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H rpo$uilorfirxn oyorvn rou
FpovxrKo0 ooOporos

npoeuldq,Eq: To i164 Xpqorgonoto0pevo owrooO;ronxd qdppoxo 6ev np6net.vo 6tox6movtot not6 onor6prog 6rov opli(et
11 lroipoXp6vio eeponeG 1re to Zaditen. Aur6 oQopd xupitog ro ouor4pronxd4 Xoprlyo0gevo KoprtKooropoel6r! xor ACTH )\6yto

tnq 
"igo;rrlq 

ovomtleog eloroenrveepr6rxilg ovendpKeroq orouq eEoprnpivouq on6 to orepoer6{ ooOeveig. Itrg neptmdl-

oeq our6g 11 ovdrrqoq quoroAoyrxflg o6pevorinoquoeixilg ovrr6pdoeo4 oro Stress gnopei va Xpetoo0ei gElpt 6vo 1p6vo.
Av lreooAop{oer nopegnlmouoo )\oipto{r1 11 Qeponeio ;re ro Zaditen npdnet vo ougnAqp<o0ei lre er6txii owr,Lorgtb64 oy<oyd.

Kord rrg npdlreg nUfpeq rrlg Xopqyiloeo4 tou Zaditen or ovl6pdoeq tou ooOevo0g gnopel vo erqpeooOo0v. EntpdMetot

ouvent\ npoooXr! orrg neprmdroerg o6r1yf1oetr4 opgpdtrov Xerptolro0 gqlovtilv x.A.n. Molov6rt 6ev undpXer xoprd onoA0ttr4

dvdet(q reporoy6vou enr6pdoerog, to Zaditen - 6no4 dMoore xor 6)\o to v6o gdpgoxo - 6ev npdner vo Xoprlyelror oe eyx0ouq

i gn1diouoes yuvoixeg nopd oe e(orperrx6g p6vo neprmtboerg. 'On<og 6Ao ro qdppoxo ro Zaditen np6net vo <puldyerot

poxprd on6 rq not6td.
Atlqlemdpdoerg: To Zaditen 6uvor6v vo evtoX0oer rqv 6pdoq rov Koreuvqortx<bv,"rov unvottrtbv, rov clvrttorcultvtxtilv xol

rou otvonveiporog. Mro ovoorpdqrprl mdrorl rou opr0got rov otponerotrl<ov oe oo0eveig nou eMppovov to Zaditen

routolp6vrog pe owroroprlrrxd qdpgoxo on6 ro m6po nopo'rlpr'1O4xe oe peptxdg neprm6oetg. l-to rov A6yo out6 npdnet vo

onoeslyeror o ouv6uoopr6g our6g rtov qoppdxrov 614 6tou 6o0ei txovonoqtrx{ e[flyqor1 oro Qqtv6Uevo.
Ilopevipyeteg: Koreuvoorrxri 6pdon Kot os pegov@pEveg neprmrboerg [r1p6rqro rou or6porog xot eAoqpd (dAq 6uvot6v vo

egqovroeo0v xotd rrlv 6vop[r1 rqg 0eponeiog, ouvfl0c,rg 6pru4 unoloporjv ouropdro4 oe trlyeg np6peq.
Or oogeveig nou 61ouv rrlv rdorl vo nopouotd(ouv etxoAo xoreuvomtxtl eni6poorl 0o np6ner vo op1[(ouv rrlv Oeponelo pe

1 A{{rn nUepnoiog (ro ppd6u) Yto rtq npdrteg gipeg.
Aooolroylor llor6td. lrpdnr: 24 et6v: 2 ml (0,4 ml) 60o Qopig lpeprlottog. 4 ettirv xot dvto: 5 ml (1 mg) 60o qop6g 4peploitog.
Edv n geponeurrxfl ovron6xprorl gerd 4 ep6og66eg geponeiog elvot ovenopxis, n onlil 66on Unopel vo ou[18ei xord 1/2

6roxlo. EvfiArxeq: 1 6roxlo 2 <popEg rlpepqoiolg. Edv undpXer ovdyxq q 66o4 pnopel vo 6rrtrootoo0el. Ie oo0eveiq euolo0rlroug
ornv xqromoAd, ouvrordrot pto npoo6eurrxi q0Enon xord trlv 6rdpxeto rqq np6rqq ep6oprd6og 0eponeiog.

fuoreuoolq: Erp6nt (1 mg/5 cc): ordAeg t<ov 100 cc. Atoxiq (1 mg): Kouttd t<ov 30.

Avrev6ei€ers: Ou6eBio yvc,rorn U6Xpr onBepo.
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OAHNE: NA TOY: :YTTPAOEI:

FENIKA:

KATHTOPIE:
AP@PON:

YNOBON H
EPFAEION:

ANATYTIA:

nNEYMON eivor ro eniorlgo enrotrlgovrxd neprodtx6 qg EtrLrlvrxrlq [lveugovotroytxrlg Etotpeloq Kqt rnq
El\l,r1vrxr1g BpoyXotroytxnq Erorpe(oq. H endoyn tqg 0tr19 ylvetot on6 t1 >uvtortLxrl Enttponrl tou nepto'

6Lxo0 ge eu60vr1 rcov ALeuQuvrcilv l0vto{r1g Kqr r@v Yneri0uvtrrv t1g Exnor6eutLxrlg'Ytr19 Kctt rov Epeuvrltt-

xrirv Epyoor6v nou op[o0r1xov on6 to ArotxqtLxd Iu;rpoti],to ttov 60o Etorpetcbv pte 5er1 Or1te[o.

H 0l,n rou neprodrxoU nNEYMON ovoQ6peror xotd x0pro L6yo ot6 Avonveuottx6 20ot1go. H 6tdp0poorl
qg 1itrr1g nepLtrqggdveL:11'Aplpa Zlvra\4q,2) ITpar6tuneq, epeuvryruiq, epyao[eq,,3) Avaoxontloeq,4) Ex-

nat1eutw6 BlUa, 5) Ev1ruQEpouoeq nepntuoerg. 'ApOpo o0wo[r19, Avooxonrloerq, EtdtKd dpOpo xot'Ap-
0po exnoL6eurrxoU nepLeXop6vou (Exnot6euttx6 Brlpo)6rlpoote0ovtor getd on6 Ypqntn np6oxl'r1or1 qg
Iuvtoxrtxrlg Enrtponrlq.

Or llptor6runeg epeuvqtrx6g epyooieq xpivovtoL on6 toutrdXLotov 60o ove€dprntouq xprt6g' OL evbLotf6'

pouoeq neprntciroeLg enrL6yovror on6 trg neprnrcboerq nou nopouoLd(ovtoL ottg Atovoooxogetox6g ouy-

xevrpriroerg tnq BpoyxoAoyrx1g Etorpeiqq. Td dp0po o0vto[r19, rd etdtKd dpOpo, ot npot6runeg epyoo(eg

6rlproorerjovtor otr6xArlpeg otrlv El,trr1vrxr1 xor Ayytrrxrl yAtirooo. Ot epeuvrltrx6g epyoo(eg nou unoBdtrlov-

ror oro Etrlqvtxd eo UEroopd(ovror oto Ayy^rxd ;16oo oe 6vo pqvo on6 tnq ono6oxnq rnq epYqoloq yto 611'

;roo(euor1, pe eu0rjvrl rtov ouYYpoQ6ov.

EPEYNHTIKEE EPFAIIEE: nept6Xouv xotd oetpd:

1) ZeAi,a r{rLou: T(rtrog, Ov6proto ouyypqQdov orrlv ovol.roorLxn, x6vtpo rpo6^euonq, Ate00uvon, tntr6'

Qovo Kriprou ouyypoQ6o yto entxotvcov(o.

2) flepiAnen: An6 100 6ro9 200 ldferg nou 0d nepr6xer ouvontrxd to oxon6, q p60o6o, to Boorxd onotetr6'

oUorq Kqr ro ougnepdoUoro rnq epyooiog (o tittroq, 4 nepilrlqq xqL n BtptrroYpoQlo vo opX((ouv on6 vEo

oeAi6o). 2to r6Aoq tcov neptLrjr.pecov vo ovoypdqovrot 5 toutrdXLotov tr6[etg xlet6td.
3l E@qyayrl, 4) YAtx6 - M60o6og, 5'1 AnoreAeoparu, 6) Zu(rlr4o4,7) BLpAtoypoQia.

Or BrBl,Loypoqrx6g nopono;rn6q 0o y[vovtor pe ro o0ot41.to Vancouver 6nlodti oto xe(pevo optOpto0vtoL xo-

td oerpd Euodvronq rouq. Btpfuoypoo(q ofl6 nepto6txd: Metd tov opt0;r6, qvoQdpovrot 6lo to ov6;toto
rov ouyypclq6cov, o ntrnpng r(tl,og rou dp0pou, n enionpn o0vtpqorl tou nepto6txori, to 6ro9, o 169o9, 11

npdrtrl ror retreuroio oel(6q. n.X. 1. Milic-Emili J., Henderson J.A.M., Dolovich M.B., Trop D. and Koneko K.

Regional distribution of inspired gas in the lung. J. Appl. Physiol. 1966:21,749'759.
BLpALoypoe(o on6 Movoypooio: ApreU6q, ov6goto ouyypqo6(Dv, r[tl,oq, qptoU6q 6x6oot1g, o ex6otrx6g o['

xog, o r6nog xor to 6tog 6x6oonq, oeAi6eg. n.1.2. Nunn J.F.: Applied Respiratory Physiology 2nd Edition.

Mac Graw Hill, N.York, 1977, 33-35.

Brp^roypqeio on6 xeqdtroro prptriou: Apt0g6q, ov6;roro ouyypo<pdtov rou KeQoloiou, o tltAog rou KeQo-

tro(ou, ln., o tir)r.og tou BLBtriou, or EnLotqpovrxo( Iuvrdrteg (Editors), o opr0p6g 6x6ooqg, o ex6ottx6g oi
xoq, o r6noq ror ro 6tog 6x6oor1g xor or oetri6eg.n.X. 3) Gibson J.G., and Pride N.B.: Pleural, Alveolar and Sy'

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

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

8) l-l(voxeq: No 6Xouv ooen - ere€nynpqrLx6 r(rlo xoL vq ypdQerot o xo06voq oe Xtoptotrl oetrl6o.

9) Erx6veg - Aroypdpporo: Ynopdllovror oe Qtoroypoq(sq I x 12 cm (3 ovdtuno), reXvrrd dqroYeq. Irlptetcil'

veror oro nioco g6pog Ue Uotrqx6 proAript, o opr0g6g trlq, o rittrog tou dpOpou Kot o rp6roq ouYYpoQ6oq Kq'

Q<irg xot to endvo p6pog outqg. OL un{rtttrot tov elx6vcov (Ae(6weq) oe X<rrptottl oel(6o.

flpo0no06oerg: netpopqrrKdq epyoo(eq oe ovOpctrnoug r1 nerpopot6(too 0o np6net vq ouvo6e0ovtot Ue 6n'
trcoor1 6rr oxotrouQrl0r1xov 6tror or xov6veg rnq enroulUovrxrlq 6eovtotroYioq o0UQovo Ue ttq qpx6q rou Hel'

sinki. T6/ro9 n opyqo(o 6ev 0o np6ner vo 6Xet 6rlgooreu0e( npolyoug6vcog'

Ol epyooieg yro 64pooieuoq, 60KruAoypoQny6veq oe 6rnl6 616oqpo Kot Ue euP0 neprOtirplo, unopdtrlov-
ror oe 3 ov6runq (1 npor6tuno, 2 xotrrlg nor6qtog qtotoovtiypooo) orn Ateoouvo4:
nEPIOAIKO aIINEYMON"
A>KAHNIOY 23
AOHNA 106 80

H 6ondvq tnq nopqyyeliog ovor0nov Bop0ver rouq ouyypoQe(q Kor rl ouUQov(o yivetot xoteuOe(ov ge trlv
ex66tpro erorpe(o.
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O ouyypovoq yrcrpoq
9eponeurnq rt
KqrqvqA@rqq QqppoK@v;

O 6pog u0eponeurrx4 (otiyxAo, 61er
xo0repcrl0e( oq o0yXpovq BrBtrroypoeio
xot ovoQ6peror orov e(ulqpevrx6 opL0go
qop;rdxotv nou xuxtroqoporiv, oTn Un enr-
or4l.rovrxd rex;rqprrrlpr6v4 onoreAeoporL-
x6trlro notrArirv on6 ourd xor orrlv dge-
rpn Kor ev noAioig nopdAoy4 ouvroyo-
ypdqnon rov ytorp6v. 1'2

Aev 61et ouverdqronorrlOei enopxcilg 6-
rr o xuprog xotovol,orrlq eop[dKov orq
orjyXpov4 xorvrovio e(vor ouoroorrxd o
yrorp6g o ono(og Ue rrl ouvroyoypoQ(o rou entl,6yeL
ro <pdppor<o ro ono[o 0o ndpeL ror 0o ntr4priloer o op-
poor6g rou.

