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OAHTIE: TIA TOYE :YTTPAOEI>

FENIKA:

KATHTOPIE:
APOPON:

flNEYMON eivot ro eniorlpo entorqpovrr<6 nepro5rr6 rqg Etrtrqvrr<(g Flveupovoloyrr<(g Erorpeioq
Kot rng Eltrqvrr<qg BpoyXoloyrrqg Erorpeiog. l<on6g rqg €r<5ooqg rou neproSrrori e(vqr q npooyul-
Yn rqs rorprr<r1g €peuvog oro Xdrpo rqg llveutrrovoAoyiog. To nepro5rr6 oneuoUveror oe rorpodg
6trutv rtlv et6tror(rurv r<or r5roirepo oe llveupovoA6youg, Otupor<oXerpoupyorig, Avoro0qoroA6-
yous Kor Evrorrrol6youg.
H enAoyrl rqg 6trqg yiveror on6 rq Iuvrorcrrrcrl Enrrponrl r<or 6treg or epyooieg nou unoBdtrAovror,
Kp(vovror on6 rouAdlrorov 56o ove(dprqroug r<prr€5. Or epyocrieg nou 5rlpoore[ovrqr qnorelor.iv
nveuportrq t6torrqoio ruJV ouyypqQ€trtv r<or rou nepro6rrori Kqr q 5ry-rooieuo( roug, peprr<q q

oAtt<(, onoyoperieror Xop(g rqv €VypqQq d5ero rqg Iuvrorrxqg Enrrpon(g. En(oqg, ro nepro5rr6
561eror vo Sqpoorerjcrer epyooieg ypopp€veg orqv Ayylrr<( yAdrooo.

H UAq rou neproSrro6 ovoQ€peror rord nipro tr6yo oro qvoflv€uorK6 o0orqpo r<or neprAoprBd-
ver 1) Ap1pa Zlvrs€q;,2) Avaorconqoeg.3) Bpayeieg ovoorconrloetS,4) MeA&eg,5) Enircorpa
OQLara, 6) EvdnQQouoeg l1epmr6oe6, 7) E6xd Ap1pa, 8) l'pdpltaro rTpog nl Z1vra{q.
Avaorconqoerg: Or ovooronqoerg ovoQ€povror oe €vo ouyxer<prp€vo yvroorrr<6 ovrrreilievo ror
neprAqrBdvouv 6Aeg rrq Oetr-rpieg nou Sroruntfu0qrov r<ord r<opotig vrq ro 06;ro, pe r5roirepq
€pQooq or9 €ilrKpqroUoeg oUyXpove5 on6q€r5 Kor neprAopB6vouv nArlpq r<or oAor<trqpu.r;r€vq

nopouoiooq rqg BrBAroypqQiqS. H 6rrooq rulv qvqoKon(oeut-rv 5ev eivqr 5uvqr6 vq efvqr prr<p6-

repq on6 25 fl peyoAtJrepq on6 3O 5or<ruAoypqQrlp€v€S oel[5e5. To dp0po rurv qvqoKon(oeov
ypdqovror on6 €vo ouyypqq(o Kor o€ erSx€g nepmrtfuo'erg (perd on6 dSero rqg luvror<rlcqg
Enrponflg) on6 5uo ouyypqQ€iS 5roQoperu<qg er5rr6rr1roq.
BpayefeE Avoorconqoerg; Or BpoXeieg ovooron(oerg €Xouv crrg oron6 rqv evq;r€pu.roq orrq on6-
q,rerg eni ev6g O€porog, ypdQovror on6 €vo pr6vo ouyypoQ€o r<or q €r<rooq roug neprop(€rqr o€
1O-1 5 5orruAoypoQnp€v€g oeli5eg.
MeAie; Or petr€reg ovoQ€povror oe r<Arvrr<€g, €pyoornpror<€g r<or n€rpoporK€g epyooieg ror q

€r<roo( rouq neprop(€ror o€ 20 5or<ruAoypqqnp€v€S oeAi,deg. l(d0e peA€rq neprAopBdver €roq-
yoyq, orcon6, uArr6 (n qoOeveis) r<or pr€Oo5o, onoreA€o;rorq Kqr ou(r1rqoq.
Enfi<atpoOQtara: To enir<orpo 0€poro yp6qovorr qn6 Evq p6vo ouyypoQ6o r<or ovo<p€povror oe
O€proro rou oTrqoxoAo[v rqv rp€Xouoo BrBAroypoQ(o. To enirorpo 0€poro €Xouv €r<roorl 3-5
5or<ruAoypoQrlp€vulv oeAi5urv r<or q nepitrrlq.rq roug neprloprBdver rov rirAo rou dpOpou Kqr ro
6vopro rou ouyypoQ€o, evrl or BrBAroypoQrr<€g noponopn€g 5ev prnopei vo €fuor neptoo6repeq
on6 5€r<q.

Ev5ruQ(pouoeg fiepmrfuoerg; Or ev5roQ€pouo€S neprnrdroerg onooronorjv orqv nopouofooq
onovflr-rv neprnru:oeutv ( onovurrv er<5r1trd.roeu-rv ouvqOr,-rv v6otr.lv. H €r<rooq rou lerpoypdqou
5ev np€ner vo unepBofver rrg 6-8 5or<ruAoypoqnp€v€S oeAiSeg Kqr or ouyypoQeig 5ev prnopei vo
eivor neproo6repor on6 enrd. Or ev5roQ6pouoeg neprnrdroerg nepu\ol.rBdvouv BpoXeio erooytrlyq.
n€prypqQn rou ooOev( r<or ou(flrqoq fl oXoAro.

E6rca Ap)po; To er6rrd dp0po ovoQ€povror oe norriAo 0€;roro, nou 5ev eivot 5uvqr6 vq
evroXOo[v oe dAAq r<orqyopio, r<or 6Xouv €rrooq p6Xpr 1O 5orrutroypoQqp€v€S oeAiSeg.
fpdtrtpora npos rrl Zivro{4: To ypdpporo npos rq ofvro(q oqopo0v noporqp(oetg q ovrtppfl-
o€r5 rou qnooroA€o ovoQoprr<d ;re np6oQoro 5qpoorerj;roro rou nepro5rrorj. H €r<rooq roug 5ev
np€ner vo unepBoiver rrg 5OO tr€lerg r<or or BrBAroypoQrr<€g noponoprn€g 5ev prnopef vo €ivqr
neproo6repeg on6 nfure.
Ap0po orivro{qg, ovocrron(crerg ror er5rrd dpOpo 5qpoo'reUovror, enioqg, ror perd on6 np6-
or<Aqoq rqg Iuvrorrrr(g Enrrpon(5. H reAeuroio Srorqpei ro Sxoiur;.ro yro 5qpooieuon Kor dtrtrou
r6nou epyoorri.rv.
Epyoofeg, ove(6prqro on6 ro ov 0o 5qpooreu0oUv ( 6Xr 5ev enlorp€Qovrot.
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YNOBONH
EPTAIION: Or epyooieg unoBdlAovrot oe rpio qvrirunq xor np€ner vq eivor Sorruloypoenp€v€S orq ;rio

p6vo 6pq rqg oetri6og. oe 5rnA6 5r6orr1po Kor p€ nepr06pro 3 er<. npog 6Aeg rrg nAeup€g. To
refpevo np€net vo eivot ypopp€vo orqv onA( 6qtrrorrr<q, op0oypoqqpEvo r<or cruvrorrrr<cirg dgoyo.
Av q epyooio €Xer YpqQ€i pe rq Boq0ero qlexrpovrr<oU unoAoyrorq, vo unoBdlieror ;ro(i pe ro
r<erpevo r<or q 5ror<€rro.
Ie r<dOe epyoofo neprlo;rBdvovrcu Kor unoBoAtrovror oe r5roirepq oeAiSo ro nopordtu:
1. o) O rfrAog pe ne(d ypdpporq Kor ;re €rrooq 6Xr peyoArjrepq on6 'l O tr€{erg. Ie neprnrr,iroerg
nou eivql ovdyr<q o rirlog vo neprAolrBdver neproo6r€pq orotx€io ;rnopei vo undpXer Kqr un6-
rtrlog. B) To ov6porct Kot Il et5tr6rqro r{.rJV ouyypo<p€ov orqv ovopoorrr(. y) To i5pupo qn6 ro
onolo npo€px€rot rl 5r1poofeuoq eQ' 6oov np6rerror yto Tr€rpcrtr.lorrr<( epyooio q nopouo(ooq
ev5roQ€povros n€ptororrt<oti. 6) To 6vopo, q 5re60uvoq r<or ro rqA€quJVo rou une60uvou ytq rnv
oAlqloypoqfo pe ro nepro5rr<6 ouyypqe€o, oro rdru'.1 p6pog rqg oelf5og.
2. H nepiAqqq np€ner vo €Xet rlr<rooq 1O0-20O A€{er5 r<or vo nepl€Xer ro oron6, rq;r€0o5o. ro
Boou<d onore.\€oporo Kor ro oupnepdopqro rrlg epyooiog. rro r€Aog rq5 nepitrqq.rrlg np€ner vo
ovoypdqovrot routrdXtorov 5 l€[erg-r<trer6rd. l(60e dp0po np€ner vq ouvodeferor, err6g on6 rqv
Eltrrlvtt<(, Kqt ofl6 AyyArr<q nepitrqqq. Or evSroQ€pouo€S TT€ptTTrd.roe.rg 5ev ouvo5eUovror qno
nepitrqq,rq.

3. To r<fpro oti.rpro rqg epyoo[oq, eQ' 6oov np6rerror yrq €p€uvnrKq epyooio, np€ner vo neprlop-
Bdver: o) Erooyuryfl. B) Yrl<6 (( qo0eveis) r<or p€Oo5og, y) AnoreA€oporo. or BrBAroypoqrr<€g
noponoprn€5 yivovror pe ro oriorqpo Vancouver, 5qAo5q opr0;roJvror rord rq oerpd nou €tteo-
vi(ovro oro reipevo. BrBtrroypoqx€g noponoprn€q ouvo5erjouv rdOe epyooio nou unoBditreror
yro 5qpooieuoq.
4. O BrBAroypoQtK6S r<ordAoyog neprAoprBdvet lS rqpqno;rn€5 r<ord rq oerpd rqg opiOpqoqg roug
oro reipevo. H BrBAroypoQiq on6 neptoStr<d neprAopBdver, perd rov opr0p6, 6Ao ro ov6poro rcr-rv

ouyypoQ6u.rv. rov nlqpq rirAo rou dpOpou (pe ne(d ororyeio), rqv enioqpq oUvrpqoq rou rirlou
rou nepto6rr<of, ro €rog, rov r6po Kor rrlv npdrrrl Kor reAeuriq oeAi6o rqg Sqprocrieuorlg, 6nog n.X.
Milic-Emili J, Henderson JAM. Dolovitch MB. Trop D, Koneko K. Regional distribution of inspired gas
in the lung. J Appl Physiol. 1996.2'l : 149-759. 'Orov q noponopnq ovo<p€peror oe reedtroro
ouyypdpporoS, ovoQ€povrqr orrl oerp6 ro ov6poro rLrJV ouyypqQ6uv. o rirlog rou dpOpou. or
er56reg, o rfrlog rou ouyyp6pporos, o opr0p6g rqg €r<5ooqg, o er5orrr<6q oir<og, q n6,\q 6nou
€yrve q €r<6ooq. ro €rog rr15 €r<5ooqg Kqr or oetrf5eg ovoQopdg rou rerp€vou, 6nr-rrg n.X. Gibson JG.
Pride NB. Pleural, alveolar and systemic diseases affecting the chest wall function. ln Roussos C,
Macklem PT. (eds), The Thorax. 1st Edition, Marcel Dekker. New York. 1966. 1123-1133. Or

ouvrp(oetg rurv ovopdrLilv ruJV nepro5rr6v or<oAou0o0v roug xov6veg rou lndex Medicus'.
5. Or nfuor<eg, 5or<ruloypoQrlp€vot o roO€vog oe leXu.rpror( oeAiSo, np€ner vo e€pouv oro
endvu-r' pr€pog rov opr0p6 rous p€ opoBt<6 orotXeio KCu orq ouv€Xero rov rirAo, 6nu.rg n.X.
l1ivor<og 1. Afrrq enoyyeAprorxo6 doOporog. Or nivor<eg nepr6Xouv p6vo opr(6vrreg Srorprrrr€g
ypqpp€S r<or p6vo 6rov eivor onoAJrog onopoirqro, r<dOereg.
6. Or un6rtrlot (Ae(6vreg) rov err<6vtr.rv Kor rLUV oXqpdruuv oprOpofvror pre opoBrr<o0g opr0poUg,
n.X. Eu<6vo 1,. IX(po 1, r<.o.r. Arpoyeg, oe yuofuorep6 Xopri r<or rordltrqAeg yro dpeoq ovono-
poyuly( np€net vo €lvor 6tre5 or ex6veg (or<rrvoypoQieg, qu-rroypo<pieg nopoor<euoopdrov r.An.)
nou or€Ivovrot. To oXqproro np€ner vo eivqr KqrqoK€uoo;r€vo pe orvu<fl preldvq oe pu(6Xopro
Kor rq 5rdQopo ene(qy4;rorrr<d 5<5op€vo (oprOpoi, ypdpporo r<.An.) oXe6roopr€vo ( oe A€rpooer.
To oXqporo np€ner vq or€Avovror oro npu-rr6runo p€oo oe r5roirepo QdreAo ( oe Qu-rroypoQie5
t<ol(g nor6rqroq. 'Otreg ot Qurroypoqieg np6ner vo e€pouv oro nfou.r p€pog rqv opi0pqorl roug,
pe onA6 poifBr, r<o069 r<or 16[o 5qltlrrr<6 rqg op0(g roug rono0€rnons orn oeli5o. Iq;rer6veror
6rr ot un6rtrAot rcuv oXqr6rcuv r<.An. nou ouvo5e[ouv EAAqvl<d reipevo ror €Xouv AqqOei on6 rqv
(6vq BrBfuoypoQi,o np6n€r vo €Xouv peroyAu-rrrro0ei.

Or epyooieg or€Avovrqt orq Are60uvoq: Ilepro6rr<6 "flNEYMON", Nooor<opeio Noonp6rurv Odr-
pqKoS A0nvdlv, Meooyeirov 152, 11527 A0nvq, 10n Ktrlvlrn (un6gn x. F. TpoxonouAou).

To neptoSrr<6 0o Sqpooreriet r<o16 5roor(proro "Iuvrprloerg rirr\trlv" ruJV TT€proo6repu.lv {€vLrrv nepro5rr6v, yro
5reur<6Auvoq ruJv ouyypoe€uv.
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Xpowa BnpuAAfwon

M.D. ROSSMAN

H Xp6vro BqpuAAitlorl eivor 1-rro nveupovrrq KoKKtuJ-
pdru.roq TTou yrq npdrrq Qopd neprypdQqr<e ro 1946.
Aeron€vre epyo(6;revor oe A6;rneg qOopiou flopou-
oiooqv pro Xp6vro nveupovrrq rordoroor; nop6poro
p€ rn oopKoef5rr-roq. fe noAAotig on6 ourorig roug
ooOevei5 ono5erXOqr<e 6rr eiXov Boperd popQrl rn5
v6oou p€ flv€uuovrr<ri r<op5io. Or ooOeveig ouvq0rr.rg
epQov(ovrov pe BqXo ror 50onvoro. Or or<rrvoypo-
Qie5 rou Od.rpor<o ouvflOog nopouord(ovror U€ rvoo-
(tl6q err<6vo <Jpro oroug 6vut AoBo0g r<or ro 5O 7o

ririv qoOevdJv 6Xouv nuAqiq qSevondOerq. Or nveu-
l.rovrr<€ g,\erroupyrr<€g 5orrpoo(<g nro otrXvd nop ouord -
(ouv €vo neproprorrr6 orjvSpopro ;re pe[tooq rqg (u-rrr-
r<(g Xtr;pqrx6rqrog. H 5roXurrrcq rrov6rqro efvor enioqg
peru-rp€vq. H nd0qoq pnope( vo €trqovrorei pe on6-
Qpo(n, our6 6pr,,-rg eivor nro ouXv6 oro reAeuro(o
ord5rq rqg v6oou. Or KAqoorK6g noOoAoyoovorour-
r<69 oAtrord-loerq nopouord(ovror ug 5rdpeoq rurroprfl
5r(Oqoq U€ oxnpqrop6 r<orc<rurp6rurv. Iro 80% rtlv
neprnrdroeurv, ro Srdpreoo rurroprr<6 5rq0qpo €flrKpq-
rei ror orrg puo6q nepnrtitoerg on' our€g cruXv6 undp-
Xer roxrirlrl-ro. To un6Aorno 2Oo/o 0o nopouord(er r<ripro

r<oro<rurpor65€r5 oxqpqropoti5 pe Ailyrl ( Ko06Aou KUr-
roprr<f1 5r(Oqoq. Auroi or oo0evelg onor<oA6QOrlKov o€
pro neproXq oTrou ro enfne5o 6r<0eoqg oro BqpUAAro
qrov uq.rqtr6 r<qr noAAoi on6 roug oo0eveig Suvqr6v
vo eiXov enero65rq oleiog BqpuAlfooqg (pro rolrr<q
nveupovirr5o). Iqpepo, 6nou rq BropqXovrr<d enine5o
rou BqpuAAiou eivqr XopqAtirepo ror q o[ero gnpuA-
triuuroq €Xer p6vo roroprr<6 ev5roQ€pov, or neproo6re-
por ooOeveiq nopouord(ouv pro pur<pq r<urroprr<q 5rd-
peoq 5rq0qon Kor €rrKporo6v or r<orc<rt.lpordr5€rg oxn-
porrcrpoi. Mro oqpovrrr<( SroQopd perol0 olefog r<or

Xpoviog BqpuAAirr;oqg eivor 6rr evti.r orqv o[eio undp-
Xer oX€oq rqg ovron6rprons p€ rq 56oq, 5ev undpXer

r€roro oX€oq orq Xpovio rng popQR. EnmA€ov, orqv
o(e(o BqpuAtrit,-roq ro oupnrti.rporo opX(ouv p€oo oe
Iiyeg 6peg n p€peS on6 rqv €r<Oeoq, evd.r orq Xpovio
BqpuAAitr:oq, ro ou;rnrti.rporo opX(ouv rouAdXrorov

Chronic Beryllium Disease

M.D. ROSSMAN

Chronic beryllium disease is a pulmonary granuloma-
tosis that was first described in 'l 946. Seventeen flu-
orescent lamp workers were described who had a

chronic pulmonary conditlon that was similar to sar-
coidosis. Many of the patients described had severe
disease with evidence of cor pulmonale. Patients usu-
ally present with cough and shortness of breath. Chest
radiographs usually have a fibronodular upper lobe process

and 5O% of patients will have hilar adenopathy. Pulmo-
nary function tests most frequently will demonstrate a

restrictive process with a reduced vital capacity an'd

total lung capacity. The diffusing capacity is also re-
duced. Abnormalities consistent with an obstructive
process are more frequently seen late in the disease.

The classic pathologic abnormalities consist of intersti-
tial cellular infiltrates with granuloma formation. ln 80%
the interstitial cellular infiltrates will predominate and in

half the granulomas will be frequent. The remaining
2O% will have prominent granuloma formation with lit-
tle or no cellular infitrates. These patients were de-
scribed in an area where the level of exposure to
beryllium was high and many of the patients may have
also had episodes of acute beryllium disease (a toxic
pneumonitis). Today, when environmental beryllium levels

are much lower and acute beryllium disease is of his-
toric interest only, most patients have little cellular in-
terstitial infitrates and prominent granuloma formation.
An important distinction between acute beryllium dis-
ese and chronic beryllium disease is that there is a dose
response relationship in the former, but no dose re-
sponse relationship in chronic beryllium disease. In addi-
tion in acute beryllium disease, symptoms begin within
hours to days after exposure while in chronic beryllium
disease, symptoms begin at least 6 months after the
initial exposure. ln addition to pulmonary disease, chronic
beryllium disease may involve the skin and less fre-
quently the liver, spleen and kidney. This condition is

most frequently misdiagnosed as sarcoidosis when the
history of beryllium exposure is not appreciated. Occu-



F
G

x
PNEUMON Number 1, VoL 7, January - December 1994

€[r pqveg U€rd rnv opxtKn €r<0eor1. Er<r6g r4g nv€upo-
vrrrlg v6crou, q Xp6vto BqpulAiooq linop€f vo nopou-
ord(er 5epporrr<€g er<5qAtiro€tg Kot nro ondvro er<5qtrtir-
oerg on6 ro rlnop, ro onArlvo Kcu ro veqp6. Aur( q

Kqrooroorl eivor ouXv6 <porv6pevo vo 5loyvurorei
tro0ep€vo oov oopKo€i5ooq, 6rqv ro roroprr6 rq5
€r<0eoqq oro Bqp0AAro 5ev €yer AqqOei un' 6qv. To
enoyy€Aporo Trou rTopouotd(ouv BqpuAliooq efvor ourd
oro onofu eqopp6(eror q BropqXovrr<q Xpqorl rou Bq-
puAAiou orqv ono(o or<6veg, rovropr6g r<or oopq Bq-
puAtr[ou trrnopei vo oropq0o0v orov o6po r<or vo €t-
onveuorouv o'roug nveripoveg.

H noOoy€veon rns Xp6vrog BqpuAAiruorlg np€ner
vo Bpior<eror orq Bdoq qurodvoorrJv pqXovrquirv l6yu
rqg ;rey6Aqg trovOdvouooq nepr65ou, rqg pxprlg en(-
nrujons fi.r6vo ro 57o r[rJV exre0erp6vr.r.tv epyo(6trrevulv
nopouord(er epQdvroq rqg v6oou) ror o €AeyXog rou
BqpulAiou 5ei'Xver 6rr np6r<errot yto pto ovoooyevf
ouoio. To 196O o Curtis nopor(pqoe 6rr ro BqpJtrtrro
prnopei vo npor<ol€o€t pro enrBpo5uv6pevou rtinou
ovri5pooq unepeuoroOqoiog cre ooOeveig pe Xp6vro
BqpuAAiLooq Kqr 6rr ro 5O7o ev6g trur<po0 oprOporj eOe-
Aovrti-rv pn6peoov vo euoroOqronoqOo0v oro Bq-
p0Afuo. Onoo.5qnor€, n €Ooppoy( Sepporrr<drv 5orc-
proord-rv (patch test) Qoiveror vo nporolei pro €lopoq
rq5 v6oou r<or yr' our6 ro A6yo, ro patch test rou
BqputrAiou 5ev ouvrordror yro Xp(oq pourivog. To 197O
ovor<otrUQOqKqv rq ovdAoyo rqg 5epporrr(g Sorrpo-
oiog rou BqpuAAiou in vitro. H Aepeor<urropxq pero-
p6pQrooq (r6po r<o.\eiror unepnAooio) e(vor rl euoro-
Aoyrr<( ovron6rptoq rov AepQor<urrdpurv, 6rov qurd
r<otrArepyorlvrqr in vitro pe nopouoio ovrry6vou. Edv
ro trepQor<frropq ovoyvu-rpioouv ro ovrry6vo, qurd
peyoAt-itvouv Kqr nolAontroord(ovror. Aur6 np6ro
ovoyvu-rp(ovrov U€ rqv eprQdvroq rov Btroorrrtlrv rur-
rdpu-rv. rdlpo 6prlr5 perpeiror pe rq Xpqoq po5revep-
yo6 5eirrq rou DNA rproSrx(g Oupr5ivqg. EnrnA€ov, q

Sr6yepoq ru.rv AepQor<urrdpuuv 0o €Xer oqv qnor€Ae-
opo rnv €ruproq ;rrog oerpdg ev5rd;reotlv ouorrirv (ru-
ror<iveg) or onoieg 0o orporoAoy(oouv r<or 0o Sreyei-
pouv dAAo r6rropo rng QA€ytrovnS. Mro rErorq Kuro-
r[vq nou Qdvqre vo nopdyeror on6 rr1 5r€yepoq ru;v
orporrrOv Ae;;QorurrdpuJv p€ Bqp0AAro, 4rov o MIF
(ovooroArrr<69 nopdytlv rLrtv poKpoedyLlv). AruXdr5,
our€g or 5epporrr<€g 5orrpooieg rqg euoroOqronoiqoqg
rou Bqpulliou 5ev eivor Oerrr<€g oe 6Aoug roug ooOe-
veig ;re Xp6vro BqpuAAitrro-q. To 1980. opXioope vo
;reAerdpe rqv ovron6rptoq ruiv nveupovrr<ti.rv trepqo-
r<urrdpcr-rv, rrou ro enrrUXo;re Xdprg oro BpoyXor<uq.re-
A15rr<6 €r<niu;ro. Aev edvqr<e p6vo ;uo ou(ov6;revq
qvronoKptoq ru-rv rurrdpu-rv rutv ooOevtitv pe Xp6vro
BqpuAlitr-roq oro Bqp0lfuo oAAd q ovron6rptorl ruv
nveupovrr<ci-rv rcurrdpu.rv qrov peyoArjrepq on6 rqv
ovron6rcproq rtlv r<urrdpulv rou o(uorog, flou rTo-
pouord(eror oov ouoor-irp€uoq rtrJv rurr6pov nro
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pations that are associated with beryllium disease in-
volve the industrial use of beryllium in which dusts,
mists or fumes of beryllium can be airborne and inhaled
into the lung.

The pathogenesis of chronic beryllium disease was
thought to be mediated by immune mechanisms be-
cause of the iong latency period, the low attack rate
(only 5% of exposed workers appear to ever develop
the disease), and the observation beryllium appeared to
be immunogenic. ln the 'l 96Os, Curtis observed that
beryllium could elicit a delayed hypersensitivity reaction
in patients with chronic beryllium disease and that 507o
of a small number of volunteers could be sensitised to
beryllium. However, in a few cases. placement of a

beryllium patch test appeared to cause an exacerba-
tion of the disease. Thus, patch testing to beryllium is

no longer routinely used. ln the 197Os, in vitro equiv-
alents of the beryllium patch test were developed.
Lymphocyte transformation (now called proliferation) is

the normal response of lymphocytes when they are
cultured in vitro in the presence of antigen. lf the lym-
hocytes recognise the antigen, they grow and prolifer-
ate. This was first recognised by the appearance of
blast cells, but is now measured by the uptake of a

radioactive precursor of DNA (i.e. triatiated thymidine).
In addition, stimulated lymphocytes will secrete a vari-
ety of substances (cytokines) that will recruit and stim-
ulate other inflammatory cells. One such cytokine that
was shown to be produced by beryllium stimulated
blood lymphocytes was MIF or macrophage inhibition
factor. Unfortunately, these tests of beryllium sensiti-
sation were not positive in all patients with chronic
beryllium disease.

ln the 198Os, we began to study the response of
lung lynphocytes obtained by bronchoalveolar lavage.
Not only did the cells obtained from patients with chronic
beryllium disease show a proliferative response to be-
ryllium, but the response of the lungs cells was greater
than the response of the blood cells demonstrating the
accumulation of the beryllium cells at the site of dis-
ease activity. ln additiori, all 14 patients with chronic
beryllium disease had positive tests while none of the
normal volunteers or patients with sarcoidosis had positive
tests. Based on these observations, we suggested that
a gold standard for the diagnosis of chronic beryllium
disease is the demonstration of a positive late prolifer-
ate response to beryllium and the presence of non-
caseating granuloma.

We and others have since been attempting to un-
derstand the molecular basis for this beryllium response.
Saltini et al have shown that beryllium sensitive cells
can be cloned and respond only to beryllium. These
beryllium responsive cells are CD4+T cells and the re-
sponse to beryllium can be blocked by antibodies to
the lL-2 receptor or to HLA Class ll molecules. Thus, it
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BrlpfIAro. evSerrrrr6 5poorqpr6rqrqs rng v6oou. Enr-
nA6ov, 14 ooOeve(g pre Xp6vro BqpulAiulorl erXov 0e*
rrr€g 5epporrr€g 5orrpooieg, evdr rov€vo5 on6 roug
uyreiq pdprupeg q roug ooOeveig pe oopr<oeiSooq 5ev
ropouordoe Oerrr<€g 5orrpooieg. Me B6oq ourd ro 5e-
5op€vo ro r<ripro r<prrqpro ytq rq Sr6yvrloq rnq Xpo-
vrog BqpuAA[r,loqg eivor q eprQdvroq rqg 0errr<qg enr-
BpoSuv6pevqg ou(ov6pevqg ovron6r<proqg oro Bq-
ptilAro, otrAd r<or q nopouoio pq rupoerSonoqp€vou
r<orc<rr-fuprorog.

Epreig ror dAAor €Xoupe npoonoO(oer vo rorovo(-
ooup€ r'l proprorq pdon ourng rqg ovron6rptorlg oro
Bqp0trAro. O Saltini Kqr or ouv€pydreg rou €Xouv 5e[er
6rr rq euoioOqro oro BqpJAAro rrirropo pnopouv vo
5roropoy0ofv Kqt vq ovronorpr0o0v p6vo oro Bq-
pfAAro. Aurd ro 5uvdpevo vo ovrorroKpr0o6v r<6rro-
pq €ivor rq CD4+T r<frropo r<or our( q ovron6rproq
oro BqpriAAro pnopei vo ovoroX0ei qn6 rq qvloul-
porq ruJV unoSoX€u.rv lL-2 n rov popirr-rv HLA oerpdg
Il. 'Eror" eivor nopoSerr6 6rr ro Bqp0AAro 5po oov
oreA€g ovrry6vo xqr ouvS€rqr p€ pro fl neproo6repeg
nporeiveg rrg onoieg ror perorp€ner oe ovrry6vo.

