restricts
the improvement of ventilation in very high frequen-
cies is believed to be the capture of gas in airways
resulting in pressure increase and flow hindrance33'
t'. There is no agreement as far as the influence of
lung volume on CO2 elimination is concerned. Gold-
stein et a136 reported that in short terms (COz elimi-
nation is improved in parallel to the increase of lung
volume. Conversely Wright et al32 and Lutskyet al38

did not observe any relationship between the mean
lung volume and HFV effectiveness in dogs.

ii) Oxygenation

ln HFJV as well as in JFO, the most significant
parameter for PaO2 determination is the functional
residual capacity (FRC)33'37. Both in humans and
experimental animals during HFV a comparable
oxygenation to that of conventional mechanical ven-
tilation has been achieved in equal mean airway
pressure and lung volumesto'oo. Other researchers
observed better oxygenation by HFV, especially in
acute lung disease or in surfactant deficient lung33.

A better V/O41 , increased O, intake at the level of
capilliary alveolar membrane and mainly the phe-
nomenon of auto-PEEP, a situation of increased rest
lung volumeoo, have been suggested as responsible
mechanisms to explain these observations. The
theoretical advantage of HFV for the retention of
overfilling (in compar.,ison to conventional mechani-
cal ventilation and PEEP) is based on the fact that
oxygenation is maintained without submitting the
airways and alveoli to extremely high inhaling pres-
sureso' and therefore barotrauma and hyaline
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membrane diseases are avoided. lndeed, Hamilton
et al33 showed in 1933 that rabbits with different
lung diseases receiving CMV developed hyaline
membrane, which was not observed when HFO was
applied in the animals.

HFV influence on lung mechanics

It must be understood that HFV is a kind of
mechanical ventilation of positive pressure. Because
of the restriction of the exhaled flow all types of HFV
produce a phenomenon called "equal PEEP", the
degree of which depends on factors concerning both
mechanical regulations and the patient. "Equal
PEEP" increases in parallel to the ratio of inhalati-
on,/exhalation (l/El, acting pressure and to a

smaller degree, the respiratory frequency.
It is widely accepted that, during HFV gas

exchange with very restricted pres_sure changes, in
comparison to HFV, is achievedaoou. G"n"rully. it is
considered that the danger for barotrauma is
smaller with HFV in comparison to CMV but so far
there is no definite proof for this50. HFV application
in premature baboons with hyaline membrane dis-
ease resulted in the appearance of interstitial lung
emphysemasl. ln addition, the use of HFJV transtra-
chealy was associated in two cases with baro-
trauma because of airway obstruction52. lt is
believed that high maximal pressure is responsible
for overfilling of the distal airways in consolidated
areas resulting in destruction of their epithelium
and the creation of hyaline membrane. Hamilton et
al53 showed that HFV use can halt the appearance
of this complication in the lung with acute damage
after lavage with normal saline. ln addition Phala et
aloo observed a gradual increase in elastic pressure
during CMV indicating a surfactant deficiency and
creation of hyaline membrane which was observed
during HFV, an indication for surfactant retention.
HFV influence on mucus transportation by fringe
epithelium has been studied by many researchers
but their results remain contraversial. An increase
of mucous quantity was reportedss both with HFO
and HFJV. Conversely. other studiesuu did not con-
firm this observation. Finally. HFCWO was observed
to accelerate the transportation5T.

Influence of HFV on Cardiovascular function

HMV applications is frequently associated with
reduction in cardiac output, especially when PEEP is
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used. Basically, two machanisms are implicated:
a) increased intrathoracic pressure which results

in reduction of venous blood return,
b) Transient alveolar overfilling which results in

compression of the lung capilliary system,
increase of resistance in lung circulation and
finally in reduction of output to the left cardiac
cavities.

One of the theoretical advantages of HFV is that
with smaller airway pressure the undesirable results
of CMV can be avoided. ln addition a recent experi-
mental study showed that HFJV can improve the
hymodynamic tolerance towards the prolonged
increase of intrathoracic pressure even without a
parallel reduction of mean pressure in airways60.
Fusciardi ' et a161 reported better hymodynamic
parameters in patients with circulatory shock and
acute respiratory failure receiveing HFJV in compar-
ison to CMV under the same level of mean airway
pressure. ln addition Ushizima et al in 1962,
showed that HFJV is superior to CMV as far as the
hymodynamic influences were concerned in dogs
with chronic pulmonary hypertension in the pres-
sence of right heart failure. Conversely, these find-
ings were not confirmed by Lucking et a163.