H enttroyq 6prcog rou qopgdr<ou on6 ro yrorp6 6Lo-
popqtilveror oe geydAo noooor6 on6 nopdyovreg d-
oxerouq ge tr; yvcilon rov eoppoxoioyrr<citv rdror4-
rov rrlq ouvroyoypoQo0uevnq 6poortxrlg ouo[og qor-
v6pevo ro ono[o Xopoxr4pi(eror orn prptrroypoq(o
(l)q n "Un Qopl.roxoAoyrx4 Bdo4 r4g oeponeutrxr1g,.3

l-lopdtrtr1tro enror;go[veror 6rt r<0pro nr1yrl nA4po-
Q6pnonq _rou yrorpoU olerrxd ;re ro qdppoxo e(vor 4
QopuoKeurrKq erorp(o ((eunoprKn nr1yrl ntrrlpoQ6pq-
or1g") nopd 4 ovo6poprl otrlv rorprxq prBAtoypoqio
((enrorn uovrxrl nqyrl ntrr1poq6pr10qq"). a

l-lopdderygo nou XopoKrrlp((er rrlv 6A11 r<ordoroor;
nou neprypdqeror nro ndvol e[vor n ouvroyoypdenon
rdrooxeuoogdrcov yro rrlv clvrrUsrci:nro4 ougnropd-
rov on6 ro ovonvruotrx6 o0ot4po, ro ono[o nept6-
Xouv oe norxiloug ouvduool.ro0g oroOepdg qvoi,o-
yiog: ppoyXo6rooroi,rrxd, oroXpeUtrrrxd, ovrrBrlXrxd,
4peprorrrd, vopro:rrxd ovrrprlXrxd (xo6eivq), BqpBr-
touprxd, ovrrrorol-rrvrxd.

l-lop6gotor ouv6uool.ro( oto0epdg ovol,oyiog lopo-
xr4p[(ovror: tlapdAoyot (n.X. ouvduoopr6g ovrtBqlr-
xo0 - onoXpegnrrxorl). 'Ovr<og 6ev eivor l,oyrx6 vo ne-
prpr6,ver xove[g enopxrl on6lpeprtpq xoroordAAovrog
to pr'1Xo. M4 ano5ederypdv1q anoteAeoportx6r4raq,
(n.X. ouv6uoopo[ nou neBr6Xouv youorox6Arl 6e6o;r6-
vou 6rr oul ouvrl0oq Xopnyo0Uevrl 6oooi,oy(o 11 6pd-
on rnq 6ev e[vor xo],A(repq on6 rq 6pdon Placebo. A-
66xt1tot (n.X. ouv6uoogo[ nou nepuiXouv neproo6re-
peg on6 prfo 6poorrx5g ouoieg pe nop6;roro Unxovr-
oU6 qoppoKotroyrr<r1g 6pdoerog: 60o eeoeulArvorjXo
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The contemporary
physician; healer or
drug consu mer?

The term (therapeutic jungle, has been
used to describe the overwhealming
number of drugs that are currently in the
market, the confusion over their nomen-
clature, the uncertainty of the status of
many of them and the misuse and abuse
of many drugs by many physicians.l'2

It is not, readily, realized that the main
drug consumer in our society is the practi-
cing or hospital physician who, by pres-
cribing, chooses the medicine that his pa-

tient will take and pay for.
However, the choice of the drug by the ooctor is o-

ften shaped in a large part by parameters unrelated to
the pharmacological properties of the drug; a pheno-
menon that has been called the (nonpharmacological
basis of therapeutics,.3

Furthermore, it must be underlined that the main
source of information regarding drug prescribing and
choice is the pharmaceutical industry ((commercial
source of informationD) as opposed to the medical li-
terature (uscientif ic source of i nformation ").4

An examble that refers to the situation as it has, al-
ready, been described is the usd of f ixed combination
drugs prescribed for the symptomatic relief of respira-
tory tract symptoms, that contain in various and diffe-
rent fixed combinations: bronchodilators, expecto-
rants, antitussives, tranquilizers, narcotic antitus-
sives (codeine), barbiturates, antihistamines.

Such fixed combinations of medicines have been
characterized as: irrational(e.g. combination of an an-
titussive and expectorant). Realy, how much expect-
oration can one logically expect by supressing cough?
Of not proven eff icacy (e.9. combinations containing
guiacole that has been proven that in the usual dosa-
ge has not better eff icacy than placebo has). lnapro-
priate (e.9. combinations of two pharmaceutical
substances with identical mechanism of action as
two theophylline bronchodilators). Possibly dange-
rous (e.9. combinations containing tranquilizer, bar-
biturate, narcotic antitussive, or antihistamines that
can cause serious respiratory center depression in
patients with COPD).5'6

ln Greece, proof that the utherapeutic jungle,
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ppoylo6roorqlrrKd. Auv4ttxd enw(v6uvot (n.X. ouv-
6uoo1-ro( nou nepr6Xouv rlpeplortx6, poppttouptx6,
vopxtortx6 ovrrplXtx6 t'1 ovtttotoptvtx6, qdpptoKo IIou
pnopo0v vo npoxdr6oouv ooBop6g oventO0;tnreq e-

v6pyereg oe opprilorouq [e Xp6vro Anoqpoxrrxrl
llveugovondOero (XAfl) tr6yro xorooroArlg tou ovo-
nveuorrxo0 x6vrpou). 5'6

Irq Xdlpo 1.rog 6eiypro ror 6v6erfr1 6rt xot e6ci: qv0e(
rl uoeponeurrxrl (oriyxtro" Lerroupyei dQoyo q .;t4
qopprorotroyrxq pdorl qg oeponeurtxqg, xot unep6-
xsr rl (euIIoprrrl, s1g (enrornuovrKnq nnYnq ntrnpoQ6-
pnorlq", e[vot 116ondvr1566.937.776 6px. to 6tog 1984
yro 61 16rooreudogoro nopol.to(tov ouv6uool-ttbv oto-
Oepdg ovotroy[og. l-ro ouvduooporjg nou Xoporqp(-
(ovror og nopdtroyor (21 r6tooxeudoptoto) {o6e0tn-
xov 47.012.667 6pX. l-ro ouv6uool.toUg nou Xopoxqp(-
(ovrot ro g prrl ono6 e6eryp6vrl g olloreleogortx6tr;rog
(8 rdroor<eudoproro) 187.852.972 6p1. l-ro ouv6uq-
ogo0q rou XopoKrqpi(ovror rog o66xr;ror n 6uvnrtxd
entx[vduvor (26 L6rooxeudoproro) 255.942.515 6p1.7

Ag oqpero:Oe[ 6rr ro nood nou ovoQ6povror orrq e-
nr;r6poug xorrlyopfeg oqoporjv 6ondvq oe rdtrotrxo
qoppor<e[o. H ouvotrtr<r1 6ondv4 yro nop6protouq ouv-
6uoo1-ro0g (ouvotro 61 t6tooxeuooptdttov) oro voooKo-
pre(o rlrov yro ro 1984, pr6vo 6.976.674 6pX.7

Or ovo<pepopevor oprOpoi e[vor ev6errrrro( Kot rou
prey60oug otrtrd xor rou e[6oug rou npopArlpotog.

E[vor npoqov5g 6rr Kcu orrl Xdlpo 1-rog 11 onouo(o ou-
oroorrxqg UeronruxroKrlg er<no(6euong orn Xpnon
r(l)v QopudKrrlv entrp6ner orn Qopuoxeurrrrl 9rounxo-
vio vo qnoretre( r4v r<0pto nqyrl exnoi6euonq rou yto-
rpo0 orq ouvroyoypdQnon rtov qop;tdxcov.8

'Evo p6l,o nou rrlq e(vor [6vog 6t6tr o...1 QqpUoKeu-
rrxrl BrogqXov[q 6e gnope(, 6ev np6ner rot 6ev 61et
rqv np60eo1 vo exnor6eUoer ro yrorp6 otn Xpnon
rov <popptdxtov,.l

To ouvtoyol,6yro xdvet 6vo npci:ro pnUo (Un nept-
loprpdvovtog nop6proroug ouvduool.totjg <popgdrov
or4v npci:r1 tou 6x6ooq) flpog rnv rote0Ouvoq trlg
ooorlg xor 6yxuprlg ertorrlUovrKd np6too1g yto rrlv
op0r1 enrtroyrl xor ooqoln Xpnon r(l)v QopudKov.e

H xoO16pcooq ouveXo0g (unoXpecottxrlg ?) exnoi6eu-
oqg yevrx6tepo otrtrd xor er6rx6repo orn Xpnon rov
qopprdr<<ov on6 ro yrorp6 (rdro(tepo on6 rov tdttilttl
yrorp6) e[vor npoQov6g 6rt 0o onotetr6oet to pt(tx6-
tepo g6rpo yro rrlv nopoXrl trlg r<otrtrirepr1g 6uvor4g
QopUoKeurrKrlg Oepone[og oe xdOe dppcooto flou q-

oqol6q rr1 6rxoro0ror.

EAeu96ptog AveuAaBqq
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exists, that the (nonpharmacological basis of thera-
peutics, is alive and that the (commercial sourse of
information" outweighies the "scientific" one, is the
following numbers:

ln 1984, 566.937.776 drachmas were spent for 61
preparation of f ixed drug combinations that are under
discussion.

For combinations described above as irratiohal we-
re spent 47. 012.666 drachmas (for 21 preparations).
For of not proven efficacy combinations were spent
187.852.972 drachmas (for 8 preparations). For combi-
nations considered to be either inapropriate or possi-
bly dangerous were spent 255.942.515 drachmas (for
26 preparations).7

It should be utrderlined that the amount of money
spent for each category of the above mentioned f ixed
combinations refers to money spent in drugstores. On
the opposite, the total amount of money spent for
such combinations by the hospitals for the year 1984
was only 6.976,674 drachmas (for the total 61 prepara'
tions).7 These numbers are indicative of the magni-
tute as well as the kind of the problem (no hospital
abuseof these drugs).

It is obvious that in our country as well, lack of post-
graduate education in the proper use of medicines al-
lows the pharmaceutical industry to be the main sour-
se of education as far as drug prescribing is concer-
ned.8 A role not f ited for it since (pharmaceutical in-
dustry cannot, should not and indeed does not
purport to be resposible for the education of physi-
cian in the use of drugs,.1

The Greek National Formulary in its Iirst edition
makes the first step (by not containing such drug
combinations) towards the right choice and safe use
of drugs.e

Continuous (and compulsory?) postgraduate e-

ducation in the proper drug use (especially by the pri-

vate physician) its obvious that will be the best way of
giving each one patient the best possible drug thera-
py that everyone of them has the right to.

5. Briiish National Formulary, 1987, No 13:112,116,126'

6. Kuhn J. Hendley O., Adams K., Clark J., Cualtney J': An-

titussive effect of guiafenesin in young adults with na'

tural colds. Objective and subiective assessment ' Chest

1982,6:713'718.
7. Greek National Drug Organization.
8. Cluff L.: The prescribing habits of physicians' Hospital

Practice 1967: 101-104.
9. Greek National Formulary 1987, p. 71.

NNEYMON 55



nNEyMoN TeAXoq 20, Tdpoq 1oq, Oxrcbppoq - Aextpppoq,1987

bronchospas m induced FpoVX6onoopou
by hyperventilation or
cold gas breathing.

Mechanisms of

There is no doubt that isocapnic hyper-
ventilation with room air and mostly cold
air produces bronchoconstriction in
asthmaticl'2 and to a lesser extent in nor-
mal subjects3,a. However, there is a con-
troversy on the causes and mechanisms
of this response. Some authors persist to
believe that cooling of the airway mucosa
is responsible only for this effect, but
others claim that this is due to water loss
in airway wall, with consecutive extracel-
lular hyperosmolarity. This dual mechanism is based
on experiments where it was possible to change sepa-
rately either the temperature or the water content of
inspired gas. This was done in humans5'6 and also in
cats and dogsz,a,s. Biophysical considerations autho-
rize to consider that this controversy is f unny. lndeed,
the three means commonly used to produce the bron-
chomotor responce, i.e. hyperventilation, inhalation
of cold or dry gas, are resposible for closely linked va-
riations of temperature and water content in the air-
way wall (Hyperventilation induies both cooling and
water loss, cold gas has a very low relative humidity
and dry gas breathing increases the evaporative heat
loss which in turn lowers the temperature in the air-
way wall). Actually, it seems impossible to separate
the two factors, temperature and osmolarity.

What are the mechanisms of the bronchomotor re-
sponse to hyperventilation or cold gas breathing?
Thermosensitive nervous endings activated during
cooling of inspired air have been identified in the
upper airways in cats and dogs.10'11'12 16""" recep-
tors seem to be connected to thin and mosfly un-
myelinated sensory fibres in the superior laryngeal
nerve (SLN).12 Some afferent units in SLN are activa-
ted by local application of serum saline and thus are
called (water receptorsD by Storey.l0 Animal studies
reveal that cold gas breathing produces a vagally me-
diated reflex bronchospasm, due to the activation of
thermoreceptors in the airways. This is observed
during spontaneous breathingT or artificial ventila-
tion.8 ln humans, namely in healthy subjects, some
authors report that atropine abolishes the response
to cold air or hyperventilation.l3 However, this ref lex
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Mryqovtottoi

crn6 unepoep/,olto n
uonvon quxpou a6po.

Aev undpXer oUQrPoA[o 6rr o rooxonvr-
x6g unepoeprog6g ;re o6po 6opor(ou xqr
xup[rog xprio o6po npoxoAe( ppoyX6ono-
opo oe ooOpolxorjgl,2 Kqr oe trry6reprl
rAi;roxo oe <puoroAoytxo0g ovOp<ilnoug.3,a
On<oo6{note 6golg undpler opqrBoA(o 6-
oov oqopd ng ort[eg Kor rouq pnxovr-
o;ro0g our1g r4g ondwrloqg. Meprxo(
ouyypoQe(q enrg6vouv ornv dno(rn 6il n
gU(r1 rou plewoy6vou ltov ospoyroyrbv
e(vor ;-rovo6rxd uneriOuvrl yrourrl rqv enG
6poor1 evdr dtrlor nroreUouv 6n o ppoyX6-

onoopoq oqeiAeror oe on6l,eto 06oro9 ge ouv6neto
rqv ev6oxurrdpro o0{qon rnq oog<rlrrxqg nieo4g oro
ro[1<o1,ro rov oepoyoyrbv. Au169 o oto0ep6g Unxovr-
o;169 Booi(eror or nerpd;roro 6nou rlrov 6uvor6v vo
peropdtrieror Xtrlprord eire q Oep;rorpoo(o e[re q ne-
prexrrx6r4ro rou rronveop6vou o6po oe vep6. Aur6
noporqpt'l0rlxe oe ovOprirnoug5,6 xor en(oqg oe nerpo-
pror6(rrlo. /,u'e H proquorxrl 6ptog Oeriprloq rou Oorvo-
g5vou re(ver vo ono6e({er 6tr 4 pootxrl 6ro<popd on6-
qreov y0po qn6 ro 6Ao 06;ro 6ev euoruOe(. I-lpdypron
ro rp[o ;16oo nou Xpnorponoro0vrot yro np6xtr1or1
ppoyXoxrvqrrxqg ondvqorlg, 6r1tro6r1 o unepoepr-
opr6g xor 4 etonvorl qtruXpo0 n €npori o6po e(vor une0-
0uvo yro orevd ouv6e6epr6veg getofri roug peroBo-
A69 rqg 0epgoxpoo[oq Kor rou ti6orog rou rotXtirpo-
roq r(l)v oepoyrrlycirv. (o unepoeprog6g npoxotre( r,trti-
(4 xor oncbi,etq 06oro9, o rpuXp6g o6pog lopoxrqp(-
(eror on6 noA0 logqArl oXertxq uypoo(o evdr 4 er-
onvo4 Enpo0 o5po oufdver rrlv on6)rero Oeppoxpo-
o(og on6 efdrgroq nou orn ouv6lerg npoxol,e( rrlv
nt6oq rrlg 0epgoxpoo[og oro ro(X<opo rov oepqyto-
yritv). l-lpdypqn eoiveror o6rjvotov vo {eXopioet xo-
ve[q roug 60o nopdyovreg 6qAo64 rq Oeppoxpoo(o
Kor rnv coop<ortx4 n(eor1.

floro[ efvor or UnxovroUoi tqg ppoyXoxrvrlrrxrlq o-
ndvqoqg orov unepoeproU6 ri orrlv eronvofl xpriou o-
6po; @eppoeuo[oO4reg veup1169 onoArjlerq nou 6re-
ye(povtor xord rqv 6rdpxero rnq U[qnS tou eronve6-
pevou o6po 6Xouv onogovo0e( orrg ovdlrepeq orpo-
Q6poug o6o0g nerpol.roto(<iov.10'11,12 Auto( or uno6o-
Xe(g protd(ouv vo ouv66ovror Ue lenr6g xot onopueAr-
vog6veg oro0qrrx6g (veq t<r:v ovrot6pro tropuyyrrcirv
ve0pov. Meprx6g onoyoy6g govddeg rov ve0pov ou-
rdrv dreyefpovror on6 ronrxrl eQopttoyi rpuoro],oyr-
xo0 opori xor yrour6 onoxoAoUvrqr on6 rov Storey nu
nodoXeig U6otog,.10 Metr6reg oe netpogor6(roo ono
ono6erxv0ouv 6rr 11 eronvorl xp0ou o6po nporotrei;16-



I
!