Iro epyoorqprd pog 6Xer en[oqg ono5erX0ei 6rr q

ovronor<proq rulv T-rurrdpulv oro BrlpfAAro Tropou-
ord(eror tr.tg oAryor<Aovrr<( ovron6r<proq. To RNA on6
np6oQoro onoprovurpr€vo nveupovrr<d r<Urropo, pero-
rpdnqr<e oe cDNA pe rr1 Xpqoq rrlg ovdorpoQns rpqv-
or<pryrprnrdoqg r<or er5u<69 yeve€g rurv dtrqo r<or B(ro
oluoi5t-r-rv rurv uno5o1€tr;v rutrv T-rurrdpurv oul(Oq-
Kqv U€ rn Xpqo-q rqg oAuorSu.rrqg ovriSpoons rrl5
notrupepdoqg. M6vo q V dtrQo 2 qAuoi5q ror q V
Bf1-ro 7 Kqr 12 oAuoiSeg Srorqp(0qr<ov oulov6peveg.
'Orqv or onopovrr.rp€veg otruoi5e5 rurv T-xurrdptlrv
Sroondorqrov r<or r€0qr<ov o€ oerp6, r<oroVpdQqr<e
pro ofuyor<Au-rvrr<q ovron6rproq.

Evd-r o unoSoXtioq rou T-rurrdpou eivor n npL,J-
re ivq rq5 enrcpoveiog rou T-rurrdpou nou ovoyvr,-tpi-
(er ro (€vo ovrry6vo. q ovoyvrilpron qfiqrr€t ro ovr-
y6vo vo €yer rq Uopqn oAAqAouXiog oprvo(€rr:v 1O-
20 q ono(o nopouord(eror on6 ro p6pro HLA orov
unoSoX€o rou T-Kurrdpou. To p6pro HLA oerpdq I

nopouord(ouv ovrry6vo €vovrr rurv T- rurrdpov CD8+
Kor rq popro HLA oerpdg ll nopouord(ouv ovrry6vo
€vqvrr rcr.lv T-rurrdptlv CD4+. Enet5q ;r6vo ro CD4+
T-r<frropo ovronorpivovror oro Bqp[AAro, q HLA
oerpdg ll popitr.rv np€ner vo nopouord(er ovrry6vo rord
rov uno5oXeurv rulv T-rurrdpu.rv. I-ro vo op(ooup€
ro er5rrd rqg HLA oerpd ll ;r6pro nou pnopo0v vo
ouv5€oouv ro Bqp0Afuo p€ rous unoSoXeig rcuv T-
rurrdputv yt,lploope roug elqg poptor<o0g rdnoug oe
rperg er5rr<€g oerp€q HLA popiu.rv, HLA-DR. HLA-DO
r<or HLA-DP Xpqor;ronord.rvros rr-lv orcolouO[o ruJV €r-
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is believed that the beryllium acts as a hapten and
binds to one or more self proteins and makes them
antigenic.

ln our laboratory we have also shown that beryllium
responsive T cells appear to respond in an oligoclonal
response to beryllium. RNA from freshly isolated lung

cells was isolated, converted to cDNA using reverse
transcriptase, and specific families of the alpha and

beta chain of the T cell receptors was amplified using

the polymerase chain reaction. Only the V alpha 2
chain and the V beta -l and 12 chains were consist-
ently amplified. When the individual T cell chains were
cloned and sequenced, an oligoclonal , response was
observed.

While the T cell receptor is the protein on the
surface of the T cell that recognizes foreign antigens,
this recognition requires that the antigen must be in the
form of a 1O-2O aminoacid sequence that is presented
to the T cell receptor by the HLA molecule. HLA Class
I molecules present antigens to CD8+ T cells and HLA
Class ll molecules present antigens to CD4+ T cells.

Since only CD4+ T cells respond to beryllium, HLA
Class ll molecules must be presenting antigens to the T
cell receptors. To define the specific HLA Class ll mol-
ecules that might be presenting beryllium to the T cell
receptor, we gave molecularly typed the three specific
classes of HLA molecules, HLA-DR, HLA-DO, and HLD-
DP using the sequence specific oligonucleotide primers
(SSOP). We confirmed previous findings that glutamate
on position 469 of the beta chain of HLA-DP was
associated with chronic beryllium disease. Eighty-five
percent of patients with chronic beryllium disease ex-
press this amino acid while this amino acid is found in

only 45% of controls. However. when we used an

antibody to HLA-DP that should block the proliferate
response if HLA-DP is presenting beryllium to the T cell
receptor, no significant inhibition was observed, in con-
trast, an antibody to HLA-DR completely inhibited the
T cell proliferate response to beryllium. We have only
completed a preliminary examination of HLA-DR mo-
lecular types in patients with chronic beryllium disease,
but only weak associations appear to be present.

ln summary, chronic beryllium disease ls a hyper-
sensitivity lung disease that is mediated by beryllium
acting as a hapten binding to unknown self peptides
that are presented by HLA Class ll molecules to CD4+T
cells. Fortunately, clinically these reaction may be con-
trolled with the use of corticosteroids and early detec-
tion and treatment should prevent the development of
severe disease. While this is obviously important for
patients with chronic beryllium disease, these studies
may be more important if they further our understand-
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5rr<rirv ypoppdrrrv rr,.)v oAryovour<Ieorr5ftiv (SSOP). EpeiS
5ropopQrfuo'otr€ ro npoqyofpevo e6pqpo, 611 5qAo6q q
ylouropdrq orq O€oq 469 rqg Bqro oluoi5qg rou
HLA-DP ouvS6eror ;re rr1 1p6vro BqputrAitloq. To 85o/o

ru-rv oo0ev6v pe Xp6vro BqputrA(r.r-roq nopouord(ouv
our6 ro oprvo[0. evd.r our6 Bp€Oqr<e trr6vo oro 45%
rov popr0purv. Onu-ro5qnore, XprlortrronorqOrlre €vo
ovriou-rpro Kqrd rou HLA-DP Xrrlpig vo 5reurprvrorei
edv ro HLA-DP Bpior<ovrov pe nopouord BrlpuAAiou
rord rou uno5o16o rou T-r<urrdpou. yeyov6g ro onoio
0o pnoporioe vo 5ror6rper rqv ou[qrrr<q ovron6rproq.
Avri0erq, €vo ovriocrrpo HLA-DR on6Auro perdlver
rqv ou[4rrrq ovron6rproq rcuv T-r<urrdpuv oro B4-
ptiAfuo. 'EXoupe pro ;r6vo np65popn peA€rq rov HLA-
DR popror<r,irv rrinc,.rv oe ooOeveig pre Xp6vro pnpur\-
A(ooq, qAAd n prero(0 roug ouoX(rroq 5ev flrov oq-
povrrr4.

[1epu\qnrrr<d, q Xp6vro Brlpulifooq eivor puo v6oog
unepeuoro0qo(og rou nvefpovo, 6nou ro Bqprjtrtrro 5po
oov oreA€g ovrry6vo, ro onoio ouv5€eror pe 6yvo-
orq nenriSrq nou Bpior<ovrot oro HLA ll oerpd propiov
rov CD4+ T*r<urrdpu.rv. EuruXtitg, q rArvrrq our( ovri-
5pooq pnopei vo eAeX0ei ;re rq Xp(oq roprrroer5cfuv
r<or q npti-rrpq onordAuq-rq ror 0eponeio ;rnopei vo rpo-
AdBer rqv ovdnru[q ooBopqg e(6Ar(qg rqg v6oou. Evdr
our6 eivqr oqpovrx6 yro rous ooOeveig ;re Xp6vro
BqputrI(tooq. our6g or pel6reg, edv oupBdAouv orrlv
neporr€pr-r.r rorov6qoq rqg oopr<oei5ulorl5 Kqt yevrr6-
T€po ruJV r<orr<ru.rporu5d;v v6ou-rv oyvti.lorou orrro-
Aoyiog, or onofeg roroAoyrr<tilg r<or r<fuvrr<tirg eivor 6poreg
pe rq Xp6vro BqpuAAirr.roq, 5uvor6v vo ono5erlOoiv
or6pq Xpqorp6repeg.

a

ing of sarcoidosis, a much more common granuloma-
tous disease of unknown etiology that is histologically
and clinically similar to chronic beryllium disease.



H nveupovn<n rcurcAocpopio oro ynpaoxovrs nveOtrtova

A. AAMIANO:

t
\\

To oforqpo rns rTv€utrlovrrcq5 rcurloQopiog Xopo-
r<rqp(eror on6 pro evruntlororq endprero. Eivor Xo-
porcrqprorx6 6rr ooOeveig nou €Xouv unooref rv€u-
prover<ropq ror enop€vcr-rg onoAivtr-ton rns prqs flv€u-
povrrqg oprqpiog, 5ev qvqnrfooouv ovoyr<oortr6
nveu;rovrr<q un€prooq. Or Korqordoerg ou(ryr€vou l.tuikoti
€pyou, nopdAAqAo, nou npor<oAotiv SrnAooroop6 rqq
orporrr<qg po(g oroug nveripoveg" o<pflvouv nporrrr<d
ovenqp€oorq rqv n[eoq ornv nv€upovrr<( oprqpio.

To oXqpo 1 eivqr ev5errrrr6 rqg 5roNri;rovons ruJV

nr€oeurv oe ovrroroiXnon p€ rr1 Srorfpovoq rng poRS

ornv nv€upovu<f1 r<urAoQopio, rord rq 5rdpr<ero rqq
orrjporrr(5 dor<qoqs. Merpqoerg nou €ytvov o€ Qu-
oroAoyu<d dropo, oor<otlpevo pe orortr6 noSqloro,
€5er[ov otEnon rurv nr€oeurv ornv nv€upovrr<( oprq-
pio, nou dpXr(e rouroxpovq p€ rrlv dor<qoq. 'Ooo o

Bo0p6g rqg 6or<qoqg nop€peve oro0ep6g, or nr€oerg

ouv€Xr(ov vo ou[6vouv yro Srdorqpo nepfnou 7 Ae-
nr6v. n€po on6 ro onoio dpXr(ov vq perdtvovror,
enovepX6peveg oe rrp€g pxp6repeq on6 rrg opXx€g
perd on6 30 nepi'nou Aenrd. Eivor Xopor<rqprorr<6 6rr
or po€g orqv nv€upovrr<( rur<troQopio, orq 5rdpr<ero

our(, nop6prervqv orqOepd ou(r1p€veg1.

H 5ro5rr<oo(o rqg y(povoqg Qofveror nc,-rg reArr6
enqped(er Kqr rnv ou<ovopio Kor rrlv endpreto rqg

nveupovrr<qg r<ur<troQopiog. lloAor6repeg oAAd r<or np6-
oqor€S petr€reg e[6rooov rqv eni5pooq rou y(porog
orqv orpo6uvoprrq rurv nveup6vLrlv2'3. Irqv epyooio
ru.lv Davidson Kqr Fee3 o oupBortr6g €treyXog rng Kqp-
Srorqg Aerroupyfog rou Seiyporog oupnAqpd;Oqr<e pe

or€QovroypoQio ror r<oOerqptocrp6 ru-rv optorepd.tv
ropSrorrfuv rorAorqru.lv, yrq vq onor<tretoOei n or€Qo-
vroio v6oog. Eivor ooq(g, qn6 ro oupnepdoporq rqs
peA€rnS, q oflqoq rqg p€oqg nfeoqg rqg nveupovtrrlg
oprqpfog u€ rnv np6o5o rqg qlrr<iog t<ot pd,\roro pe

Vpouprr<n oX€or1 (:X. 2). I-poppu<( eivot enioqq n ou-
oX6rroq rq5 qArr<iog p€ rrlv ori[qoq ru-rv oyyetorur-rv
qvrrordoeuJv oAAd Kqr p€ pro or<6po nopd;rerpo: rq
oX€oq rc,.rv ovrordo€ulv, rn5 nveupovtrqg npog rn
ouorqporrr( r<urAoQopfo (:X. 3).

Aurfl q reAeurqiq oX€oq 5eiXver 6rr or entnrcr-roetg

rou y(poro5 eivor ovoloyrr<d peyoAirep€S ornv rv€u-
provrr<( on6 rr1 ouorry.rorrrq r<ur<AoQopio. To yeyov6g
6rr rq oupnrdrporo rqg enrBdpuvoqg ourqg eivot rtg
neproo6repes Qop€S qnro q ovJnopr<ro, oQeiAeror org
XopqAEg nr€oerg rrlg nv€ul-lovu<qg rcur<AoQopiog, nou
r<upro(vovror ovdpeoo oro 1/6 rar ro 1/ 1O rulv qvr[-
ororxtltv rrpdlv rqg ouorqporxqg.

Or no0oAoyoovoroprx€g oAAo16oerg rrlq TTV€upovr-

r<(g oprqpiog, rr-rg ouv€nero rqg y(povoqg, qoiverot vo
efvor o r<Jproq A6yog rqg prrr<pf1g oti(qoqg rurv nt€oeurv
Kqr ruJV ovrrordoec,.lv orq ;rrr<pq r<ur<AoQopio, nt0qv6-
roro 6pru-rg 5ev eivqr o p6vog.

NEPAHqH
H 6lo6xooio rn5 y6povon5 enrpoprlver finro Kor qoupTrrurporrr<6 ro oprnproK6 or<dAo5 rn5

nveupovrr65 xuxAogopio5, pe o6{non rnS nieons Kor ruJV ovrror6oeurv. flpogovti5 otrio eivot
or no0oAoyoovoroprr<ds oAAoruroer5, r<upit'rg rrov xA66urv rns rv€upovrr65 oprnpiog, rou Ko-
rotrriyouv oe (voon rorl €ot,.rr€prr<o0 xrrtirvo rurv oyye iurv ror pe iuron rn5 ouvoAtrri5 6ropdrpou
rns nveupovrrrig oyyerorhs roirns. Aryorepo on;rovrrroi Kor €v pdper oprprAey6trrevot A6yor e i-
vor or ovoroprr<dg ror Aerroupyrxig 6roropoxds, nou ouvo6eriouv ro ynp6oKovro nve0povo,
r<or n ou{npdvn ouxv6rnrs ooulrTrruJporrrtfuv OpoppoeppoArr<dv ene roo6iurv.

nNEYMON (1994) 10-12
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Exnpo 1:M€rpnon n(eoqg ror poq5 ornv nveupovrr<( KUKIoeo-
pio, oe ooro0pevo uyrq ev(Arr<o. H nieoq orqv nveupovrrq op-
rrpfo. ;rerd on6 np6orcorpq o0qnon, enov€pXeror oro opXrr<d
enireSo. oe Sr6orqpo nepinou 30 min. H po(, ovriorotxq, nq-
pop€ver ou(ry€vq oe 6trq rq 5rdprero rqg dorqorlgl.

Exripo 2: IuoX€rror1 rqg p(or1g nieoqg rrlg nveupovrr(g oprqpfog
pe rqv qArr<io oe Sefypo 47 uytuv or6pclrv3.

lC\ooorrc€g p€I€r€g €Xouv 5e[er 6r pe rrlv rdpoSo
rou Xp6vou, ro oveponvq Trv€ul.lovtKd oyyeio ovo-
nrUooouv fvcuoq rou €oulr€ptKori rouq Xtr6vql-3. Ot

oAAoy€g our(S €nqp€d(ouv, 6Xr e( ioou, lS oprnpi€q
Kor rS QA€Beq rrls TTV€ul.lovKnS KUKIoeopioS. Kotv6
XopqKrqprorK6 rous €ivor n unepnloo(o. Iro oprqpro-

Exipo 3: A. IX€or1 ovrordoeu.lv ornv nv€upovrr<( oprqpio ror
qlrr<iog, oe 5eiy;ro 47 uytwv or6pu.rv B. IX€oq rou tr6you nveu-
povu<r.irv npo( rg ouorrporrr€g ovrrordoerg oro i6ro 6eiypto3.

r<6 or<€Aog rng nv€upovrKrls KUKAoQopfo5 eivot €pQqvng
rl KurrqprKn 5r(oqoq rou €oujr€prr<od Xrrti.rvo on6 K6-
floro nolu5rivcrpo KUrrqpo, nou optop€vot ouyypoe€is
ov6pooov puoivoBtrdorq. l-}Oov( npo€treuo( rou €ivqt
ro puikd Kdrropo rou U€oou XtrLiJVq. H popQoloyio
rou Kurrdpou ouroU e(vor rord [€pi1[rujon 6proro q pe

ourRv rou vopAdorn q rdnorou puircoU r<urrdpou q
6trIutv Kurr6pulv p€ XqpqKrqprorrKd Kqr rL'JV 5rjo4.
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Eivor evrunurorqK6 6rr or noOotroyoovoropr<€g oA-
Aor6oerg pe ro orivOero our6 Xopor<rr1po noporqpo0-
vror 6Xr pr6vo oro f5to nopoorefoo;ro, oAId r<or oro
iSro oyyeio rou yepool.r€vou nve6povq5. Kdnolo nrOo-
v(, ioog q nr0ov6repq, ep;rqveio rqg 5roQoperrr<(5 ep-
Qdvroqg rou iSrou r<urrdpou efuor q qtrrrcio rou: r6rropo
nou pord(ouv pe puir<6 e[vor ro ve6repo, rou p€rooxrl-
;ror(ovror oe rvoBtrdor€S U€ rrlv n6po5o rou Xp6vou-

To r0rropo ourd, ove[dprrlro on6 ro edv Srorq-
po0v rqv rr<ov6rqrd rous vq ouor€Alovror, euO0vo-
vror oryoupo yrq rrlv nopoytr.ryq roAAoy6vou r<or eAo-
orivqg pe onor6Aeopo rq peiu.roq rqg Sroroorp6rqrog
rov oyyeiu.lv r<or rq pefurorl rqg ouvo,\rr<r1g Srop€rpou
rq5 nv€uuovu<qg oyyerorqg r<o[rqg5.

Or otrAorti.roerg oro QIeBrr<6 or<€Ao5 rng flv€upovr-
r(q r<ur<,\oQop[og eivor ovriororXeg, oAAd 6Xr i6reg. H
nopouoio rutv rurrdpu.rv nou n€ptypdqqrov eivor noAti
Iro Tr€proprou6vq, n popQoloyio roug rdnu-rg 5roQo-
perrrfl ror q errprrrr( rouq rr<ov6rqrq nofui prr<p6repq.

Or 5roqop€g our6g 6Xouv ofyoupo ;rro Ary6repo 5u-
opev( noOoquoroAoyrrq ouv6nerq, np6ypro flou qn€r-
rov(eror orqv o;rer6BAqrq nieoq evoQrlv6creu.rg, otrAd
r<or oe dA,\eg orpo5uvopru<€5 nopopr€rpous, orous ufi€-
pqArr<e93.

Or noOoAoyoovoroprr€g oAAord.roerg nou neprypd-
QqKov, 6nu-rg 61er q5q ovoQepOei, Qoiveror 6l oQo-
poLiv r<upit-rtg ro qprrlptqK6 or<€Aog rq5 nveuprovrr<qg

r<urAoQopiog. H Uu<p( oU[qoq ru'lv nr€oeu;v r<or q o6-
[qoq rr-uv qvrrordoeu]v orq ;ur<p( r<u<AoQopio oXeri-
(ovror orrroloyrr<d Kqr Kqrd r<ripro A6yo pe rr5 oI-
Aortioerg our€q. 'AAIor A6yor, oyerr(6trrevor pe ro y(-
pog, rou 0o ouv6BoAlov oe our6, nopoucrrd(ovror
orq BrBAroypoQ(o r<o16 rp6no opQiley6pevo6-e.

Iuyr<er<prp6vo, q 5roropoxn orrl oXEoq oepropo0
orprdrooqg oro yrlpdor<ovro nveftr-rovo, oQerA6pevq
o€ qvoroprKoug (yepovrrr6 epq0oqpo) r<or Aeroupyr-
r<o0g (peiooq rqq 5roXurrrqg rr<ov6rqrog rou nv€6po-
vo) A6youg, ;re enor<6Aou0o rqv uno(uyovorpio r<or

6,rr our( ouvendyeror, 0o pnoporioe vo oupBdA€r orrlv
otilqoq rqg nieoqg Kqr rulv ovrror6oeov orq prr<pq

rur<troQopioe. H nopo5oX( 6ptrg our( opQro'Bqreiror

BrBAroypoqrr<d on6 ouyr<er<prpr€ve5 epyooie5, o0pQrr-r-
vq p€ rS onoieg, q oX€oq oepropo6-orl.rdru-roqg oro
yqpdor<ovro nv€Upovq pord(er neproo6repo p€ rrlv
ovrfororXq v€ulv uyrti-rv or6pu;v nopd trle ourqv rettv
onocppor<rrr<d-rv qo0evdrv7.B.

4NEYMON Teiyog 1o, T61Log 7og, lovoudprog - AexEtrtBprog 1994

H ouv6nop(q, r€Aog, noAAqnAriJv qouprTrupol-
r<drv epBoAtirv 0116 QA€Prr<6 oreA€X4 rurv rdrul dr<pctlv

Kqr rng nu€Iou, nr0ov6rqro oupper6Xer orqv e;rQdvr-
orl ruJV orpro5uvol.ur<drv peroBoAdrv rou neprypdQrl-
Kqv. Or ;u<pooronrr6g nveupovrr<€g OpopBoepBoA€g e(-
vor orivqOeg verporoprr<6 e[pqpo oe dropo qi\rr<iog

dvtu rurv 6O er6v6 ror Qoiveror vo ouvo5e6ouv ro
yRpos n dAtreg ooBop€g v6ooug oe noooor6 ndvcr-r

on6 60%10.

H nveupovrr<q r<ur<AoQopio, ouprnepooporrrd, 0o
5eX0ei rqv enrBdpuvon rng VnpqvonS qnr6repo, 6putg
on6 dtrtroug roroUg ( 6pyovo.
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Pulmonary Circulation in the Aging Lung

A. DAMIANOS

Pulmonary circulation is impressively sufficient. lt is

characteristic that patients who have undergone pneu-
monectomy do not neccessarily develop pulmonary
hypertension. Raised muscular effort causes doubling of
pulmonary circulation but leaves pressure in pulmonary
artery practically unaffected. Fig. 'l shows variations in
pressure related to fluctuations in flow of pulmonary
circulation during physical exercise. Measurements per-
formed in normal individuals, on static exercise bicy-
cles, showed an increase of pressure in pulmonary
artery which began concurrently with the exercise. While
exercise remained steady, pressures increased for ap-
proximately 7 minutes. after which they began to fall,
returning to pressures lower than the initial ones, after
approximately 30 minutes. lt is characteristic that dur-
ing this period flows in pulmonary circulation remained
steadily raisedl^

The process of aging seems to affect both econo-
nny and sufficiency of pulmonary circulation. Former
and recent studies have examined the effect of aging
on pulmonary haemodynamics- ln Davidson and Fee's
paper3, conventional cardiac function checking, in the
individuals studied, was made by cardiac catheteriza-
tion and arteriography so as to exclude coronary dis-
ease. lt is clear from the conclusions of the study that
there is a linear increase of pulmonary artery mean
pressure in aging (Fig. 2). The relationship between age
and raised vascular resistance and the relationship be-
tween the resistance in pulmonary and systemic circu-
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Figure 1. Pressure and flow measuremenl in pulmonary circula-
tion, in an exercising, healthy adult. Pressure in the pulmonary
artery, after a temporary rise, returns to normal levels within 30
mina.

Iation were both linear (Fig. 3).
The last relationship shows that the consequence

of aging is greater in pulmonary than in systemic circu-
lation. The fact that symptoms from this consequence
are mild or non-existant is due to low pulmonary cir-
culation pressures, which vary between 1/6 and 1/1O

Summary
Pulmonary artery pressures and vascular resistance present a slight asymptomatic in-

crease, obviously due to the vessel's intimal fibrotic changes. The anatomical and physiolog-
ical changes developing with aging, and the occult thromboembolic episodes are less impor-
tant and in part controversial.

PNEUMON (1994) 13-15
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Figure 2. Relationship between pulmonary artert mean pressure

and age in 47 healthy adults3.

of the respective pressures in systemic circulation. His-
tological changes in pulmonary artery as the result of
aging seem to be the main reason for low increase in

pressure and resistance in pulmonary circulation but
probably it is not the sole reason.

Classical studies have shown that ultimately human
pulmonary vessels develop fibrosis of the tunica inter-
nar-3. These changes affect the arteries and veins of
the pulmonary circulation although not to the same
degree. Hyperplasia is the common characteristic. ln

arterial pulmonary circulation cellular infiltration of the
interior layer by a polydynamic cell, which some re-
searchers have named myofibroblast, is obvious. Possi-
ble origin of this cell is the muscle cell of the tunica
media. lts morphology is in each case similar to fibrob-
lasts. the muscle cells or other cells with the charac-
teristics of both of thema. lt is impressive that histolog-
ical changes of such complex character are observed
not only on the same slide but also in the same vessel
of the aging lung5. The most possible explanation of
the different appearance of the same cell is its age:
that is, cells which resemble muscle cells are younger
and are gradually transformed into fibroblasts, These
cells, whether they can retain their ability to contract
or'not. are definitely responsible for the production of
collagen and elastin, resulting in reduced vessel disten-
tion and reduction in total pulmonary vessel diameter.

Changes in the venous compartment of pulmonary
circulation are similar but not identical. The presence of
the cells described above is very restricted, their mor-
phology somewhat different and their secretory ability
much smaller. These differences have less detrimental

1NEYMON Teiyog 1o. T6po9 7o9. lavoudpto< - AexQLBptoE 1994

AGE

Figure 3: A. Relationship between resistance in pulmonary artery
and age, in 47 healthy adults. B. Relationship of the ratio pulmo-
nary: systemic resistance in the same group of individualsa.

pathophysiological consequences, a fact that is re-
flected in unaltered pulmonary haemodynamics in old
people3

Histological changes which have been described seem
to concern mainly the arterial part of pulmonary circu-
lation and the small increase of pressure and vessel
resistance in this circulation are related mainly to these
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kinds of changes. Other reasons which could contribute
to this and are related to old age are presented in the
literature in a controversial way6 e, ln detail, the distur-
bance in the relationship between ventilation/perfusion
in the aging lung. which is due to anatomical (emphy-
sema) and functional reasons (reduction of lung per-
fusion capability) could contribute to increased pressure
and vessel resistance in pulmonary circulatione. How-
ever, others do not accept this theory and, according
to them. the relationship between ventilation/perfusion
in the aging lung more closely resembles that of young
healthy individuals rather than patients with obstructive
diseaseT.B.

Finally, the existance of multiple asymptomatic em-
boli originating from venous plexuses of pelvis and lower
extremities, is possibly part of the appearance of the
haemodynamic changes described above. Microscopic
pulmonary thromboembolism is a usual post-mortem
finding in the above 6O age group6 and it seems to
accompany old age or serious disease in a frequency
greater than 6O%10.

ln conclusion. aging affects the pulmonary circula-
tion in a milder form, compared to other tissues or
organs.
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Neorepes snoye$ yru rn puooivwon

A.:QTHPH

H Buooivu-roq, enoyyetrporu<( v6oog rurv rlcu-
ororicpovroupyritv, preAer(Oqr<e ro releurofo SO Xp6-
vro, rSroirepo on6 rov Schilling Kot rous ouvepydreg
rou, oAA6 ror on6 dtrAoug epeuvqr€g.

l-ro rqv EAAd5o, 6nou ro 15% nepinou ru.rv Broprl-
Xovl<ritv epyordlv onooXoAeirot ornv rlu.loroijeo-
vroupyio, €vov qn6 rous onpovrrr6repoug r<Ad5ouq
rqg eAAqvrr<qg ou<ovo;riog, q Buooivl,-roq nopouord(er
r5roirepo evSroe€pov.

O rcupltr.l5 oprop6g nou 5rorund_rOqre on6 rov Schilling
yro rq Buooivulon, oro nopeA06v, €Xer rourrore(, ru-
piurg pre ro oioOrlpo "ocpt(fporog" oro Otlporo (chest
tightness), TTou nopouord(ouv or epydreg rqg BropqXo-
viog BopBor<1o6, rr1 A<ur€po q rqv nptirrq epydor;rq
qp€po rqg eB5op65og ror opy6repo rq en6peveg qU6p€S.

Ne6repeg peA6reg €Xouv neprAdBer peyofuir€pouq
nArl0uoporig epyordrv Kor qvolurrK6repo eptorqpqro-
A6yro €5er[ov 6rr, o oprop6g our6g 5ev enopr<o6oe
yro vo r<ol6q-rer pro oerpd np6o0eruv roroordoeutv
Kol oupnruJpdrulv nou ;rnopei vo npor<trqOodv on6
rrlv 6r0eoq orq or6vq rou BoprBor<rori. T6roreg Korq-
ordoerg eivor: q oti(qoq rqg Oeppor<poo(og rou otirpo-
rog, o BpoyX6onoo;ro5 r<ord rq Srdprero rqg Bdp5rog,
q BpoyXirrSo. o 6np6S gnXqS, q unepovrr5poorrr6rqro
ruJV q€pqv{.Dyr-fuv r<or ro enoyyelporx6 6o0po1.