HFV influence on breathing control

It has been found that HFV can produce apnia and
that vagotomy reverses apnia induced by HFOV6a.

Clinical implications of HFV

Despite the fact that HFV has been applied in a

large spectrum of clinical situations its superiority
over CMV is considered definite only in a few
indications.

IN ANESTHESIOLOGY

Using HFV via a small diameter transdermal con-
ductor various ENT operations, bronchoscopies,
laryngoscopies and lazer applications can be per-
formed. ln addition HFV has been used for tracheal
reconstruction supported by tracheal T-tube66.

IN THORACIC SURGERY

It has been proved that during surgical removal of
thoracic abdominal aortic anurisms the combination
of HFV in the left lung and CMV in the right, is more
effective for gas exchange3. ln addition the unilat-
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eral application of HFV during pneumonectomy,
abscess r.emoval and correction of bronchopneu-
monic fistula has had some success. On the other
hand Nevin et al67 reported a reduction of post-
surgical 'thoracic infections and post-surgical hospi-
talisation in patients who undertook lobectomy
under HFJV.

IN GENERAL SURGERY

Among indications for HJV are cases where sta-
bility of the surgical field is required such as vocal
chord surgery and extracorporeal shock-wave lytho-
trypsy. ln the latter especially it was found that
HFJV spectacularly reduces stone movement, the
number and force of shock waves and allows the
application of the method with fewer electrodesus'ut.

IN MANAGEMENT OF BRONCHO-PLEYRAL FISTULAS

WITH SIGNIFICANT LEAKAGE

Enthusiasm for the prospects of HFV application
in the management of broncho-pleural fistulas was
due to the report of Carlon et al in 1970. Since then
HFV is clearly indicated in the management of mas-
sive f istulas, when CMV fails to achieve satisfactory
gas exchange. The satisfactory gas exchange during
HFV is due to the shortening of inhaling time. HFV is
more effective in patients with damage of the large
airways associated with minimal parenchimal dam-
age because leakage can be minimised using low
mean pressure in the airways.

IN ACUTE RESPIRATORY INSUFFICIENCY

HFV, especially HFJV is an attractive alternative
for the management of ARDS, where the low lung
expandability dictates the application of high pres-
sures in order to achieve sufficient gas exchange
under conventional methods. A prospecive studyso
showed that HFV when applied over a long period
can acheve similar results to the conventional
methods with PEEP. ln some very serious cases of
acute respirartory insufficiency HFJV is superior to
CMV71'72. Only one study reported the opposite. Hol-
zapfel et al studied 16 ARDS patients and they
found no differences in PaO2, PaCO2 and in the
nesessary FiOq. They found that in severe lung dam-
age patients under HFJV needed higher levels of
PEEP resulting in higher airway pressure and lower
cardiac output. HFJV has been used successfully in
the management of ARDS in new born babies but
its superiority over CMV has not been officially
proved. One large randomised multicentric studyTa

on 1,019 pre-term infants with ARDS did not show
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statistically significant differences between the two
groups as far as mortality was conserned.

HFV IN WEANING, THE VENTILATOR-DEPENDENT PATIENT

This matter is still under investigation. Klain et al

1975 believes that the effectiveness of this method
is due to non-synchronisation with the ventilator,
resulting in greater patient comfort and therefore
less suppression.

Complications

HFV application is related to the appearance of
most CMV complications. ln addition HFO in HFJV
are related to necrotising tranchial bronchitisT6. lt is
believed that this complication is due to direct
mechanical trauma which is caused by jet force and
this possibility can be minimised by moisturising the
gases given.