).

t-

):

I

t-

o
o

x

l
L.

t.

t-

I

'l

PNEUMON Number 2, Vol. l, October - December 1997

mechanism is not entirely responsible for the total ef-
fect. Thus, animal studies show that the magnitude of
bronchoconstriction and mostly its persistency after
rewarming of the inspired gas are both reduced mar-
kedly after administration of an aerosol of sodium
cromoglycate (SCG).8 This is also observed in asthma-
tic patients, where SCG is able often to protect against
the bronchomotor effect of cold air breathing.13 ln a ve-
ry recent work in dogse it has been shown that indo-
methacin reduces the airway response to dry airflow
challenge and the same authorsla have also observed
that prostaglandin D2 and thromboxane 82 are increa-
sed in lavage fluid obtained after challenge with dry
air. Actually, it seems that the local release of inf lam-
matory mediators participate to the bronchomotor re-
sponse, namely in asthmatic patients and in condi-
tions of hyperventilation with dry air. ln the latter ca-
se, vagal reflex plays a minor role because atropine ad-
ministration reduces slightly the response and more-
over changes in airway resistance occur only 2 or 3
min after the decrease in airway wall temperature,s
conlpared to a very short latency (10 s) of the respon-
se to cold air.7'8 The consequences and mechanisms
of direct temperature effect on airway smooth muscle
are controversial. ln skeletal and cardiac (striated)
muscles as in uterine smooth muscle numerous
studies have shown that tension decreases with tem-
perature. Some observations conf irm the same effect
in airway smooth muscle,1s.16.17 but other studies
show the reverse phenomenon.ls However, based on
comparative in vivo and in vitro studies on the same a-
nimals, i1 appears that a direct temperature effect
cannot explain the contractile response of airway
smooth muscle to cold gas breathing,lT which results
mostly from a vagal reflex in normal individuals. Ani-
mal models of sensitization by foreigh proteins failto
demonstrate the existence of a prevailing humoral
mechanism in the response to cold air;8 this is only
observed in asthmatic patients where both the kine-
tics of the airway response and the eff iciency of an-
tiinf lammatory or particular (SCG) substances to pre-
vent this effect argue about a prevailing humoral me-
chanism.

oto rou nveuUovoyoorprxori ovrovcrKloorrx6 BpoyX6-
onoogo nou oQe[],erot orn 6r6yepor1 Oepprouno6oX6-
(l)v orrq qepo06pouq o6orig. Aur6 noporqprloqxe t6-
oo xord rrlv drdprero our6gotlq, 600 xot xord rq
6rdpreto pr4Xovrxrlg ovonvorlg. Ie ovOp<ilnouq Kor yro
rrlv oxp(pero oe uyre[g eOeiovrrlg geprxo[ ouyypoeeiq
ovorprlpouv 6rt 1 orpon(vr1 xoropye( rrlv ondvrqo4
otov rpuXp6 o6po r1 orov unepoepro;r6.13 Ono:o6r1no-
te our6g o ovrovoxAoonx6g prlXovro;r6g 6ev e[vor q-
noxletorrxd uneU0uvog yro ro <porv6pevo. 'Eror, pel,6-
req oe nerpollor6(roo ono6erxv0ouv 6rt ro g6ye0og
rou ppoyX6onoopou ror xup(rog 11 enr;rovq rou gerd
on6 ovo06pgovon rou eronve6gevou o6po el,orrril-
vovror orlgovlxd perd on6 Xopnynorl oepoo6trrlg No-
rpro0lou Xp<oproyAux(vr1g.8 Au16 enioqg nopotqpe(-
ror oe ooOportro[g oppriloroug 6nou q Norpro0Xog
Xprol-toyLux[vr1 e(vor oulvd rxovrl vo npoororeter rrg
oepoQ6pouq o6o0g on6 rqv BpoyXoxrvrlilrn eni6po-
orl nou npoxoi,ef rl eronvon quXpoti orlpo.13 Ie ;r(o
np6oqorrl epyoo(o oe oxdLouge 6Xer onoderX0e( 6rt 4
rvdopreOooivq etrorrdlvet r1v ondwrlon rov oepoyto-
yd:v oe epe0topr6 Ue pon Enpo0 o5po xor or (6ror
ouyypoQeiqla 6Xouv noporrlprloer 6rr 4 npooroyAo6(-
v4 D2 xor 11 Opogpofdvq 82 e(vor ou[r1;r6veg oro 6r-
ntrupro nou ioprpdveror gerd on6 epe0ropr6 pe [r1p6 o-
6po. l-lpdyprol, eo[veror 6rr q ronrxrl onel,euO6prooq
Qleypovo66v peroBrBoordrv unero6pleror ornv
BpoyXoxLvqtrxrl ondvrrlorl oe ooO;rorrxo0g opp6-
orouq Kor oe xoroordoerq uflepoeprogori ge [rlp6 o6-
po. Irqv rel.eutoio nepfntcoorl ro ovrovoxtrqortx6
rou nveupovoyoorprro0 no((er prxpo p6tro 6e6opr6-
vou 6rr n Xopnynon orpon(vr1g ei,otrcilver etroqpd trlv
ondvr4oq xor or<6pq neproo6repo preroBoA69 orrq ov-
rrordoetg poqg eprqov[(ovror pr6vo 6uo r1 rpio l,enrd
gerd on6 r4v ;ie(coor1 qg Oepgoxpoofog rou rorlcilpo-
roq rov oepoQ6pov o6rilv,e oe o0yxprorl pe r4v noi0
Bpole(o (10 s) ondvrqorl orov rluxp6 orlpo.7,8Or ouvri-
nrrrq Kor or UnxovroUoi qg dpeo4g eni6poorlg nou 6-
1er q 0epproxpoofo ortg Ae[eg ;ru'rx6g (veg rcov oepoyco-
yd:v e(vot oget}.ey6Uevor. Ie oreLertxotig xor xop6ro-
xo0g (ypo1.r1.roro0g) ;r0eg 6nog Kor oe treieg gulx6g i-
veg prxp6g, notrA6g getr5reg 6Xouv ono6e([er 6rr q rd-
o4 getdlveror Ue rn 0eppoxpoo[o. Meprxrig noporqpr]-
oerg enrpeporcilvouv rrlv [6ro eni6poorl orrg Ae(eg ;rui-
x6g (veg rov oepoyoycbv,ls'to,rz evdl dAAeg;retr6reg o-
no6erxv0ouv ro ovr[0ero.18 Oncoo6rlnote, pe Bdo4
ouyxptrrxrlg in vivo r<oL in vitro ;retr6reg oro [6ro nerpo-
gor6(coo Qo[veror 6rr q d;reor1 eni6poor; rrlg 0eppro-
r<poo(og 6ev trrnope( vo e[4yr1oer rqv ppoyXoouono-
orrxrl ondwnon rov Ae(ov pruixcilv rvcilv rov oepoe6-
prov o6cilv orov t{ruXp6 o6po17 nou e[vor onor6,],eogo
xup[rog nveuUovoyoorprxtirv ovrovoxtroorrxcbv oe qu-
oroAoyrxd dropo. Movr6tro nerpoproro(cilov nou e[Xov
euotoOrlronor40ei ge [6vo tre0x<o;ro on6ruXov vo ono-
6e[{ouv rqv 0nop[q ev6g lugrxo0 ;rrlXovroproU nou u-
nero6pXeror orlv ondvrlol eronvorlg UuXpo0 o6po,8
ev6 our6 noporqprl0qxe oe oo0prorrxo0g oppciloroug
6nou 11 xrvqrrxq orqv ondvr4orl rtov oepoyory<i:v xor q
onoteAeogorr16rlro ovrreleypovro6ri>v rl erdLxritv
nopoy6vrcov (N orp roriXog Xpco ;roytru x [vr1) nou X pn or-
gonorrl0rp<ov yrcr vo epnod[oouv r4v ondvrqoq 6ro-
Qrovo0v yro rrlv UnopEn npooOerou Xupuxo0 Unxqvr-
ogori.Yves Jammes
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MeroBoAfq rou yoLqKnKou oE6oq rou afporoq
xoto tt1 dtopKei;d peVoA@v dvrrctooe@v

ercnvotlq

A. Paot6oK4gr, J. Jardimr, X. Po0ooog2

NEPIN H'I'H

MeAerqoope ro onor6Aeopo pey6Atov owror6oeov eronvorlq (Res) eni rou enrn66ou rou yo.
Aomxo0 o[6oq rou oiporoq, oe pr6 op66o 10 ox0Aov. Iuyxpivo;re ro onoreA6oyoro oe nop6.
;roro op66o 10 ox0trtov or onoior, ovri rov ovrrordoeov po4q, ov6nveov y6oo on6 xAelor6 x0.
xAtopo enoveronvo4g 6ro[er6iou rou 6v0poxoq (Reb). Kot orlq 60o op66eg, 11 PaO2 efoogoli-
o04xe peyoA0reprl on6 70 mmHg, pe np6o0er4 Xoprlynoq ofuy6vou, evdr 4 oprrlptor4 nieo4
xor 4 xop6lox4 nopolrl 6ror4p404xov ioeg 11 xor peyoA0repeq on6 ro enlnedo eA6ylou. H ev-

dorpolerox4 nieo4 (PJ ornv op66o.Res ou[q0qxe op;px6 xot npoodeunx6 ovdAoyo pe ro Bo0-
p6 o0[4o4q rqq PaCO2 xor opy6repo perdlOqxe. To neipo;ro 6rex6nrero 6rov q Pl6nerpre xor6
20-30o/o on6 rr1 p6yror4 rryrl rr1q. H p6or1 6t6pxelo rou xupioq netp6potog m4v op66o-Res 11-

rov 175+15 min (M+SE) Kor ornv op66o-Reb rlrov 159+7 min. Kot ortg 60o op66eg eYKoro.
or60qxe unepxonvio, oAA6 or rrp6q r4g PaCOz oe xopt6 ypouxrl onYpn rqq 6to6txooiog 6ev
616eepov oqyovrrx6 yero[0 roug (P(0.5). Or np6q el6ylou rou yoAoxnxo0 oE6oq rou oi;rorog
floov nop6potes Kot orrg 60o op66eg,64Ao64 0.35+0.1 mmoles/l Yto rqv o;.t66o-Res rot
0.50 + 0.3 mmoles/l yro rqv op66o-Reb (P<0.5). Iro r6Aoq rou nerpo;roroq ro yoloxnx6 oq0 4-
rov 1.59+0.42 mmoles/l xor 0.83+0.29 owioror;1o (P<0.01). Ooiveror 6rt 4 eworrtq Aetroup-
yio rov ovonveuorrxdrv purirv, nou npoxoAeiror on6 Tnv eQoppoyrl ovnor6oeog elonvorlq, no-
pouoio voppo[orpioq, urepKorviog xor ;re 60rrro r4 xuxAorpopio, o6rlyei oe Ferorporrq rou pe-

ropoAropo0 roug on6 oep6pro oe ovoep6pro, Ko! ropoyoyrl yotrornxo0 rxovrl vo ou(doet ro e-

nine6o rou o[6o9 ouro0 oro oiyo.

nNEYMON(1987) 1:59.67

EI:ATOTH

To retreurolo Xp6vro nroreUeror 6tr or ovqnveuort-
xoi ;lieg xot xup[rog ro 6td<]poypro, e(vot oXettxd ov-
0exrrxo[ orov ovoep6Bro geropotrtop6. O Eldridge pe-
)rercbvrog rrlv en(6pooq r4g uno[otpt(og xot r(I)v ovrt-
otdoeov eronvoqg en( rou yoAoxlxo0 o[6o9 rou o[-
gorog Bpr'1xe rroq ro yoAoxrrx6 o[ri ou[dvetot ;r6vo e-
g( ouvundp[eoq Kqr rov 60o nopoy6vrrov.e Kor oe 6r-
x6g prog epyoo(eg 6Xer ppe0e( 6rr unepBotrrx6 rpopr(o
(6pVo) rcov ovonvruorrxdrv purilv o6rlyei oe a0[qorl
rou yoAorrrxo0 o[6o9 rou o(porog 16oo rordq 6rdp-
Kerq ovonvonq orUooQorprxo0 o6po, 6oo ror o[uy6-

7. @eponeunxil KAtvrxrl rou IToven. A0t1vtitv, Noooxopeio A-

AE=ANAPA
2. Tp4yo Evronx4q lorpm4q, Noooxopeio Royal Yictofia
xot Epyooripto Meakin's Christie, Ilovenrcr4pto McGill,
MovrpeoA