Oprop6veg epyooieg nou €yrvov oe epydreg pre

Buooivrr;oq €Serlov 6rr ouroi nopouoio(ov ou(qp€vr1
unepovrr5poorrr6rqro ru.tV q€pcryulyd.rv. l-lerpdproro,
enioqg. oe rvdrr<d Xorpi5ro, SeiXvouv 6rr perd 6lopq
€r<Oeoq o€ ouyK€vrpdroerg BopBor<ro6, i5reg pre ereive5
rLrJV €pyoorqoiuJv, q ovron6rptorl rou BAevvoy6vou
r45 rpoleiog orq peroyoAivq eivor 6;.reoo ou(qp€vq,
oz\Ad ooqdrg pero;r€vq 18 tirpeg opy6repo2.

,'Eror, oprop6vor epeuvqr€g unoorqp(ouv 6rr 11 Bucr-
oivLr-ror1 onoreAei ptCI popeR enoyyeAprorlrod doO;ro-
rog. C)o16oo, on6 roug i5roug enroqpoiverol 6rr ro
etipog rov epeuvti.rv qurrriv eivol prr<p6 ytct vo r€Kprl-
prtboer €vq r6roro oupn€poo1.to Kqr 6rr Xper6(ovror
peydAeg por<ponp6Oeopeg petr6reg rou vo nepu\op-

Bdvouv onopoirqro ror erripqoq rov epyord.rv rptv
on6 rqv np6oAqpq roug, tiore vo 6reurprvtoOef ov 4
unepovrr5poorrr6rrlro ruJV cr€poyulydrv nporindpXer
q 5qproupyeiror A6yu-r rqg 6r<0eoqg orqv or<6vq rou
Bo;.rBor<roti3.

IXerxd np6oQoreg enrSqproAoyrr<€g peA€reg yro rq
0vqorp6rqro rutv epyor6v rrlg Bperrovu<(g BroprlXo-
viog BopBor<ro[, Kqrd ro €rq 1968-1984, oupnepof-
vouv 6rr, q €r<Oeor1 orqv or6vq rou BopBor<rori ou[6-
v<r ooBopd rov riv6uvo Oqvdrou on6 nveupovrr<(
v6oo, r5roirepq o€ 6ooug nopouoio(ov oupnrtfuporo
Buooivr,-ro4g Kqt oroug ronvror6g, evd-r ovri0erq, ;-rerrr.rver
rov rivSuvo 0qvdrou on6 r<opr<ivo rou nvedpovoa.

H ovqznrnon rou qtrroAoyxor.l nop6yovro

Iqpepo. ro evSroQ€pov trJV epeuvrlrci-rv orp€qeror
€vrovo yripto on6 rqv ovo((rqon rou orloAoyrrorj
nopdyovro r4g Buooivtr.rons, nou nopotr-r€ver dyvtr-t-
oroq.

H p€Xpr orlpepo nerpoporrr( epnerpio onor<oAfnrer
6rr q or6vq rou BopBor<roU nporotrei eroBoA( ouSere-
poQi ulv r<or dAAtrlv Qtreypovtl5tbv rurrdpov oroug
oepoyuryo65 KCn rov nveupovrr<6 ro16 r<o069 Kot no-
pCIyruyrl "peoo,\oBqrd-rv" qil6 ro r<uq,reAr5rr<o pror<po-

QdVo, 6ntr-rS, npooroAovSrv6v, OpopBo(dvqg, tvr€p-
Aeur<ivqg I. TNF. PAF, r<.An.5,6.

Ot "peooAoBqr€5" ouroi 5pouv otruor5or6, r<oOtilg
enioqg ror rord trl(r<og noAlonAti.rv o5d;v ovrr5pd-
o€Ldv, p€ reArr<6 onor€Ieopo rqv nA(pog ovoTTruy-
p€vq QtreypovriSq ovri5pooq.

Oprop€vo ouorqrrKd rqg or<6vqg rou BoprBor<ro[,
6ntlg q rovvivq, 6Xer Bpe0ei 6rr qvoor€AAouv in vitro
rrl OoyoKurroprrc( Aeroupyio ruuv r<uq.retrr5rr<t_i.rv po-
r<poQdyu.rv, r<dl nou nr0ov6rorq errrp€ner oro ou-
;ror[5ro rrlg or<6vqg rou BoprBor<rof vo nopo;r€vouv ytq
peyotrtrepo 5rdorrl;'ro oroug r<orcilr€pou5 q€pqycuyorig
Kor ors ruqeAiSeg Kot vcr 5pouv ro(rr<d7.

l-lv eupov6,\oy og
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Ti eivor 6trru:g our6 rou npoKqAei rn gtreypovf6n
ovri6poon;

Or €peuveg vtcr rouq orrroloyl<otig nopdyovreg rqg
Buooivuoqg oroAoUOqoov 6u6 KqreuOuvrqpreg ypqu-
p€9. H pio enrrevrpcr-rv6rcrv o€ ouorolKd rou euroti
ror rSroirepo rutv trenrd.rv eriOpouoruv erilAu_rv nou
neprBoAtrouv rqv r<6qo rou BoprBor<roi (Bpdr<rero e[I-
Ao).

Eivor yvtr:or6 n5n, qn6 nqtrqr6repeq petr€reg, 6rr
ro Bpdrrero qtiAAo rou Bo;rBor<rori onoreAoUv "qno-
O(r<q" noAAd-rv Brotroyrrcd evepydlv ouorqrrKriv, nou
nporcoAotiv o[onooq ru-rv Aeirr.rv purr<tilv rvriv rutv
Bp6yXu-rvB.e, 61ouv Xqperoror<rrr<q 5p6oqto,tt, €v€pyo-
norotiv ro ouprnA(prr.rpq Kot oXer(ovror p€ rrlv on€-
Aeu0€pu-roq "peooAoBqrdrv"l2.

Or nopondvu-r prqXovropoi Xpqorponorq0nKqv €Kr€-
rop6vo. oAAd 6Xr rrovonorqrrrd, yto vo e(qy(oouv
rov ovosrp€prpo BpoyX6onoopo nou yopor<rqp(er
rq Buooivrlroq. Evrofrorg, notrtr6 XqpqKrnptorrKd qLl-
rng rn5 on6Qpo(qg nopop€vouv oSreur<pivroro.

l-loAA€5 peA€reg in vivo Kqr in vitro €Xouv y(v<r pe
u5qro5roAurd er<Xul[oporo Bpor<reitrlv e0llov Bop-
Bor<ro6. Te.\eurqio nep6poro in vitro p€ rn Xpnoqo-
no[qoq er<XuAfoporog Bpor<reftr.rv oe ov0pdtnrvous q€-
poyu-ryo0g13 enrBeBord.rvouv 6rr ourd Spouv rcord 5o-
ooe[oprri.rpevo rp6no, p€otl rqg oneAeu0€poorlg "p€-
ooAoBqrd;v" (roropivqg, Aeurorprevfurv), nr0ov6v on6
r<6rropo r[rv q€pqyulyLlrv, 6nu-rg prooror6rropo, po-
KpoQdyo, r<or enr0qfuor<d r<rirropo, npor<oAtirvrog, n€po
qn6 ro BpoyX6onoopo Kqt oulqpr€vq €rc<proq ytrur<o-
npr.r.rreivti.lv orq Bz\€vvq ruJV q€pqyuJyrilv. Aur6g o
reAeuroioq pqXovrop6g qror€A€(, iorlrg, r<or pto tKovo-
norqrx( unoOeoq yto vo e(qyq0ei 11 Xpovio BpoyXirr-
5o, nou ouXvd, efvqr KArvrx6, qltrd r<or noOo.\oyoo-
voroprr6 eUpqpo oroug epy6reg BopBor<rori, or<6po ror
orous Un ronvror€5.

H 6AAq VpCIUprl rqg €peuvog ouyr<evrp60rlK€ orq
prrr<poBror<q enrp6Auvoq ru.lv rvrlrv rou BopBor<ro[, r<u-
p[uq on6 opvqrrrd r<ord Gram BorrqpiSro, ror rSroire-
po, orq Bor<rrlpror<€g ev5oro(iveg. Ne6repo nerpdporo
oe e0elovr€S p€ €torvoq evSorolivqg on6 entero-
bacter agglomerans, 6vo Bor<rqpror<6 ei5o5, nou Kor'
eloXqv enrpoAUver ro BopBdr<r, 65er(ov 6rr, ro pro6
dropo on' 6oo er<r€Oqrov nopouoiooov nuper6, evdr
to 1/3 erXe oioOqpo "oqr{i5uorog" oro Od-tpor<o, ovd-
Aoyo;re rqg Buooivtlo4g r<oOdlg xor nrctoq rou FEV114.

An6 perpqoers nou ilpqyporonorqOqrov nol6 np6-
oQoro oe epyocrrdoro Bo;rBor<rof rqg l(evrprrcqt AU€-
pt<(5 ono5eiX0qr<e 6rr q evSoro(ivq eivor noporjoo oe
6Ao rq rpqporo npoeror;tooiog r<or riqovoqg rou v(-
poros Kqr 6rr ro enfne5o rqg rupovovrov on6 18
EU/m3 oro uQovrqpro, p€Xpr 3138 EUlm3 oro r;rq-
poro ovoiyporoSls.

E5d; r<qr opr<erd Xp6vro unoorqpi(erqr 6rr nr0ov6-

17

rqro, or cruyrevrpd;o€tg rng evSoro(ivqg oro rT€pt-

B6AAov rc..rv r<trt..'loroUQovroupyeirrr-rv ouoleri(ovror
roA6repo p€ rrl oupTTrtr-rporotroy(o rtlv epyor6v, on'
6,rr or ouyrevrpOoerg rurv enrn€5tr-tv rqg or<6vqg rou
BopBor<ro616.

Evro[rorg, 6AAor epeuvqr€5, unoorqp(ouv, 6rr ro
enine5o rqg or<6vqg rou BopBor<ro6 e(or<olouOo[v vq
qnoreloriv €vq KqA6 5e[r<rr1 yro rnv npoorooio rutv
epyortirv. Mro ;reA€rr1 nou TTpoyporonorqOqrce orq
Ioyrdq r<or oQoporioe rour6Xpoveg prerprloerg or<6vqq

BopBor<ro6 r<or evSorolivqg oe 11 06oerg epyooiog
56o epyoorqqiL,Jv, €5er(e 6rr, yevrrd undpXer r<oAq

ouoX€rroq ovdpeoo oro enine5q or<6vqg Bo;rBor<rod
r<or ev5orolivr15. [1o ouyr<er<prp€vo, q ouoX€rroq (rov
QrtlXn oro opXrr<d npoTrqpqoK€uoorrrd ord5rq no-
pCIyu.tyng, oAAd Belrrov6rov oro per€nerrcr rrpoKcr-
roprrrr<6 rprq;roro 17.

l1erpd;roro oe rvSrr<d Xorpi5ro on€5er[ov 6rr ;rerd
on6 6upq €r<Oeoq oe eronve6peveg ev5oro[iveg on6
opvrlrxd rord Gram Bor<rqpi5ro, ouyxer<prp€vo rqg sal-
monella minesota, nou €Xouv rov i5lo epnerpx6 r0no
pe rrg evSoro[iveg rou enterobacter agglomeranslB, ro
nerpopor6(uo epQdvr(ov ;reiooq orov ovqilve6pevo
6yr<o o6po, ori[qoq orq ouXv6rqrq ruJV qvonvod]v
r<or SroropoX€g orrg r<oprn6.\eg po(g-6yr<ou. l1opon€po
npoondOereg yro rov evronro;r6 rou 5optr<o0 p€poug
rqg ev5oro[ivqg nou npor<oAe( our6 ro Qqv6p€vq,
€5er[ov, 6rr ov o funonoAuooxXopirqg nou qnorelef
rqv ev5oro[[vq Xdoer, ;re r<ordlAqAq r<orepyooio, rqv
relxq rou qooqoprr<fl opd5o Kqt p€rorpqnei oe po-
voQuloQopufuu.rp€vo ArniSro A, r6re r<oroorp€qeror q

rr<ov6rqrd rou vo npor<oAei 5roropoX€5 ornv qvq-
nveuorrrq Aerroupyiole.

YndpXer q npoo5or<io, 6rr r€roreg petrEreg 0o oup-
BdAAouv npog rqv rore0Ouvoq ruJV npoono0ertbv yro

Xqpl<q onoro[ivruoq rqg evSoro[ivqg on6 rrg pnd,\eg
rou Bo;rBor<ro6.

AAAeg peA€reg poprupotiv, 6rr oreA€Xq rou bac-
cillus pumilus2o, fiou onopovd;Oqr<ov, po(i pe dtrAo Bo-
r<rqpi5ro on6 rov o€po 18 r<trtloroijQovroupye iruv rou
Lancastershire, nopdyouv ev5oro(iveq, nou o€ in vitro
r<o.\Ar6pyereg rurrdpu-rv npor<oAoriv orp6.\uoq r<or €Xouv
nporeoAurtrq 5pdoq. Avrrodlporo €vovrr ourdrv rcuv

Bor<ilkov €Xouv BpeOe[ orov opo epyortilv €pyooro-
oitrrv BopBor<roti21. An6 in vitro peA6rq povonupqvu-rv
rurrdpu.lv rou oiporog epyorti-rv rtruoroueovroup-
yefuv npor6nrer, 6rr undpXer lSroirepq euoro0qronoiil-
orl rL,JV rurrdpu-rv ourdlv €vqvrr rutv evSorollvti-rv
rrlg or<6vqg rou BopBor<rot22.

Arorund-t0qre q un60eor1 6rr or ro{iveg nopdyovror
orq 0eppor<pooiq rou ori.rporog ;rerd rqv eronvoq rctrv

Bor<iAAurv. Ie our6 ro yeyov6g ;rnopei vo oQeitrovror
ro oupnrdpqro Kord rq 5r6prero rqg Bdp5rog. H e(o-
Qdvroq rkJV oupTTrLr.);.rdrulv perd rqv onopdr<puvoq
on6 rqv epyooio pnopei vo e(qy4Oei p€ rQV qvoilq-
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pqyujyll rou Kor€orpotrp€vou rorof, op€ou]S p6fuS ro
€roflv€uoe6vro Bor<rqpiSro ovrl.]€rulflroOoriv on6 rou5
opuvrrrorjg pqXovropro6g rou opyovroUori. Aurn 11 un6-
0e oq, 6pLr.tg, 5ev pnopef vo e(qyrloer rqv eroBoAq rtr.rv
oupnrcr-rpdrcr-rv rq Aeurepo ( rqv npdlrq qp€po rqg
epydorpqg eB5oprd5o5.

'EXer ppe0el r€Aoq, 6rr or Arnonotruoor<Xopireg or

nopoy6pevor qn6 ro opvqrrr<d r<ord Gram Bor<rqpf5ro
ouv5€ovror p€ rnv enrQovero5poorrc( ouoio (surfactant)

rou npoBdrou ror nr0ovo.\oye(ror ovdtroyq 5p6oq r<or

orov dv0purno23.
Ie peA€rq nou 6yrve p€ rnv ovdpr[q surfactant

ovOpd-rnou r<qr 1,3. Bqro-D-yAur<dvqg, nou qnoretrei
ArnonoAuoor<Xqpi'rrl rou enterobacter agglomerans, nq-
porrlpq0qr<e np6r<Aqoq ouyr<6ltrqoqq. Aur6 ro o0-
;rnAeypro, nrOqvd, noi(er rdnoro p6tro orqv noOoy€-
v€on rlg Buoo(vu-roqg peroB6Atrovro5 rn QuoroAoyfo
rou nvefpovo nou 5rorqpeiror on6 ro surfactant24.

'lorltq o orrroloyrr<69 nopdyovrog rqg Buooivooqg
vq pnv eivor €vog, qAAd notrAoi. H Xqpx( 6pu.rg oUv-
Oeoq rqq or6vqg rou BopBorcro0, nou qnoreAeirot,

Boorr<d. on6 p6pq rou <puroti, olr-rpor(5to qn6 ro €5o-
Qog, pu<poBror€g enrpoAtivo€rs Kor oyporxd Xq;lr<6 ou-
orqrrKd, eprnoSi(er rrlv rouroflofi'1o( roug25.

Teleuroieg peA€reg 5eiXvouv 6rr, Kqr dtrAeg opyo-
vrr€5 orcoveq ror rSroirepo ruJV Xorpooroo(htv Kqt ruJv
orrqpd.rv npor<oAorJv oupnrdporo ovdAoyo ;re ereivo
rqg €r<0eoqq orq or<6vq rou BopBor<rod, 6ncurg n.X. ro
rAooorr<6 "oQ[rpo" oro 06por<o. lroreferot, Aom6v
nA€ov, 6rr q orovq rou BopBorcro0 5ev nporolei pno

erSrrq v6oo, oAAd pdAAov, €vo yevu<6 rUno QAeypo-
vd-r5oug ovr(5poor1g, r<orv6 r<or yro dtrtreg opyovrr<€g

orcove52621 . 'Eror, q Buooivtrloq, ouotoortrd, Xdv€r ro
puorflpro nou rnv neprBdtrIer.

Ilo0oAoyoovoropxe5 qAAordroers rlou ox€rizovrqt F€
rn puooivtrron

Eivor yvrltor6, qn6 nolor6repeg petr€req, 6rr oroug
epydreg BopBor<ro0 5ev unirpXouv et5u<€g no0oAo-
yoovoroprr€g oAtrord;oerg, XopoKrnprortr€g yto rq Buo-
oivooq, 6nc,-r5, eivor n.X. ro nuprrroorr6 o((,6to yto roug
epyoreg nou errfOevror orn or6vr1 nuptriou. Aur6g
(rov rr €voq on6 roug A6youg ITou, oro nopel06v,4
JnqpEn rqq Buoo[vrrroqs oov rSroirepqg vooor\oyrr<qg
ovr6rqrog, opqroBqrqOqrce2s.

l-lp6oQorq petr€rr1 nou rrpoyporonot(Oqre oro
Durham2e ror oQopo0oe 565 ver<poq-rkg, on6 rrg onoieg
or 44 €yrvov oe epydreg poUpor<rot (noooor6 8olo €n[
rou ouv6lou, ovotroyio nou npoo€yy(er ro noooor6
ru-rv epyord.rv BopBor<roU orov nAq0uop6 rqq B. Ko-
poAivog) rqr or 521 o€ "prl epyoreg BoprBor<rori", €5er(e

orr. 6oov oqopd rov enrnotrqop6 (prevalence) rou
eprQuoryrorog 5ev noporqpeiror 5roQopd ovdpreoo
oroug epydreg BopBor<rorj ror oroug epydreg rous pn
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erreOerp€vouq oro BopBdr<r. Me B6oq our( rqv nqpq-
r(prlon, or epeuvqr€g unoorrlpf(ouv, 6rr q €r<Oeoq orq
or6vq rou BopBor<ro0 5ev nporoAei epQdoqpo, oJre
enr5ervd-lver rS €pQuonporr<€g oAAorcboetg nou npo-
r<olorjvrqr qn6 ro r<dnvropo. Ag oq;reru-r0e[, 6rt r<qr

noAor6repq €peuvo nou oQopotioe 288 epydreg r<.\t,-t-

oroijQovroupyio5 oe o6voAo 2895 verpoq;tttv ent-

BeBoirr-roe 611 5ev t-rn(pXe ovdpreoo o' ouro[g unep-

0oArr<6g opr0pog €pquonpqlKt.ilv3o. "Ooov oQopd rn
v6oo rurv prrr<pdrv r<or peydAu-tv oepoytr.tytrtv, ro flq-
0oAoyoovoro;rrr<6 eup(poro SeiXvouv, 6rr ovdpeoo
orous pq ronvror€g 6Aou rou nAq0uopo0 ruJV v€Kpo-
q.lru-rv, or epydreg BopBor<rori €Xouv oqprovrtrd nepto-
o6repo oopopn v6oo rov prr<pd-rv r<ot preydlov oe-
poytrlydrv on' 6,tt or epydreg or pq erreoerp€vot
oro popBdr<r.

llerpoporo nou Eyrvov oe X6porep pe ev5orpo-
leror<q evordltro[q ovonveop€vou r<A6oprorog ot<6vqg

BopBor<ro0 (our;rori5ro oepoSuvoprr<f1g Stop6rpou prr-

r<p6repqg n ioqs pe 4,8 pm), 56o Qop€g rqv eB5opd-
5q, eni €(n eB5op65eg, €6er(ov ort 6rov ro Xdporep
Oovordl0qr<ov, orrdt eB5op65eq prerd rqv r€I€urofo
evordtrAo(q, nopouoio(ov peru-rp,ivq oX€oq entQoveios-
6yrou rov nveup6vu-rv roug, orlpqvrrr<6 opt0p6 r<or<-

r<rc'.lpdrurv r<or eAoQp€g oAtrord-roerg revrpotroBr65ou5
epQuorlporog3l.

E[vor qovep6, 6rr Xpero(ovrot neptoo6repeg preA€-

r€S yrq rq 5reperivqoq rqg no0oAoyoovoroptK(S Otl-
orls rulv enrSpdoecuv rrlq or<6vqg rou BopBor<ro0 oroug
nv€6pov€S.

Enr6nproAoyxds Uetrdres oe epyoor6olo

EnrSqpuoAoyrr<€g pel€reg nou €ytvov r<or e(or<oAou-
0otiv vo yivovrot oe epyoordoro BopBor<ro0, SefXvouv

6rr q Buooivtloq, nop6rr orr5 Xd-rpeq rou ovonruypt€-
vou r<6oprou €Xer peru-rOei, e(or<oAouOei c'.lor6oo vo
onoreAe[ np69trqpo, evtil oprop€veg X6peS rou rpirou
r<6qrou, A6yLr; npoqovti-rg ru,.tv nevrXpriv p€otr:v e{oe-
prqrof, eprQovi(ouv ouEnp€vq ouXv6rqro Buooivrr-roqq.

EvSerrrrrd, ovoQ€povror ro el(g ilp6oQorq orot-
Xeio:

Enr5rlproAoyrr<q peA€rq nou €yrve oe 7 <AtloroijQo-
vroupyeio rqg Avoroltr<nS I-qAAioS oe ntrq0uop6 774
epyor6v, €5erle 6rr ro 6,2% nopouoio(e Buooivt-,-roq32.

'Epeuvo oe 645 epydreg €pyoorooiou BopBor<rof
oro Lancastershire €5er(e 6rr Tloooor6 13,2o/o ruv
epyord-rv noponovrorjvrov ylo 6vo q neproo6repo ou-
pnrti.lporo on6 ro ovorTv€uortK6. An6 ouro[g 3.6%
eiXov Buoo[vt orl p€ rqv rAooorr<( €vvoro rou 6pou
r<or or un6trornor oupnrtltporo on6 ro ovonveuortr6,
6Xr 6pu-rS o0pQurvo l.l€ rov oprop6 rqq puooivu-roq533.

'AIXq peA€rq oe 772 epydreg 27 epyoorooitlv
rqS B. AVVtrio5 on€5er(e, 6rr Xpqotponotutvrog ro Kpt-
r(pro rou Schilling yro rq Buooivuion, n v6oo5 €nrKpo-
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ro0o€ o€ noooor6 9,8%, evdl rToooor6 B,4o/o e(ye

Buocrivu-roq 2ou Kqr 3ou Bo0trro63a.
Ilg Xtfupeg rou rpirou r<6opou Bp€Oqr<ov ro elqq:
Afironio: Metr€rq oe 595 epydreg BopBorcrorj €5er-

le noooor6 Buooivr.uroqg 43,2o/o ytcr rouq epyo(6pe-
vous oro oriprro Kclt 37,5o/o yto rous epyo(6pevoug
oro Xdpr(to3s (orjprro Kot Xdpr(to eivor pqXov(q oro
npoKoropKrrK6 or65lq nopoytr;yqg).

lv6ieg: Ze petr€rq eni 616 epyortirv oro Kishangarh
oi 149, noooor6 24,1o/o ei'Xov Buooivrrloq rcor on6
ouroUg ro 24,7o/o 1 /2 }a9pou, to 52,7o/o 1ou Bo0prod.
ro '16,6% 2ou Bo0po[ Kqr 6% 3ou Bo0poJ36.

H np6Anqn

H npoondOero ytq p€iuroq rqg or<6vqg rou BopBo-
r<ror-r orou5 €pyoorootqKo[g Xtirpoug, peirr.loe rrlv €rrt-
rp6rqoq rqg Buoo(vtrtoqg, oAtr6 5ev e[ooedAroe r4v
eloqdvroq rqg v6oou.

Iqpepo yvropi(oupe, 6rr ro pqppdKr 5ev onorrd
or<6vq oro epyoordoro, oAtr6 nepr€Xer f15q or<6vq ono
ro Xopdqr, onou yiveror q r<oAAl€py€tcr Kot ouyr<oprdq
rou. 'Eror, q np6Aqrgq rqg v6oou opXi(er ouorqorrKd
on6 ro XLr.rpdqr2s.

KoAArdpyero

KolArepyqrl<Eg pr60o5or, r<Arporoloyrr<€g r<or rotpl-
r<Eg ouv0(r<eg, Xpqorponoii'1oq Xqpur<drv ouorritv Kot €vro-
porr6vulv, r<oOdrg ror ;r€0o5or ouyrcoprSqg, pnopei vo
enqpedoouv ro nepreX6pevo rou BopBor<ro6 oe or6vq.

l(oOdlg ro Qur6 rr-rprp6(er, oonpoeurxd Kqt TTqpo-
orrrr<d Bor<rqplo enorr<(ouv rqv enre6v€tcr rou euro6.
To enineSo rou €ilotKropo0 enrlped(eror ro0oprorrr<d
on6 rrg r<fuporoAoyrr<Eg ouv0qr<eg ror ro Bo0p6 v6oou
rou QuroU37, H ovdnru(r1 rou Bo;rBor<ro[ oe neproX6g
pe peydtreg BpoXonrr.i.loerg ouvendyeror Kqrd Kov6vq
Bop0repe5 enrpoAtivoerg pe Srdeopo Bor<rqpi5ro, oe
oX€oq pe ro BopBdrr nou qvqnrfooeror oe lqp6g
neproX€5. Yryqtr6repq enrp6truvoq orlpoiver uq.rqA6repo
enine5o or<6vqg. Or ;rrr<poBror<€g enq.roA0voelg, enfoqg,
Qoivero 6rr npor<oAoriv nororrr€g peroBoA€g orq or6vq.
Yn6 rqv eni5pooq ru-rv pu<poBir,-rv, ro eur6 nopdyer
er6rr€5 ouoie5, rrg eurooAeliveq3s, nou ev5uvoptilvouv
rqv ovriorooq rou on€vovrr orq v6oo. Or eurooAe-
{iveg, nou oveupior<ovrot orn or6vr1 rou BopBor<rorj,
€Xer Bpe0ei 6l nporoi\oriv BroAoyrr<€5 5poorqpr6rqreg
oe opro;r6vo provr€,\,o (r-i.rc,.rv. 'Eror, q euorotroyu<q ovro-
n6rproq nou nporoAeirqr on6 or6vr1 rou Bo;rBorcro0,
pnopei vo oQefleror, ovdpeoo orq dIAq, Kot o€ eu-
o116 npoi6vrq ilou ene(epyd(eror ro eur6, rrpoK€t-
p€vou vo opuvOei on€vovl o'ro ;;u<p6Bro.

H ouyrop166

Or p60o5ot rqg ouyr<opr5(g enrlped(ouv ro rotor-
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t<6 r<or nooorrr6 nepreX6p€vo rrl5 or<6vqg rou BopBo-
r<rori.

Irrg HllA Kor cr€ dtrAeg X6peS, Xpnorponoro[vror
Xqprr€g ouoieg, npor<erp€vou vo n€oouv ro e0AAo rou
Qurori nprv on6 rq cruyr<opr5q. H Xpqorponoiloq ru-rv
ouord.rv qur6v 5ev €Xer peAerq0ei enopr<d;5 6oov oeopd
rqv eni5poo( rqg oro enine6o rqg o'r<6vqg. 'EXer 6pu-rg

BpeOei, 611 6oo ou[dver o Xp6vog nou peooAoBei on6
rrl Xpnotponorqoq rtlv Xqprr<r-irv ourdtv ouord-rv og rq
ouyr<opr5q, 16oo neproo6repo ouldver q nepleX6prevq
or6vq.

Mro o0yr<proq ovdpeoo orn ouyKopt5( nou yiveror
pe ro X€pr Kot rn ouyKoprrS( nou TTpqyporonoreiror pre

pqXovfl;roro, SeiXver 6rr q reAeuroio p60o6o5 ouyKo-
prSqg ouldver rq or6vq nou nepr€Xerqt oro BopB6r<r.
P6Ao no(er ox6;ro ror o r0nog rrov prlxqvqpdru-rv nou
Xpqoponorotivror. I-ro nop65erypo, o "ou,\I€r<rr1g" (pick-
er), nou oull€yer enrAer<rrr<d rrg iveg rou BopBor<ro0.
Sqproupyef XopqA6repo enineSo or<6vr1g on' 6,1 o
"onoyulrvrlrrqg" (stripper), nou Byd(er ro BopBdr<r po(i'
trle ro QUIAo, npdypo nou ouvendy€rqt rnv ovdpr[q
neproo6repu-rv or<ounl5r6v r<qr6 rq outrAoy(.

H ouoOqr<euon rou BopBor<to0 prero(6 ouyr<opt5r1q
Kqr €KKoKtorqpiou eivor €vo dAAo r<piorpo O€po orqv
nopoyrly( rrlg or<6vqg. Av ro Foppdr<r Bpoyei, r<oro
rqv onoOqr<euoq, on6 BpoXonrdroerq q ov rl ouyKopr-
5q €Xer y(ver oe neproXq ;re Quorr<r1 peydArl uypoo(o"
r6re qvqnr0ooovrot oe preydtro Bo0p6 5rdqopo Bo-
r<rqp[51o, ;uir<r1reg, orrrvotrrrjr<qreg r<.Xn. Aurrl q ptKpo-

Bror<q ovdnru(q 6Xer cr.tg onor6Aeo;ro noA[ uq.rqtrd eni-
ne6o orc6vqg, oAId r<or XopqA6r€png norornrqs PCIti-
Bdrcr.