Conclusions and Prospects

From the previous discussion it must be stessed
that HFJV has proven advantages, at least as far as

gas exchange, consequences of barotrauma and
haemodynamic complications are concerned.
Consequently, the new technique is today
considered if not the absolute alternative, then a

necessary complimentary element in the
therapeutic arsenal of surgery and the intensive
care unit. The preliminary results from the
application of the combination of HFV eith CMV77'78

are particulary encouraging and have attracted great
interest because of the possibility of the
combination of different types of high frequency
ventilation such as HFO with HFPPVTe, which are
still under evaluation. lt is obvious that more studies
and also experience are needed in the future in

order to select the best candidates who are going to
benefit the most from the application of this new
highly promising technique of high pressure
ventilation.
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H rurropoAoyrrd e{Erooq rou uAtroir ESer{e Aiyo
rorrorJrropo r<or o;rd5eg orrjnov rurrdpcr.rv p€ nor-
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KrAoUopQio tl€yEeouS, oXnUorog Kot n€pt€KnK6rqrog
oe Xpcrlporivq. H errdvo qrov oupBorq pe XopqAdg
6roQoponordoerrlg oSevoroprivupo. rou onoiou q

npoEAeuoq 5ev eivol Suvor6v vo roOopro0ei.

Eu(r1rqo4

Irqv nepinroorl pog EXoupe plo ooOevq U€ ouQo-
re p6nAe upeg o;r6rrpeg orpoyyJtreg orrdoerg oro dvcrr
nveupovrro ne6io. H npo 3eriog orrrvoypoQio rqE
oo0evoJg nopouord(er oriooq orq 6e(rd r<opurDrt.

Irrlv 3erio ourd q oriooq rplnAoordorqre (o0(q-
oq opror<d oupBorq pe rororl0ero), evtit rourdXpovo
e pQoviorqre oriooq Kot oro dAIo nveupovrrd ne5io.
E(dAAou oe 6Ao ourd ro 5rdorqpo 

-UEXpr 
npo 10q-

pEpou- q oo0evqg qrov ooupnroporrrq, evdr o E-

AeyXog nou Eylve 6ev qrov oupBordg pe rororlOelo
(pq Jnop[q odEvulv oro peooOu:pdrro - o(ovrrd ro-
poypoQiq rorAiog, Rd oropdXou ror 126orriAou,
Bopro0Xog unor<Auotrrdg opv4rrrd). E(orriog ruv ro-
pondvtrr OeopqOqre nr0ov6repo 4 ooOevqg vo nd-
oyer ond roAod0q v6oo nopd on6 npu.rronoOd rorod-
Oq v6oO rcr.rv nve utrrdvr,Jv'''''.

ApXrr<d oov nrOovdrepq orrio rqg opeorepdnAeu-
pqg orioorlg Oeu-rpd0qre q exrvdr<oxrog rtorqa. H o-
rrrvoAoyrr<q err6vo r<or q iAAerqq rArvrrqg oupnrtrt-
poroAoyiog drov r6roirepo oupporEg trre rq vdoo.
Ae0repq nr0ovq Srdyvt.roq drov ro opQorepdnAeu-
po Qu;rortirporos. Evovriov ourqg rqg Srdyvurroqg
0etr.rprl0qre 11 EAIerq4 outrrrrrrrporoAoyioE oro p€oo-
Srdorqpo rtr.rv 3 Xpdvr.r.rv. Tpirq nr0ovq Srdyvu,roq 11-

rov ro nporonoOq q peroororrrd veonAdotrroro rou
nveJpovo6''. l5roirepo eAruorrrq, oe 6Ao ro Xp6vo
rqg Sroyvtlrorrrqg npoonEAooqE, undp{e q nr0ov6rq-
ro vo eivor 5ro<poperlrqg orrroAoyiog roOe pro on6
rrE 5uo orpoyy0Aeg orrdoerg. l-r ' our6 ror orrlv 5ro-

nNEYMON Telyog 3o, Tol.tog 3og, loiAtog-ZemipBprog 199O

Qopo5royvrllorrrrl trrog r<ororo{q noAAEg ono rrg vo-
oous flou ovoQEpoul.te eivor Suvordv vo undpXouv
oe norriAoug ouv5uootrro0g.