H epyaoio FpoFet0nxe oro 72o floveAA7vto lorptx6 2u-
v66pto (A0r1vo 1986) pe ro A' Bpo9eio xoAirepnq epyooioq.

vou 13%0.15 Or Robertson xot ouv.22 peA6tqoov rnv no-
poyoyn yoloxrtxo0 o(6o9 oe oxUAoug, fiouq o-
no(oug orifr1oov ro 6pyo rrlq qvonvoflg xord 10

cal/min Ue rnv (6ro ;160o6o rqg ovtrotdoeoq et-
onvo4g. Aev nopotrlprloov 6grog oO[qoq tou yoAoxrr-
xo0 o(6o9. l-'lop6poro oupnepdoporu ovoQ6povror o-
n6 rov BusseT xqr on6 roug Rochester Kot ouv.23 Me
rrg nopondvo epyoo(eg nporeiveror q t66o 6u, ro 6rd-

Qpoyuo xqr nr0qv6v dlJror ovonveuortxo[ grieg, oUlt-
neprQdpovror triyo 6ro<popertxd, qn6 touq xotvo0g
oxe^errxorig gfeg (nopdyouv 6rioxoAo yo)roxrtx6 o-

{0).'Evog dtrtroq nr0ov6g UnxovroU6q eivor 6tr ro IIo-
o6 tou yoioxrrxorl nou nopdyouv efvot onAdlg puxp6
6na:q Utxprl e(vqr xor 11 ouvoltxrl touq Ud(o. An6 r4v
dtr),q eivor yvroor6 6rr dAlor ypogl.uoto( U0eq nopd-
youv ;reydtro nood yoAoxtrxoti of6og, 6rov 11 peprxrl
n(eor1 rou ofuy6vou oro QIeprK6 roug o[;ro xordBer
pero{ri 20-30 mgr.20,28Aut6 6ev toX0er vto to 6rd0poy-
go. Meprx1n(eor1o[uy6vou 15-20 mmHg oro 0AeBtK6
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o[go rou droopdyporog 6ev oKo^ouee(ror on6 o0qn-
on rnq nopoycoynq yoAoKuKori oq6oq.8O Huckabee u-
noorqp((er 6rr or qvonveuorrxo[ ;rOeg 6ev ercp6nov-
ror e0xoio oe ovoep6Bro peropoAropr6. An66er[e 6rr
xord q 6rdpxero unepoepropoti (PaCOz y0po oro 35
mmHg), n nopornpo0;revr1 o6[qor1 rou l-oAoxrtxorj o-
q6oq, oqe(Ieror orrlv unoxonv(o xor 6Xr oro ou(r1pr6vo
6pyo rrlg ovonvorlg.ra H np6trqt1.rq trlg unoxonv(og
npdyporr epefooe tqv ouoorilpeuorl rou yoAoxrrxori
oto o(go.13

Ie xl,tvrr6 en[ne6o n.X. oro do0go 6nou, xord rr1
6rdpxero rov xp(oeov or ovofiveuorrxo[ U0eq epyd-
(ovrot evovr(ov preydArov ovrrotdoeov, nopor4pe[ror
ptxp6g B o0 p6g preropotrrx4 g of edroerr: g. 1 8,2e

froug oppcilorouq outo0g o Roncoroni2a 6,1er pper
o0[qo1 rou yo,\oxrrxori o[6o9 rou o(porog. Oor6oo 11

oU[r;or1 rou yo],oxrtxori orrg neprnrdloerg ourrlg, ouy-
xptv6pevq Kor Ue geA6reg oe uyre(g SXer xup(rog ono-
6o0e( oro QdpUoKo r1 rqv oArdtro:oq nopd oqv a0[4-
on rou 6pvou tlg ovonvorlg.le

O oxon6g qg epyoo(og e(vor vo epeuv4oer ov ro r-
n(ne6o tou yoi,oxrrro0 o[6o9 rou o(porog ou{dvov-
ror oe (<i.lo nou ovonv6ouv ourdporo, Lr6oo on6 preyd-
Aeg ovrrordoerg etonvorlq, Ur rrlv npotin60eorl 6rt 0o
ouvundpXouv voppo(orpr[o, 6ro[e[6ro rou o(gorog nd-
vo: on6 40 mmHg Kor ov6noeog xuxLoqop[o.

YNIKO KAI MEOOAO:

H peA6rrl 6yrve oe 60o o;rd6eg (d:tov. Irlv A ogd6o
ov6nveov our6goro pr6oo on6 geydAeg ovrrordoerg
eronvo4g (ovonvo{ ovrtordoeov). Irnv B oprd6o ov6-

pAxxoq Douglas

onveuorrx4 ovrioroorl

KATATPAOIKO

A6pro oiporog
FoAornx6 o{0
Apr4prox4 nieorl

EXflpo 1: IXqgorrxrl nopdotoorl tou nerpd;rotog.
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nvrov gdoo oe 6vo xrixicol.ro enoveronvong 6ro{et6iou
(enoveronvorl). 'OAo ro (cilo ;reAeq04xov oe Unrro 06-
oq (IXrlpo 1).

a) Opd6a avrordoeav eonvorTq: T1v opd6o, one-
r6l,eoov 10 oxriAor pr6oou pdpoug 32 Kgr (31-34)rono-
Oeqp6vor oe Urrro 06o4. H ovoroOqofo 6yrve pre ev6o-
<DI69ro Xopnynon NorproriXou @eronevrdl,rlg, r6oq,
dlore vo 6rorlpqOoriv ro ovrovoxAoorrxd Tou Kspclro-
er6o0g dOrxro, xot q our6prorog ovonvof . Merd opXr-
xrg 66o11 10 mg/Kgr Nembutal, q ouvel4g ev6oqA6-
Btog 6y1uo4 drotrri;rorog 2oh rltov ovoyxo[o yro vo
6rorqprloq oXerrrd oro0ep6 ro en[ne6o qg ovoro0rl-
o[og. Merd on6 tpolerooropr(o rlyrve rono0rlrnon rpo-
Xerooarl,rlvog. O rel,euro(og ouv660nKe Ue polpi6o
6rntr4g 6r66ou grr<pori vexporj Xcilpou, rUnou Hans
Rudolf No 1400. O outr6g eronvo4g qg BoAp(6oq ouv-
6604xe pe llveugoroxoypdqo Fleisch No 1. O nveu-
poroXoypdQog, p6oco ev6g pretorpon6o n16oeog Vali-
dyne (+ 2cm Hp), xor6ypoee, 6Xr pr6vo rnv eroilveu-
ortx4 porl o,lid xor rrg preropotr6g rou 6yxou rou er-
onveop6vou o6po. H evdorpoXetox4 nieoq prerprlOrlxe
ge rq Boq0ero ev6g Aenro0 xoOerrlpo noi,ue0utror-
v(ou, 6roprrlrpou 2 mm, Tou ono[ou ro 6vo drpo npo-
oopp6o04xe 96oo orov oul6 rou rpoXeLootoArlvo xor
ro dtrAo ouv660qxe pe Uerorpofl6o nr6oeog Sanborn-
267 B.'Evog dAAog roOerrlpog noAue0ui,ev[ou rono-

EnoveronvoI CO,
Avrro16oerq

P<OOOI

pH

PaCOz
(mmHg)

HCO"
(mmoierl)

XPONO: AOKIMA>IA> %

Iy4po 2: Metopol,6g rou pH, tou PaCO, rot trlg HCO3
oe 6Lr1 rr1 6rdpxero t4g doxLprooioq Kqr yro rrq
6rio optd6eg.
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Oeqg6vog pr6oo orrl Unproio opqpio, Xprloi;reue yro
qv ouveXrl g6rpr1ol rnq qprnptor<r1g nrSoeoq (;16ool
ev6g 6erirepou Uerorpon6o Sanborn-267 B), Kor yro
r4v nep[odrxn InUn deryprdttov opulptoxori o[gorog
(perpqoerg PaOz PaCOz l-oi,oxuxo0 o[6o9 rtrn.). O u-
notroyropr6g rtov HCOs- rlyrve pe q poqOero rnq eqr.
o6oecog Henderson-Hasselbach r<or or gerprloerq rou
yol,oxrrr<o0 o[6o9 6yrvov pre ev(u;rorrxrl pr60o6o r4g
Sigma Technical Bulletin No 826-UV. Ot prerprloerg 5-
yrvov erq 6rntro0v yro xdOe 6eiypro 2 cc o(prorog nou e-
Ao;rpdvero, ;le oUpryyeg onoorerpoU6veq, Urdq Xpn-
oeo:q. To o(;ro, o;16oro9 gerd rn InUn geroe6povrov
oe onoorerpopr6vo ocoAqvdpro nou nepre[Xe 2 ml eu-
Xp6 unoXAcopub6eg o[0 8% Kor oe ouoxeu4 ovo;r([e-
og en( 1/2 trenr6. To deiygo erpote(to eni 5 Aenrd o-
x6go oro ndyo, tirote vo xoOu(dvouv 6l,eg or flporei-
veg. To orol,4vdpro ue[orovro orq ouv6Xero euyoK6v-
rpnon en( 10 trenrd. To unepxefpevo euAdooovrov (e-
ni24 6peq ro noi,0) oe Oepgoxpoo(q 4'C p6Xpr rnv <rt-

po qq gerprloeorg (Bausch xoL Lomb Spectronic 710)
oe 340 nm Kor oro0eprl Oeppror<pooio porlg.

H xop6roxrl nopoXrl, ;retpr1Or1xe ;re rr1 950o6o rqg
0epgo6roi,rioe<r:g (TC-1 Thermal Dilution CO System
Waters lnstruments lnc.). O e16rx6g xoOerrlpog rpoo-
0e(rot pr6oo orrlv nveupovrrrl opqp(o xor 4 06oq r4g
KopuQnq enbverrrpdror oro r6iog rou nerpdproroq Ue
6rdvor[r1 tou 0rilporog xor d;reoq enrox6nqoq. Kd0e q-
voypo06[evn rrprl e(vor q g6oq on6 3-5 roul,dXtorov
eyX0oerg-perprloerg.

l7 e q a pat u 6 n p ut 6 x oMo; Merd orrl ou pntr4 prrlorl
6.l,rov trov Xerpoupytxci:v Xerpro;rd:v xot 6rov o Bo0969
rqg ovoroOrlo[og enrpepouil0lre Ue rov neprypoQ6v-
ro rp6no, 6treg or ;rerprloerg etr6yXou 6yrvov 6rjo eo-
p5g oe 6roorrlporo 6-7 Aenrcirv. Merd on6 ourd eeop-
p6o0qxe or4 ypo;rprrl eronvorlg, perd rov flveuporc,Xo-
ypdQo, UeVdtrn ovr(orooq (Ueprxn oUyxAroq Ue oy-
yerotroB(6o). H o0yxAroq ourrl y(vovrov opyd xot
npoodeurrxd 6ror cirote, oe 6rdorlpo 15-20 Aenrov r1

eronvruol.Krl porl vo gercoOe[ p61pr 0.15-0.2 trirpo ovd
6eurep6Lenro. l-ro 14 np6tr4rpq qg uno(otpiog 6Ao
ro (6o qv6nveov gu;rn),4progorrxd pe(y;ro o[uy6vou
60-700 , o0 Nz drore 11 PaO2 vo 6rorr1p10e( ndv<o on6
70 mmHg. Aefy;roro o(gorog yro perprloetg PaOg
PaCOa pH xor J-oAoxrtxotl 0[6o9 etro;rBdvovro xd0e

o 20 40 60 80 .t@

XPONO: AOKIMA:IA: %

f14po 3: To onor6AeoUq rnq eronvorlg p6oco ovrLotdoe-
crlg en[ rqg ev6orpoXetorrlq nt6oeog. Metd qn6
ro 80% tou Xp6vou 6oxrgoo(oq, ro (tilo 6ev gno-
po0v vo 6torqp4oouv pr6yrotrl nieo4.

15 trenrd. flep(nou oro (6ro lpovrx6 6rdorrlgo 6ytvov
perprloerg Kor rnq xop6roxrlg nopoXrlg. H eronveuorr-
Kn pon, o 6yKoq ovonvorlg, 4 ev6orpoXeroxrl xor q op-
r4proxrl n(eor1 xoreypdeovro ouveXdlg en[ xoroypo-
qrxo0 Xdprou (KorqypoQ6og nol,i,on)\tiv eyypo<pdrv
Hewllet Packard).

To ne[pogo 6rox6nrero 6rov q ev6orpoyerox4 n(e-
o1 6nerlre oto 60-70oh rqg ;r6yror4q rrpnq r4g, oro (-

6ro ne(pogo.
pl O1td6a Enaveonvo7q ArcleL6iou; Irrl 6e0repr1 o-

gd6o, ndAr on6 10 or6i,oug, enoveAneenxov ge rov [-
6ro rp6no 6treg or ovoqep0e(oeg 6rodrxoo(eg xor ro
nerpol-rorrx6 npor6xo),4o, Ue rn 6toqopd 6rt 6ev e-
<poppr6o0lre ovr(orooq orqv etonvorl.

Avr( our4g, petd ttg eyypo06q rcrlv rrpdrv eA6y1ou,
to (rilo ouv660r1xov ge xAeror6 rUxl,rol.ro eflova-
onvorlg 6roferd[ou (odxoq Douglas) o onoiog nepre(Xe
4o/o CO1 78o/o 02 xor N2 To ne(popo 6rex6nrero xor
ndLr, 6rov ot rrg6g rou PaCO2 Kor rou oprqproxori pH,
6Qeovov oe nop6proro en(ne6o ge ere(vo rov nerpo-
pdrov rqg A oprd6og.