Erroxrorfpro

Mrq notrAd unooX6pevq p60o5o5 ytq rqv ono;rd-
Kpuvorl rq5 or<6vqg rou BoprBor<roti oro errorrorqpro
eivor q Xpqorponoiqoq orpro6. Opropr€vo r€tpdporo rrou
€yrvov o€ €KKoKtor(pro €6er(ov 6rl ro BopBdr<r nou
ercriOerqr oe orp6 ono.\Adooeror on6 rq or6vq oe
noooor6 25,9%. Evrodrorq, €vo pe(ov orr<ovo1.ur<6

np6BAryro onoreAei 4 nopoyuyrl rou orprof r<or q ev€p-
y€ro nou onqrreirqr yto ro onopoirqro or€yvu-rpo rou
BopBor<roJ. Av ro BopB6r<r 5ev oreyvd-roer evreldlg,
r6re rcv5uverjer qn6 rqv ovdnru{q prr<poBfov, nou 0o
oAAordroouv rqv not6rqr6 rou ror 0o ou[rloouv er
v€ou rq enineSo rqg or<6vr1g.

O dAeyxog rng oxovng oro epyoor6olo

NNYIMO TOY BAMBAI(IOY

Er<r6g on6 rn orporrlyKq rqg Xprlorponoiqoq5 o[y-
Xpovov ;r6ourv onopdr<puvons rns or<6vqg r<or np6-
AnWnS rnS oneAeuO€pu.ro(S rnq oro neprBdl.\ov, q
er<noi5euoq rur.rv epyortfuv Kot o ror<rrr6g €treyXog rou
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qvonv€uorKotl rouq ouo'rrlpqros, e[oroAou0oUv vo
onoreAoiv Boorr<€g opX€g yro rqv np6trqpq rqg Buo-
oivulorlg.

Irq oQo(oo rqg €peuvog Krv€irqr q Xpqoponoiloq
nAu;.r€vou BoprBor<ro03e, (r€ pro npocrnd0ero qnqtrtrq-
yqg rou on6 rrg ouoieq nou nporotrodv Buooivu-roq,
6Xr p6vo yro A6youg np6Aqqqg. qtrtr6 Kqr yro tr6youq
5repeUvqoqg rurv orrro.troyrr6v nopoy6vrLuv, pro nou
€ivor yvulor6, 6rr or nopdyovreq ouroi eivqr uSoro-
SrqAuroi. O Merchant Kor or ouv€pydreg rou ro 1970
noporqpqoov yro npti-rrrl Qopd 6rr ro BopBdrr nou
nA€verqr enl 30 Aenrd orouS 100 Bo0porjg KeAofou
Kqr o€ pH 12. Xdv€r rrlv rr<ov6rqr6 rou vo nporoAei
olekg ovrrSpdoerg on6 ro qvqnveuorrK6.

H p€Oo5og 6pog rou ntruoiporog 6[u.r on6 €p€uvn-
ril<q ntroioro 5ev qofveror vo eivor eqopp6orpq r<upitrtg

enerSfl nopouord(er 5[o Boorr<6 npoBtrqporo. AQev6g
5ev qno5erKv0erqr 6rr e[oo<potr(er roug epydreg on6
por<poXp6vreg enr5pdoerg rqg or<6vqg rou BopBor<ro6
r<or ocper6pou. q 5ro5rr<ooio yro ro nl6or;ro Kqr or€-
yvulpq rou BoprBor<rorj eivor 5onovqp( r<or ootip<popq
enerSq r<oroorp€qer rqv nor6rqrd rou.
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MerupoAes rns qvqfiveuorrcng Aenoupyiag rcar
rns Kctvornrcrs xonwons trtera peratrtoox€uon nveupovu)v

N. API-YPONOYNOY, A. NATAI(A:, I. OE:IATIAHI, [. N[:IOY, O. KONTAKnTH:, I-I. :NYPOY

NEPMHVH
Ao0evei5 oe rer\tx6 o166ro nveupovtt<ris Kor [v€uuovlrli5 oyyeror<lig v6oou pnoporiv r6po

vo 0eponeuOoiv enrruxtir5 pe perop6oxeuon nveup6vov.
Er<on65 ournS rn5 epyooiog tirov vo epeuvhooul.re n5 peropoAds rns nveupovlr<ri5 Aerroup-

yioS r<or rnv rop6to-nveupovtt<ti qr6vrnon ro16 rnv 6ornon per6 on6 erep6nAeupn Kqr qpeo-
rep6Aeupn pcrop6oxeuon nveup6vurv 6 perop6ox€uon xop6r6g -nveup6vurv.

Evvdo oo0e ve i5 nArr<iog 41,8 t 15 e rtirv pe unor<eipe vn v6oo oe ne vre XAI-I, 6uo npurronogn
nveupovlrti undproon, dvo ppoyxexrooieg ror dvo nveupovrrri ivuron unopA60nxov pero{rl
1991-1995 oe erep6nAeupn (5), o;.rtporep6nAeupn (3)perqp6ox€uon nveup6vtrrv r<or (1)oe p€_
rop6oxeuon rop6r65 -nveutrr6vov.

'Eylvov e(erooel5 nveu;.rovtt<fig Aelroupy[og, eAdyx0nrov orpoDuvoprrd5 nop6perpor rn5
nve upovtt<h5 ror (ylve 6oxrpooio 6ornon5 nprv Kot 3-4 pfiveg per6 rn trrerop6oxeuon, Mer6 rn
pero;-t6oxeuon ol 6oxttrtooies rnS ovorveuonxhg Aeroupyio5 peAntil0nxov o'6Aoug rou5 oo0e -
vei5, exr65 ono 6uo pe unoxeipevn v6oo nporono06 nveupovrr<ri undproon. H Pi max rirov
eAorrutrrdvn npoeYx€tpnrrx6, peAnd.r0nre 6e eAogp6 Fer€yxerpnrrr<6, oAA6 nopdperve or<6pn
eAorru;trrdvn. Or rlpd5 rn5 peprxli5 nieon5 rurv oepiov rou oprnptor<ori oiporo5 oufriQnrov on*
povrtr6' H Aerroupyio rn5 6elr65 rop6io5 peArtir0nxe (mPAP 36,8 = 10 nprv ror 18,3 = 3,4 pero
rnv pelop6oxeuon).

H txov6rnro 6oxnong oulri0nr<e onpovrrr6 per6 rnv pero;.r6oxe uon, oAAo n VO, max nopd-
;rerve or<6prn eAorrurtrrdvn oe oxdon rpos ns npopAen6trreve5 guoroAoyrr(5 rrp(5. H Vo, max
exutrroivero oro 27,8 s 6,3% rprv Kor 48,3 r 1o,q% per6 rnv trrerop6oxeuon. Aev un6fxouv
cv6ei[erg n€propropof rn5 6or<nong A6ytl rou ovonv€uorlro[.

Yn6pxer pfo peAriuron ornv Aerroupyrxri rrov6rnro, 6nurs ourf perpri0nxe qn6 rnv on6-
orqon nou nepndrnoov o€ 6 Aenro (80,2 t 33 nprv ror 358 s 68m per6) xol on6 rnv ovriAnryn
rn5 60onvolo5 ro16 rn 6r6pr<cro trrro5 npoo6eunx6 oulovopevng 6or<rpoofos qoKnons u€ ou-
roo{roAoynon rns ovriAnqrng rng 60onvoro5 pe xAipor<o onrrrlig 6rop60pron5 Borg.

Eutrrnepooportr6, oogevei5 nou unopAri0nxov oe pero;.r6ox€uon nve6govo dxouv onFo-
vrrr<li peArir,ron rns ovonv€uont<ig Aerroupyio5, rng ovroAAoyri5 rurv oepiurv Kor rns rxov6rn-
ro5 oornon5.

PNEUMON {J994122-30

Movd6o Avonveuorrr<fg Aven6pr<erog. Tpqpo l-lo0o,\oyiog rou
Aprororeleiou lloventorqpiou Oeo/rr1q, Movddq Mero;rooXetl_
oeov Kop6roXerpoupyrr<oti K€vrpou Bopeiou EAtrd6og l-.|-,l.N.

"f. flonovrroldou"

A€{erg r<Aer5rd: Merop6oleuoq, Avonveuorrrq Aerroupyio, h<o-
v6rqro r6nrlror1g, XAI-1, AUonvoro



PNEUMON Number 1, Vol. 7, January - December 1994

H peropr6oXeuoq nv€up6vtrtv e€ulp€irot oRp€pq piq
ono5err( Oepone(o yro ooe€v€i5 oe r€I€uro[o ordSro
nveu;rovl<qg v6oou ( nveupovrxflg oyyeror<qg v6crou.
'Evo peydAo TTpqKrK6 np6Btrqpo yro 6AouS roug r0-
nou5 perop6ox€uong Trv€up6vuv €fvqr n €lAerrpq 5o-
r6v. Edv ro onor€A€oporo rnq perop6crXeuorlg ev6g
fiv€tlpovq eivor eQd;rrlAo ;re ourd rou 5rnAoJ q rqg
perop6oXeuoqg r<op5rdg-nveup6vrrrv oe ouyrerprpE-
veg no0(oerg. r6re our6 €Trrp€n€r rqv roArjrepn Xpn-
on ruJV 5ro0€or;ru.rv opydvu-rv.

Merd qn6 perop6oleuoq povoti 11 5rnAod nveripo-
vo5 ro onore,\€oporo ruJV ouvfOov e(er6oeu:v rqg
ovoilv€uorKrlg Aerroupylog BeArrr-i-rvovror oqpovrrrdl'2,
evtit orq Sorrpooio r<6nuroqg eprQov(eror pio oro0epq
eAdrru-roq rqg peyiorqS np6oAnVng o[uy6vou (VO,
max)3a oe oX€or1 TTpoS rr5 Quoroioyrr€5, npoBlen6-
peveg, rr;r€9.

kon6g ourqq rqg epyooiog €fvqr vq errqr(ooupe
lg peroBoA€S rrlg qvqnveuoru<qq Aerroupy[o Kqr rrls
rrov6rqrog r<6nuroqg Kqr vq o(roAoyrlooupe rqv BeA-
rierroq rqg on65ooqg ror rq nor6rnros (tr;nS ruJV p€-
ropooXeu0€vrov ooOevrr-tv.

Ao0eveig r<or pd0o6or

Mero{0 rou Mopriou 199 1 Kqr lovouopiou 1995
evv€q qoOeveig €r<ovov perol.r6oXeuoq r<op6rdg-nveu-
p6vu.rv, povo0 r<or 5rntro0 nveUpovo orqv Kop5roXer-
poupyrr<( Kfuvrrq rou Nooor<opreiou pog.

[6vre l(nres €Kqvqv erep6nAeupq (ULT) peroU6-
ox€uon nve0povog, rp€rg opQorep6ntreupq (BLT) r<or

€vog perop6ox€uoq r<op5rdg-nveup6vtrrv.
Irqv npoeyXerpqrrr<( o[roAoyqoq rcuv qo0evLi;v

neprtropBdvovrov perp(o€rg rqg ovqrTv€uorKrlg Aer-
roupyiog, rqg rrov6rqrog r6nu-roqg ror orproSuvoprr<€g
perpqoerg rrls nv€upovrr<q55. H i5ro o[roA6yqoq €Tro-
voAopBdvovrqv 3-4 pqveg perd rqv peropr6oXeuoq
yro pio r<oAfrepq r<Arvrrq er<ri;uqoq. l(ord rq Stdpreto
our(g rqg e(€rooqg or oo0eveig qrov o'e oro0epq
r<Arvrr<q r<ordorooq ror 5ev unqpXov roroloyrr<d eup(-
poro on6pprqng rou nv€6povo. Irq Oeponeurxq roug
qvlrlyR neprAo;rBdvovrqv KuKAoonopfvq, o(o0eronp(vq
r<or npeSvr(oA6vq.

E(erooerg Avonveuorrrfi g Aeroupyiog

Or ororrroi nveutrrovrrco[ 6yr<or o{roAoyq0qr<ov pe

rqv p€0o6o rqg opofu-roqg rou qAiou.

Or qvonveuoru<€g po€g perpqOrp<ov p€ nv€uporo-
XoypdQo Kor or Korqypqq€S pong, p€ qAerrpovrr<6
prerorpon€o, perorpdnqrov oe 6yroug. O 5eir<rqg 5rd-
XUonS rou povo(ei5rou rou dvOporo (DLCO) r<o0opi-
oOqr<e ;re rq p€0o5o rqg piog ovonvo(g (Jaeger Tran-

ZJ

sferscreen ll). Or nveupovrr<oi 6yr<or, or exnveuorrr€g
po€g xor o 5eir<rqg 5rdXuoqg er<qpdoOqr<ov rr-tg enf rorg
ero16 rrlg npoBAen6trrevqg QuoroAoyrr<(g rr;r(96.

H peprr<( nieorl rtlv oepir,lv rou qprrlprqrod oipo-
rog perpqOqre oe [nrro O€oq, l-{ pr€yrorq etonveuortrq
nieoq prerpq0qK€ oro en(ne5o rqg FRC (Pi max) r<or q

p€yrorq ernveuorrr( nieorl orqv TLC (PE max). H nie -
orl ruJV oepoytoytilv oro crr6pro perp(0qr<e pe 6vov
perorpon€o nr€oeu.rg, 6rqv ro dropo ov€nvee qn6
p(o BotrBi5o rprr,rv r<oreu00voeu-rv. Iro enineSo rqq
FRC, q BoABi5o rprdrv roreuO0voeu-rv yupvo0oe tfuore
vo onoQpdo'oovror or o€poylrJyoi t<ot ro dropo no-
por<rvo6vrov vo r<dver enovertrrlprpr€veg €vroveq p€yt-
or€S €rofiv€uorrr€g npoondOereg. To rrjporo rqg n(e-
on5 Koroypdqovrov oe €vo r<oroypoQ6o 2 Kqvq-
Arr-fuv rqg Hewllet-PackardT.

Aoxrpooio xonurons

l-ro vo errr;,r(ooupe rqv trov6rqro r<6ntr;oqq ot

ooOevefg EKqvqv rp€r5 ouv€X6preveg 5orrpooie5 r<6-
nuorls pe peooSroorqporo ler<oUpooqg prog ti-rpog:

1. Aor<r1.rooio 6 Aenl-i.lv8e.
2. Aor<r1.rooio ovriAqq,rq5 rou Bo0po[ rqg 5fonvotog

oe no56pruAo. Or ooOevei5 Bd5r(ov oe opr(6vrro
enine5o, evd-l q roX0rqro rou no56puAou ou(o-
v6rov Aoyopr0prr<d r<dOe Aenr6 p€Xpr o ooOev(g
vo e(ovrlq0ef qn6 roJpooq (1,2, 1,8, 2,5, 3,3,
4,4, 5,9. 8.0 r<or 1O.8 Km/h). Iro r€Aog r<dOe

AenroU or ooOeveig ov€Qepov ro Bo0p6 rqg 56-
onvordg rous o€ pio onrrr<q r<fu1.ror<o 'l O cm rou
Borglo (50onvotq O: ri'noro ono.\riru-rg, 1O: ovu-
noQopn 5[onvoro). O Bo0p6g rqg 50onvorqg Kq-
roypoQ6rov qn€vovrt on6 rqv on6orooq nou

Bd5r(e ro dro;ro Kor yrq r<60e e{ero(6pevo uno-
Aoy(ope rqv on6orooq Trou €npene vo Bo6ioer
yrq vo €Xer 50onvoro pe Bo0p6 5 r<or €to5 6rou
e (ovrAq0ei.

3. Aor<rtrloofo npooSeurx(g oor<qoqq p€Xpt eEovrtrn-
o€uJS o€ no5(troro-epy6perpo (Lobe Groning).

K60e Aenr6 ro Qoprio ou(ov6rov r<ord 'l O- 15

Watt ;re oro0epq roXrjrqro no5qAor(oeulg 6t-,-tg

6rou e[ovrAq0ei o ooOev(g. O oeprop6g (nveu-
poroXoypdQoq Fleisch No 4 pe perorpon€o nr€-
oeo5 o€pog), q r<orovdtrtooq o(uyovou (Jaeger

O, test) Kor n nopoyu.ry( 5ro(er5iou rou 6v0poro
(ronvoypdqoS Ml( ll Gould Godart) unoloyr(6rov
qn6 ro priypo ru-rv ernve6pevu.lv oepftr-rv. Merpd-
oerg yrv6rov oe Kqrdorqoq qpepiog r<o16 rqv
5rdprero rou 3ou Aenroi Kqr Kqr6 rqv Sropr<eto

r<dOe trenrori rord rq Sro5popn rrlg dor<qoqq €u-tg

rqv e(dvrtrqor111.
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Ar;.ro6uvo;rre g perp6oelg rng nveugovtxng

'Eyrve 5e(r6g r<o0erqproop6g pe Xp(oq r<o0er(po
rn5 rTv€upovr<qg oprqpfog (Swan_Ganz pe oepoOdlo_
Uo orrlv KopuQn rou). Or nrEoerg nAqp6oeog r<or o
KAOA perpqOqr<ov pe oroOepq reXvxq oe Unrro O€oq.

'Eyrve ovoytlry( rou ro16 Aenr6v 6yr<ou or1-roroq,
nou perpqorlK€ p€ rn p€0o5o rqg oeptrroopoftr-roqg, oe
r<op5ror<6 Seir<rq perd on6 unoAoyrop6 rqg enred_
verog od.rporog.

Or ooOeveig nou €Kqvqv pero;r6oXeuoq nveup6_
vr-,lv enovoAdpBovov 6Aeg our6g rrg Aerroupyil<69
Sorr;rooieg r<dOe pqvo perd rqv perop6o.leuoq yro
roug 3 npdlroug pqveg ror prerd r<dOe rpiro pqvo.

Erolorlrn

'OAeg or rrp6g eprqov(ovror u_rg ;-r€oor 6por +SD.
Aor<rpoo(o t-test Kqrd (e6yq Xpqorponor(0qr<e yro
ouyr<pioer5 pero[u rutv rrptirv, nprv Kqt perd rrlv pre_
ro;r6o1euoq, oe rdOe A(nrq. frqrrorrKd oqtrrovrrc€g
SrqQop6S Oeopq0qr<ov our6g pe p < O.OS.

AnoreAdoporo

Tq KArvrKd XqpoKrnptorrr<d rqg o;rddog rov ooOe_
vrirv ror o rrinog rrlg perop6ox€uoqg nve0povo eoi_
vovrot orov nivoKq 1.

Tperg on6 roug ooOeveig nou unoBlq0qr<ov oe
onA( perop6ox€uoq nvefpovo eiXov epqUoq;ro, €vog
BOOP r<or Evo5 nveu;,rovrr<( ivu.roq. An6 roug ooOeveig
nou unoBA(OqKov o€ 5rnAq pero;r6ox€uoq nverjpovo,
6vog enoole on6 nporonoOq nveupovrrq un€prooq,
(vog on6 BpoyXer<roofeg ror €vog on6 €peronpo.
'Evo5 oo0evqg ;re nporono0q nveupovl<q undprooq
unoBArl0qr<e oe ;rerop6oXeuoq ropdrdq-nveup6vtrrv.

O p€oo5 6pog rqg qlrriog ruJV U€ropooXeup€vtr_rv
flrov 41,8 t 15.

Or ooOeveig nopor<oAou0r1Oqr<ov yro 11 r 6 p(veg
(3-18). lro rq oUyr<ptorl Xpqotpoilorqoo;re ro qrTor€_
.\6oporo rov perpqoeu-rv perd 3-4 p(veg on6 rqv
pero;.r6o-Xeuoq.

Or rrp€g rrls nv€upovrr<qg Aerroupyiog ror rq5 p€pt_
rqg nfeoqg rov oepirtrv rou qprrlptcrr<oU orporog nprv
ror per6 rq perop6oXeuoq eofvovrot orov nivqKo 2.

Mer6 rq peropooXeuo.q or rrp€g rrlg ovonv€uol_
r<(g Aerroupyi'og BeArrdr0qKov o€ 6Aoug, er<r6g on6
56o (No 5 r<or g) oo0eveig. Auroi ep<pdvr(ov nprv rqv
perop6oyeuoq euoroAoyrrco0g nveupovrr<otig 6yr<ouq
t<or po€g Kot p€rol-looXeUrqrov tr6yu.r nputronoOo0g
nveupovrr<qg un€prooqg.'Hnlo neproprorxo0 rJnou
SroropoXq €Ueovi(€rqt r<upir-lrg o' ourorjg ilou uro_
Btrq0qr<ov o€ olieor€p6nAeupq perop6oleuorl rTV€u-
pr6vu.rv.
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Or ep<puoqporrrof ooOeveig nou unoBAq0qr<ov oe
erep6nleupq perop6oXeuoq nveripovo, BeArftuoov rrg
po€g, oAld epeov(ouv ;rro enipovq ;r€rpto qroQpq_
rrtrof rUnou 5roropoXrl.

H p€oq rrpq MMFR oulqOqr<e oq;rovrrr<d on6 0,g6 +
1.09 oe 1,73 t 1,24 (22,1 t 23o/o oe 44,6 t 24a/o rrlg
npoBtren6pevqg). DLCO ano 7,3 + 4,4 oe 14,5 :L S,g
(26,4 x 1Jo/o oe 48.8 t 17,4o/o) n TLC eAorrd;Oqr<e
on6 6.15 x 2,7 oe 4,O5 x 1,7 (97,5 + 26 oe 64.1 x
17)r<orRV qn6 2,5 r 1,1oe 1.6 + 0.6 (153 + 66% oe
9l t 45a6.

H Pi max qrov eAoqpd eAorrop6vrl nprv rrl p€ro-
p6oXeuoq r<or ep<pdvroe pto eAoepd o[[r1oq xupiog oe
ooOeveig pe erep6nAeupq perop6oXeuoq nve[povo.

'Otror or oo0evefg BeArirlroov rqv o(uy6vu:o( roug
;rerd rq ;rerop6oXeuoq. H p€oq rrpq rqg pO, ou(qOr1<e
oqpovrrrd ano 42,7 + 2,3 oe 13,6 t 6,1 r<or rl pCO"
eAorr60qr<e on6 56 + 2O oe 42 :L 2.7.

To qnoreA6oporo rou r<o0err1proo.1.ro0 nprv r<or perd
rr1 pero;r6oXeuoq eoivovrcu orov nivor<o 3.

H Beiriooq rqg Aerroupyiog rqg de[rdg r<orAiog no-
porqpeiror oe 6loug rous p€rqpocrXeup6voug qo0e-
veig, r<upir-,-rg 6trrog o' ouro0q U€ rv€upovtK( un€prooq.
H p€o'q ouoroAlrrl r<qr SrooroArr<q nieoq rn5 nv€upovt-
r(g oprqpiog r<or q p€oq nveupovrr<( nieoq orlpovrrrd
eAorr60qr<ov, ev6 q nieoq evoeqvu-roqg Kcl Q Kop-
6ror<( nopoXq 5ev 5r€gepqv ororrorrKd.

Tq qnoreA€opqro rqg r<opdrooyyeror<qg Aerroup-
yiog r<ord rqv npooSeurrxq p€yro.rq dorrpooio r6nut-
ong nptv r<or ;rerd rq perop6oXeuoq eoivovrot orov
nivoxq 4. 'OAor or U€ropooxeu;l6vor BeAritr_roov rqv
rrov6rqro dor<qoq5.

Or oo0eveig nou unoBA(Oqrov oe erep6nAeupq
perop6oXeuoq nverjpovo epedvroov pro pErpro oU(q-

I-livor<oS 1. XAPAKTHPIIT||(A AIOENON

Ao9eveig @AAo HAxia Adyvwoq " M6oyeupa . -

1

2
a

4
5

6
l
8
o

A 38 tPF (R) SLr
A 20 EpeLioqpo (L) SLT
A 56 Epe0oqpo (R) SLT
r 56 BOOP (R) St_T
A 59 PPH DLT
A 50 Epe6oqpo (R) SLr
f 45 BpoyXer<rooies DLT
A 25 Eperloqpo DLT
A 28 PPH HLT

. IPF: l5ronoOqg nveupovl<fl ivrooq
BOOP: Anoepor<rrr<q BpoyyroA[rrdo opyovop(vq nveu_

povio
PPH: [lpu;rono0rlg nveupovrxl un€prooq

. - SLT: AnAfl perop6ox€uon nveripovo
DLT: ArnAq ;reropr6ox€uon nveUgovo
R: Ae(r6
L: Aprorepd
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orl orov oeprop6, ouldvovrog rour6xpovo rnv qvq-
nveuorrr( oulv6rqro Kor rov ovonve6pevo 6yr<o (V'
Vr.J'

Or ovonveuorrr<€g e<pe5peieg (p€yrorog BouAqrx6S
oeprotrr6g MVV - Vr) nrov enopreig yro 6.\ouq roug
ooOeveig err6g on6 €vo (No 3) perd rqv perop6-
ox€uon Kqr our6 uno5qAtiver 611 5ev undpXouv ovo-
nveuorrroi nepropro;.toi. Enioqg, o p€yrorog qvqnve6-
prevog 6yro5 (V., max) er<Qpo(6pevog eni rot5 eror6
rqg (trlrrr<qg loprlrrr<6rqro5 Kcu o A6yog rou ;r€yrorou
qepropo[ rord rqv r6nooq Trpoq rov ;r€ytoro Boutrq-
rrr<6 oepro;r6 flrov oe QuoroAoyrr<d 6pro.

H r<op5ror<[ ouXv6rqro r<o16 rqv qpepio perd rqv
;reropr6oXeuoq eAoqp6 e.\orr60qre, evd.t rcord rrlv
5rdprero rqg dor<qoqg ou(q0qr<e o' 6Aoug rou qoOe-

veig, Xrrrpig 6purg vo QOdver rqv npoBAen6pevq p€yt-
orq rop5ror( ouXv6rqro yto rnv qtrrr<io rou5.

H VO, max Betrrrd.r0nK€ orlpqvrKd perd rnv p€ro-
p6oXeuoq oAtr6 qrov eAorru.rp€vq oe oX€oq pe rtg
npoBtren6pev€q QuoroAoyrr<€g l;r€5. Eivot ev5roq6pov
6rr oroug neptoo6'repoug ooOeve(g q dor<qoq 5tqK6-
nqr<e A6yo t<opdrou oro n65to ilopd I6YUJ 50onvoto5.

H l,erroupyrt<( tt<ov6rqro rlptv Kor perd rqv pero-
pr6oXeuoq <poiveror orov nivot<o 5. Iq;rovrrr<( BeArio-
oq Qoiveror orqv on6orooq rou 5rov00qr<e oe 6
Aenrd, perd rqv perop6oXeuoq. 'OAor or oo0evei5 er<o-

vqv rnv dor<r1oq rurv 6 ,\enrr-i.lv nptv rrlv peropr6-
ox€uon Xprlo4ronorr-i,rvrog Qopqr6 O, oAAd rcove(q 5ev

Xperdo0rlre pereylerpqrtr<d.
Enioqg q ovriAqpq rqg SUonvorog r<ord rnv 6or<n-

oq eAorrd-l0nK€ orlpovrtr<6" 6nu.rg errtpdrot on6 rqv
on6orooq nou BdStoov p€Xpr vo epcpovfoouv Bo0po
5donvotog 5 r<or qn6 rqv on6oroon nou Bd5loov
Eog 6rou vo e(ovrAqOoJv perd on6 ontr(, StnAq q
perop6oXeuoq r<op5rdg-nveupr6vtr.tv.

Euzrirnon

'Evog oq;rovrrr<69 opr0p65 p€rqpoox€rioeulv nveri-
povog yivovrotr2 rdrpo er(oto. Eivor oqpovrtr6 vo
enrtrEyovrot ooOeveig nou 6Xouv rlg rolfrepeg €uKql-
pfeg enrBituon( Kqr rqv roArirepq onorordoroon Kql

floror-lro (u-rnS perd rqv perop6ox€uoq.
H enrtroy( rqg provqg ( 5rnlflg perop6oleuoqg nve0-

povo €[vol t5toirepo eAruortrq Kot poq €filrp€ri€l vo

Xpqorponor(ooup€ p€ rov roA[repo 5uvor6 rp6no
rov n€proprop€vo opr0p6 ru-rv 5tq0eofuulv opydvtr.lv
Kqr 6iver rqv 5uvor6rrlro orous peropooxeup€voug
vo EXouv pro oqpqvrK( trerroupyrr<q BeAriuLoq.

An6 rqv epnetpio pqs on6 roug 9 ooOeve[5, on6
rous onoioug or 5 unoBA(Oqr<ov oe provq prerop6-
ox€uorl nveJpovo, rp€rs o€ SrnAq r<or 6vog oe pero-
p6ox€uon r<op5rdg-nveripovo, €Xer rcold rer<;rqpru-r0ei

oqpovrrr( BeArrrloq rng ovonv€uorrr<qg Aerroupyiog.
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Mio (nro n€proprorKori rdnou 5roropoXq noporn-
p(Oqr<e p€rd on6 opQor€p6nA€upq p€rotroox€uoq, €vLir

p€rpro qnoQpqKrKo0 r[nou SroropoXq nopqrrlpnerlK€
o€ €pouonporKo6g qoe€v€is flou wop^noqrov oe
povR U€rqp6ox€uon nv€Upovo. Tq onorel€oUqrd pq5

efvor nop6poro p€ npoqyq0e(oeq petr€reg13'1a.