TeArrd Adyur rqg oSuvopiog Srdyvtuoqg pe dAAeE
pe0d5oug, Xpqor;ronorq0qre 4 noporivrqo4 un6 o-
(ovrrd ropoypdrpo. flpoqyo0pevo eiXe onor,\ero0ei q

oyyerorq Qrjo4 rrlg oriooqg d q 0nop{q rJorq9. [1o-
por<evrqOqre p6vo 11 5e(rd or<iooq ror q rurropoAo-
ytrq e{Erooq rou uArroJ E6e r(e odevoroprivu-rpo. Ad-
ytrr rou drr 5ev BpE0qre oAAe nporonoOns eorio ro
o5evo roprivtr;trro Oeurpd0n K€ npuronoOEg ro u nveU -

1.tovo. H oprorepd oriooq eiXe npoypol.rporrorei vo
nopor<evrq0ei oe 5e[rrepo yp6vo, oAAd q ooOevrlg
opvqOqr<e. 'Eror 6ev Eyrve 5uvor6 vo enrBeBorulOel d
vo onorAerorei q rSio Q0oq rulv orrdoeu,rv op<porep6-
nAeupo.
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Oeilr<r1 TepBouraA[vr7
itr

H nponyufvn EounOKR rtxvoiloyio
om oopqnoio rou 6o0uoroc

o $.?fi$.;ll;Sx*:* 200 qKpB€iC 66OelC ;rt*;lq;xiffil];}ri 
"

0 Xttplc npoorenuxd ri:.{:::rrr *;,

o EUfOilO t;;i llli! ir:r ;;li,rl ll*rl{liiil'll il]i tli"i

o Anil6 i::1,t"1i,!,:.;.iii'ti;;trit''l1

o d&llr;***x** 6eirtn 66oetov

Dracanyl* Turbuhaler'
Terbutaline sulphate/OeriKn repBourolivn

fltroorrrq 6oorperprrI ouoxeurl pe ox6vq
yro eronvo6g, oroOepdlv 66oeov 0,5m9 / 66oq

liv0eoq:. Ko0e ouoreurl Dricanyl' Turbuhalef nepL6X0L

200 6ooetq rov 0,5 mg (terbutallne sulphate).
0opUoKotroyrt<6q rEr6rqreq: H reppourotr(v1 6roe6reL 06pe-
vepyxrl 6poor1, nou BooKo ouoq orp6esror oroug B,-o6pe-
vrpyrKouq uno6oxelg, npoKol6vroq 6ror Xotropoorl rtrtv trei-
ov UU[K6v tv6v Tov Bpoyxov, ovoorotr4 qg onetreu06pr,l-
onq ev6oyev6v onoopoyovtrtv, ovoorotrrl Tou orbnUoroq
rou nporotre[rot ono ev6oyevelq evdtoUeoouq nopoyovTeq,
ou[1pevq Koeopon U6oo rou Kpooooro[, snrentrrou rou
Blevvoyovou (or Xotropoorl Tou uuoq Tnq Urlrpoq.
Ev&iqerq: Eai Bpoyx6on0opou oe BpoyxrKo soeuo Kqt snl o-
vooTp6q.Jrpou BpoyXoonoopou oe nveupovtro epq0orlpo.
BpoyxiTr6o xor yevu<tirg nveupovono0eeq ouvo6euogeveq
on6 BpoyXoonoqro.

- #ffix fi ffi#d*#ad&#d& fi##x- &&d&d B ees ff|6e&ded$,s$e€
,Sxmeisdm.wae*gBsp *&* a* * *qg*rqd H' effiw Bdts e

o
,=
.a
E

!