ANOTEAE:MATA

Ie 6tro ro (cilo nou ov6nveov ;-16oo on6 ovtrotd-
oaq, Trqpornpn0nxe 6rr, 60o 6neere q eronveuorrr4
porl (0.1-0.2 Usec), 6neere nopdAlrltro ror o oepropr6g
ror dpXr(e q dvodog rou PaCO2 H oU[rtorl rou paCO2
rlrov npoo6eunxr;, ouveX((ovrov g6Xpr ro r6Log rou
nerpdgorog xor ouvodeOovrov [e pre[otor1 rou pH
(oXnUq 2). l-lop6poteg preropoA6g, rou PaCOs rou pH
Kor rtr:v HCO3- 6nog qo[veror oro (6ro brdypo;rpo
nopoqprl0qKo.v Kor ot4v opd6o B trlg enovetonvorlg.
Or peroBotr6g rou PaCO2Kor rou pH xot nr0ov6v dAAo

O 20 .lO @ 80 tOO

XPONO: AOKIMA:IA> %

Metopotr6g rqg xopdroxrlg ouXv6rqrog (A) Kor
rrlq qprnproKfq nr6oeog (B) ouoro,\rxrlg xor 6ro-
orotrrx4g xor rrg 6Uo ogd6eg. fe xoprd nepinrol-
on orn odon rou netpdporog 6ev nopotrlprlerlxe
geiorol. Avri0ero orlpdrri04xe ox6go xot o0{4or1
trlg nr6oe<og.
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I1f1po 5: MeroBo),69 rnq KopdroKnq ropoxnq. KoL orrg

60o opd6eg 4 xop6Loxr; nopoxn orlUe(ooe rpoo_
6euttxr; o0Enon.

ovollveuorrKd ovrqvoKi,oorrKd, npoKdAeoov 616yep-
on rov xrlvrprrlv rnq ovonvonq. 'Eror ornv oud6o-8, e-
noverorvonq, ou[r104xe npoo6eurrKd 5-8 <pop6g ndvrr:
on6 ro ert[ne6o el6yxou, o oeproU6q ovd ],enr6. Zrrlv
opd6o-A roJV ovrrordoeov, Uerd on6 Urd opXrx1 pre(co-
orl, o oeprop6g dpXroe vo oufdveror npoodeurrKd Kor
nAr;o[ooe oe on6],uteg rrpr6g ro en(ne6o etr6yXou. O
oepro;r6g 6rotqprl011re y0pto on6 ro enfnedo our6 yro
norxilo drdotrlpro xot dpXtoe rtqAr vo Uer6veror Ko-
069 6neqre r1 ev6orpoXerox4 n(eo1 (oXrlgo 3).

Kot orrg 6rio ogddeg or preropotr6q rou oeprogo0 xo-
rd Aenr6, oqeilovrov oe otrtroy5g qg ;16o119 Erofiveu-
ottxrlg ponq Ur/T), 6nou Vr = 'Oyxoq ovonvorlg xor
Tr= Xp6voq nou 6ropxe[ 4 eronvorl. H oXdo4 T/Tror
nop6perve ogetdptrnrn oro 0.3-0.4 (Iror = 6rdpxero 6-
i,ou rou ovorveuortKori x0xtrou). Zro 6rdypopllo 2 xo-
roypd<povror or geropoA6q rnq evdotpoXerox4g nt6-
oeotg (P1) or4v o;rd6o A rcov ovrrordoe<ov eronvorlg.
Oo[veror 6rr q Pr oufdveror npoodeurrrd ;r6Xpr ror
oro 80% rou Xp6vou rlg 6oxrgoo[og xor gerdnerro
petcilveror.

l-1op6proro xo;rnUArl i,oprpdveror ov ovr( rqg geyi-
orqg nr6oeoq Xpnorponorq0ef o deixrqg nr6oeo:g-
Xp6vou nou noprord ro yrv6gevo rnq errqdveroq rnq
nr6oecog nou ovonrUX0rlxe oe ouyxexprpr6vo 1p6vo e-
n[ r4v ouXv6rqro rrlg ovonvorlg.

To ne[po;ro 6rex6nrero 6rov 1 ev6orpoXeroxrl nie-
o1 dnerpre xord 25-30% on6 rrlv rrprrl r4g prey(orr1q
rou [6rou netpdgorog. Bp60qr<e ncog r1 96o4 drdpxero
(r1 ovroX1) rotv nerpoprdrcov rlrov 125 + 15 i,enrd, orqv
oprd6o A rov erofiveuorrKcbv ovrrordoeov, Ue e0poq
qn6 130-230 i,enrd. O i6rog Xp6vog, yro rrlv oprddo B
rrlq enoveronvorlg rlrov 159 17 l,enrd, pe eUpoq on6
150-175 trenrd.'Onog 61er 4611 ovoeepOe[, o Xp6vog
yto vo re),er<boer ro ne[popo orrlv o;rd6o ouq, eorlpo-
ve 6rov or rr;169 rou PaCO2 Kqr rou pH 6e0ovov ere(-
veq rnq oUddoq A rcov ovrrordoeotv. Oofveror 6rr o
Xp6voq out6g, xo(ror ge 6ro<poperrxd xprrrlpro eri,ey-
pt6vog, nrov 6;roro9 oXe66v (P<0.5). Aur6 prog enrrpd-
ner vo exQpdoouge ro onoreL6oUoro oe oX6o4 pre to
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I14po 6: Iuyx6vtptoorl yoAoxrrxoti of6rog oro nAdo;ro
rou o[;rotog Kor orrq d0o o;rddeg. H o0[qoq tr1g
otd0prrlg orqv o;rd6o qvtrordoeov e[voL orlpov.
TtKn.

noooor6 rou (6rou Xp6vou 6orrproo(og Kor orrq 6rio o-
pd6eg. l-ro vo net0Xouge Xp6vo 6oxr1.roo(og nop6Uoro
Kor orrq 60o ogd6eg Xpetdorqxe vo xdvoupe geprxd
np6o0ero nerpdproro qg o;rd6og B 6nou Xpnorgoror-
4oope 6rdQopeg nuxv6rr;reg 6ro[er6(ou xot 6yroug
geiyporog rou odxou Douglas. Bp604xe 611 6vo preiy-
po oep[ov 50 tr(rpcov Ue nepreKrrK6trlto 4o/o oe 6ro{eC
6ro, gnoporjoe vo ou(r1oer ro PaCO2 yripot oro 180
mmHg oe 6rdpxero 3 ropcilv.

Iro oXrlgo 4 xoroypdeovror ol. preropotr6g rnq ou-
orofuKnq xot 6rooroArx4g nr6oeog xor q xop6rorrl ou-
Xv6rrlro Kor orrq 6Uo o;rd6eg. l-loporrlpe(ror 6rr orrlv
oprd6o A 6ev undpXer rdoq getciloeoq rcov nopog6-
rpcov ourcilv xord rr1 6rdpxero r;g 6orrgoo(og. An6 rrg
perprloerg r4g xop6toxnq nopoXnq pp60r1xe rl o0[4orl
p6Xpt xor 150% n xor 6roqpqorl our4g, oro en(ne6q
etr6yXou. Irr;v oprd6o B-enoveronvonq, n xop6rox1
nopoXq ou[40qxe oro 150-200oh tov rrpdlv e],6yXou
(oXnUo 5), 4 oprqproxrl n[eo4 ovrllOe (on6 166+3
mmHg ora202t 15 n ouorol,tr4 xor on6 120 + 10 oro
150+3 4 6rooroirxrl. H xop6rorrl ouXv6rqro 6ev pe-
toptr1Oqxe. H p6o4 rrpn qq orn 6rdpxerq qg 6oxr1lo-
ofog r1rov 129 + 8/min (oXrlgo a).

Or ordOpreg etr6yXou rou yotroxrrro0 o[6o9 oe
mmoles/l 6ev 6r6qepov ;rero[0 rnq ogd6oq A-
ovtrordoe<rlv (0.35+0.1, mean +SE) Kqr trlg o;rd6og
B-enoveronvorlq (0.50 + 0.3). Iro r6i,og rou nerpd[q-
rog r; ordOgq rou yotroxrrro0 o(6o9 ou(404xe onUov-
rtrd oulv oprd6o A (1.59 +0.42). Mrxp6rep4 Un on1-rqv-
rrx4 oU[r1oq noporrlprl0rlKe orrlv oprd6o B (0.83 + 0.29
mmoles/l-). H droqopd ord0pnq prero[ti rorv 6rio oprd-
6ov e[vor orlgovrrr<r1 (P<0.01). Iro oX4go 6 eofvovror
or peropol6g r4g ord0;rnq rou yoAoxrrxo0 o[6o9 rou
d[Uqroq Kor orrq 6rjo oprddeg oe 6In rq 6rdpxero trrtv
nerpopdr<rlv. Irqv,oprd6o A npog to r6Aog rou nerpd-
[oroq, or rrpr6g 6Xouv nevrontrooroore( (P(0.001). H
dvodog rou yoloKrrxorj orlv oprddo B e(vot 1.uxp6re-
pn. Ererdn 4 peydi4 dvodog nopotqpe(ror ouoroorr-
xd npog ro r6Aog r4g doxrgaoiog 0o gnopo0oe vo u-
noreOe[ 6rr ror orrlv oprd6o B, ro yo],oxrrx6 o(rj 0o
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PCO2 (mmHg)

I1fiyo 7: 2X6oeLq peto{O pH xoL paCO2 Kor orrq 60o opd-
6eg. Tdoo n oUd6o ovttordoecov, 6oo xor q oprd-
6o enqveronvot'lg nopouo[ooov npoodeurrxd e-
nL6erv6gevq ovonveuonxrl o[6<oor1 Xcopig peto-
polrl rou petopotrtxo0 otorXe[ou.

ouqdvero on6ro[o rpoq ro t6trog, qv o Xp6voq rnq
6oxr1.roo[og oe on6Aurn rrpn nrov o (6ro9 Ue eKe(vov
rnq opddoq A. I-ro ro tr6yo our6 oe rpetq ox6po orU-
Aoug nou ov6nveqv pe ri,eror6 x0xl,opo enovrr-
onvonq nopord0qxe oe 200-250 Aenrd o Xp6voq rnq
6oxrl.rooiog Ue rn rpooerlxl o[uy6vou oro odKo Dou-
glas. H Ueyiorn oUqnon rou yoloKrrKoU oq6oq rou oC
Uoroq oro (<iro ourd rlrov 0.1,0.3 xor 0.4 mmoles/l ov-
r(ororxo. Iro oXrlpo 7 qo[verot n ox6on Ueroq0 rou
pH tou o(Uoroq Kor rou 6ro[er6(ou rou dvOporog xor
oro o141lo 8 11 oX6o4 gero(0 rou pH Kor rou HCO3-
Kor orrq 6Uo opddeg, X(Dp(q 6roqop6g. E(vor <)ovep6
ro ovonveuorrx6 ororXefo rrlg o{edloeog.

:YZHTH:H

To onotel,6oUoro rnq epyooiog ourrlq 6eiXvouv 6rr
nerpogor6(oro nou ovonv6ouv p6Xpr e[ovrtrr1oeog,
p6oo on6 peydtreg ovrtotdoerg eronvonq, pre npoun6-
Oeoq 611 6rorqpoUv PaO2ndvo on6 70 mmHg xor d0r-
xr4 xux),oQop[o, pnope( vo nopouordoouv exr6g on6
rq npoo6eurrxrl oU(rloq rou 6ro(er6iou rou dvOpoxoq
l6yrr: unooepropo0 xor oU[1o1 rou yo],oxnKo0 oq6oq
tou o(porog. H oU[1o4 rou yoLorlxo0 o[6o9 prnope[
vo orpeftreror oe o0{r1o4 rnq nopoyoynq n oe preioorl
rou petoBoAro;ro0 rou r1 xor oro 6rjo. l-'lopd ro yeyo-
v6g 611 6e pnoporige vo npoo6top[oouge pe oxp(pero
rn flnyr1 r1 xor roug UnxovroUo0q ou(rloeolg rou yoi,o-
KrrKoU o(6o9, oTo nerpogorrx6 np6runo qg epyoo(og
our1g, UttopoUUe coor6oo vo trpooeyy(oouge ovolurr-
xd to 06;ro Kor vo o64yq0o0;re oe peprrd ooord ou;r-
nepdoporo.

o) Kptrtx4 tuv anoteAeopdtuv: To yoAoxrrx6 o[0
nopdyeror oe geydAo fiood 6rov q or;rdrrrlorl Kor rl o-
(uy6vooq rorv rordlv e(vor qvenopre(q.16,1e Ilpog enr-
xripoorl or Simmons Kor ouv.276xouv 6e[[er 6tt ot oxti-
l,or nopdyouv orlgovrrxd nood yotrorrrKoU rdv ovo-
nv6ouv Xopqtr6g noo6trlreg ofuy6vou (8%)n edv qvo-

nv6ouv nuxv6rrlreg o(uy6vou 14% otrtrd rour6Xpovo
nopouord(ouv 50% peioorl rqg xop6roxnq nqpoXnq.
E(vor on(0ovo vo unrlpXov ouvOrjxeg yevrxeu;r6vr1g r-
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HCO, (mmoles/l)

11flpo 8: IX6oerg ;rero[rj pH xor HCO.-- Kor orrg 6rio o;rd_
deg. Kot orrg 60o oUd6eq xupropXeI ro ovofivru_
orrx6 ororXe(o r4g o{e6oe<og (ori{4o4g trov
HCO3 pre rqv ntcilo4 rou pH - unepronv(o).

orrxrlg uno[(og xor perdloerog rrlg orprordloeoq rov r-

otri:v orqv o;rd6o A nou ov6nvee 96oo on6 ovrrord-
oerq Kor orlv ono[o pp60qxov uqrnlSq ordOpeg rou o-
(6o9. H peprxrl rdoq rou o[uy6vou 1rov ndvro ndvco
on6 70 mmHg oro oprnprqx6 o[pro, evcil 11 rop6rorrl
nopoXq Kor n oprnproxrl n(eo4 yto rpoqo66rnon n-
oov Quorotroyrx6g r1 ou(qp6veg. AU(r1or; rqg xop6ro-
xrlg nopoXqg (+ 170%) Kor rnq opt4ptorrlg nr6oe<og
noporrlp404rov enioqg Kor orrlv oUd6o B-
enovetonvoflg 6ro{er6[ou. To euprl;roro ourd ouUeo-
vo0v Ue no),q6repeg epyqo(eq, otrg ono[eg 6Xer 6er-
X0e( 6rr ovonvruorrK1 ofetioq ovo,\6you Bop0qrog
npoxoi,e( oU{4oq qg xopdroxqg nopoX4g ;.r5Xpt ror
182oh truov enrnS6tov eA6yXou.l E(vor oo<p6g 6rr oUre
XoUnIn rop6rorrl nopoXrl, o0re yevrxeup6v4
uno(orp[o-uno[(o prnopotiv vo 0eop40o0v une[Ouvor
nopdyoweg yro rnv orj[4oq rou yo],oxrrxo0 o[6o9
oro netpdpord prog.