H Pi max qrov eAorrup€vn ilpo€yx€tpnrKd, TTteo-

vtirg loyu-r rn5 Xp6vro5 KoprKoe€pon€ios Kqt A6Yul

rrls rv€upovrr<r1g unep5droons orous ooe€v€is tr€ xAn.
Merd rq p€rop6ox€uorl nqpqrrlpROnK€ B€Ariuion oIAd
e{or<o,\ou0orio€ vo eivot eAqrrulp€vq, ouyKptv6p€vn
p€ rS rpoB^€n6p€v€S QuoroAoyrK€s IpEg.:rous ooe€-
v€i5 p€ XAI-I U€pog rn5 B€AriLUorlS ruJV oropqlKtdv
rrr€o€uJv oQ€A6rov orqv €Adrruron rq5 nv€upovtKng
un€p5rdrqorlg ;.rerd rnv €n€pooon.

Irq peA€rr1 pqg ro orpoduvoprKd qTTor€AEopqro

BeArrrir0qr<ov, Kupiillq q ouoroArKn Kor 5rooroAl<q nle -
on rqg nv€uuovrKrls oprqpiog Kqr n u€on TTv€ul-lovlKl'l

nieon (mPAP).
Or noporqpflo€r5 tlog eivor nop6por€S p€ qur€S ruJV

Kramer Kor ouv.15 Kqr 5€rKv6ouv 6rr ;rerd rn B€Ariulon
rou €pyou rnq 5€ErdS KorAioS nopornp€frqt pto oroe€-
pn petrrioon orlv l€rroupy[q rng.

H rr<ov6rqro dor<qoqg BeArrd-r0rp<e p€rd rn p€rqp6-
ox€uorl o€ 6AouS rous qoe€v€i5, ev6 q ;r6yrorr1 ilp6o-
,\nWn O, qrov elorrc,lp€vn o€ o[yKpron p€ lS Quoto-
Ioyrr<69 npopA€n6p€veg rrp€g. O p€yrorog q€prop65

oro r€Ioq rns doKnons 5ev €Qoooe ro p€ytoro Bou-
Iqrrr6 o€prop6, pio on65er(q rng €rdpK€rqs ruJV qvq-
ilv€uolKrrJV €o€5p€rdJV.

H p(yrorq Kop5rqKn ouxv6rrlro oro r€Aog rq5
dor<qoqg qrov or<6;rq €AorruJp€vn o€ ox€oq npog rtg
npoBl€n6p€veg rrpr€9. Aur6 5etrvti€t 61 5€v uildpxouv
Kop6rqKof il€propropoi ornv €Kr€A€orl rng dor<qor15.

lloror nopdyovr€S Tr€prop(ouv qv VO, max perd
r-l p€rop6ox€uoq nv€ftrovo;

Aur6 ;rnopei vq qvrovoKld €vo QuoroAoyrr<6 ono-
r€Aeopo rns npo€yx€rprlrK(S qKrvnoios n rnS pult<hS

qn6A€lo5 tl€rd rn XpRon KoplKoor€po€t5Ldv16'17.
H nveupovrr<q unep5rdroorl Kor o n€ploptop6g o{u-

yovuons eAorru-rvouv rn SUvopq ruJV ovqilv€uorlKli)v
purijV"

Or unopqqror yro tr€rqp6ox€uorl nv€[povo pno-
po6v vq BeArrr.i.toouv rrlv Kqrdorooq rqg uY€iqg rous
edv AdBouv p€po5 o€ et5trd oye5roop€vo flpoypdp-
pqrq B€IriuJoqS rq5 rKqv6rrlros dor<qoqg.

Ao0eveig oe nA(peg np6ypqppo onoKordoroorls
eprQov(ouv 0errr<€g p€roBoA€S rqg qluXoloyrr<qg rouq
rordorooqq, 6nu.rg ori{r1oq rtr.tv t<tvqrpu-tv r<or BeAr[lr-r-
on rng rTor6rrlros (ur(S".

'EXer ono5erXOei 6rr q KuKAoonopivq ouldver rqv
ropoyulyq ev5oOqlivqg rov ev5o0qArqKdJv KurrdpuJV
o'rov dvopu-rrTo Kor 6rr nporolei oyyeroo[onoon Kot

neproyyerorrl unepnAooio rLuv I€iL,JV 1.tuci.lv]s. Mio €r<-

rTruorl rrlg n€prQ€prr<(g oyyero5rooroArr<(g rKqv6rn-

aa



PNEUMON Numb-er 1, Vol. 7, January - December 1994

roq ruiv oor<oup€vctrv or<eAerrrd-tv purirv oupper6Xer
oro vq undpXer elorropr€vq opdruoq qurtilv Kot eAdr-
rLuoq rrl9 ou5od La2o.

H por<poXp6vro Xpqoq KoplKoor€poerSLi-rv yto rnv
npoQUAqEn on6 rqv on6pprq.rq nporotrei puond0ero
r(r)v npoooYujYrrlv orous p€ropoox€up€vou5 oooe-
ve ig.

Or Miyoshi rqr ouv.3, €5er[ov oe o;rd5eg ooOevu-rv
perd ono onlrl ror 5rnlq pero;,r6oXeuoq nveup6vtov
prro eAdrru-ron ornv VO, max 44,2 r 9,2 Kqr 48,5 r
5% rqg npoBtren6pevqg pr€yrorqg VO, ovriororXo. Aev
erXov evSe(ers n€proptopoU rq5 dorcqoqg on6 ro qvq-
nveuorrro oe r<opud opd5o. Irou5 r<ur<AoQopl<ofg no-
pdyovreg nou neprop(ouv rqv dor<qoq neprAopBdvo-
vrqr Q qvqrpio r<or q ei,orru-rp€vr1 r<op5rorq ouXv6rrlro
r<ord rqv dor<qoq3.

Or Theodore Kqr ouv.l. r<o0tilg r<or or Sciurba ror
ouv.22 €5er(ov en(uovo nepropropo rqg rr<ov6rqrog
dor<qoqg ;rerd ;rerop6ox€uon ropSdg-nveup6vtlv, no-
poAo nou n ovonv€uolr<q Aerroupy(o €q0ooe o€ rr€-
pinou QuoroAoyt<€g rrp€5.

Or Ross Kor ouv.23 orq peA€rq roug €5er[ov 6l or
prqXovropoi yro rov n€propropo rqg VO, max orn p€-
rop6oXeuoq nveup6vurv eivor: 1) Aerroupylr<q o5pd-
vero, 2) Xp6vro ovorl-rio, 3) unopEyrorq r<opSror<( ou-
yv6rqro roro rqv 6or<qoq, 4) puir<n orpoQfo, 5) ne-
propropoi rqg oyyeror<r1g nveupovrrqg 1u-rpqrrr<6rr1rog.

Irq pel€rq po5 q ovriAnqrrl rng 5(onvoroq rord
rqv dorqoq eAorr60qre oryrovrrrd oe 6Aouq. Or ooOe-
veig ;rerd rq perop6oXeuoq epQdvroov d;rBtruvoq rng
oioOqoq5 ruJV oul-lrTrLr.)prdrtrlv rous Kot BeArirlroq rrlg
ono5ooqg r<ord rqv do<qoq. H ovrfAqqq rq5 npo-
on60erog ruJV qvqrv€uorrrtjrv puti.rv Qoiveror vo Elel
nooorrrr"l ouoX€rroq UJS npos rqv €vrooq rns qio0rl-
on5 rq5 Srjonvorog. H 5rionvorq ouldveror flpoo5€u-
rrr<6 pe ro enineSo rou cr€ptof-lo6 r<qrd rqv 6or<qoq.
EQ' 6oov q ierroupyio rulv qvorv€uorrrd.lv purfuv 5ev
€Xer oqpovrrr<o BeArruuOei ;rerd rqv perop6oXeuoq, q

BeAriiuoq rqq 50onvorog r<ord rqv dor<r1oq oQeiAeror
nr0ovd-rg orqv eAdrru-ron rou 5uonvolt<o[ Seir<rq (V,
max/MVVxIOO).

H BeAriooq rou 5uonvoir<o[ 5e(r<rq ouv6€eror ;re
rqv petrriruon ruJV pnxovrr<dv rSrorqrurv rou nve[po-
vo.

Iupnepooporrrd, ro onoreA€oporo SeiXvouv 6l q

nveupovrr<r1 Aerroupy(o pero perop6ox€uon nveup6-
vov BeArrdlv€rot onpovrrr<o. I-1op' orr q VO, max Kot n
rrov6rqro dor<qoqg BeArrtitvovrot, ot prlxovtopoi yro
rqv enrl.rovrl eldrru-roq rqg VO, max o€ oy€oq npog
rr5 npoBAen6p€v€S Quolotroyrr<6g rrp€5 oqeiAovrqt nt-
Ooviirg oe noAAotig nopdyovreq. H ouveX(g dor<qoq
pnopef nr0ovd.rg vo €Xe r ;rro noAJ oqpovrxq o(io perd
ono prerop6oXeuoq nveup6vcr.tv.
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Changes in respiratory function and exercise capacity
after lung transplantation

P. ARGYROPOULOU, D. PATAI(AS, I. FESSATIDIS, G. PITSIOU, TH. KONTAKIOTIS, P. SPYROU

SUMMARY
Patients with end-stage pulmonary and pulmonary vascular disease can now be success-

fully treated by transplantation. The purpose of this study was to investigate the changes in
pulmonary function tests and the cardiopulmonary response to exercise after SL, DL or HLT.

Between 1991-1995, nine patients aged 41.8 t 15 yrs, five with COPD, two with pulmo-
nary hypertension, one with bronchiectasis and one with pulmonary fibrosis, received trans-
plants (5SL,3DL and 1HL).

Pulmonary function tests, pulmonary hemodynamics and exercise tolerance before- and
3-4 months after transplantation were performed.

After transplantation, pulmonary function tests were improved in all lung recipients ex-
cept in two with underlying PPH. Pimax was reduced pretransplant, slightly improved after
transplantation but remained still reduced. Arterial blood gas values were significantly in-
creased. Right heart cardiac function was improved (mPAP 36.8 t 10 before and 18.3 = 9.4
after transplantation).

Exercise tolerance was rnarkedly increased after transplantation but VO, max remained
still reduced in comparison with predicted normal values. Maximal VO, averaged 27.8 = 6.3
percent and 48.3 = 10.4 percent of predicted max VO, before and after transplantation. There
was no evidence of ventilatory limitation to exercise.

There was an improvement in functional ability as measured from a 6 min walking test
{80.2 t 33 m before and 358 = 68 after) and from the sensation of dyspnea during an incremen-
taltreadmill walking test with self -assessment of dyspnea on Borg's scale.

ln conclusion lung transplant recipients had a significant improvement in pulmonary func-
tion, gas exchange and exercise performance.

PNEUMON (1994)31-38

Lung transplantation is considered now as an ac- Iung transplantation procedure is comparable with dou-
ceptable treatment for patients with end-stage pul- ble lung or heart-lung transplantation in certain diseas-
monary and pulmonary vascular disease. es, then it will allow optimal utilization of scarce donor

Donor availability is a major practical problem in all organs.
forms of lung transplantation. lf the outcome of single

Respiratory Failure Unit, Department of Medicine, Aristotelion Key words: Transplantation, Respiratory failure, Exercise ability.
University of Thessaloniki. Transplantation Unit Cardiothoracic COpD, Dyspnea
Surgery Center N. Greece, G.H. "G. Papanikolaou"
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Following both slngle and double lung transplanta-
tion. results of routine pulmonary function tests have
improved markedly1.2, but exercise testing constistenly
demonstrated a reduced maximum oxygen uptake (VO,
max) in recipients of single and double lung trans-
plants3.a.

The purpose of this study was to assess the changes
in respiratory function and exercse capacity in order to
evaluate the improvement in fitness and quality of life
after lung or heart-lung transplantation.

Patients and methods

Between March 199'l and January 1995 nine pa-
tients received heart-lung, single lung and double lung
transplants in the Cardiac Surgery Dpt of our hospital.

Five recipients underwent unilateral (ULT), three bi-
lateral (BLT) and one heart-lung (HLT) transplantation.

ln the pretransplant evaluation of our patients were
included measurements such as pulmonary function
assessment, exercise capacity and pulmonary haemo-
dynamicss. The same evaluation was undertaken 3-4
months after transplantation for a better clinical as-
sessment. At the time of this examination patients
were in a rather stable clinical condition; there was no
histological evidence of lung rejection. Their medication
included cyclosporine. azathioprine and prednisone.

Pulmonary Function Tests

Static lung volumes were assessed by the helium
dilution method.

Expiratory flow rates were measured with pneu-
motachography and flow signal was intergrated into
volume. Diffusing capacity for carbon monoxide (DLCO)
was determined by the single breath method (Jaeger
Transferscreen ll). Lung volumes, expiratory flow rates
and DLCO were expressed as percent of normal pre-
dicted6. Arterial blood gas level was measured at su-
pine position.

Maximal inspiratory pressure was measured at FRC
(Pi max) and maximal expiratory pressure at TLC (PE

max). Airway pressure at the mouth was measured
with a pressure transducer when the subject breathed
through a 3-way valve At FRC the 3-way valve was
turned to obstruct the airway and the subjects were
repeatedly and vigorously urged to make maximal res-
piratory effort. Pressure waves were recorded in Hewl-
let-Packard 2 channel recorderT.

Exercise Tests

For assessment of exercise tolerance the patients
underwent three consecutive exercise tests with an

1NEYMQN Telyog 1o, T61Lo9 7og, lavoudprog - AexQtBptog 1994

one hour resting interval in between.
1. 6 min walking test8.s.
2. Perceived dyspnea treadmill exercise teste. Pa-

tients walked on a horizontal treadmill with loga-
rithmic increase in speed each minute to exhaus-
tion (1.2, 1.8,2.5.3.3,4.4,5.9. 8.O and 10.8 Km/
h). At the end of each minute patients scored
breathlessness on a 'l O cm visual Borg's scale
(dyspnea O: nothing at all, '10: intolerable)10. The
breathlessness score was then plotted against the
distance walked and f or each patient the distance
walked at breathlessness score 5 and to exhaus-
tion was derived.

3. Progressive exercise test to exhaustion on a bicy-
cle ergometer (Lobe Groning). Every minute the
work load was increased by 1O-'1 5 watts at a

constant pedalling speed until patient's exhaustion.
Ventilation (Fleisch No 4 pneumotachograph with
a gas pressure transducer), oxygen consumption
(Jaeger O, test) and carbon dioxide production
(cagnograph Ml( ll Gould Godart) were computed
from mixed expiratory gases. Measurements were
made during the third minute after steady state at
rest and during each complete minute of exercis-
ing up to exhaustionll.

Pulmonary hemodynamic measurements

Right heart catheterization was performed using a

Swan-Ganz balloon tipped thermodilution pulmonary
catheter. Filling pressures and cardiac output were
measured by standard techniques in the supine position.
Cardiac output, normalised to a cardiac index (Cl) after
calculation of body surface area, was measured by
thermodilution method.

Lung transplant recipients repeated all these func-
tional tests every month after transplantation for the
first 3 months and then every third month.

Statistics

All values are presented as mean t SD. A paired t
test was used for comparison between pretransplant
and postransplant values in each recipient. Differences
were consideral significant if the p value was less than
0.o5.

Results

Clinical characteristics of the patients group and
type of transplant procedure are shown in Table 1.

Three of the SLT patients had emphysema, one BOOP
and one pulmonary fibrosis. One of the DLT patient had
pulmonary hypertention. one bronchiectasis and one
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TABLE 1. CHARACTERISTICS OF PATIENTS

Patient Sex Age Diagnosis - Transplant * .

JJ

plant recipients, especially in those with pulmonary hy-
pertention. Mean sPAP, dPAP and mPAP significantly
decreased while Pw and CO were not statistically
different. Cardiovascular data from progressive maxi-
mum exercise testing before and after transplantation
are shown in Table 4.

All lung transplant recipients improved exercise ca-
pacity. Single lung recipients achieved a moderate in-
crease in minute ventilation by increasing both respira-
tory rate and tital volume (V. Vr3o).

Breathing reserve (maximum voluntary ventilation
[MVV]-VE) was adeguate for all patients except one
(No 3) after transplantation and posed no ventilatory
Iimitation. Also V, max/YC o/o ond Vu maxlMVV val-
ues were in normal range.

The heart rate at rest after transplantation slighty
decreased, while during exercise it increased in all pa-
tients but without reaching the predicted maximum
heart rate. This posed no cardiac limitation in exercise
performance.

VO, mas improved significantly postransplant but
was reduced compared with normal predicted values
(48.3 r 10.4).

It is interesting that in most patlents exercise was
terminated because of leg tiredness and fatigue than
from breathlessness.

Functional ability before and after lung transplanta-
tion are shown in Table 5.

Marked improvement was seen in total distance
walked in 6 minutes after transplantation in all patients.
All patients performed the six minutes walking test
preoperatively, requiring supplemental oxygen but none
of them postoperatively.

Also the perception of dyspnea during exercise was
markedly reduced as assessed by the increase in dis-
tance walked till dyspnea score 5 and in distance walked
till exhaustion after single, double or heart-lung trans-
plantation.

Discussion

A substantial number of lung transplant procedures
are now feasiblel2. lt is important to select patients
who have the best opportunity for survival and optimal
rehabilitation and quality of life after transplantation.

Single and double lung transplantation procedures
are very attractive as they allow optimal utilisation of
scarce donor organs and permit the transplant survi-
vors to have significant functional improvement.

From our experience of 9 patients, from whom the
five underwent single lung transplantation, three bilat-
eral and one heart-lung transplantation, marked im-
provement in lung function is well documented.

A mild restrictive ventilatory defect is observed
after bilateral lung transplantation while a moderate

1

2
.)

4
5
o
7
I
o

M38
M20
M56
F56
M59
M50

M25
M28

IPF

Emphysema
Emphysema

BOOP

PPH

Emphysema

(R) SLT
(L) SLT
(R) SLT
(R) SLT

DLT
(R) SLT

DLT
DLT
HLT

F 45 Bronchiectasis
Emphysema

PPH

- IPF: ldiopathic pulmonary fibrosis
BOOP: Bronchiolitis obliterans organizing pneumonia
PPH: Primary pulmonary hypertention

- - SLT: Single lung transplantation
DLT: Double lung transplantation
HLT: Heart-lungtransplantation
R: Right
L: Left

emphysema. One patient with primary pulmonary hy-
pertention received heart-lung transplant.

The mean age of lung transplant recipients was
41.8 t 15 years.

Patients have been followed up for a mean of 11 t
6 months (range 3-18). For comparison we use the
results obtained after 3-4 months of transplantation.

Pulmonary function and arterial blood gas values
before and after transplantation are shown in Table 2.

After transplantation pulmonary function was im-
proved in all but two (No 5 and 9) patients. These two
had pretransplant normal lung volumes and flows; they
have been transplanted because of primary pulmonary
hypertention. Mild restrictive ventilatory defect are shown
mostly in biiateral lung transplanted patients.

The emphysematous patients who received single
lung transplants had improved the flow rates but had a
persistent moderate obstructive ventilatory defect.

Mean MMFR increase significantly from 0.96 I 1.O9
to 1.73 t 1.24 (22.1 x 23 percent to 44.6 x 24
percent predicted). DLCO from 7.3 x 4.4 to 14.5 + 5.9
(26.4 x '17 percent to 48.8 t 17.4 percent predicted),
TLC decrease from 6.15 r 2.7 to 4.O5 x 1.7 (97.5 t
28 percent to 64. 1 + 'l 7 percent predicted) and RV
from 2.5 t 1.'l to '1.6 t 0.6 (153 t 66 percent to 97
+ 45 percent predicted).

Pi max values were slighty reduced before trans-
plantation and demonstrated a slight increase especially
in single lung transplant patients.

All patients improved oxygenation after transplan-
tation. Mean PO, increased significantly from 42.1 x
2.3 to 73.6 + 6.1 and PCO, decreased from 56 t 20
to 42 x 2.-1 . Cathererization data before and after
transplantation are shown in Table 3. lmprovement !n

rlght ventricular function is observed in all lung trans-
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obstructive ventilation defect is observed in emphyse-
matous patients who received single lung transplants.

Our data are similar with previous studiesl3-14. Pi

max was reduced preoperatively probably due to the
long term corticosteroid administration and to lung hy-
perinflation in COPD patients. After lung transplantation,
an improvement was observed, but was still reduced in

comparison with normal predicted values. ln COPD pa-
tients, the mouth pressures improvement was partly
due to decrease of hyperinflation after operation.

ln our study the hemodynamic data were improved,
especially the pulmonary artery systolic pressure, the
pulmonary artery diastolic pressure and mean PAP.

Our observations are similar with those of l(ramer
et alls and indicate that after reduction of the right
ventricular pressure overload, a sustained improvement
in both right and left ventricular function occurs.

Exercise capacity was improved after transplanta-
tion in all recipients, while maximal oxygen uptake was
reduced, compared with normal predicted values. Max-
imal minute ventilation at end exercise had not reached
the estimated maximum voluntary ventilation, an evi-
dence of adequate breathing reserve.

Maximal heart rates at end exercise were still re-
duced compared to their predicted values. This indi-
cates that there were no cardiac limitations of exercise
performance.

What factors could have limited VO, max after
lung transplantation?

This may reflect a physiologic effect of the patients
preoperative immobility or muscle wasting due to the
use of corticosteoidsl6-17.

Pulmonary hyperinflation and oxygen deterioration
reduced respiratory muscle strength.

Lung transplant candidates may maintain improved
health status if they participate in programs designed
to improve exercise tolerance.

Patients who complete rehabilitation programs typ-
ically have positive phsychologic changes, including in-
creased motivation and improved quality of life18"

Cyclosporine has been demostrated to increase
human endothelial cell production of endothelin and to
cause vasoconstriction and perivascular smooth muscle
proliferationle. An impairment in peripheral vasodilatory
capacity in exercising skeletal muscles could contribute
to hypoperfusion and a reduced LA threshold2o.

Long-term corticosteroid administered to prevent
rejection could have produced a proximal myopathy in

our lung transplant recipients.
ln the single and double lung transplant groups, Mi-

yoshi et al3 demonstrated a reduction in VO, max 44.2
t 9.2 and 48.5 t 5 percent of predicted maximum
VO, respectively. No evidence of ventilatory limitation
to exercise was found in either group.

Circulatory factors that may have limited exercise
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capacity included anemia and submaximal heart rate3.
Theodore and co21, as well as Sciurba and co22

demonstrate a persistent limitation in maximal exercise
performance after heart-lung transplantation although
the pulmonary function tests have approached nearly
normal values.

Ross and co in their study23 demonstrate that the
mechanisms for the reduced VO, max and transition
thresholds after tranplantation include: (1) decondition-
ing (2) chronic anemia (3) submaximal cardiac rate re-
sponse, (4) muscle atrophy, and (5) limitation of pul-
monary vascular capacity.

ln our study, the perception of dyspnea during ex-
ercise was markedly reduced in all patients. After trans-
plantation, patients have experienced amelioration of
their symptoms and improvement in their exercise tol-
erance. The perception of respiratory muscle effort
appears to be quantitatively related to the intenslty of
the sensation of dyspnea2s.

Breathlessness increased progressively with the level
of ventilation durhg exercise. Since the respiratory muscle
function did not significantly improved after transplan-
tation, the breathlessness improvement during exercise
is probably due to the decrease in dyspnea index (V,
maxlMVVx'l OO). The dyspnea index improvement re-
lated to the improvement of lung mechanics.

ln conclusion, these results suggest that pulmonary

function tests after lung transplantation are significantly
improved. Although VO, max and exercise capacity
are improved, the mechanisms for the persistent re-
duction in VO, max in comparison with normal predict-
ed values are perhaps multifactorial. Exercise training
may therefore be of considerable value following lung
transplantation,
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ITeproptoltos rng ExnveuonxnS PonS - Mepog A'
H eptrtnveio rwv Fry-Hyatt Kot n 0ewpio rou "Kdrappdxrn"

AN. ANOH1, N.I(. MNEXPAKHT'

NEPAHWH
O neploplop6s rns €Krrv€uonKris poris ro16 rnv Drdprero ;.log dvrovns €Knv€uorlrtig npo-

on60ero5, e ivol dvo rpolv6pevo nou dxer ouyrevrpOo€r ro ev6lopdpov noAAtilv epeuvnrti;v rr5
reAeuroie5 6eroerieg. floAAds peAdreg dxouv yiver pdxpl ohpepo, yto vo eppnve0oouv rq gor-
v6pevo po65 nou nopornpo0vror rqr6 rn 6rdprero pro5 6uvogxlig ernvoh5 rot dxouv 6roru-
no0ei oprerd5 0eurpie5 Trou p€ p6on nptrrr6runq nerpoporrr6 6e6opdvo, errrxelpo0v vq npo-
oeyyioouv rn guoloAoyio ror no0oguoroAoyfo rou 6uvoprrori rr€ploptoFori rn5 exnveuorxli5
poriS.

To nptilro nelp6trroro dyrvov on6 rou5 D. Fry2 xor R. Hyatts ro 1958 Ksl n €ppnveio rurv
eupnp6rov ornpixrnre ornv oupni€on ru)v oepop6ptrrv o66v ro16 rn pioln exnvori.

To 1967 exqp6ornrov oxe66v rour6xpovo 60o vdes Oerrrpfeg: O "r<oropp6rrns" ri ovriorq-
on "t0rtou Starling" on6 rou5 S. Permutt ror ouv.8 Kqr ro "onpe io iourv nldoeurv" (equal pres-
sure points - E.P.P.) on6 rou5 P.T. Macklem Kol ouv.16.

Apy6repo 11977l,ol S. Dawson ror W. Elliot2a eg6ppooov rr5 orlyxpove 5 opxd5 rn5 u6pou-
Alt<ti5, nou ovogdpovrol ornv rox0rnrq per66oon5 rfporog, yro vq eppnve0oouv ro gorv6pe -
vo rou n€propropori rns polis ro16 rn 6rdprelo rn5 6uvoplrhg ernvoli5.

Eron65 our65 rng epyooiog nou 6npoore0eror oe 66o pdpn eivor vo Tropouor6oer ouvonrrr6
oAes rls nopon6vur 0eurpies oe xpovrxri 6ro6oxri Kor vo enronp6ver ro rorv6 onpeio Kot rrs
6rorpop(g pero{ri rou5, xo06s Kor rn onpooio rn5 rpuorotroyu<ti5 roug eqoppoylig.

nNEYMON (1994)39-46

l. Boorr<h dvvolq rou rr€ploptopof rn5 ernveuonxfi5
pofs. H np6rn eppnveio on6 roug D. Fry rol P. Hyatt

Or Fryt-+ ror Hyatt3,s (rov or npd-rror nou p€ n€tpq-
porrr6g peA€reg oe ov0p6noug, on€5er[ov rqv oX€or1
nou undpXer ov6peoo orqv 5ronveupovrr<q nieoq (p
+p), rqv ernveuorlr( po( (V.) Kqt rov nveupovrr<6

lOvdooero l(op5rolelpoupyt<6 Kivrpo.
2Epyoor(pro fierpoporl<(g <DuoroAoyioq llovenrorryriou AOqvdlv.

6yr<o (V), pe rour6Xpovq p6rpqoq ourd,tv rLriv p€y€-
0tirv. An6 rrlv Korcrypqen rqS poqg (Vr) Evovrr rou
6Vxou (V) p€ XpRo'n nv€uLrorcrxoypdeou r<or onrpop€-
rpou ovriororXo, rord rq 5ldpr<ero ernveuorrrdtv npo-
onoOerdv qn6 ro enineSo rqg oAt<(g nveupovrr(g
Xopqrrr6rqrog (TLC) oro enineSo rou unoAern6pevou
6yt<ou (RV) r<or pe 5roQoperrrori BoOpoJ npoondOereg,
elqqO4crov or r<Aooorr<€5 r<opnJtre5 poqg-6yr<ou nou
Qoivovror oro oXfuio 'lB.

Iro oy(po our6 q r<opn6Aq 3 ovlororXei orrl p€-
yrorq 5uvorq ernveuorrrq npoon60ero, q rcopn[Aq 2
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ovrrororXei oe p€rpro r<or q ropn[Iq 1 oe oXeru<6

1.rrr<p( ernveuorrrq npoon60ero.
H rour6lpovq Korqypoeq r<or rqg 6lonveupovrr<(g

nieoqg (P +p) pe rqv reXvrr( rou oroo<p6yerou pnol-
.\ovrori, en€rpeq,re rov oxrluqlop6 ru.rv ropnuAdlv n[e-
ons-pong ilou qvlororXoriv oe 5roeoperrro6s ilv€u-
povrr<o0q 6yr<ouq. rrg ovopro(6peveg "r<opn0leg nfe-
ong-pon5 ioou 6yr<ou" (isovolume pressure - flow cu-
rves) nou Qoivovror oro oX(;ro 1o. Iro oXq;ro our6
q ropn[Aq lll ovrrororXei oe urpqA6 nveupovrr6 6yro
(nepinou TLC), n r<o;rn6Aq ll oe prErpro nveupovu<6
6yr<o (nepinou FRC) ror q ropn0lrl I oe XoprlA6 nveu-
1-rovrr6 6yrco (nepinou RV). Kd0e r<o;rnfAq rou oXfulo-
rog 1o. npo6pXeror on6 peydlo opr0p6 ;rerpqoeov
5ronveupovlr<qg nieoqg r<or poqg, nou €yrvov o€ eu-
oro.\oyrr<orig ovOpr.irnoug Kor orov i6ro ndvrore 6yr<o,
oAAd pe SroQoperrr<ori Bo0po6 ernveuorrr€g npoond-
0e reg.