I
o-

Avrevbeiqerq: To npor6v ovrsvoe[Kvuror oe unepeuotoelro
olg ouUnoeoUrunlKcq ouiveq, oToUo.
AvellrouUnreq evapyflEq: H ouXVorrlT0 ruv nopevepyeLtirv
ortg ouvtmd:peveg 6ooerg eivot 1q:r1trr1. H repBourotrlv1 Xo-
p4yotlgevrl [s sronvon, 6ev ovopdverot vo npoxo].6oet ou-
ornUoTrK6q oventouprlreg evdpye€q. O rpoUoq, To oioel[o
n0}p6v KqL or rovtKo[ onoopol nou 6Xouv ovoqep0ei, onore-
trotlv Xoporrrlptortro qg 6poorlg otrov rov ougno0oUrUnTr-
K6v ourv6v.Kor or rperq ovenreUUnreq ovrrapdoerq elvor ovo-
orp6qiueq evr6q Tov np6Tov 2 eB6opoSov qg oeponeloq.
AtrInlenrdp6oErq: Or Un eKtreKrrKol B-ovoorotreiq pnopei v'q-
vooTeftouv UsprK6q rl olrKdg qv 6poon rov 9-6Eyepr6v.
ldroirepeq npogutr6[erq xor6 14 1p[o4: To Dracanyl"
Turbuhaler' np6iler vq Xop4yelrot npooerlxo oe ooOeve(g
pe unepeuoroO4oio npoq rLg oupno0o;u1lr1rtrdg opiveg n.X. o-
oOevelg pe pq enoprd:q etreyXoUevo unep0upeoet6to;ro.
'Ontoq otro ro QdpUoKo nou breyelpouv rouq B-o6pevepyr-
Kotg uno60Xsiq, aror Kor To Dracanyl" Turbuhaler'Unope[

vo npoKotr6oer ouqnon rnq y^uK6(nq rou oiporog oe 6LoB4-
TMouq (onoppueU.on). Ot B.-6LeyEpreq exouv Xplorponorn-
esl U' enrruxlo orrlv oEe[o ovTtper6iliol 14g ooBoprlg toXoqu-
rrlq xop6tox4q ovenopxetoq, llopo rouro. To Qop[oKo oJTo
pnopei vo nporotr6oouv Kop6roK6q oppuopieg rL'ouro 0o
npSner vo troupoveror unoqjrl, Kord q oepone(o oo0ev6v,
Aoooloyio xor rp6noq loprjy4oqq
EvlilrKor Kor nordrd 6vo ralv 12 ertilv:0,5 mg (1 etonvorl)
Koee 6 6psq roL / 4 onorq onotre[rot. :e oopop6g Korooro-
osrq I eeono| 6oq pnopel vo oulrl0e[ p6xpr lq 3 eronvo6q.
H ouvotrLrq 66o4 ovd 24opo 6e 0o npener vo uneppolver lq
12 etonvo6q.
flor6r6 5-12 erdrv: 0,5 mg ('1 eronvof) r<o0e 6 rirpeq Kor / n o-
nog onotrelrot. Ie ooBop6g KoToorooerq n eeonoq 6oon
pnopei vo oulrloel oe 2 etonvodg. H ouvotrrKn 6oon ovo
24ropo 6e 0o npdner vo uneppolver Trq I eronvoSq.

Ap.A6.KuKtroeop(oq : 4057 I 1.2.90

et$ T ll^t
rAstro E\\6s A_E.r

z<oo6oxou nnynq 7, 152 31 K.xoaov6pt, Aonvo, TnR.: o1) 64.76.523
o
l
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O=TPIOYAAINH
(CHOLINE THEOPHYLLINATE)

CHOLEDYT SYRUP 62.5mg.,5m1.
CI{OLEDYLELIXIR 100m9./5m1.
CHOIEDYI TABS 200m9.
Yne00uvoq xuxloeopioq: WARNEB LAMBEBT A.E.
Ar^e6v & Alouovoq '10, Mopoior - Aorlvo
TnL: 6852000-4, 6833961-5
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(Ketotifen)