O unepoepto;r6g-0eo:pe(ror 1.rrd dAtr4 ott(o UrKpnq
ou{qoeorg rnq nopoycoyrlg yoAorrtxoti. O Huckabeela
61er unoorrlp(Eer 6rr or4v nepfnroorl outrl n o0qnon
rou yoi,oxrrxori o[6o9 np6rer vo ono6o0e( oq 1ogr1-
Arl nuxv6rrlro o(uy6vou 6ro rrlg onofog npox],r101xe
o unepoepropr6g xor or4 ouvo66 unoronv(o. l-'lpdygo-
rr q np6trr1tyq rnq unoKorrv[og, pe 11 npooOrlxq 6rofer-
6(ou ;16oo oro ge(y;ro XoUnAnq nuxv6rqrog o{uy6-
vou, 6ev enrrp6net qv orl(qoq rou yoloKrrxo0 o[6o9
oro o[;ro. Or Zborowska-Sluis xor Dossetor320ecoporlv
en[oqg 6rr q ori[4or1 rou yoAoKrrrorJ o[6o9 rou nopo-
qpe[ror orov urepoepropr6 6ev oqeil,etot oe rorrrrl u-
noqio n oneAeu0Sprr:or1 yoAoxrrxoU on6 rouq puq, qI-
trd nt0ov6roro orpe[treror oe ou{4;r6vq yl,ur<o},urrxrl
6pdon rov Kurrdpov rou o[Ucrrog. AvrfOero, ot Eldrid-
ge Kor Salzerl0 nroreUouv 6rt 4 ori[qo4 rou yo],ortr-
rod o[6o9 tou o[porog, nopouo[o unoxonviog Kor oI-
roAdloeog, np6ner vo qno6o0e( xor oe d),troug gon0n-
rrr<o0g nqpdyovreq xuxAo<|oprxo0g xor preropoAr-
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KoUq. :rn nopo0oo epyooio, o0re o unepoeprop6q,
o0re 4 unoxonvio gnopo0v vo evoxonorn0o0v yro rrlv
o0(r1oq rou o[6oq. To pH rirov 1opr1A6, 11 PaCO2 u$q-
)\tl xor o oeptop6g orqv o966o A rcov ovrro-rdoeov
porlg, 6ev fen6pooe nor6 ro en[ne6o e)\6yXou. H
pe(oor1 rou pH rou o[gorog re(vet vo ou(4oer rn ouy-
x6vrpooq rou yoAoxuxo0 o{6o9 oAAd nopdtr)\r1)\o o-
voor6lJ\er rr1 6poorr1pt6rqro rnq QooQopo - Qpou-
xroxrvdoqg. To yeyov6q our6 npoxoAe( Lp(oon rnq
nqpoyoynq yd\orrtxo0. H ge(oor1 rou pH ox6go no-
pepno6((er qv 6(o6o rou yoAoxrrxo0 qn6 ro xUrro-
po. To reArx6 onor6Aeogo rtov oU0(6pogrov ourdlv e-
nr6pdoetov e(vor 4 pe(cooq rou yotroxrrxo0 of6og oro
oipo.16 }lprpovo pe rrg d\rlpoQop(eq our6q, or nopo-
rqpo0peveg unepxonv(o xor 4 o{6rooq, re[vouv vo
perdloouv nopd vo ouf1oouv rn nopoyoyri rou yotro-
xrrxo0. C)or6oo, 6noro xqr ov e(vqr n en(6poon rov Ue-
ropotrrilv rqq o(eopoorxflq rooppon(og eni rnq ropo-
ytoyns yotroxtrxo0, to yeyov6q 6rt gero[0 uov 60o o-
prd6rrlv rqg petr6r4q, 6ev un4pXov 6toqop6g oro
PaCO2 xor ro pH e[vor 6v6er[1 6u n ouEnU6v4 otdOprl
yotroxrrxo0 p6vo orqv o;rd6o A 6ev Qo[veror vo oxe-
r((eror ge ro 6ro{er6ro rl ro pH rou o(porog.

H nuxv6rlro rtov r6vrov u6poy6vou 0o pnopo0oe
vo enqpedoer rov peropo)\top6 rou yoAoxnxo0 xor
ouyxexpr;r6vo w1v on6xxpto{ rou on6 ro 4norrxd xOt-
ropo. Ie onopovro;r6vo otrtrd or;rororigevo 4nop nov-
trxo0 q on6xxproq xor 11 xorovd)\oor1 yotroxuxo0 enrl-
ped(ovror oqlrovtrxd on6 ro 6[rrl- xor ev6oxurtdpro
pH.17 Or Lloyd ror ouv.17 6Xouv 6e([er 6rr 11 np6o)trlrgrl
yd\oxtrxori on6 ro {nop gerdlveror 6oo ro pH per6ve-
ror, l,6yco ovooro)\r1g rlg 6poorrx6rqrog rou ev(Upou
nupouprxrl xopBo{uA6or1. Or [6ror ouyypqQe(g qn6-
6er[ov en[o1q 611 6tov ro pH n6oer xdro on6 7, ro r1-

nop oneAeu0ep6ver yoAoxrrx6 o[0 p6oo oro o(;ro.
Eivor nr0ov6v 6rr oroug veqpo0q, oL ono(or Xpnor-

ponotoOv en(oqg peyd\o nood yoAoxrrro0, q nuxv6-
rrlro rtov r6vrov u6poy6vou 6Xer ovr(Oerr1 en(6poor1
on6 6rr oro rlnop, 6oov oqopd rnv oUorooroo(o rou
o[5og.31 lro netpd;rorq rnq pel6r4q Uoq, ro pH rou
a[porog nopd r1v npoxAl0e(oo oE6oon oqv opd6o
enoveronvor]q 6ro!er6(ou, 6ev enrlp6ooe o4povtrxd
q ord0prl rou yoAoxuxo0 o[6o9. Or rrp6g rou rloov
A(yo peyoA0repeg on6 rtg np6g e)t6yXou (oXnUo 5). E(-
vor rpoqov6q 6n 1 en(6poo1 tou Xo1.r1Ao0 pH en[ tou
flnorog 6oo oqopd ro geropol,rop6 rou yotroxrrro0,
6ev eivor oqpovrrxrl oe rpuorotroyrx6 n XopnA6 puO96
nopoytoyrlg tou o[6o9. Evd\Aoxrrxd xord 11 6rdpxero
Bqperdq o{edloeog o) dyvtooror g41ovro1.ro[ ev66Xe-
ror vo npoororeUouv to ev6orurrdpro pH rou rlno-
roq, p) per6veror o oxn1rorrop6g yd\oxtrxo0 otoug r-

oro0q A6yro ovoorol,rjg rnq Qtoo0o0pouxroxrvdorlg 11

r6troq y) oufdveror 4 xorovdl,roorl yol,oxuxod on6 ge-
prxd 6pyovo 6nog o veqp6g.31 Ko0rilg rpofveror 6ev e(-
vor p6poro noro( pqXovropo[ e(vor uneU0uvor yro rn
6tot1pqor1, Quorotroyrxrlq oXe66v ordOpr4g yohoxrr-
xo0, oto netpopor6(oo rqg ogd6og-enoveronvorlg.
Aronrordlveror 6pqg 6u ot gqXovrogo( ouro( 6ev e-
nopxotiv yro vo 6rotqprloouv 6;roro rpuorotroyrxn
ordOgrl yotroxrrxori orqv opd6o ovtrordoeov por1g.
Irlv opd6o out1 n o0Enon tnq ordgUnq rou yoAoxu-
xor3 pnope[ vo 0e<opq0e( oov 6uoovo],oy[o pero(d no-
poyoynq xor xorqvol,riloeolq rou o(6o9.1e,20

pl Auv4ttxo[ p4yavopoi aul4oeuq yaAaxnxo0:
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Aev undpXouv dpeoo ororXeio { eup{poto yro vo e{1-
yrloouv rov onoto6r'1nore pnxovrop6 pe rov ono(o ou-
[{0qxe ro yoAoxnx6 o[0 or4v o;rd6o A-qwrotdoeov
por1q. Mnopei vo unootqprXge( coor6oo 6rr r1 oO[rloq
rou yoAoxrrxo6 oqeileror orrl oXerrxrl ge(oloq rnq qr-
potiloeog Kqr rrlv unoE(o rtrrv ovqnveuortx6v purilv
nou ovoyxd(ovror oe evrorrxrl Aerroupy(o. H uneppo-
trtxn qUEnon puixo0 6pyou ex g6poug ourcbv 0o prno-
po0oe vo o61y{oer oe nopoytoyrl yotroxnxotl. Or Uri-
eq o6uvoro0v vo oufrloouv rrlv or;rdrtoo1 roug n6po
on6 6vo 6pro, riore vo ovronef6A0ouv orrq evepyero-
x6g ovdyreg, 6rd rou oepop[ou peropoAto;roU ;r6vov.
Mro dtrAq Oecoprlrrxrl eEnynon yro rnv oU{qo4 rou yq-
trortxori nopouo(o voppo(orprfoq Kor quorotroyrxrlg
xud\oqop(og e[vor n qvoKorovoprl orporciloeoq. H
pe(aloq n.X. rnq xurtroqop[og 6ro rou rlnotog pnope(
vo enrlpedoer q np6oAnqrn yoAoKlxoU qn6 ro 4nop
Kqr vo ouvreA6oet oqv o0[4or1 rqg ordOprrlg rou o[6-
oq oro o[;ro. Or teAeuro(eq 6&o nr0ov6rqreg 6[vouv r-

KovonolnuKn eEiVnon oro onoretr6oUclro rnq epyo-
o(og xor np6ner vo eferoo0o0v oe preyotrrjrepo pdOog.

yl Hul4ltdvn tlapoyuyrl FaAaxrmo0: H enoven[g4-
on rov oXqgdtov 2 xor 5 6e(Xver 6rr ro yol,oxrtx6 o{0
ou{dveror oro lpovrx6 6rdor4;ro 6nou oufdveror
npoodeurrxd xor 4 evdorpoXeroxrl n(eor1, Kor eedver
oe 6vo oro0ep6 en[ne6o 6rov q retreuro(o opX[(er vo
n6Qrer. To np6ro epdlqpo nou np6ner vo onovr40e(
e[vor. H ovonruoo6prev4 evdorpoXerox4 n(eor1 e(vor
oprerd uQnln dlore vo 6e[Xver ndlg or qvonveuorrxo[
pOeg nou qv nopdyouv i,erroupyoUv 16oo 6vrovo dr-
ore vo 6Xouv ovdyxq rov ovoep6pro peropo)rro;r6;
Flpoxrrxd e(vor q60vorov vo unoAoyroOe[ n U6yrorn
eronvruorrKn n(eon nou gnopo0v vo ovonr[(ouv or o-
voro04ronornpdvor ox0tror. Oor6oo undpXouv enop-
xe(g ntrqpoqopieg 6ro r<rlv onoiov ouvdyeror 611 4 96-
yror1 ev6orpoXeroxrl n(eo4 nou Koroyp6qJoUe, 1006u-
voge( npoxrrxd ge q g6yrorrl eronveuorrKrl n(eoq nou
gnopo0v ro (riro vo ovonrri(ouv pe xl,eroro6g oepo-
ytrryo0g. Ie dtrtrq epyoofo 6Xopre petprloet 14 nJ\eupr-
xq n(eo1 nou ovonrUooouv rq (dlo, xqrd q 6rdpxeto
unopey(or4g ogqorepontreUpou 6rey6poeog rou epe.
vtxo6 ve0pou, Ue xAeroro0g oepoyroyorig, on6 14 06-
on rnq FRC. Me 6r6yepo4 ouXv6rqrog 100 Hz,6rdp-
xeto epeO(oprorog 0.1 msec Kol tdorl 20 Volts, q ntreu-
prxrl n(eor1 9p60nxe 50-70 cm HO. OuoroAoytrd dro-
Uq oe KoroKextr4p6v4 06or; FRC, rord rr1 6rdpxero
Xerprogrirv Muller, gnopo0v vo ovonrU(ouv nleoq yrj-
po oro 80-100 cmHP (o6r1goo[eurq nopoulpqoq).
Oo(veror i,orn6v nr0ov6 6rr or ovonveuouxoi pUeg
oto nerpdyotd pog l,erroupyo0oov rovtd ot4 g6yt-
otrl 6uvotrl rdol. E(vor yvoor6 ox6pr1, on6 dtrtroug
oxel,errxorig pr0g, 6rr ro yoi,oxrrx6 of0 rou o(;rorog
ou(dveror, 6tov o pu0U6q nopoyoyrlg 6pyou oro ep-
y6gerpo unepBe( ro 50-60% qg ;r6yroqg xorovoAril-
oeog o(uy6vou (VO 26ax). 