Ae[r<rqg rou Bo0pori rq5 €Knv€uorrr<(g npoon6-
Oerog eivor q rrp( rqg P +p nou oe r<d0e r<o;rn0Aq 6Xer

1.rro olerrrd peydlq Sror<0;rovoq. 'Ero'r noporqpodvror
ro e[qg oro oXqpro 1o:

1. Ie 6yroug nepinou TLC (r<opndtrq lll) r<dOe oti(q-
on rn5 5ronveupovrr<nS nieo'qg ro16 rqv exnvo( or<o-
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i'g (L/sec.)

A

Aou0eiror n6vrore on6 o6(qoq rrls €Knv€uorrr<(g poqg.

OIo ro oqpeio 5rlAo5( rqg r<opnUlqg lll eivor ovo5rr<6
Kor oro;lcro6v oro oqpefo A, n€pov rou onoiou q

o[(r1oq rqg P + p eivor oSrivorq ytq rov ouyr<er<pr;r€vo

6yr<o2,5.

2. Or r<opn0Aeg ll r<or I nou ovrro'rorXoriv o€ Xqprl-
A6repoug nveupovlr<orig 6yr<oug Xopor<rqp(ovror on6
plateau. Aur6 oqpoiver 6rr oe oXerrrd XopqAotig nv€u-
1-tovrt<otig 6yr<oug undpXer pro opror<( rrprq er<nveuoru<qg
poqg (V.max) nou efvor o5rjvorov vo (enepoo0ei nopd
ro yeyov6g 6rr 11 P + p ouldver oqpovrrrd. To oryreio
Srllo5rl B r<or C ovoQ€povrot o€ ouyK€Kprpr€voug 6yr<oug
Kqr €KQp6(ouv Uro opror<q rrp( poqg (Vrmax) rrou Kq-
0opf(eror on6 pqXovroporig ove(dprrlrous on6 rqv
neporr€pu-r o6[qoq rrlg P + p2.5.

l(or evdr or ropn0Ae g rou oX(porog 'l o pretreroUv
rqv oX€oq rng €KTTv€uorr<qq npoon60erog rpos rnv
nopoy6pevq poq oe 5roQoperrro0g 6yr<oug, or r<opn6-
Aeg rou oXrlporog 1B ovoQ€povrot o€ rp€t5 Koro-
ypoQ€S poqg-6yxou, rlou ovlororXorjv oe €Knv€u-
orx€g npoondOereg SroQoperrr<qg 6vrooq5 (r<opn0ln
3: 6vrovq ernveuorrx( npoond0ero, r<opn6Aq 2: ;t?
rpro, r<opnriAq 1; rlnro er<nvoq). Iro i5ro oXrlpo (10)
eivor Suvorq q onerr<6vroq Kqt ru.)v rpr6v 5roeoperr-

Iil

(- ) (+)--r-[ RYI III TI,C0 5 10152025303540

Ptp (cnffz})
v (L)

@

Exripo 1. (o) Ko;rnUtreg 6ronveupovrr<r1g nieorlg (P + p) pofs (V.1, ioou 6yrou, oe rperq SroeoperrroUg nveupovrr<oUg 6yr<oug (1, ll r<or

lll). (B) l(opn0leg 6yr<ou (V) - pons (V.) o'e rpers 6roQoperrr<oU 9qgpo0 ernveuorrr6g npoon60ereg (1,2 ror 3).
(An6 Fry'z, rpononorqpr€vo).
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r<ti.rv 6yr<r-r-rv l, ll r<or lll nou U€I€rn0rlKov oro 5rdypoUUo
'l o r<or nou €vroni(ovrot orov opr(6vrro d{ovo 6yr<ou
rou 5royp6prpCIrog 18. To oXqpo 'lB nepl€Xer enfoqg
rrg noIU oqpovrx€g noporqp(oetq ruJV Fry r<or Hyatt
nou ouvoryi(ovrqt orcr e((5 oqpeio:

i. Ie oXerlrd XoprlAo[S 6yr<oug yro r60e rrp( 6yr<ou
undpler ;.rro peyiorq rrpq po(g ilou €ivot o5rivorov vq
ou(qOef neporr€pu.r, pe onoro5qnore o[[r1or1 rrls €K-
nveuorrr<(g npoondOerog. Ooiveror 5rlAo5( oro oxn-
pq lP, 6rr oe 6yr<o ll q o6(qoq rqg er<nveuorrr(g
npooudOerog (on6 rqv r<qrnUAq 1 crrqv r<opnrjAq 2
r<or 3) eivor 5uvor6v vo or<oAou0eiror on6 o0[qoq rqg
ernveuorrr(q porlg oQoti I gol Br €Xer nepr06pro o0-
[4oqg p6Xpr ro oryreio B, oXr 6ptrtg n(pov ouro6 6oo
Kor ov ou(qOei n €Knv€uolK( npoondOeto.

2. To Qorv6pevo our6 rou TT€ptoptotrrof rqg ex-
nveuorrr<f1g po(g eivor evrov6repo oe Xo;rq,\6repoug
6yr<ou5 6nou €vq r<orv6 oqpe[o C peyiorqg €Krrv€uol-
KqS porls ovrrororXei Kqt olg rperg 5roeoperrr<qg €vrooqg
ernveuorrr6g npoon60ereg. To r<qrr6vro 5qAo5q or<€-
i,q ru-rv ropnulfv poqg-6yr<ou, rou 5royp6;rporog 1B
yivovror rorvd yro XopqAo6g 6yxoug, 6nou q €Kilv€u-
orrr( poq noyr5eUeror ror 6ev eivqr 5uvor6v vo ou[q-
0e( pe neporr€pu npoondOero.

3. Avri0ero, oe uprlAotig 6yr<oug r<60e o[(r1oq rqg
ernveuoru<qg npoondOerog ouvendyeror ror ovriororXq
o6lqoq rrls €Knv€uorrr<(g po(g (6yr<og lll, oqpelo A,,
A, r<or A). 'Onog €Xer (5q ovoeep0ei. q oproO€rqoq
rqg pons oe uqlqtroUq 6yr<oug (oqtrreio A) yiveror on6
oSuvol.rio neporr€pu-r oJ(qoqg rn5 €Knv€uorrr<qg npo-
ond0e ro5.

H eppqveio nou €5utoe o Fry2 o'rrg nopondvut no-
porqprloerg, Boo(eror orq 0e6pqoq 6rr or oepoe6por
oSoi ouprneprQ€povror oov oupnr6orpor eAoorrroi oyu-r-
yoi, nou q Srdperp6g rouq perdverqt p€ rqv pefooq
rqg SrororXu.r;rorrr<qg nieoq5. Op(eror og 5rororXr,lr1-ro-
rrrq nieoq q 5roqopd rqg ev5oulrr<qg on6 rnv r€pt-
BdlAouoo nfeoq orjprQovq p€ rov r6no AP : P - PO
6nou AP: 5rororXu.rprorrr<q nieoq, P: ev5ouArr<( nieoq ror
PO: neprBdtrAouoo nieoq.

H oX6oq rqg orrivog R, ev6g 5e6op€vou rp(porog
oepoyrrryoti, tr€ rnv 5rororXrr]porrKq nleoq onerr<ov(e -
rqr oro oXrlpo 2.

Iro oXrl;ro our6 qoiveror 6rr q o6(qoq rqg AP
ouvo5e0eror, on6 orypoer5otg oXfuiorog o6(qoq rqg
oX6oqg R/Rm 6nou R eivor q orrivo r<or Rm q p€yrorq
qKrivo rou o€pqyu.)yori. Mo0qporrr<( €r<epoon rn5
oX€oqg ourqg SiSeror on6 rov r6no:

R Rm I E(nveuor' (l( - AP) 
11/a'' Lo + €KrTV€uor. (l( . AP) .

'Onou o: oroOepd nou r<o0op(€t l1v r<Aioq rqg
roprnfAqg r<or

l(: oroOepd nou opi(erot uJS "BpoyxtoArr<( compli-
ance".

I-ro nerpoporl<6 €Aey1o ru-rv ovrur€pcrr, o D. Fry2

-fr O +W +{O

AP (cmHr0)

Exfpo 2. KoroypoQq rrlg oX€ong R/Rm, 6nou R eivor 11 orrivo
ror Rm q peylorq orrivo rou oepoyoyori, dvovrr rqg 5rororXo-
porrr<(g nkoqg AP. (An6 Fry2, rpononorqp€vo).

Xpqorponoiiloe rqv 6rdro{q opydvu.rv rou o1fu.rorog 3,
nou peAerd rqv po( p6our etroorrxod oyr-,-ryo0 Kqt €rr-
BeBoiuloe 6rr q preitooq rqg SlororXu.rporrr(g nieorlg
ouvendyeror peiu-roq rqg orrivog rou'oytlyori oupBo-
rq pe rq oX6oq rou oXrl;rorog 2.

.P

Exrlpo 3. Ardrolq opydvrrlv yro ;retr6rq rnq pot'lg p€ocu eAoorr-
rori oytrryoLi, S = etroorrr<6q ou;rnr6orpog qyuy6t, P, r<or P,
ev6ou,\rr<€g nr€oerg oro ory-reio X, r<or X, ovriororyo.
P - P, - Pz : nrdron nieoqg rord pi}<og rou oyuyori nou p€-

rpdror on6 rov roroypo<p€o A.
AP, : 5,o-o,*rporrx( nieorl oro oryreio X, nou perp6-

ror on6 rov r<oroypo<p€o B.

Sy : oUpryyo nou puOpi(er rnV AP1.

O: poft nou perpdror on6 rov roroypoQ6o C.

Ch = 0dtropog pu0pr(6pevqg nieoqg.
(An6 Fry'?, rpononorq;r€vo).
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ll. H Oeurpio rou "Koropp6rtn" ti ovrioroon5 "r0-
nou Starling"

H Oeurp(o ourq Srorunti-r0qr<e ro 1967 on6 roug
Pride Kqr ouv.8 ol onoior enrBeBoiuroov ro eupqporo
ru-rv Fry r<or Hyatt6'7 Kqr yro rqv eppqveio roug 5tor[-
nuloov rqv Oeu.rp(o tou "roroppdrrq" q ovriorooqg
"r[rnou Starling". Or Pride rqt ouv.8 Xprlorponoiiloov
rqv 5rdro(q opydvtr.rv rou oXqporog 4 yto otiyXpovq
KqrovpqQrl rqg ruqretrr5u<(g nieorlg (Palv) t<ot rrlg €K-
nveuorrr(g poQS Ve oe enoxprB6g r<o0opr(6pevoug 5to-
Qoperrrofg nveupovu<otiq 6yr<oug.

Ixfitrro 4. Ardypo;rpo rng n€tpoporrKr1g ouor<eur1g rurv Pride rot
ouv.8.
(1) Odlopog ouv5e6e;r€vog pe entor6pro (Ao) p€oo on6 ro

onoio ovonv€er o e(ero(6;revo6.
(2) Aio6og npos rov nv€uporoxoYpdQo, nou etr€yXerol on6

rq BoApi6o A.
(3) Aio5oS Trpoq ro ontp6;rerpo nou etr€yXerot on6 rq Bo,\-

Bi6o B.

(4) Merpqr(g nieoqq.
(5) Y6poulrr<6 prov6perpo.
(6) Pd06oS nou pu0;ri(er rqv n(eor1 6r6vorEng rqg poABi6og A.
(7) Aror<6nrns nou e,\€yxer rov 6yro rou onrpop€rpou.
(B) flveuporoXovpdQo5.

Kor6 rqv er<r€Aeoq rou n€tpdtroros, o elero(6pe-
vo5 o€ enoQq pe ro entor6pto, opXxd qvonv€€l U€ouJ

rou nv€uporoxoypdQou, pe ovolrr( rqv BotrBi5o A
Kqr KA€rorrl rqv BoABi5o B. Irqv ouv€X€to €Kr€A€i

Bo0rd eronvoq rot nptv rqv €vop[q rng €Knvorlq, r<Aei-

ver q BoAB(5o A Kor ovoiyet n BoIB(5o B. 'Erot o

e(nve6pevog 6yr<og o5r1y€[rot npos ro orirp6p€rpo,
p€Xprg 6rou o r<t-b5uvoq rou ontp6p€rpou €Ie€t o€
enoQ( pe ro 5ror6nrq7. M6Arg oupBei qur6, Kleivet
on6ropo n poAFiSo B Kqt €ror o€ €vq ouyrerpt;t€vo
6yro 5ror6nr€ror q ernveuortrq poq, evtir ouveX(erot

n €Krv€uorKq npoondOero on€vqvrt on6 r<Aeror€5 BoI-
Bi5es.

EQ6oov 5ev undpyer porl, n n[eoq orov OdAopo
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(1) e(vor ioq pe rrlv Palv Kqt perpdrot qn6 ro pov6pre-

rpo (5). H oU(qor1 rqs €Knv€uorrr<qg npoondOetog ou-
vo5erleror on6 oti[qoq rqg Palv Kqt 6rov Q0doer oe
pro oprop€vq rprq nou roOop(eror on6 rq 06oq rqg
pdBSou (6) rou ptov6perpou, ertrp€net rqv 5rdvor{q

rqg BoIBi5og A. 'Eror ro 6ropro o.\or<trqpd-rvet nA€ov
rqv er<nvo( pr€ou-r rou flv€upovorqXoyp6Qou. H n(eor1

orov 06Aopo p6Atg npM rrlv 5r6vor(q rqS 0qA0i5oq.
rcoroyp6qerqt €vovrt rns poRS ap(owg perdrqv 6rr-
vor{q rqg BoABi,5o5. Meror<ivqoq rnS 0€o'nS rou 5ror<6-

nrn (7) rou onrpopt€rpou ouvendY€rql Kql ovriorotlq
;reroBoA( rou 6yKou orov ofloio y(vovrol or prerptl-

oerq n(eoqg-po(g. 'Eror eivot Suvorq q r<oroypoQfl
r<o;rnrjAqg P - V, oe r60e rrpfl 6yr<ou prerofrj TLC r<ql

RV. Or Pride Kqt ouv.8 peA6rqoov p€ rrlv Srdrolq ourq
rperg Sroqoperrr<€g op65e5 ov0pdlnuv: Quototroyrr<orjg
r<ot no0oAoytt<otig ;re ovoorp€rytpq (doOpq) ( p6vturt

(nveupovtt<6 eprQUonpo) on6QpoEq rtr-rv oepoyt,-ryti-rv.

To oXqporo 5 Kqt 6 ovoQ€povror oe roprnf.\eg
nieoqs-poqg nou npo€rurpov Kqro rtg perp(oerg rov
ouYYpqQ€(l)v.

aP' aP (cmHro)

Exripo 5. Ot ouveX6peveg Ypoppag ovrtorotXo0v oe r<opnJtreg P

- V. oe Quoroloyrr6 irvOpuno pe VC 5,2L. Or 5roreropp€veg

ypopp6s ovrrorotXorjv oe r<opnti,\eg P - V. oe ooOevq pe pr6-

vrpq on6<ppo(n ruiv o€poYuyti-rv. 'Otror ot 6yrot er<Qpd(ovrot

oe Airpo ndvu-r on6 rov P,V. (An6 Pride rot ouv.8, rpononoln-

u€vo)

To yevtrd oupnepdoporq ruJV ouyypoQ€tr-tv ou-
voq(ovror oq e(qg:

1. H o'X€on P - V* Trptv €TTtr€ux0ei q Vrmax eivot

ndvrq r<opnutr6ypoppq.
2. Ie Quo"roAoytt<d dro;ro Kqt Yto XoprlAoti5 nv€u-

povl<orig 6yr<oug, undpXer ;rro p€yrorq po( Vrmax nou
5ev pnopei vo lenepoo0ei 6oo r<r ov oulq0Li q o5q-
y6g nieoq AP. Aev oupBoiver ro [5to oe ugqtro05 nveu-
;rovxorig 6yr<oug, 6nou otilqoq rqg o5qyof nkoqg oSqyei

o

J
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AP (cmHro)

Exripo 6. l(opnrjtreg P - V, oe oo0porrrc6 ooe€vq oe 6yro O,2L
r<dru qn6 rqv TLC. H ouvey6pevrl ypoptrR ovrrororXei oe p€-
rpnon fiplv r<or q 6roxeropp€vq perd on6 nopo[uop6, nou npo-
rlflOqr<e pe ;reroyolivq. (An6 Pride Kor ouv.8, rpononorqpr6vo)

o€ ofEnorl rrlg €Knv€uolKn5 poRS. H o6qy6g flf€on ytq
rnv porl rou q€pq Kord rnv €Knvorl €ivqt q 6roQopd
AP perol[ KUqr€It5KrlS Palv ror rqg nfecrqg oro or6po
(Pm), 5qAo5( AP - Palv - Pm.

3. Ao0eveig pe ooBopq on6epqqn ru.)v o€pcryu:-
ydJV nqpouord(ouv neptoprcrp6 rn5 €Krrv€uorrKt'lg pons
o€ 6A0 ro nA6rog rn5 VC, qK6po Kot o€ noIJ uq.,,n-

Ao[q nveupovrrorig 6yr<oug.

4. H nieoq orrlv ofioio €ntruyxdv€rot n VEmax,
SqAodrl q AP' perd.rverqt 600 nAqor6(oupe rov RV.

Or cluyypoQeig yro vo €pprlv€rioouv lS ox€o€tg
€Knv€uorKns poq5, nieoqg r<or 6yr<ou, xpnotponotnoqv
orous q€poyujyorjs ro ;rovr€Ao rns ovrioroorlg "r[-
ilou Starling" (IX. 7)t.to nou q6q erXe eqoppooOei orqv
peA€rq rn5 nv€upovrr<(g r<ur<IoQopio9,.,,.

Iro oXqpo 7 ro e(orepx6 nlolcrro noprord ro
0tupor<rr<6 rorXo;ro, q eAoorl<q oqopo lS KUqr€Ai5€S,

evdr or oepoyrrryo( ovrrororXoriv oe 2 dropnrous qyu-
yorig (o) ror (B) nou ouvS€ovror pero{rj roug pe €vo
prrp6 oupnr€or;ro oyury6 (V). EnrnA€ov or oepoyr-r.ryoi

Xtlp(ovror oe 2 rprry,rorq S Kqr D. To rp(po S opX(er
o;r€oog perd rrg rcurpeAiSeg Kot onor€A€irqr on6 rov
€vo dr<opnro oytoy6 (o) r<or rov ptKp6 oupnr€or;ro
oyt.ty6 (y), ev6 ro r;;(;ro D qnoreAe[ror on6 rov
oAAo dr<qrnro oytly6 (B) r<or enrr<orvu.rvei pe rov qrpo-
oQorprr<6 o€po (Pm).

O pur<po5 oupnr€orpog oyury6g (y) 0eopeiror 6rr
€Xer Aenr6 rorXri.rporo Kot pnop€i vq Kl€io€t 6rov 11

neprBdllouoo n(eoq eivor peyoArirepq on6 rnv €v-
5outrrr<q, evd.r nopop€ver ovorrr6g 6rov q ev6ouArr<(
nieoq eivor peyoA6repq on6 rrlv neprBdAAouoo. H nie-
on oro €oulr€ptK6 rou r€rpovdlvou nAoroiou qvl-
ororx€i ornv un€(ulKorrr<( (Ppl) nou Oeopefrqr 6rt n€-
prpdAAer opor6popQo 6Ao ro o6orqpo. Eni'oqg opor6-
popqrl r<orovopq Oecupeiror 6rr €Xer r<or 4 Palv.

Exripo 7. Eqoppoyfl rqg ovriorooqg "rr.inou Starling" oro ovo-
nveuon<6 o[orqpo.
Ppl: Yne(cur<orrr<( nieoq
Palv: Kuq-reAr5rr<( nieorl
P,: Ev6ouArrrl nfeoq oro ou;rnr€orpo oyu.ry6.
Pd: EvSouArr4 nieorl orqv opXq rou rprlporog D
Pm: flfeoq oro or6po : orpooQorpl<f nieoq
(o), (0): Ar<opnror oyoyoi
(y): Mrxp6g oupnr€orpog oyury6g
Tp(po S: Aytoy6g (o) + oytr;y6g (y)
Tpfipo D: Ayuy69 (B)

(An6 Pride ror ouv.8, rpononorqpr€vo)

H Ppl eivor fi6vrq trur<p6repq on6 rrlv Palv r<ord trrio
rqrrl ioq p€ rrlv eloorrr<fl nieoq enovoQopds ruJV nv€u-
pr6vu-rv Pel. loXUer 5nAo5n q oX6oq Palv - Ppl : Pel.

lvtopi(oupe 6rr oe rdOe oro0ep6 nveupovtK6 oyKo
ovrororx€i r<or p(o oroe€pR Pel. Enopr6vu.rg r<d0e o[-
Eno'n rqS Palv rord rqv 6dprero rqg er<nvorlg (oe
oro0ep6 ndvrq 6yro) ouvo6etierqr on6 nopdAAnAn
o6[r1oq rng Ppl. eQ6oov q pero(ri rou5 SroQopd (Pel)

eivor oro0epq. H nieoq oro or6po eivor ioq p€ rqv
orpooQorprK( nou Oeopeiror 6rr eivor trrq5fu.

'Onog npoovqQ€penK€. q o5qy6g nieoq AP yro
rnv €KrTv€uorxq poq eivor ioq pe Palv - Pm. 'Orqv Palv
- Pm : O, n po( eivor oSrivorn" 'Orqv q Palv ou[qOei
n6vo on6 ro pq5€v nporrjnrer po( nou ou[dver, 6oo
ouldver q Palv. Iroug oepoyu.ryofg Kqrd rqv 5r6pr<ero

rqg er<nvoqg noporqpefror nrci-roq rrlg evSouArr<(g nie-
oqg on6 rrg r<uqeli5eg npos ro or6pq e(' orr[og rov
ovrrordoeu.rv pong. 'Eror q ev5oulrrfl nieoq (Pr) orov
oupnrEorpo oyuy6, eivor prr<p6repq on6 rqv Palv. Ar<6po
pKp6r€pn eivor q ev5ouArr( nfeorl Pd, op€orlr5 perd
rov oupnr€orpo oytr.ry6, orqv oplq rou rpr(;lorog D.

I-1opd rqv nrtioq nieoqg, o oupnr€orpog oyu-ry65 ne-
pop6ver ovorKr65, eQ6oov q nieoq P, e(vor peyoAfre -
pq on6 rqv neprBotrAouoo Ppl. 'Eror q o5qy6g nieorl
yro ro rpqpo S efvor ioq pe Palv - Pd rcor q o5qy6g
nieorl yro ro r;.r(po D ioq pe Pd - Pm. K6rur on6 our€g
rrg ouvOr1<eg (5q4. prl odyr<Aeroqg rou q€poyulyo0) n
o5qy6g nieoq AP 6Aou rou ouorflporoq eivqr Palv -
Pm, nou eivor foq p€ rrlv Palv eQ' 6oov Pm = Porpo-
oQorprK( : pq56v. H poq V, e(oproror ono rrg oArr6q
ovrtordoerq otipQr.uvo U€ rnv e(fou.roq Vu = Palv (R, +
Rr) 6nou R, r<or R, or ovrrordoerg poRS rov rpqpdrov
S r<or D qvr[ororxo.

nc

J

qyoy6s
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Au[ov6pevq rord rqv 5rdprcero rqq ercnvoqg q o5n-
y6g nieoq AP, q06ver pro oprorq rrpq AP' yro rrlv
onoio q ev5ouAu<d n(eoq P, orov oupnr€orpo oyrrry6
yiveror ioq pe rqv neprBdAAouoo Ppl r<or q pero(ri roug
5roqopd 5qtr. 11 SrororXu.rporrr<q nieoq pqSevi(erqr. An6
ro oqpeio our6 Kqr ;rerd, r<60e oU(qoq rqg Ppl o6qyei
oe or€vutoq rou o€pqyulyori (6Xr nAqpq o6yr<treroq)
p€ rov oXrlporrop6 prog orevqg 5r65ou, nou quro-
puOpi(eror pe r€roro rp6no d.rore q evSoulrr<q nfeoq
op€oog rTprv rov oyoy6 (y) vo eivor (oq pe rqv Ppl,
evd.r o;r€oug perd vo efvor ioq U€ rrlv Pd. Trfupo nl€ov
q o5qy6g n(eoq yro ro rp(po S eivqr ioq pe Palv - Ppl.
Er<or€pu0ev rou oyr,lyori (y) undpXer pro nrd;oq nfe-
oqg ioq pe Ppl - Pd. l(drtl on6 cruvOqr<eg peprr<r1g

o[yr<treroqg rou q€poyulyoti, o5qy6g nieoqg rou ou-
or(;rorog, 5ev pnope[ vq e(vor nA€ov q Palv - Rm
oIId q Palv - Ppl rou €fvor q o54y6g n(eoq rou rpq-
;roro5 S. Eivor yvoor6 6rr, q Palv - Ppl rootirqr p€ l1v
Pel nou eivor oroOep( yro 5e5op6vo fiv€upovtK6 6yr<o.
EQ6oov q o5qy6g nieoq (Palv - Ppl) r<or or ovrrordoerg
R, rou rprryroroq S eivor oroOep€q yro Se5op6vo 6yrco
ror q porl nou roo0rqr pe Palv - Ppl/R. eivor oroOepq
Kor ovrororxei pe Vrmax. >rlpQulvq 5e pe rqv opXfl
rqg ouv€Xero5, rl porl oro rpq;ro S ror D eivqr rour6-
oqpq. Iupnepooporrrd, oe ouvOqr<eg otiyr<Aeroqg rou
oepoyrrjyori. 6oo Kqr ov ou(qoei q Palv - Pm pe rrlv
ou(qoq rqg €Kflv€uoru<(g npoon60erog, q Vrmax 5ev

;rnopei vo ou{qOei eQ6oov q o5qy69 nieoq 5ev eivor
nA€ov q Palv - Pm nou oul6veror oAId q Palv - Ppl
nou eilvqr oroOep( ytq ro ouyK€r<pry€vo 6yr<o ror roo0ror
p€ rnv Pel. Ev nporerp€vu.r q o6(qoq rrlg ernveuorxrlg
npoondOerog ou(dver er< nopolA(Aou rqv Palv r<or Ppl,
5rorqpr.fuvrog oro0epq rqv ;rerolti roug SroQopd (Palv

- Ppl) MqXovrr<6 ovdAoyo qurod rou <porvopr6vou efvor
q ovriorooq "r0rrou Starling" (IX. 8).

Po

Exhtrro 8. Avrlorooq "rrlnou Starling". Edv P, > P. > P, o5qy66
nieoq rou ouor(porog €ivor n 6toeopd Pr - Po r<or r<d0e orj(qor1
r4g P, n peiooq r49 P. npor<olei o0lqoq rqg pofg. Edv P, > P,
> P" o5r1y6g nieoq rou ouorrlpqros eivor 11 5ro<popd P., - P, r<or

n pon:

o) eivor ove{dprqrq on6 r1v 6roeopd P, - P"

B) 5ev ouldver on6 onoro5fnore nopdllrllq oflqoq r4g P, xor
P2.

1NEYMON TeAyog 1o, T61to9 7og. lavoudptog - Aex€pBprog 1994

H o0lrloq rrl5 €Knv€uorrrqg npoond0erog ou(dver
rqv nrtfuoq nieoqg Ppl - Pd er<or€pu-rOev rou oyruyori
(V) Xopfq our6 B€Boro vo enqpe6(er rqv pofl. H Ppl -
Pd nopo;rord(eror pe ro ritpog rou "KqrqppdKrq" rou
oXqporog 9.

fuIu' ,',

4i--:kg.-3._.,pd,

Ptrr:0

Exnpo 9. Ardypoppo rou "roroppdrrq" orou5 oepoyu.ryorig. H

o5qy65 nieoq nou nporcor\ei rrlv Ve",,, elvor q Palv - Ppl. l(dOe
oilrloq rqg ernveuorrr(g npoon60erog ouldver er nopoAArllou
rrlv Palv r<or Ppl evdl 6ev enqped(er rqv poq. Au(dver p6vo ro
tiqo6 rou "r<oroppdr<rq" on6 Ppl - Pd oe Ppl' - Pd.

Avolurrr6repq npoo€yyron rns neproXqg rou pt-
rporj oupnrEorpou oyt,.ryof (V) o5nyei'crrqv nopor(pq-
on 6rr n 5rororXrllporrr<( nieoq P +m nou rootror pe P,
- Ppl, norpver rqv oprorq rprl P +m' 6rov epQov(eror
ro Qorv6p€vo rqg o0yr<I€rorlg rou q€poyuyoU. Opror<q

ouvO(r<q yro rrlv o0yr<Aeroq rou oytrtyo0 (y) eivor 11

crx€on P, : Ppl 6nlo5( P +m' : 0. Aur6 roXrier 6rov
rq rorx6poro rou oupnr€orpou oyoyori o0re Boq-
0oUv, oUre qvrror€Kovror orrlv oriyrAeroql2.

'Orov 6ptlg or <puorr<€g rSr6rqreg rLLlv rotxopdruiv
unero€pXovror ror our6g orqv 5ro;r6pQuloq rng rot-
Xtl;rorrr<(g roopponioq, 11 P +m' €X€t 5toqop€rrr<r1 rrpq
on6 pq5€v Kqr €ilvot Oerrr<q 6rov ro rorXti.lporo Poq-
OoUv ror opvqrrr( 6rov ro rorXrfuporo ovrror€rovror
orqv o[yr<Iercrr1. Enop€vrrrg q ou[r1p€vr1 rrpq rqg P + m'
5eiXver ou(q.r6vr1 rdoq rutv oepoytrtyritv yro o0yr<Aer-
oq, evd.r q prerop€vq rr;rq ro qvrieero.