H npoQuhoKrrKn ovolyn rou
ppoprKo0 oo0lroros

IlpoQutrd(eq: To i6n Xprlorgonorolpevo owrooOgorrxd qdpgoxo 6ev nptner.vq 6rox6movtor nor6 onot6pcog 6rov opXl(er
4 porpolp6vto Oeponeio ge ro Zaditen. Aur6 oqopd xupirog ro ouornporrKt\ Xopnyo0gevo KoprrKoqrepoer6l xor ACTH A6y<o
rqg nl0ovr'19 ovom0[,eu4 Olotoen]veQpr6rxrlg ovendpKeroq orouq e[oprrlp6voug on6 ro otepoer6rrl oooevelg. Irrg neprmrb-
oetg our6g 4 ovdxrrlorl <puoroAoyrxdg o6pevotinoquoeixrllg owr6pdoeo4 mo Stress gnopei vo lperoogei ;r6Xpr 6vo Xp6vo.
Av peooAop{oet nopepnlmouoo loipto[q q 0eponeio Ue ro Zaditen npdner vo oupd\qpo0ei Ue et6rxi owr.\orurb6rl oyoyil.
Kord trg nptbreg nU6peq rrlg Xopqyrloerr4 rou Zaditen or ovrrDpdoerg tou oo0evo0g gnopel vo erqpeooSo0v. EntpdMeror
ouvend4 npoooXil ortg neprm6oetg o6rlyfloeog oxqgdrov Xerprolro0 grlXovtitv x.)r.n. Mol,ov6tr 6ev undpler xoprd onoA0ro4
6v6etfi teporoy6vou enr6pdoeog, ro Zaditen - 6ntr4 dMoore xqr 6Aq ro v6o qdp;roxo - 6ev npdner vo xoprlyelror oe eyx0oug
d 0$td(ouoeg yuvoixeg nopd oe e(orperrx6g g6vo neprmtboerg. 'Ontog 6Ao ro edppoxo ro Zaditen npdner vo guAdyetoi
poxprd on6 rq nor6td.
ArlqAent6pdoelg: To Zaditen 6uvot6v vo evtox0oer rqv 6pdo4 rov KoreuvoorLxcbv, rov unvcorrrtilv, rov ovnroroutvrxdlv xor
rou otvonveiporog. Mto ovoorp6rptp4 mrbo4 rou opr€go0 rov orUoreroAirrlv oe oo0evelg nou eMppovov ro Zaditen
routolp6vo4 pe owt6roprltrxd qdppoxo on6 ro m6po nopor4pflSrlxe oe peprxtg neprmdloetg. l-ro rov A6yo out6 np6ner vo
onoge0yetot o ouvduoopdg our6g rov <popgdxrov 6<14 6rou 6o0ei rxovonoqrtxiy e[flyr1or1 oro <porv6pevo.
Ilopevipyeleg: Koteuvoortxil 6pdoq xot oe pepovop6veg neptmdroerg [4p6rr1ro.o, mdpotog xor etro<ppd (d],4 6uvor6v vo
euQovro0otv xord rqv 6vop[4 qg Seponeiog, ouvfl0cog 6pro4 unoxopo0v ouropdro4 oe l,iyeg nu6pes.
Ot oo0eveig nou 61ouv rrlv tdoq vo nopouotd(ouv etxotro xoreuvoorrxll enl6poorl 0o npEner vo opli(ouv rrlv geponelo pe
1 Ai1{tq qpeprloirr4 (ro ppd6u) yro ng npdrreg p6peg.
Aoooloyio: Flot6td. lp6nt: 2-4 etrilv: 2 ml (0,4 ml) 6rlo Qop6g 4pepqolog. 4 errbv xot dvro: 5 ml (1 mg) 60o qop6g qpep4oi<rlg.
Edv q geponeurtxrl ovtondxptol petd 4 ep6opd6eg 0eponeiog eivor ovenopxis, n onli 66o11 pnopei vo ou[r18ei xord 1/l
6toxio. Ev{)rrxeg: 1 6roxlo 2 rpop6g qpeprloicog. Edv undpxer ovdyxrl q 66oq gnopei vo 6rnAooroo0e[. re oooeveig euoiogqtoug
ornv xqromol{, ouvrordtor pto npoo6eurtx{ oir[qor1 xord rrlv 6rdpxero rqq np6Tnq ep6ogd6og geponeiog.
Iusxeuoolo: Ip6nr (1 mg/S cc): Ord.l,eg rov 100 cc. Aroxlq (1 mg): Kourrd rrov 30.
Avrev6ei{erg: Ou6epio yvclor4 p61pr orlgepo.

SANDOZ (HELLAS) A.E.B.E.
OAPMAKEYTIKA NPOIONTA TOY OIKOY SANDOZ S.A. EABETIA:
Eovrxi o66q op. 1, 12o Xl,p.
1,14 51 Merop6peoon Anrxriq

l-ro neprooorepeg nl,4pogop(eq
onoroOeire oro rr1l,. 2811712
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