30

H orpdrtool tov oxel,errx6v purirv getdlveror 6uoo-
vdtroyo neproo6repo oe o16o1 Ue rrq evepyerox6g
roug ovdyxeg, 6rov or rei,euro[or ouon<ilvtqt ndv<rl.o-
n6 ro 30% qg p6yrorqg toX0og roug. 'Orov 11 6vtooq
ulg pu'rxrlg ouorotrrlq uneppei rc 70oh rrlg prey(oqg
6rox6nrerot q orgdtoo4 rou gu69.'Etor q orpdrool e-

[oprdror on6 q 6rdprero rr;g pu'rrr1g Xoidoe<rlg. Edv
11 reAeurofo ppoXriveror, neptop((eror q ouvoArxrl or-
gdur:or1. Edv 6eX0otipe 6rr or qvonveuorrro( gUeq
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ouuneproepovror 6n<og or dAAor oxeAertxo( xor 6e-
X0oUpe en(oqq 6rr 11 p6yroul ev6orpoleroxrj n[eorl
nou ovSnrufov ro nerpopor6(coo 6qeooe no)\0 xovrd
oro g6yroro 6uvor6 6pro, rlo(veror oro oX{Uo 2 6rr o-
n6 ro nptilro r6ropro { n6pnro i6n rou Xp6vou 6orr-
pooiog (20ohl ot ovonveuorrKo( p0eq noprlyoyov ge-
Vdtro 6pyo xqr xord ndoo nr0ov6rr1ro, ov6nruoqv n(e-
oq ndvor qn6 ro 65% qq ;rey(oqg. Ko0dlq or evep-
yetox6q ovdyxeg rtov ovonveuouxdlv purilv noAtro-
nAoordo0rlxov, 11 otpdrroorl rouq 6ev pn6peoe vo ou-
[q0e( ovdAoyo. Av q nopondvo Oedlpqo4 e(vot oro-
ou1,ro 6N\erpo ev6pyeroq KoIUeOnKe on6 rov ovoe-
p6pto peropotrrog6 xor noprlX04 yol,oxrrx6 o[0. H ep-
gqve(o our{ pnope( Kor vo 6rxorotroyrloer Kor rIV qve-
ndpxeto rcrlv qvoTrveuortxtilv gutilv vo 6roqpr]oouv
rqv n[eoq, e[ o0 xor rl ev ouvexe(o nrdlorl qg ev6o-
rpoXetox1g n(eoeog. l-to tqv nrd:or1 14g ev6orpoXero-
xrlg nr6oeog ouvepyotiv xor dAAor nopdyoweg 6nrog
to XoprlA6 pH, xor q xoroorotrrl rou KNI 0rt6 ro uqrn-
A6 PaCOa
'Evq dIAo oqpe(o Xperd(etor Dreuxpivrloq. Mnopo0v
or ovolveuonxo( pUeg vo nopdyouv opxerd nood yo-
)roxrrr<o0, riore vo ovepdoouv q ord0pq rou oro o(po
xord 1-2 mmoles/l; Iro nerpdpotd pog ro yol,oxrrx6
o[0 ou[{0r1xe xord 1,3 mmoles/l. Aur6 oqgoiver 6n ro
ouvol,rx6 yotrorrrx6 o(0 rou ocil;rorog ev6g (rilou 30
Kgr, 1rov y0po oro 23 mmoles ndvo on6 ro euoroAo-
yrx6, ov trr1<pOe( un'6rf.rrv Kqr rl Kcrrovopr{ rou of6oq xo-
rd q orryprl rr;g ;rerprloeo:9.

Or qvonveuortxoi g0eg onoretroUv ro 1-1.570 rou
pdpouq rou oriporoglo nou ovrrotorXe( oe 0.3-0.45
Kgr, yro ro Bdpog ev6q oxUi,ou. I0pqovo pe rov Es-
sen,11 1 Kgr xoOopo0 pu6g nept6Xeroprer6 yAuxoy6-
vo yrcr rnv fiopoyoyr] 160-200 mmoles yo],oxlxori. To
ouvoi,rx6 ytruxoy6vo rov ovolveuotrrcbv purbv, xo-
0cilg qoiveror, gnope( vo nopdyer 16oo yol,oxrrx6 ril-
ore rl otd0gl rou oro o(;ro vo nA4ord(er ro 4
mmoles/1.

Mrd dLtr1nt0ovrl nqyrl yotroxnxori o[6o9 orouq q-
vqnvauorrKo0q pUeq e(vor o ovoep6ptog petopoAr-
op6g rqq yl\ux6(nq 1 ono(o nop6Xeror npog ourorig
6ro rqg xuxAoqop(og eK rou rlnonxo0 yAuxoy6vou. O-
ot6oo xqt on6 ro eup{goro rov nerpoprdrov Uoq Kol
on6 rrg nl,rlpoqop(eg qg prBi,roypqe(oq 6ev eivor 6u-
vor6v vo npop)reQ0e( ro noo6v rou yoloxtrxoU nou
nopdyeror on6 rov ovoep6pro ;reroBotrrog6 qg yAu-
K6(nS. Ilop'6Ao ourd gnoporiv vo y[vouv peprxo[ o-
6po( unotroytopo( o0gqovo Ue rouq ono(oug o ;r6yr-
otog pu0p6q nopoyoyrlg yoAoxuxorl, e(vor qg rd(e-
oq rtov 10-20 mmol/Kgr/min xord n1 6tdpxero evron-
xrlg ooxrloeoq.'7 Av our6 eqop;rooOei xor' ovotroy(o
pdpoug Kor orouq qvonveuorrKo0q g0eg en( 30,pr6vo
-Xp6vog 6nou noporqpfloope rr;v p6yrorrlorj[r1oq rou
yd\oxuxo0, oro 70-90% r1g 6oxrpoo(og- q nopoyoyrl
ydroxrrxo0 0o gnopo0oe vo t|rov 90-300 mmoles. To
noo6 qur6 e(vqr no)\U peyoA0repo qn6 6oo gpnxqUe
oro nerpo1ror6(oo.

6) Merup6v4 np6oAnen f aAaxrxol: Meydtrrl ouy-
x6vrpool yol,oxuxori oro o(po 0o ouppe( ov o pu0-
U6q rnq npooArlqecrrg-efouderepciloedrg rou on6 6rd-
rDopo 6pyovo eivor ;txp6repoq on6 rov pu0p6 nopo-
ytoynq. lupnepoivovroq noq our6q o yevrx6q xov6-
vog eivor 6uvofdV vo roX0oet, 1r6vet vo epeuv40e[ oe
nor6q neprnrdloerg n XpnorUoro(qor1 rou yoAoxrrxo0

e(vor peyoAUrep4 on6 rrlv nopoyoyfl rou, yeyov6q
nou 0o pnopoUoe vo enqpedoer rq qnoreA6oporo rrlq
petr6rqq. Kord rq 6rdpxero ooxfoeorg r'1 np6otrqrp1 yo-
l,qxrrxori on6 ro rlnop 61er unoi,oyroOe( nepi ro 55
mmoles/h.2s xor gnope( vo Oedoer ro 450 mmoles/h.e
Me dtrtro tr6yro ro flnop xord t4v 6oxr1or1 qnopoKp0r
ver ro 5070 rou xuxl,orpoporlwog 11to3-4% rou nopo-
yogdvou yol-oxrrxo0 o0pgtovo ;re epyoo(eg rcrlv Ro-
well xor ouv.25Kor rtov Hermansen xorStensvold.12O
pu0g6g onopoxpr3voeog rou yol,oxrrxo0 xor6 u1
6rdpxero onooprilv, Uqq nqpouor6(er 5vo nro peoAr-
onx6 rp6no qg rxov6qroq rou orilporoq vq onoA-
trdooeror on6 ro o(ri our6.13 Kord rqv drdpxeto qq
nepr66ou perd roug onoogorig noporlpe(ror, p6oo oe
gro rilpo pe(oor1 rou yotroxrrxo0 rou o(gorog xord 6
mM, noo6 nou ovrrnpoooneUer onopdxpuvotl252 1t6-
vov mmoles yol,oxrrxo0 yro dropo pdpouq 70 xd\titv.
Or nopoqpqoerg our6q 6e[Xvouv 6rr, nopd ro 6uvrlrr-
Kd uqrnl6 pu0p6 efouderep<iloeoq, ot prlXovropo( o-
nogoxprivoeoq rou o!6oq 6ev XprlorUonoro0vror oro
p6yroro 9o0U6 xord n1v Xpovrxrl nep[o6o nou oKo-
trouOe( roug onoopo0g.

Ooiverol ntllq n rxov6r4to rou rinoroq xor r<rlv di,-
Arov ror<irv vo enrrol0vouv rnv e{ou6er6poorl-
np6oAqqrl xoOrilg xor o Xp6vog nou Xperd(eror yrour6
e[vor xprrrxrlg o4pooiog. I0pqctvo pe rrlv un60eorg
ouq q o0fqorlqg ordOpqg rou yoAoxnxo0 0o eivor
ro onor6l,eopo ou(qg6vqg nopoyoyrlg xor perol;r6vqg
ono;-roxp0voeog. Mnope( ox6;ro vo Oeolpq0e( 6u o
pu0p6q e{ou6ereptiloeog efoprdror on6 tr1v nuxv6-
rnro rou o[6o9 oro o[;ro.

MeydAog po0p6q onogoxprivoecog npouno06rer
noA0 peydtrn ordOpn oro o(pro xor prdAtoro yto txov6
Xpovrx6 6tdoqpo. O etrxuorrx6g our6g ;rqXovro;r6g
pnopei vo e{1yfloer 11 oXertxd on6rogq ori(r;oq qq
ord0Unq rou yoAoxrrxo6 nou 6yrve oro nerpopor6-
(roo (oXrlgo 4).

E[vor troyrx6 vo 6eX0oripe 6rr or ovonveuorrr<oi g0-
eg epyo(6gevol Ue noL0 peydAl npodnd0erq, Koro-
Qe0youv orov ovoep6pro preropoAroprd. Iov onor6tre-
ogo ou{dveror n nopoyoyrl yoAoxrrxorj. AtrAd ror 11

e{ou6er6poorl rou nopop6ver ;uxp6reprl on6 n1 no-
poyoyn. Aurn n 6uoovoAoy(o npoxoAe[ o0fqo4 rou
yoAoxrrxo0 o[6o9 oto o[;ro. Iqv epyoo[o ourl ouvu-
ndpXouv peprxo[ nopdyovreg nou euvoorjv rlv ov6-
ndpxero e{ouderep6oeoq rou yol,oxtrxo0. yndpXer
yevrxrl ougeo:v(o 6rr 11 ge(ooq qg orpordloeolg r1 otu-
yovdroeolg tou 4norog,6,27 r1 xor rou pH,16 npoxoi,o0v
etrdrroroq rrlg npootrrlrlred:g rou. Iro nerpdprord Uoq,
o4govrtxSg petoBotr6g ;rer<r:;.r6v4g orpotiloeog xot u-
no{iog np6ner vo onoxAeroro0v l6yrrl xotrnq oprnpro-
rrlg nr6oeolg, rpuorotroytr4g xopdroxrlg nopoXrlg'rot
vopl.ro{otgiog. Qor6oo q oprorepd xop6[o, orr;v ogd-
6o r<lv ovrrotdoe<ov eronvoflg, Aetrorjpyrloe 6vovrr
geydl,ou perorlopr(ou nou 6qpuoupyodoov neprodrxo
or oqpovrrxrlg oufrloerg qg n],euprrqg nr6oeog. ,Eror
or quorotroyrx6g r; oufqpr6veg -opqprox1 nieorl xot 4
xopdtorq nopoXt'1- pnopei vo unoxp0nrouv r4v 0nop-
{r; ovnppontonKo0 oyyeroondo[ou Kor rolorlriog r4g
onAoXvrxrlg xuxl,oqop(og nou re(ver vo perdloet rqv
np6oAr;qq rou yol,oxrrxorj qn6 ro 4nop. Me 6poio
]p6no enr6pd r1 ge(<rlo4 rou pH. Or 6rotopoX6g our6g
6ev e(vor e;rqove(g 6rov o pu0pr6g nopoyoyrlg rou o-
{6o9 eivor ;txp6g (o;rd6o enoveronvo4g 6ro[er6(ou).
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Euyoporo0pe rouq, ouva66\Oouq, x.x. A.Grassino Kat G.Farkas ya rnv Portee@ ornv Kptrtxr1 ene\epyaoia
auric rnc epYctolc,g.

l-fvovror 6;ro9 epgove(g 6rov o pu0;r6g nopoyoyiq
rou ouqdveror (oud6o ovrrordoe(l)v eronvoiq).

Avovrrlppqro 6ev Unoporipe vo xoOopioouge rouq
prlXovrol.ro0g enefr;y4oeoq rov euplpdtrov Uoq ro o-
noio rrore0oupe 6rr SXouv npoxux6 ev6rog6pov. AeC
Xvouv xor' opX4v 6rr nopd rlv e{ovrcorrxfl l,erroup-
y[o rrov rronveuorrKdrv ;ruiirv 1 6roropoXrl qg o(eo-
poorxrlg rooppon(og e(vor oof;rovrr1. Qor6oo oe er6t-
x6g xoroordoerg, 6nog or1 xoronArl{io 6nou nr0ov6v
o) q e{ou6er6p<oor1 rou yo},oxrtxo0 orlpovrrxd per6-
vetor, p) 4 nopoyroyn rou noAl,oni,doro oufdveror, y)
epyd(ovror evrorrxd Kctr ol atonveuorrxo( Kor ot eK-
nveuorrxo[ p0eq, n ouoorilpeuoq rou yol,oxrrxo0 oro
ofgo ou(dveror orlpovrrKd. 'EXoge 6e((er rj61 6rr to
yotroxrrx6 ou(dveror oqpovrrxd oe (dlo pe our6porl
ovonvo{ ror XoprrlA4 xop6roxrl nopoX4, evri 6ev ou1.r-
po(ver ro (6ro ov ro (6o pe rrlv (6ro XopqAr; nopoXrl u-
nooro0v pqXovrrrl unoBorl0rlo4 r4g ovonvofg.30 En[-
olq 6ev yvtop((ouge ntilg 11 unepxonv(o 61er enqped-
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Blood lactate during high inspiratory resistive
breathing

A. Rasidakisl, J. Jardimz, Ch. Roussos2

SUMMARY

We studied the elfects ol high inspiratory resistive loads (Res) on blood lactate, in 10 anesthe-
tized dogs and we compared them with another similar group of animals, breathing into a non'
CO2 absording closed circuit (Reb). ln both groups PaO2was kept greater than 70 mmHg while
blood pressure and cardiac output remained equal or greater than the control level. Endotra'
cheal pressure (Pd in the Res group gradually increased as PaCOz increased and then decrea-
sed, the experiment being terminated when Pl decreased by approximately 20-307o of the maxi.
mum P1. The total time of the run (t,,) in Res averaged 175+15 min (M+SE), compared to
159 + 7 min in the Reb group and the corresponding changes in PCO2 did not dilfer between the
two groups at any point in time of ihe run (P<0.5). Baseline blood lactate was similar in both
groups 0.35 +.10 mmoles/l lor Res and 0.50 +.30 for Reb (P<0.5), while at the end of the run ii
was 1 .59 t 0.42 and 0.83 t 0.29 respectively (P<0.01). We propose that excessively loaded inspi-
ratory muscles, by means of inspiratory resistance, in the presence of normal PaOa high PaCOz
and intact circulation, may go into anaerobic metabolism, producing lactic acid sufficiently to
raise arterial blood lactate.