:rnv €Qoppoyn rng ovr(orooqg "rfTrou Starling"
oro ovcrnv€uorrr6 oUorqpo (:X. 7) p6vo pio prr<p(

neproXq rou oytlyorj eivor oupnr€orpu1. Ie Quorr<€g ouv-

kt
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Oflr<eg oprtog ot o€poyLuyof eivor oupnr€or1.ror oe p€yq-
Idrepq €r<rooq, on6re ro onp€fo 6nou 11 5rororXcr-rpo-
rrr<( nieorl P + m e[rorfuveror p€ rrlv opror<q P + m'
roOop(er rqv neproXq rqg o0yr<treroqg ror Srorpei roug
oepoyulyo0g <re rp(poro S r<or D. Ie oepoyu-ryorig
Quorotroyrr<d.rv or6pulv Kot yto nveupovrr<otig 6yr<oug
6Xr notr0 XopnIo6S, r<oroppdrcrrlg qvorrfoo€rqt p€-
ro(U rpoXeios Kot rpnpqrxtirv Bp6yXruv13-15.

H Oeu.rpio rou "Koroppdrrrl" q ovriorooqg "T0rou
Starling" er<Qpd(eror on6 rrg or<6trou0eg po0q;roru<€g
oX6oe rg:

H poq oro rp(po S 6i5erqr on6 rqv e(iou-roq V, -
Palv - PrlR. (1)"

Tour6Xpovq np6o0eoq r<or oeo(ceoq rqg Ppl orov
opr0pqr( rrlg e{ioLr.rorlg ('l) o5qye( oe:

(Palv - Ppl) - (P, -Iq!|=!gL P { (z)
DD

5 -S

eQ6oov 6nLr.rg €Xer q5q ovoqep0ei Palv - Ppl : Pel
r<or Pr-Ppl :P+m.

H poq oro rpqpo D 6i5erqr on6 rqv e[fou-roq V, -
Pd - PmlR, (3) r<or rootlror pe rq poq oro ryq;ro S,
5qtro5q:

U _Pd-Pm_Pel -P+m,O,
'RoRs

AvriororXo 11 peyiorq ernveuorrrfl po4 (Vrmax) 5i-
Serqr on6 rr1 oX€oq:
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roroppdrrq (PL - P,i). Enop€vu-rg n q66norl rrls €KTrv€u-
orrr<(g npoond0erog per6 rqv enireu[q rrlg Vgnax (5q-
Ao5q oU[qoq rqg AP ndvtrl on6 rqv AP') npor<oAei
p6vo of[qoq rqg nrtfuorlg nfeoqg orov Kqrqppdrcrq (P,

- Pr), evtir 11 po( nopop€ver oroOepq. Aurn q ox6oq
Qofveror ypoQrKd oro oX(po 1O.

V max

Exrlpo 10. AP-V, oX€oq, oe nveupovrr6 ;rovr€Ao ouyr<erprp€-
vou 6yr<ou (oroOep( Pel). (An6 Pride r<or ouv.8, rpononornp6vo).

An6 rrg elrodroerg (5) xor (6) npor<rjnret enioqg 6rr:

aP'- vr.,,(R. + Rr) 3 V,-", - AP,(--1 _ )t8rEmax ' Ra + Ro,. '

Enop6vu-rg q o1€oq P - V, ;r€Xpr vo enrreuX0ei 11

Vrmax eivor ypoptrrrr<r1 r<or q r<trior1 rrlg euOe(o5 e(var 1/
R, + R, 6nrr-rg Qoiverot oro oXnpq 1O.

To ;rovr€Ao rou oXqporoS 1O qnoreAeiror on6
€vov oytrly6. Edv ro povr€Ao efvor notrurpqporlr6, pe

5roQoperrr<€g rrp€g P +m' o€ r<dOe rprqpo, 11 oX€oq AP
- Vr, 5ev eivor ypop;rrr<( qAAd r<opnuA6ypo;rpq (or<6po

Kor qv q oX€oq rdoe rpqporog Xtl)prord efvor ypoprpr-
r<O. Auro o<peitreror oro 6rr q o0(qoq rqg AP qKoAou-
Oeiror on6 preyiorq po( oe 6rdqopo rpq;roro 5ro5oXr-
rd, nprv or<6tr-ro enrreuy0ei q ouvolu<q Vrmax olor<Iq-
pou rou ouorqporog. Aur( enrruyXdveror 6rov q AP
ou(qOei 16oo tfuore vo nporoA6oer roroppdKrn Kor

oro r;r(pro p€ rrlv XopqA6repq P +m'. Me Bdoq ro
nopon6vutr, q np6L,-rpq epQdvroq rqg Vrnax flou rro-
porqpeiror oro onoQporrrrd oUvSpopo, 5qAo5( rl

prerop€vq rrpq Vrmax yro €vo ouyrerpr;-r€vo 6yr<o, eivor
rpoQqv€S on6 rqv e(iotloq (5) 6rr pnopei vo oQeile-
TOt:

o. oe peiuroq rqg Pel (ror enopr€vc,.rg o0(qoq rrls com-
pliance)

B. oe orilqoq rrlg P +m'
y. oe o6[qo[ rlg Rs.

Iq;rovrrr<q nopor(pqoq e56 eivor 6rr or ovrrord-
o€rq rou rpqproroq D (Ro) 5ev enqped(ouv rqv Vrnax.

6nou Rd' eivor q evSouArr<r1 nieoq crrqv opXq rou
rpqproro5 D Kqi P + m' rl SrororXutporrrq nieoq rou
oupnr€orpou oyrr-lyo0 drov 5q;rroupyqOei roropp6r<rqg.
H Vumax enrruyXdveror 6rov q o5qy6g niecrq AP :
Palv - Pm Q0doer rqv optor<q rrpq AP'. Enop€vcrrg q

;rrr<p6repq o5r1y6g nieoq orqv onoio qvqnrUooeror
roroppdrrrlg eivor q AP'.

'Orov 11 AP eivqr arcpPdtg ioq pe rqv AP' q nr6oq
nieoqg r<ord pqr<og rou rpr1porog S eivor ioq pe Pel - P

+ m' Kqt q nrti-roq nieoqg r<o16 pqr<og rou rpqporog D
efvor ioq pe Pd' - Pm. Aurq or<prBtirg rqv orryp( orov
r<oroppdrrq 5ev un6pXer nr6oq nieoqg. 'Eror q oArr<r1

nrLioq nieoqg oro crforqpo, 5qAo5( 11 AP' eivor:

AP'-(Pel -P+m') +(Pd'-Pm) (6)

An6 rr5 e(rod.roerg (5) r<or (6) npor6nrer orr:
AP': (Pel - P + m') ('l + RrlR.) (7)

H oqpoo(o rqg e(iorooqg (7) efvor 6rr er<epd(er rrlv
opror<( nieorl AP' oe oX6oq p€ rnv etroorrr<q nkoq
enovoQopdg rutv nveup6vuJv, lS ovrrordoerg poflg
r<o069 Kqr lg QuotK€g r5r6rqreg rov rorXrr.r;rdrulv ruJV
oe poyt,-tydrv.

'Orov q AP ou(qOei ndvtr-r on6 rqv opror<q AP'
r6re 11 oAxfl nrdroq nieoqg rou oucrrrlporog 5ev eivor
iorl pe rqv rrtrr( nou 5(5eror on6 rqv e(foooq (6), oAAd
ou(6ver r<ord pio lp( foq p€ rnv nrd.roq nieorlg oro

Pd' - Pm Pel -P*ffi',^,
RSRD
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Or cruyypoQeig unoorqprlov 6l oe oo0evefg pe
on6Qpqlrl ruJV q€pqyLuyrirv o r<0pro5 nopdyovrcrs r€-
proprcrpo6 rqg Vrmax e(vor:

1. lro pev rqv ovoorp€qrpq on6qpo(q ruv o€po-
ytrtyrirv (do0po) orj[qoq rrlg P +m' nou oQe[Aerqt KU-
pfug orov ou[qp€vo r6vo rutv Aeitrlv purr<tfuv rvrrtv rcr-rv

Bp6yXr,tv. evdr q oti(qoq ru-rv RS 5ev eivor crrl;rovrtr<(.
2. [rq 5e rnv Uq ovoorp€ryrpq on6QpqEn ru]v o€-

poytrtyrirv, (nveupovrr<6 epQrioqpo) q o[[qo'q rutv R.
ror q peic,-roq rqg Pel Xu.rpiq r5rofrepn o6[non rrls P +m'.
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Limitation of the Expiratory Flow - Part 1

Fry-Hyatt's approach and the "waterfall" theory

A. ANTHIl, P. BEHRAI(IS'

l. Meaning of expiratory flow limitation. First approach
by D. Fry and P. Hyatt

Fryl a and Hyatt3.E were the first to prove, in ex-
perimental studies in humans, the existence of a rela-
tionship between transpulmonary pressure (P + p), ex-
piratory flow (Vr) and pulmonary volume (V), using a
pneumotachograph and spirorneter during expiration from
the level of total lung capacity (TLC) to the level of

SUMMARY
The limitation of the expiratory flow during a particularly forced expiratory effort is a

phenomenon which has caught the attention of many researchers over the last decades. To
date many studies have attempted to interpret the flow phenomena which are observed
during forced expiration and many theories have been proposed based on original experi-
mental data, involving the physiology and pathophysiology of serious limitation of the expir-
atory flow.

The first experiments were perfomed by D. Fry'zand R. Hyatts in 1958 and the interpreta-
tion of their findings was based on the compression of the airways, during forced expiration"

ln 1967 two new theories appeared simultaneously: The "waterfall" or "Starling type"
resistance by S, Permutt et al8 and "equal pressure points" (E.P.P.) by P.T. Macklem et a|16.

Later (1977) S, Dawson and W. Elliot used modern hydraulic principles based on wave
frequency to interpret the phenomenon of limited flow during forced expiration.

The aim of the present study, which is published in two parts, is to briefly present all the
above theories in chronological order, to discover differences and similarities between them
and also to stress the lmportance of their physiological application.

PNEUMON (1994)47-53

lOnassis Cardiosurgery Center
2Experimental Physiology Laboratory. Athens University.

residual volume (RV) and with various degrees of effort
the classical curve was taken as shown in figure 1b. ln

this figure curve 3 represents maximum expiratory ef-
fort, curve 2 represents medium and curve 1 repre-
sents relatively mild expiratory effort.

The simultaneous recording of transpulmonary pres-
sure (P + p) by oesophageal technique, permitted pres-
sure-flow curves to be drawn which represent differ-
ent lung volumes (isovolume pressure - flow curves),
seen in Figure 1a. ln this Figure curve lll corresponds to
high lung volume (approximately TLC). ll medium lung
volume (approximately FRC) and curve I low lung vol-
ume (approximately RV). Each curve in Figure 1a comes
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Figure 1. (a) Curves of intrapulmonary pressure (P + p) flow (Vr), equal volume, in three different lung volumes (1, ll and lll). (b) Volume
(V) - flow (Vr) curves in three different levels of expiratory effort ('1.2 and 3). (From Fry'z. modified)"

from a large number of measurements of P +p pressure
and flow in normal humans, always in the same volume
but at different degrees of expiratory effort.

The value for P +p is an index of the degree of
expiratory effort which, in each curve has a relatively
high degree of variation. Thus, in diagram 1a, the fol-
lowing are observed:

1. ln TLC volume (curve lll), each increase in P +p
pressure during expiration is always followed by an
increase in expiratory flow. That is, all points in curve lll
rise and stop at point A after which the increase of P

+p is impossible tor this particular volume2.s.
2. Curves ll and I which correspond to lower lung

volumes are characterised by a plateau. Thls means
that at relatively low lung volumes there are maximum
expiratory flow values (Vumax) which are impossible to
be overcome, despite the fact that P +p significantly
increases. Points B and C refer to particular volumes
and represent maximum flow values (Vrmax) which are
subject to mechanisms other than the rise in P +p2.5.

Whereas the curves in figure 1a study the relation-
ship between expiratory effort and the resultant flow
at different volumes, the curves in figure 1b refer to 3
flow-volume recordings, which represent expiratory
effort at different levels of effort (curve 3 forced ex-

plratory effort. curve 2 medium and curve 1 mild ex-
piration). ln the same figure (1b) 3 different volumes l,

ll and lll are shown which we studied in figure 1a and
whlch can be found in the horizontal volume axis of
figure 'lb. Figures 1b also includes the very important
observations of Fry and Hyatt which can be summa-
rised by the following points;

1. For each value in relatively low volumes there is

a maximum flow value which cannot be increased by
any expiratory effort. lt can be seen therefore in figure
'lb that the rise in expiratory effort in volume ll (from
curve 1 to curve 2 and 3) may be followed by a rise

in expiratory flow since flow B, is limited by point B

and cannot rise above this, whatever the intensity of
the expiratory effort.

2. This phenomenon of limitation of the expiratory
flow is more marked in lower volumes, where a com-
mon point C of greatest expiratory flow corresponds
to three different levels of expiratory effort. The de-
scending limb of the flow-volume curves in figure 1b

are common in low volumes where the expiratory flow
is trapped and is unable to rise with subsequent effort.

3. Respectively, in high volumes each increase in
expiratory effort results in a subsequent rise in expira-
tory flow (volume lll, points A,,A, and A). As already

te 1t/sec. ) i'g (L/sec.)
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mentioned, the borderlinc ef flew in high velumes (point

A) is established by the inability of further expiratory
effort.

The interpretation given by Fry2 to the above ob-
servations, is based on the theory that the airways
behave like collapsible elastic conductors, whose di-
ameters are reduced by decrease in transmural pres-
sure. Transmural pressure is defined as the difference
between intraluminal and surrounding pressure accord-
ing to the equation TP = lP - SP, where TP: transmural
pressure, lP: intraluminal pressure and SP: surrounding
pressure.

The relationship between radius R of a given sec-
tion of airway and transmural pressure is shown in

figure 2.

R/Rm 05

expratory (K TP)B:Rm I
uxprdrurY \r\ rrr 'l

o + expratorv (h |P) J1/4

-fr o +w +a{J

TP (cmHr0)

Figure 2. Recording of the relationship R/Rm where R is the
radius and Rm the maximum radius of the airway against trans-
mural pressure TP. (From Fry'z, modified).

ln this figure the rise in TP is accompanied by a

sigmoid shaped rise in the relationship between R,/Rm

where R is the radius and Rm the greatest aiwray
radius. This relationship is expressed mathematically by
the following equation:

R Rm ,- expiratory (K . TP)_ 
l1l4La - expiratory (l( . TP)J

Where constant a defines the tilt of the curve and

constant l( defines "bronchiolar compliance".
As an experimental control of the above, D. Fry2

used the arrangement of apparatus shown in figure 3,
to study the flow through elastic conductors and con-
firmed that the fall in wall pressure results in reduction
of the connector's radius according to the relationship
shown in figure 2.

.P

Figure 3. Arrangement of apparatus to study flow through elas-
tic airways, S: Elastic collapsible conductor, P, and P, intralu-
minal pressure at points X, and X, respectively.
P : P, - P, : pressure fall along the airway measured by indi-

cator A.
TP, : Transmural pressure at point X, measured by

indicator B.

Sy = Syringe regulating TP,.

O : Flow recorded by indicator C.

Ch : Chamber of regulated pressure.

(From Fry2, modified).

ll. The "waterfall" theory or "Starling type resistance"

ln 1967 Pride et al8 confirmed the findings of Fry

and Hyatt6 T and proposed the "waterfall" theory or

Starling type resistance. Pride et al8 used the arrange-
ment of apparatus in figure 4 as a contemporary re-
cording of alveolar pressure (Palv) and expiratory flow
Vu in various specifically established pulmonary vol-
UMES.

During the course of the experiment, the subject
firstly breaths through a mouthpiece into a pneumota-
chograph with valve A open and valve B closed. Then

a deep breath is taken and before expiration begins

valve A is closed and valve B opened. Thus the next
volume is led to the spirometer untill the spirometer bell

comes into contact with the switch (7). As soon as

this occurs, value B is closed abruptly and thus the
expiratory effort continues with closed valves.

Since there is no flow, pressure in chamber ('l ) is

equal to the Palv and ls measured by the manometer
(5). The increase in expiratory effort is accompanied by
increase in Palv and when it reaches a certain level

established by the position of the manometer's indica-
tor (6), valve A is allowed to open. Thus, the subject
completes expiration through the pneumotachoraph.
Pressure in the chamber, immediately before the valve
opens, is recorded against flow immediately after the
valve is opened. Change in the position of the spirom-
eter switch (7) follows, which represents change of
volume from which pressure/flow measurements are

ZA
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Figure 4. Diagram of experimental apparatus used by Pride et al8.

(1 ) Chamber connected to mouthpiece (Ao) tl'vough which subject

breaths.
(2) Passage towards pneumonotachograph controlled by valve A.
(3) Passage towards spirometer controlled by valve B.

(4) Pressure recorder"
(5) Hydraulic manometer-
(6) Rod controlling pressure of valve A.
(7) Switch controlling volume of spirometer.
(B) Pneumotachograph.

taken. ln thls way a P - VE curvwe can be recorded for
each volume value between TLC and RV. N.B. Pride et
al8 studied three different groups of subjects with this

method: normal, pathological with reversible (asthma)

or permanent (pulmonary emphysema) obstruction of
the airways.

Figures 5 and 6 refer to pressure-flow curves re-
corded by the authors.

The authors' conclusions can be summarised as fol-
lows:

TP' TP (cmHro)

Figure 5. Solicl lines represent curves P - V, in a normal individ-
ual with VC 5,2L. Broken lines represent curves P - V, in

patients with permanent airway blockage. All volumes are ex-
pressed in litres above PV. (From Prlde et al8, modified)
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Figure 6. Curves P - VE in asthmatic patients with volume 0,2L

below TLC. The solid line represents before and broken line after
spasm, induced by metacholine. (From Pride et alS, modified)

1. The relationship between P - V. before Vrmax is
reached, is always curvilinear.

2. ln normal individuals, at low lung volumes, there
is a maximum flow Vrmax which cannot be surpassed

whatever the level of the TP pressure. This is not
observed in higher lung volumes, where increase in

driving pressure leads to increase in expiratory flow.
The driving pressure for the flow of air during expira-
tion is the difference TP between alveolar (Palv) and

pressure at the mouth (Pm), that is TP : Palv - Pm.

3. Patients with serious airway obstruction have

limited expiratory flow all along VC, even at very high

lung volumes
4. The pressure at which Vrmax is reached, i.e. TP',

decreases as RV is approached.
ln order to interpret the relationship between expir-

atory flow, pressure and volume, the authors used the

"starling type resistance" model (Fig. 7)8'10 which had

already been used in studies of pulmonary circulatione'11.

ln figure 7 the external frame represents the tho-
racic wall, the elastic sphere the alveoli and the air-
ways are represented by two rigid conductors (a) and

(b), which are interconnected with a small collapsible

conductor (c). ln addition, the airways are divided into
sections S and D. Section S begins immediately after
the alveoli and consists of a rigid conductor (a) and a

small collapsible conductor (c), while section D consists

of the other rigid conductor (b) and communicates with
atmospheric air (Rm).

The small collapsible conductor (c) has thin walls
and is able to close when the surrounding pressure is

greater than the intraluminal and open when the intra-
luminal pressure is greater than the surrounding pres-
sure. Pressure on the inside of the square frame repre-

J

J
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Figure 7. Application of "Starling type" resistance to respiratory
system.
Ppl: Pleural pressure
Palv: Alveolar plessure
Pr: lntraluminal pressure in collapsible conductor
Pd: Intraluminal pressure at the beginning of section D
Pm: Pressure at the mouth : atmospheric pressure
(o), (0): Rigid conductors
(v): Small collapsible conductor
Section S: Conductor (o) + conductor (y)
Section D: Conductor (p)

(From Pride et al8, modified)

sents the pleural pressure (Ppl) which is believed to
surround the whole system equally. Palv is also be-
lieved to be evenly distrlbuted.

Ppl is always smaller than the Palv by one value
equal to the elastic recoil pressure of the lung. Pel, i.e.
Palv - Ppl : Pel. We know that each stable lung
volume corresponds to a stable Pel. Thus, every in-
crease in Palv during expiration (at a stable volume) is
accompanied by a parallel rise in Ppl, provided that the
difference (Pel) is stable. Pressure at the mouth is equal
to atmospheric, which is given as zero.

As mentioned previously, the driving pressure WP
for expiratory flow is equal to Palv - Pm. When Palv -
Pm = O flow is impossible. When Palv rises above O,
flow increases at the same rate as Palv. A fall in
intraluminal pressure is observed in airways during ex-
piration from the alveoli towards the mouth due to
flow resistance. Thus, intraluminal pressure (Pr) in the
coliapsible conductor, is lower than Palv. Furthermore,
intraluminal pressure Pd is even lower just after the
collapsible conductor, at the beginning of section D.
Despite the fall in pressure the collapsible conductor
remains open, since pressure, P, is greater than sur-
rounding preqsure Ppl. Hence, the driving pressure for
section S is eqital to Palv - Pd and the driving pressure
for section D is equal to Pd - Pm. Under these condi-
tions of unobsteucted airway, the driving pressure (Tp)
of the entire system is Palv - Pm, which is equal to
Palv provided Pm : P atmospheric : O. Flow V. de-
pends upon total resistance according to the equation
Ve : Palv (R. + Rr) where R, and R, represent flow
resistance in sections S and D respectively.

Driving pressure TP increases during expiration and
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reaches a limit value TP' at which intraluminal pressure
P, in the collapsible conductor becomes equal to the
surrounding Ppl and the difference between them (i.e.

transmural pressure) is zero. From this point onwards,
any increase in Ppl leads to narrowing of the airways
(not complete closure) and the formation of a narrow,
self-regulating passage, where intraluminal pressure just
before the conductor (c) is equal to the Ppl, and imme-
diately after the conductor is equal to the Pd. At this
point, the driving pressure for Section S is equal to Palv
- Ppl. On either side of the conductor (c) there is a

drop in pressure equal to Ppl - Pd. Under conditions of
partial closure of the conductor, driving pressure can no
longer be Palv - Pm but Palv - Ppl, which is the driving
pressure of section S. As known, Palv - Ppl is equal to
Pel which is stable for a given lung volume. lf the
driving pressure (Palv - Ppl) and the resistance R, in

section S is stable for a given volume, then the flow
which is equivalent to Palv - PpllR. is also stable and
corresponds to Vumax. According to the principle of
continuity, flow in sections S and D is identical. ln

summary, under obstructive conditions, however Palv -
Pm may rise by the increase in expiratory effort, Vrmax
cannot rise since the driving pressure is no longer Palv
- Pm rising. but Palv - Ppl, which is stable for a given
volume and is equivalent to Pel. The increase in expir-
atory effort rises in parallel to Palv - Ppl keeping a

steady difference between them (Palv - Ppl). A me-
chanical analogue of this phenomenon is the "Starling
type resistance" (Fig. 8). The increase in expiratory
effort increases the fall in pressure Ppl - Pd on both
sides of the conductor (c) without influencing the flow.
Ppl - Pd is likened to the height of the "waterfall" in
figure 9.

More detailed examination of the small collapsible
conductor (c) leads to the observation that the wall
pressure P + m, equivalent to P, - Ppl, reaches upper
limit value P + m' when the phenomenon of airway

Figure 8. "Starling type" resistance. lf P, > P" > p2. system
driving pressure is the difference between P, - P" and each rise
in P, or fall P" induces a rise in flow. lf P, > Pr, P", the system
driving P is the difference between P, - P, and flow,
a) is independent from the difference between P, - P"
b) does not rise from any parallel rise in P, and Pr.
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Figure 9. Diagram of "waterfall" in the airways. Driving pressure

which induces V*,", is Palv - Ppl. Each rise in expiratory effort
raises Palv and Ppl in parallel but does not affect flow. Only the
height of the waterfall is raised from Ppl - Pd to Ppl' - Pd.

closure occurs. Maximum conditions for the closure of
the conductor (c) is the relationship P. : Ppl, that ls P

+ rn' : 0. This applies when the walls of the collapsible

conductor neither aid nor oppose the closure12.

However, when the natural properties of the walls
return to normal. R + m' has a value other than O and

is positive when the walls favour closure and negative
when the walls oppose it. Thus, the increased value of
P + m' indicates an increasing tendency for constric-
tion, whereas a reduced value indicates the opposite.

ln the application of "Starling type" resistance in the
airway system (Fig. 7) only a small area of the con-
ductor is collapsible. Under normal conditions, the air-
ways are collapsible to a greater extent, hence the
point where wall pressure P + m equals upper limit P +
m' establishes the area of constriction and divides the
airways into sections S and D. ln the airways of normal
individuals and in not very low lung volumes, a water-
fall develops between the trachea and bronchil3-15.

The "waterfall" theory or "Starling type" resistance
can be expressed by the following mathematical equa-
tions:

Flow in section S is represented by the equation V,
: Palv - PLlRs (1). Simultaneous addition and subtrac-
tion of Ppl in the numerator in equation (1) leads to:

\./ (Palv - Ppl) - (Pr-Ppl) _ Pel - P - mrrr
tRrR,
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provided, as already mentioned, Palv - Ppl : Pel

and P. - Ppl : P I - Flow in section D is represented
by the equation VE : Pd - PmlRo (3) and is equivalent
to the flow in section S, that is:

O, _ pd _ pm _ pet _! + m 
14;RD RS

reprectively, the greatest expiratory flow (V.max)

is represented by the equation:

V _ pdl_ pm pet _p + m, 
15i'[ma* - RD Rs

where Rd' is the intraluminal pressure at the begin-
ning of section D and P + m' is the transmural pressure

of the collapsible conductor, when a waterfall is creat-
ed. Vrmax is reached when the driving pressure TP :
Palv - Pm reaches the upper limit value TP'. Thus the
lowest driving pressure at which a waterfall is formed,
is TP'.

When TP is equal to the TP'. then the pressure loss

along section S is equal to Pel - P + m' and the fall in
pressure along section D is equal to Pd' - Pm. At this
particular moment, there is no fall in pressure in the
waterfall. So, the total fall in pressure in the system.
that is TP', is:

TP':(Pel -P+m') +(Pd'-Pm) (6)

From equations (5) and (6) the following can be

extracted:
TP': (Pel - P + m') (1 + RrlR.) (7)

The significance of equation (7) is in that it ex-
presses the upper limit pressure TP' in relationship to
elastic lung recoil pressure, flow resistance and natural
properties of the walls of the airways.

When the TP rises above the upper limit TP' the
total fall in system pressure is not equal to the value

given by equation (6), but increases in value equivalent
to the fall in waterfall pressure (PL - Pd). Thus, the

increase in expiratory effort after Vrmax is achieved
(that is increase in TP above TP') causes only an in-
crease in waterfall pressure reduction (P, - Po), while

flow remains stable. This relationship is graphically illus-

trated in Fig. 'lo.

From equations (5) and (6) it

TP' : Vr_", (R, + Rr) = Vr-u* .

fulu' ,i

4i.*?t*.--.,Pd'

: can be seenthat:

op'( 1 
)(g)tR.+Ro'

Thus the relationship P - V' before Vrmax is achieved

is linear and the tilt of the line is 1/R, + R' as seen is

figure 10.

The model in figure 10 consists of a conductor. lf
the model is multisectional, with various values for P +
m' in each section, then the relationship TP - V* is not

linear but curvilinear (even if the relationship for each

section is linear). This is due to the fact that the rise in
TP is successively followed by maximum flow in var-
ious sections, even before the total system Vrmax is

k*
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V.a"*

Figure 10. TP-V. relationship, in lung model of specific volume
(stable Pel). (from Pride et al8, modified).

reached. This is reached when the TP rises so that a

waterfall is created even in the section with the low-
est P + m'. Bearing in mind the above, the early ap-
pearance of V.max seen in obstructive syndromes, that
is low Vumax for a particular volume, using equation (5)

could be obviously due to the following:
a. Fall in Pel (and thus a rise in compliance)
b. Rise in P + m'
c. Rise in Rr.

A significant observation is that the resistance from
section D (Rr) does not affect V, max.

The authors proposed that, in patients with ob-
struction of the airways:

1. ln reversible obstruction of the airways (asthma),

the main limiting factor for V.rnax is a rise in P + m',
which is chiefly due to increased tone of the smooth
bronchial muscle fibres, whereas the rise in R, is not
significant.

2. ln non-reversible obstruction of the airways (pul-
monary emphysema) the main limiting factor for Vrmax
is the rise in R. and the fall in Pel, with no particular rise

inP+m'.
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YnoBAq0qr<e oe orrrvoAoyrr<6 EleyXo Odrpor<o ro
1991 (Err<. 1) r<or rqv 6vor[q rou'l 993,3 prqveg nprv
rnv €roqvuJy( rou (Err<. 2), r<o069 en(oqg r<or oe o(o-
vrr<q ropoypoQ(o e6poKq (Err<. 3).

Aev ovoQ€per dAAq v6oo, epn0pero enero65rq,
prtXq, qn6Xpepq,rq. orp6nruoq, or5(poro oQuptirv, ovo-
pe(io, ontfutrero Bdpoug. opOpoAyieg. 5uoouprrd evo-
Xlflporo, r<orArorcd dtryq.

KArvrrri e{droon

Enror6nqoq:'Aropo roXv6, r<oroBeBlqpr€vo, pe
ovroAyrr<( or<oA[u-roq (r<tr(oq o'drporog rrpos ro 6e{rd).

]llveupovoloyrr<6 Tprqpo Nooor<opefou "A. <DA€prvyr<", 2tloOo-

,\oyoovoroprr<6 Epyoorilpro Nooor<. "A. Ol(prvyr<", 3Otrrpor<o-

lerpoupyrr<6 Tpq;ro Nooor<. "[lono5qpqrpiou"

IABBA T.', I(OI<I(A E.', MAPI(ONOYNO: K.3,

Ett<6vo 1. Ar<rrvoypoQio 0tilpor<o ro Aer<€pBpro 1991

l1lqr<rpo5or<rul io, pr6rpro, 5rdXurq, o;ro.\( r<or ovd.r5uvq
5r6yr<uroq 5e(roU ;rooro6 pe Aeur<6 o(i5ro orq o0oror-
Xn erllrt.

En(rpouoq: YnepooQrlg nveupovrr<69 (Xog 5roX0-
ruJs.

VqAdQrloq: Atryo5 orqv nieoq 5e(ro0 ntroyiou 0o-
porrr<oU rorXti.rporog orq p€oq Kor onfoOrq ;rooXoAroio
Ypqppn.

Ar<p6oor1: Merulp€vo ovoilv€uolK6 prOtipropo 5ro-
XUrug.

Zwtxa oqpreio: A.n. 125/7O. O:36.70C. IQ0(erg
85/min, Avonvo6g 2O/min.

Epyoornpro165 eAeyxog

Ht 44o/o, Aeuxd 7300 (n:59o/o, A:28a/o, M:7,5o/a,
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Err6vo 2. Ar<rrvoypo<Dio Otilporo
yulyn rou oo6evoJg.

H:2.5o/o), PLT 380.103. TKE 31, I-evrr<q o6purv K.Q..

I6rX. 87 mg%. Oupio 30 mg%. Kpeorvivtl 1.3m9%.

ouprK6 o(ti 3.6 mgo/o, XoA€pu0pivq O.8 mg%, ALP 83
u/1. S-GOT 18 u/1, S-GPT 11 u/1, YGT 25 u/1, Aeu-
rd-r;roro 7.9 gro/o, oABoupives 4.3 gro/o, CK 77 u/1, LDH

172 u/1. Na 142 mEq/l,l( 5'-2 mEq/|. otrrr<6 Ca 9.2

mg%, P 3.9 mg%, Xp. Ouick 13/12", HbSAg (-).
66rvrl OlDoQordoq 12 u/1, npoorqrtK6 r<trdo'po 6 u/l'
A€pro oprqprot<o0 oi;uoroS (oe npepfu, orov o€po 5o-
;ror(ou): PO2 71 mmHg. PCO2 39 mmHg. pH 7.44,
HCO3 26.3 mmol/|"

Aeroupyrr6g €AeyXog qvqTTv€uorlKo0: FEV., 2.36 1

(760lo npoBA.), FVC 3.33 1 (91o/o), FEVI/FVC 1\ok,
FEFru-rur.1,51 l/s (51o/"),|TGV 3.76 I (125o/o), RV 2.26

1 (128o/o), RV/TLC 39.5%. D.CO 32o/o npoBtr., DLCO/

Y A 42o/o npoBtr., Mantoux 8 mm., Kurropor\oyrr<q e(€-
rooq nru€r\tlv (-).

Arrrvoypo<pio 0drporo

OoreoAurrr<€g oAtrordroerg rurv onro0itrv r6(urv rq5

4nS. 5qS. 6q5 r<or 7nS nleupds 5elr6. Aenrororxurpo-
rrroi rcuorrr<oi oXqporrotrroi (bullae) Kqt orouq 2 nvei-
poveg otrtrd r<upiu-rg 5e[rd. It<olfuloq 0tr.rpor<lr<r1q uoipos
onov6uArr<qq or(trqq. Ynep5rdrooq nveup6vtlv (Ex. 4).

Arotp o p xn 6r oyvrrrorxh

1. Hr,,-rorv6qrAo KoKK(u.tpq.

YnEp rqg 5rdyvooqq: ocrrx( 0ld0q. unep5tdrooq,
Ierroupyrr<6 onoQpor<rx6 otivdpopo.

3 lrnveg on6 nptv rt'lv €too- wFqY,,x
:lr: l

Err<6vo 3. YnoAoyrorrr<r1 ropoYpoQio 0d.rpor<o 6nou e(vor ep<po-

veig or epquo4portr€g r<tioretg.

Err<6vq 4. Ar<rrvoypoQio Orilpor<o elo65ou.

Kord rqg 5rdyvuoqg: q oupperoXq neprooor€ptr.tv

rng prqs ntreuptfuv, q ntrqr<rpoSoKruAiq.
Kuorrrcq ivooq.
Yn€p rqq Srdyvu-roqg: ott<oyevetor6 toroptr6, uno-
trern6pevq oo;rorxq ovdnru(q, bullae, ntrqr<rpo-

5or<ruA(q, unep5rdrooq + onoQpoKrrr<6 o0v5popo.
Kord rqg Srdyvuroqg: ooreoAricretg, onouofq toro-
prr<oi lorpd-rletuv, qArcio.

Bullous €pQ[onpo on6 €AAerqq o 1-ovrr0puq.rivqS-

Yn€p rqS 5rdyvu-roqq: unepSdrooq, onoQporrtr6
otv6po;ro, perop€vq 5roXurrr<q rr<ov6rqro, qllrfo.
Kord rqg Srdyvtrrorlq: ooreoAricrerg.
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flotrAonAo6v ;.ru€tropro-
Yn€p rqg 5tdyvu-rcrqg: oorrrcq oupr;.reroXq.

Kord rqg Srdyvr.uorlg: qr\rx[o, unep6rdrooq, ono-
Qpor<rrr<6 oriv5po;ro, perop€vq 6roXurrrcq rr<ov6rq-
rq, bullae. Tl(E.
BpoyXoyevflg r<opr<ivog pe oorrr€g peroordoerg.
Yn€p rqg Srdyvtrroqg: r<dnvro1.ro, oor<oArjoerg.
Kord rqg 5ldyvuroq5: €AAerqrrl onerr<6vroqg pd(og
oe a/a r<qr CT Od;por<o, 5ler(g nopeio.
Idpr<upo nleupti.rv (ooreoodpr<upo).
Yn€p rq5 Srdyvtooqg: qAl<(o, oorrr<q ou;r;rerop1.
Kord rqg 5rdyvuroqg: Srer(g nope(o, QuoroAoyx(
oi,r<. QluoQordoq r<or ooB6orro, nro ouXv€g or

ooreoBloorrr<€g BAdBeg, oo'uv(0qg evr6nroq or

ntreup€g, unep5rdrooq, onoQpoKrrr<6 orivSpopo,
peituoq 5rdXuoqg.
Merdorooq o< nAeup€g on6 6AAq npu.rronoOq
eorlo er<rog rou nve0povo.
Yn€p rqq 5rdyvr.uoqg: o/o Otilpor<o.

l.

l(ord rqg Srdyvutroqg: onouoiq oupnruJporoAoyiog
qn6 nenrrK6, oupoflotrllr<6, yevvrlrrr6 o[orqpo,
5rerqg nopeio, unepSrdroon, onoQporrrr6 oriv-
5popo.

8. MeooOqIir,tpo"
Yn€p rqg 5ldyvutroqg: ronrr<q ou;rperoXq une(u.rr<6-
TO.

l(ord rrlg Srdyvu-roqg: qnouoiq nAeuprrxqg ouAAo-
yqg. 6AAerq4 6r<0eoqg oe opiovro. BpoSeio ef€Arlq.

[1porerv6;revn 6royvurolxf pe0o6oAoyio

1. CT 06por<o: [oAAqnA€g peydleg epQuoqporrr<€g
rriorerg dpquJ, l5irr-lg oro 6vo r<or pr€oo nveupovl-
r<6 ne5io. MeooOopdr<ro eleti0epo. Yne(ulrorrr€g
rorA6rqreg eAe0Oepeg (Err<. 3).

2. fnrv0qpoypdqnpq qreAerori p€ y-camera: oulrl-
p€vq Q6prroq oro onioOrq 16lo rcuv nAeupdrv
4,5,6 rat 7.

3. CT dvrr;-rdrtr.r rorAiog r<or onroOoneprrovoiro0
Xtirpou: Xrrtpig eup(poro.

4. BpoyXoor<6nqoq: Xu.rpig ev5ooronrrd eupqporo.
5. KurropoAoyrr( el€rooq BpoyXrr<ri.rv erc<pioeu-rv (-).
6. Oripo yro Ae0r<tupro Bence-Jones (-).
7. HAerrpoq6pqoq leur<u.rpdru-rv. EAAergq povor<kl-

vrr<(g o0lqoqg. 'Hnro oU[qoq ruJV q2 Kot y-oeotpr-
vtirv.

8. Enforpu.loq oe ntrordrr neprQeprr<od of;rorog: r<.e.

9. MueA6ypoppo: puetr6g r<urropoBprOqS, o'erp€S r<.e.,

r<qrd r6nou5 floporqpoJvrql ooreorldoreg nou
ouvqOog qnqvro[vror oe veonAoofeg.

10. o1-qvrr0purpivq opo'i.221 mgldl (K.e.).

11. Aroyvtr-rorrr<r1 0u.lpor<orop( pe er<rop( rpqpr6ru-rv
nleupdrv, une(u.x6ro Kqt nv€upovrr<oU nopeyXf-
Uorog. H rorotroyrrq e(€rooq €5er(e 5qOqoq unoU-
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ne(tt1<orrr<(g pohos nveupovrr<oi nopeyX6;rorog (Err<.

5), une(ox6ro (Err<. 6), nleupd.rv r<or npoor<erp€-
vov proAor<ti.tv 1.ropfurv (Err<. 7) on6 r<or<6q0eg ve6-
nAoolro trre enrOqfu6popQou5 Xoporcrqpe5. Me Bdoq
ro propQo.\oyrrd ror roroXqpxd 5e5op€vo. uqi-
ororqr np6BAqpo 5roQoprr<qg Srdyvruoqg pero[6
o5evoroprrvd.rporog rou nverjpovo (npu-rronoOo0g
q peroororu<o0) r<or enr0rlAror<oti rUnou peooOq-
Irtiporoq. H dnoqrl 5royvr.uorrro6 panel peooOq-
Arrbporog o'uvqyopotioe un€p rou q5evoKqprvd.r-
poros.

12. OupoAoyl<q e!€rooq: (-)
13. PSA (Prostate Specific Antigen): 1.35 nglml (r.Q.

rU€S €trtg 4)
14. Mooroypo<Dio (dpqo): (-)
15. Broq;io oxAqpiog 5e(ro[ ;rooro0: (-)
16. l-oo'rpoor6nno'q: (-)

Erx6vo 5. IuAqvo5oOqAtl5erq roprrvt-rpolr-r6erg B,\dBeg o€ rTV€u-
povr<6 nop(yXupro Kor npooK€r1.revo neprontrdyyvro n€ro,\o une-
(r-L-rroro (HEx 100).

EtK6vq 6. llepirovo n€rolo une(utr<6ro: Sror<piveror q 5o1156-
6q9 5rdro(r1 ropr<rvtlporu,r5tv rurrdpu:v (HEx4O).

4.
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Err<ovo 7. Koprrvtrllrord.r6qg 5rq04o4 r€poxiou ntreupdg Kot ou-
vo66g rvd;5qg ovri6pool.

1 7. l(oAovoor<6nqoq: (-)
18. QPn €E€roon (yro oreAoy6vous q5€v€S): (-)
19. KArvrrrl el€roor1 yro onfAo n UeAdvulpo: (-)

Tefuxn 6l6yvoon

An6 rqv no0oAoyoovqroprKrl €E€roon 5lqnroro[-
rol 6r np6K€trot yto o5€voKopr<ivr.u;ro KoARS Kot p€-
oqg SroQoponoiqoqg pe Srq0qoq nleupdrv. une(urr6ro
Kor nv€upovrr<o6 nopeyX0prorog. Or popgoAoyrr<ol ror
roroXqpr<oi Xopor<rqpeg rou roprrvd.rpqros 6TTuJS Kot o
evSeAeXqq rfuvrr<69 Kot €pyoornpror<6g €AeyXog 5ev
npoo5ropi(ouv r-lv npuronoOq eorio. Me Bdoq ro
BrBAroypoqrr<d 5e5op€vo q v6oog Kqrqrdooerqt orqv
rorqyopio rtlv r<opr<ivrlrv on6 dyvrr-lorq nptorono0(
eorio. H nqpouofq ruJV €pQuorlporrrtfuv KUorecuv 5ev
one560q orq v6oo our( r<o0drg pdtrtrov np6K€tror ytq
ouvJnop(q roprivou Kqt t5toilqeo05 bullous rv€upovt-
r<qg v6oou.

Euzfrnon

O roprcivog on6 dyvu-rorq nporonoOq eorio (Ca-
ncer of Unknown Primary Site, CUPS) 0eurpeiror o(1.re-
po oov rdroirepq voooAoyxq ovr6rqro pe ooe( 6pu-rg
r<or ovopev6p€vn ovopotoy€verol. Or ooOeveig p€ CUPS
qvrnpooloneUouv ro 5-1Oo/o oro ofvolo ruJV KopKt-
vonq0liJv. M€oo oe ourqv rqv erepoyev( opdSo qoe€-
vd.rv €Xouv ovoQepOe[ Srdeopeg oupnrulpcrroAoyieg
ror rorotroyrr<oi r0nor.

'Evog oo0evqg roror6ooerqt orrlv ovr6rqro CUpS
6rov ovonrUooer runrrd ouprruporoAoyio (/r<or or1-
;reroAoyio on6 ;rio 11 neproo6rep€S p€rcrororrr<€g eorieq
ror q Srdyvtrtoq riOeror on6 Brorpio rqg peroororrrqg
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pAdpng, O crupBorrr<69 rp6ros npoo€yyroqg (roropx6.
rArvrrq e[€rooq, €pyqornptoKog €AeyXog, o/o 0d]pq-
t<o, oA6otr.l1.rog o[ovrr<69 €AeyXo5) onoruyXdver vo
evronioer rrlv nptrlroroOrl eorio2.

H no0oAoyoovoropxq peA€rr1 ovop€veror vo per6-
crer ourqv rrlv Kqrqyopiq oro pr€AAov. To qAexrpovrr<6

1.rrr<poor6nro, q ovoooioroXqpeio, q popror<q yeverrrq,
ro povor<IrllvrK6 qvrrod.lpqrq Kot ro noA,\qnAd stains
ruJV TrqpooKeuoop6rcr.rv pe ovoooijnepo(er5doeg nou
pnope( vq efvor €v(utrro (6(rvr1 QLuo<pordoq, veuputvrr<(
evoAdclq), Quoroloyrr<d rorrrd ouororrr<d (r<eporivq,
Seop[vr1, Brpevrivq), oppr6veg (peAov(vq, Xoprovrr<( yo-
voSorponivq), oyr<o-ovrry6vo (o-Qeronporervq, rop-
r<rvoepBpurk6 ovly6vo) r<or dlAeg ouoieg (S-100 npu-r-
re ivq, Xptl;roypovvfvq r<.An.) Boq0oUv r<ol ovop€veror
vo Boq0rloouv or<6;ro neproo6repo rq Sroyvttorrrq
npoo€yyroq1.3.a. To K€vrpo Avo<popdg ru-rv CUPS orrg
HflA eivor ro fiqvenrorqpuo Vanderbilt 6nou yivovror
6Aeg our€g or e[erSrreupr€veg e{erdo€ts ruv rorrrdlv
rTopqoK€uoopdru-rv ror nopor<oAou0orivrqr ot rT€pto-
o6repor ooOeveig.

'EXouv neprypo<pef 4 peydAeg r<orqyopkg CUPS Ue
pdoq rnv no0oAoyoovoroprr<q e{6rooqr:

1. XAMHNH: AIAOOPONOIHIH: NEONNA:MATA (5%
TON CUPS)

O noOoAoyoovor6pog ei'vor B6Borog 6rr np6r<error
yto ve6nloopo, 6;rctrg 5ev pnopei vo r<oOopioel edv
eivor r<opr<fvtlrpo, A€pqo;.ro, peAdvu.rpo q odpr<u.rpo. To
35-65% qurdJv rcr.rv 6yr<u-rv ono5errvrierqr reArKd 6rr
eivor AepQd.rporo p€ r<upr6repo ovrrnp6ourno ro non-
Hodgkin l6pqupo. An6 lg un6lorneg neprnrcboerg ro
2o-sook eivor ropr<rvdrporo (veupoev5orpveig 6yrcor,
6yr<or er<BAoorrrdtv r<urr6pcr-rv, npoordrrlg, proor6g). H
or<pp€orepq no0oAoyoovoropu<r1 5rdyvtloq r(Oeror pe
staining pe ovocrorJnepo{er5dor1, qtrer<rpovrr<q ptKpo-
or6nqoq ror yeverrrfl ovdAuoq. H 0errr<q Xpd-roq rou
rorrro[ nopoor<eudopqros p€ r<eporivq ( EMA (enr0q-
trror<6 ovrry6vo pepBpdvqg) uno6err<vUer r< opr<ivtrr1.ro, ;re
CLA (r<orv6 Aeurorurroprx6 ovly6vo) A€peulpo, pe
5-100 r<or Brpevrfvq ;retr6vtlpro, pe Brpevrivq r<or 5e-
o;rivq odpr<u.rpo, pe NSE Kor XpuJpoypovvivq v€upo€v-
5or<prvq 6yro, pe loprovrr<q yovoSorpon(vq ror o-
Qeronpu.rreivq 6yr<o er< BAoorrr<drv rurrdpctrv, pe PSA
6yro npoordrq ror p€ ororpoyovrr<o0q Kot npoy€or€-
povrr<otig unoSoleig 6yro pooro6. Avdtroyo roreuOf-
v€rqr rl 0eponeurrrq npoondOero. A5roeoponorqro
veonAdoporo nou 0eu-rp(0qr<ov trepqdrporo orq Bdoq
Oerl<o6 staining pe CLA onqvroUv rr<ovonorqrrrd oe
Xqpero0eponeurxd oXrltrroro flou Xprlotponoto6vror yro
non-Hodgkin AEUQulpos.
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2. KANH: KAI ME:H: AIAOOPONOH:H: AAENO-
KAP|(NOMATA (60% TON CUPS)

Tunrrd or ooOevefg e(vor peydAqg 4trrr<fog r<or €Xouv
peroor6oer5 oe notrAqnA€g O€oerg (ouvrlOurg rlnop,
rv€6povo, oord). H nporonoOqg ecrrio oveupioreror
p6vo oro 15-2OVo rov ooOevtirv qurd;v 6rov eivol
ev (oq. To noooor6 our6 ouldver oro 7O-80o/o [.]€ rrl
verporop(. Or Xpdroerg pe ovoooiJnepo{erSdcleg ror ro
qAer<rpovrr6 pu<poor6nro eivor uolti neproprop€vqg o[iog
orov r<o0opropr6 rqg nporonoOoti5 eoriog oe ourflv
rqv opdSo oo0ev6v, ;re e[o(oeoq rr1 Xpd-roq yro PSA
(er5rr<( yro xopr<ivo npoordrq) Kot yto otorpoyovrr<otig
unoSoXe(g (r<opr<[vog pooro6).

Or nro ouXv6q nporono0ei6 eorfeg e[vor o nveripo-
vog (4O%) ror ro ndyrpeog r<o0drg r<or 6IIo rtrrrlproro
rou nenrrrorj ouorqporog, 6nu-rq o or6poXog, ro noX0
€vrepo Kor ro (nop. 'EXouv ovoyvr.lrploOei 6pr,Lg r<6-
noreg unoopd5eg p€oo orqv opd5o ru.rv roAd 5roQo-
ponoqp€vu-rv o5evoroprrvulpdrulv6 6nog or yuvoir<eg
p€ TT€prrovoirq r<opr<rvurl.rdrtooq, nou ouvflOtlg oQ€i-
Ierqr oe r<opr<ivo u-roOqrd.rv, or yuvoir<eg pe peroord-
o€rs o€ l.rooXoAroiouS AepQq56veg, 6nou np€ner vo
unoq.rrooOoripe r<oprivo pooroU ror or dvSpeg p€ oK€-
,\erl<€g peroo'rdoerg, 6nou np€ner vo yfver PSA stai-
ning yro r<opr<ivo npoordrq.

H npoyvtr-roq eivor r<or<( Kot n nto ouXvd Xopqyori-
prevq Oeponefq eivor ro XqperoOepqneurrK6 oXfuio FAM
(5-Q0oproupor<iAq, 5o{opoupnroivq, prropur<fvq-C) ;re
ovron6r<proq 39% r<qr p€oq enrBiruro\ 4-11pflveg, [1-
orerioupe pe Bdclq rq 6oq ovoQ€p0qr<ov 6rr o ooOe-
vqs pog ovqrer oe our( rnv Kornyopio rov CUPS.

3. XAMHNH: AIAOOPONOIH:HI KAPKINOMATA KAI
AAENOT(AP|(NOMATA (30o/o TON CUpSlt.z

f a 2/3 ourti.lv 6Xouv r<opr<ivL'Jpq Kor ro 1/3 o5e-
vor<opr<ivul1.ro. l1p€ner vo 5ro<poponoro0vror on6 rqv
npoqyoripevq o;.rd5o yrori oprero( on6 ouroUg p€ Xq-
pqAq 5roQoponofqoq €Xouv yqpreroeuoioOqroug 6yr<oug
r<upfug oro cisplatin. Or ocrOeveig quroi efvqr v€6r€por
on6 rqv npoqyorjpevq opd5o, 6Xouv ypqyopq ovd-
nrulq rou 6yr<ou r<or 5ivouv roroprr6 roXeiog e[€trr[qq
rL'JV oupilrl'")pdru.rv (ouXvd < 30 qpepti.lv). llopouord-
(ouv oouv(0roro ouXvd uq.rqAd enine5q q-Q€ronpu;-
reivqq (AFP) ror Xoprovrqg yovo6orponivrlg HCG) opo0.
nou ouvqOu.rg oveupior<ovror oe e{toyovodrr<o6g 6yr<ouq
ec Btroorxti-rv rurrdputv. Or nro ouXv€5 06oerg rov
peroordoec'.rv €fvor nepr<pepu<ol trepqo5€veg. p€oo-
0r.r-rp6r<ro Kqr onroOoneprr6voro. H oupperoXq rou nve[-
;rovo eivor eniorlg ouXvq (15%, nollonA€g pd(e5 q
6(or r<or opvqrl<oi BpoyXoor<6nqo4). Mio 6Aiq er<5fl-
,\uroq on6 ro 06por<o eivor ntreuprrrr<( ouAAoyq pe

Oerrr( rurropoloyrr<q (o5evor<opr<(vtrr1.ro). E5tfu, or nro
ouXv€g nporonoOeig eorieg OeupoUvror o nve0po-
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vog, o une(ur<69 fireo'o0qtrirr.rpo), o poor6g Kot ot uJo-
0(r<eg. Apr<er6 ondvro eivor vo oveupeOe( perdorooq
oe AepqoS€vq rlou vo 5royvu-rcrOef oqv ptKpoKurrqpt-
r<6 Ca Xcrrpig vo Qoiveror nou0evd q nptr-rronoOqg
eorio. Me peydAq orcpiBero e56 pnopei vo unoreOei
6rr q npuronoOqg eoriq eivqr pio "r<pu1.rp6vrl" (occult)

0Ad0n oro BpoyXrr<6 66v5po. IuvoArxd 6trru-rg pr6vo oe
12-15o/o ruv ooOevtirv our(g rqg op65og 0o 5ro-
yvuro0ei q nporonoOqg eorio Kor ro noooor6 e{o-
r<oAou0ei vo nopop€ver XopqA6 (< 35%) or<6pro r<or

prerd ver<poropq.
E6tn n eqoppoyq ruiv qvoooijnepo(er5ootilv €fvor

p6yrorqg oryrooiog. Ie pio ovoSpopl<( peA€rq rou
19893, 6rou 6r<ovqv r€roreg Xptboerg oe 87 ooOevefg
or onoior ei'Xov 5royvrrroOei ;rero[0 1919-1983 r<qr

€ixqv Kqrqrqyei oe our(v rqv oprdSo, oe 49 oo0evefg
(567o) enrBeBord.rOqr<e q Srdyvu-roq evd.r oe 14 ooOeveig
(16%) oveup€Oq q npurrouoOqg eor[o ftreAdvu-rpo, A€p-
QuJpo, npoordrqg). Or ovoooUnepo(er5doeg po(i pe

r<opr<rvrr<o0g 5eir<reg (CEA. CA 125, CA 19-9, CA 15-
3) r<or XpurpoouprK( ov6luoq pnopo0v, pe Xopqlq

' euoroOrloio 6ptlg or<6pn (34olo), vq ponOnoouv oro vo
lelopioouv rous Xrlp€ro€uoioOqroug oe oXqporo Bo-
oro;r€vo oro cisplatin on6 roug Xqperoov0errrrofq
6yroug.

4. I-IAAKOAE: I(API(INOMA (5% ruv CUPS)

Or ooOeveig €ivqr Kqrrvror€g ror dvtu ru-rv 60 er6v.
Iuv(Oerg 06oerg peroordoeu.rv eivqr or rpoXrllrr<oi ror
uneprAei,5ror AepqoS€veg. l1p€ner vo yiveror r<oAq r<Arvrr<(

el€roor1 yro rpu.lroro0q eorio oe r<eQoAq, rpdXqtro,
oro;roroQdpuyyo, uno<pdpuyyq, prvorQ6puyyo, A6puy-
yo, orooQdyo r<oOd-rg r<or BpoyXoor<bnqoq or6po r<or

pe opvqrl<( orrrvoypoQio Odrpor<o. 'Evo ;reydAo no-
ooor6 (2O -4oo/o\ npturonoOti.rv eorrdtv onoKoA[nr€ -
ror ;re r<oA( r<Arvrr<( el€rooq. Ie ourqv rrlv op65o or

ovoooijnepo[er5doeg 5ev Xpqor;ronorofvror r5rofrepo,
oQ' ev6g yrorf €vo peydlo noooor6 onoKqA[nrerqr
pe r<oAq r<Arvrr<( e(€rooq ror oQ' er€pou yrorf or qoOe -
v€ig onovroriv noArl r<oAd (or6trro rdr edv 5ev 5rq-
yvu-roOei q npu-rrono0rls eorio) oe, ronrr( Oeponeio
6nu-rg Xerpoupyrr<( elofpeon ruJV tre1rqo6€vov, qKr-
vo0eponeio 11 Xqpero0eponeio pe cisplatin r<or 5-Q0o-
proupor<L\q. H np6yvu.rorl eivor Xerp6repq 6rqv qno-
5erXOei 6rr npcuronoO(g eorio €ivqr o nve[;-rovog.

I0pQurvo p€ rrlv no0oAoyoovoropu<r1 el€rocrq, o
oo0evrlg pog ovnr<er ornv Kornyopio ru-rv o5evoxop-
r<rvutpdrutv r<otrqg-p€oqg SroQoponoiqons. Or nro ou-
Xv€g npurronoOeig eor(eg nou €Xouv oveupeOei oe
ouro6g roug ocrOeveig, rrg nro notrA€g Qop€g v€Kpo-
roprr6, e[vor o nveUpovog (4oo/o), ro ndyrpeog, o o16-
pqxog, ro noXU €vrepo Kcu o npoordrqg. I-l€pov on6
rov €IeyXo nou unoBAqOqre o ooOevqg r<or o onoiog
5ev ov€5er(e €pQovq npuronoOq eorio oro nenrrr6
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q orov fipoordrn, np€n€t vq A€Xe€f, 6l q Brotroyrr<r1
oupneprQopd rou KcrpKivou rou crropdxou, rou no-
yKp€qrog, rou noX€og evr€pou q rou npoordrq 0o
qrov nol6 5roQoperrr<r1 qn6 ro vo Stfucrer pfo eorlo
;rerdoroorlg. q onoio e(eAfooeror ouorqpd rofltK6 €ni
5rerio Xopig dAAeg evronioerg. To o5evoroprfvu.t1.ro
rou nvefpovq nou eq pnopoUoe vo ele,\iooeror Bpo-
5€og r<or ronrr6, Xurpig orporoy€vR rl lepqoyevq 5ro-
onopd, pre 0uoulrl oupnrulporoloyio r<or Xu-rpig enrv€-
pqoq peooOr.r-rporiou ror une(ctu<orlr<(g r<ortr6rq t ag, el
vor ro BpoyXlolor<urpeAr6rr68.s. l}orerioupe Aom6v, 6rr
o ooOev(g 6Xer ou[ryr€veg nr0ov6rqreg vo ndoXer on6
povqpeg, pq BAevvonopoytrry6, BpoyXroAor<uqetrrdrr<6
roprcivu.rpo. O cruyrer<pr;r6vog rfnog ovoe€peror 6rr
nopouod(er oprerd r<oAq np6yvu-ror1. H Xerpoupyrr<q
e{oipeo-q oveBd(er ro nocroor6 SeroUg enrBirloqg oro
60-65%10. Edv yro 5rd<popoug tr6youg q Xerpoupyrx(
en(.rBooq 5ev eivqr eQrr<rq, 11 ronrr<q or<lvoBoAio r<or q

Xqpero0eponeio pe Bdo'q ro cisplatin €Xouv 0€or1.
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