PNEUMON(1987) 1:68-75

INTRODUCTION

It is currently believed that the respiratory muscles,
and particularly the diaphragm, are rather resistant to
anaerobic metabolism. Eldridge studied the influence
of hypoxemia and breathing through a resistance on
blood lactate concentration and found that it increa-
sed only when the two were combined.e Recently, we
also found that an excessive load on the inspiratory
muscles leads to an increase in blood lactate either
while breathing room air or 13o/o Oz.1s Robertson et
al22 studied lactate production in dogs in which the
work of breathing was increased by 10 cal/min by breath-
ing through inspiratory resistances. However, they
found no evidence of a shift to anaerobic metabolism
in blood lactate levels. Similar conclusiqls were also
drawn by BusseT and Rochester et al.'"From these
studies, one may suggest that the diaphragm, and per-

haps the other respiratory muscles, behave some-
what differently than other skeletal muscles; another
possible explanation is that the total amount of lactate
produced by the respiratory muscles is very small,
due to the small mass of these muscles. However,
other skeletal muscles are known to produce large
quantities of lactate when their venous PO2 lies bet-
ween 20-30 mmHg28'zo yet, diaphragmatic venous PO2

lDepartment ol Medical Therapeutics, Alexandra Ho-
spital, Athens Medical School, Athens Greece and
Tritical Care Medicine, Department ol Medicine,
Royal Vicloria Hospital and Meakins-Christie Labora-
tories, McGill University, Montreal, Canada.
This work has been reward, with A' award ol the 12ve
Panellenic Medical Congress . 1985.
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of the order of 15-2p mmHg is not clearly followed by

lactate production.o
The results of Huckabela are in keeping with the

proposition that respiratory muscles do not shift easi'
ly into anaerobic metabolism; he showed that during
hyperventilation with a PaCO2 above 35 mmHg, the
observed increase in blood lactate results from the
co-existent hypocapnia and not from the increase in

the work of breathing. Prevention of hypocapnia in-

deed inhibited lactate accumulation in the blood'13
ln the clinical setting, as in asthma, in which inspi-

ratory muscles work against high, resistive loads
during an acute asthmatic attack, a mild degree of
metabolic acidosis occurs.18'2e Roncoroni,2a have
shown an increase in blood lactate in these-patients.
However, the increase in blood laitate in these pa-

tients, based on studies in normal subjectsll'a has
been mainly attributed to the medication they received
or alkalosis rather than to an increase in the work of
breathing.ls

The purpose of this work is to investigate whether
levels of blood lactate increase in animals breathing
through high inspiratory resistances, while their arte-
rial POz is maintained normal, arterial PCOz is held a'
bove 40 mmHg, and their circulation is not impaired.

MATERIAL AND METHODS

These studies were conducted on two groups of a-

nimals; one breathing through high inspiratory resi'
stances (resistive) and the other into a non-CO2 absor-
bing closed cirfcuit (rebreathing). ln both groups, ani-
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mals were studied in the supine position (Fig.l).

a) Resistlve Breathing Group: Ten mongrel dogs each
weighing an average of 32 kg were studied (range 30-

34) in the supine position. They were anesthetized with
an intravenous dose of sodium thiopental which pre-
served their corneal reflexes, and were breathing
spontaneously. They received an initial dose of 10
mg/kg of Nembutal. Subsequenily 2oh lhiopental in
saline was infused which was necessary in order to
maintain the depth of anesthesia relatively constant.
All dogs were tracheostomized, the tracheal cannula
being connected to a two way Hans Rudolf low dead
space valve (no.1400). The inspiratory line of the valve
was connected to a Fleisch No. 1 pneumotachograph
which was connected to a Validyne (+2 cm HrO) dif-
ferential pressure transducer. Thus, inspiratory flow
was measured and integrated to measure changes in
volume. Endotracheal pressure was measured through
a polyethylene catheter of internal diameter of 2 mm
one end of which was attached to the endotracheal
cannula and the other end to a Sanborn differential
transducer (2678)

A polyethylene catheter was inserted into one fe-
moral artery so as to monitor blood pressure by means
of a Sanborn 2678 differential transducer and to ob-
tain arterial blood samples for PaO2 PaCO2and lacta-
te measuremetns. Bicarbonate levels were calculated
using the Henderson-Hasselbach equation and blood
lactate was determined using an enzymatic proce-
dure as per Sigma Technical Bulletin No. 826-UV. ln
brief, sterile syringes were used to withdraw 2 cc ot
arterial blood in duplicate. Thus each value of blood

RECORDER

Blood gases

Lactic acid
Blood pressure

Figure 1. Schematic configuration of the experimental
procedure.

lactate in this work represents the mean of two blood
samples. The blood was immediately transferred into
a sterile test tuber containing 2 cc of cold g% perchlo_
ric acid (HC10d and shaken vigorously for 30 sec. The
bood precipitate mixture was kept cold on ice for an
additional 5 minutes to assure complete protein pre-
cipitation. The tubes were then centrif uged for 10 min-
utes. The supernatant was collected into sterile tubes
and stored at 4"C until assayed (maximum 24 hours).
Absorbance readings were taken on a Bausch and
Lomb Spectronic 710 at 340 nm in a constant tempe_
rature flow through cell.

Cardiac output was measured by means of a TC_1
Thermal dilution cardiac output system (Waters ln_
stgruments lnc.). The catheter was advanced in the
pulmonary artery and its position was confirmed at
the end of he experiment by opening the chest and di_
rectly locating the tip of the catheter. The values ob_
talned each time throughout the experiment were the
mean of 3-5 infusions.

Experimental Protocol: Upon completion of the
surgical procedure and when the depth of the ane_
sthesia was assured as previously described, all mea_
surements were obtained in duplicate with an interval

H@"
(mmoie/L)

% OF ENDURANCE TIME

Figure 2. Time course of changes in mean argerial pH,
RaCO2 and bicarbonate with duration of the resi-
stive (-) and rebreathing (_) runs. Bars repre-
sent standard error. No significant difference
between the two groups, in any parameter, is no-
ted.

pH

PaCO2
(mmHs)
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of 6-7 minutes in between. These measuremetns will
be referred to in the text as baseline values. There-
after an ispiratory resistance was applied by cla-
mping a rubber tube attached to the inspiratory line.
This part of the procedure was performed gradually
so that the inspiratory f low was decreased in a period
of 15-20 minutes down to 0.15-0.2 litres per second. ln
order to avoid hypoxia, all dogs received supplemen-
tal oxygen (60-70% in N j throughout the run so as to
maintain the PaO2 above 70 mmHg. Arterial blood
was sampled for PaO2 PCO2, pH and lactate every 15
minutes. At approximately equal intervals the cardiac
output was mesured. The inspiratory flow, tidal vo-
lume, blood pressure and endotrachel pressure were
continuously recorded on a paper chart recorder
throughout the experiment. The experiment was ter-
minated when the endotracheal pressure decreased
to approximately 50-70% of the maximum value that
was recorded during the run.

b, CO2 Rebreathing Group: ln another group of 10 a-
nimals all the aforementioned procedures and experi-
mental protocol were repeated with the exception of
the application of the inspiratory resistances. lnstead
after obtaining the baseline measurement as before,
the animals were connected to a non-CO2 absorbing
closed circuit (Douglas Bag) which contained 4o/o CO2
78o/o O2nd 26o/o N2. The duration of the rebreathing
run in this group was terminated when the PaCO2 and
arterial pH reached similar values as in the resistive
breathing group (see below).

RESULTS

ln all animals breathing through resistances, it was
observed that as the inspiratory flow decreased (0.1 -

0.2 Us) the ventilation also decreased and the arterial
PCO2 started increasing. This increase of PaCO2 was
gradual and continued until the end of the experiment
while arterial.pH was decreasing (fig. 2). Similarly, as
illustrated in Fig. 2, the PCOz, pH and HCO3 in the
rebreathing group fotlowed the same changes as in
the resistive group. These changes in PCO2 and pH,
and perhaps other respiratory ref lexes, stimulited the
respiratory centers. Thus, the ventilation in the rebreath-
ing group increased gradually to 5-8 times that of the

o 20 40 60 80 100

% OF ENDURANCE TIME

Figure 3. Effect of resistive breathing on the generation of
endotracheal pressure (Mean + SE). Note that a-
tler 80o/o of the run, the dogs were no longer able
to generate maximum pressures.
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control values. ln the resistive breathing group after
the initial drop, the ventilation started increasing, ap-
proaching the baseline values. The ventilation remai-
ned more or less at this level for a variable period of
the run and there ypon started gradually decreasing
as lhe endotracheal pressure appeared to drop as
well. ln both groups, the changes in ventilalion were
due to changes in mean inspiratory flow (V/T;, V1 =
tidal volume, T1 = inspiratory time) while the T/Tror
remained unchanged 0.3-0.4. (Tror = total duration of
breathing cycle). Fig. 3 shows the changes in the en-
dotracheal pressure (PT) in the resistive breathing
group. lt appears that PT increased continuously up
to 80% of the total experimental time, and thereafter
decreased. Similar curve is obtained if instead of the
peak pressure, the pressure time index is used, name-
ly the product of the area of pressure over the time
that was developed, times the frequency of breathing
(or pressure times T/T16). The experiment was termi-
nated when the endotracheal pressure decreased by
approximately 23-30% of .the maximum PT, observed
during the experiment. Thus the average endurance ti-
me in the resistive breathing group was 175 + 15 min-
utes (mean + SE) with a range of 130-230 minutes.
The endurance time in the rebreathing group was 159
+ 7 min (mean + SE) with a range of 150 to 175 min-
utes. As was mentioned above, the time to terminate
the experiment in the COz rebreathing group was cho-
sen when the PaCO2 and pH reached values similar to
those of the resistive group. lt appears also that the
endurance time (t,r) in the two groups was similar
(p<0.5) which allows us to express the results as per-
cent of t,rn in both groups. ln order to match the t,,n of
the rebreathing group with that of the resistive group,
some experiments were made at the beginning using
different CO2 concentrations and volumes of gas mix-

% OF ENDURANCE TIME

Figure 4. Changes in heart rate (A), systolic (S) and idasto-
lic (D) blood pressure (B) during the resistive and
rebreatting run. Neither showed any tendency to
decrease, thus maintaining a normal, or increa'
sed perfusion Pressure.
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% OF ENDURANCE TIME

Figure 5. Cardiac-Output changes. There were a gradual
increase of CO in both groups

ture in the Douglas Bag. Thus, it was found that a 50
litre mixture in the bag with 4% CO2could produce an
increase in PaCOz up to approximately 180 mm Hg
within a period of 3 hours.

Fig. 4 shows the changes in systolic and diastolic
pressures and in the heart rate. ln the resistive breath-
ing group, it is observed that there is no tendency for
any of these measurements to decrease during the
run. Cardiac output was also monitored and showed
either an increase up to 150% of the baseline value or
no change. ln the COz rebreathing groups the cardiac
output increased to 150-200% of the baseline value.
(Figure 5). The systolic arterial blood preassure rose
f rom 166 + 3 mm Hglo202 + 15 mm Hg, the diastolic
blood pressyre rose f rom 120 + '10 to 150 + 3 mm Hg,
while the heart rate did not change. (Mean values of

the time of the run was 129 + 8 min. Baseline arterial
blood lactate in mmoles/l was not different between
the resistive breathing group (0.35 + 0..10, mean t
SE) and the CO2 rebreathing group (0.50 + 0.30, mean
+ SE) while at the end of the run"the blood lactate
was 1.59 !.0.42 and 0.83 t 0.29 mmoles/ lrespective-
ly (p<0.01). ln Fig.6 the change in blood lactate is
shown in the two groups throughout the run and at
the end was approximately 5 times greater than the
baseline value (p<.001). However because the chan-
ge in lactate occured towards the end of the run, it
could be argued that lactate in the rebreathing ani-
mals would also have rosen if their endurance times
had been extended to the same absolute duration as
in the resistance group. Thus, in three additional dogs
we were adding oxygen in the rebreathing bag so that
the time that needed to reach similar PCO2was exten-
ded up to 200-500 min. Again, the maximum increase
of blood lacate in these dogs was 0.1,0.3 and 0.4
respectively.

ln Fig. 7 the relationship between mean arterial pH
and PaCO2 is shown for both experimental groups. Si-
milarly, in Fig.8 the HCO3concentrations is related to
changes in PaCO2 in the two groups and it is apparent
that there is no substantial difference between the
two groups.

Resistive

-Rebreathing 

CO2

% OF ENDURANCE TIME

Figure 6. Arterial blood lactate concentration in the 2
groups of dogs. Note the increase in blood lacta-
te in'the resistive group, whereas the rebreath-
ing group showed no substantial increase in lac-
tate.

DISCUSS!ON

These results indicate that dogs breathing to e-
xhaustion through high inspiratory resistance, with
PaO2 above 70 mm Hg and with no evidence of com-
promized circulation, may increase their blood lactate
levels as their PaCO2 gradually increase. The lactate-
mia that is developed during resistive breathing may
result either f rom an increase in the amount of lactate
produced or from a reduction in the speed of its utili-
zation or both. Although we cannot provide the preci-
se cource and mechanism of blood lactate increase
we can approach the subject from a analytical point
of view and draw some fair conclusions.

Critigue

Lactic acid is produced in excess when tissue per-
fusion and tissue oxygenation are inadequs1s.16'ts
Furthermore, Simmons el al27 have shown that dogs
produce lactate, if inspired 02 is as low as 8o/o, or a
combination of 14o/o inspired oxygen and a 50% re-
duction in cardiac output. lt is very unlikely that gene-
ral body hypoxia or low tissue blood perfusion oc-
curred in the resistive breathing group in which incre-
ased blood lactate was observed. Arterial PaO2 was
greater than 70 mm Hg, cardiac output and perfusion
pressure were normal or increased. The increase in
cardiac output (170%) and blood pressure which also
occured in the COlrebreathing group is in agreee-
ment with previous studies which show that respira-
tory acidosis of similar severity, as occurring in tFtis
experiment, resulted in an increase in cardiac output
to a maximum of 182oh control.l Clearly our results
show that neither low cardiac output nor general hy-
poxia can be implicated for the increased blood lacta-
te in this study.

Hyperventilation has been suggested as another
possibile cause of a small increase in lactate pro-
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pCO2 (mmHg)

Figure 7. Relationship between mean arterial pH and
PaCO, in the two groups of dogs. Both resitive
and rebreathing runs result in a progressively in-
creasing respiratory acidosis, with no substan-
tial change in the metabolic component.

duction. Huckabeela concluded that in this case the
ther than extracts lactate. Acidosis, probably has the
opposite effect on the lactate uptake by the kidney
which is another major site of lactate utilization.3l ln
these experiments, pH did not have an effect on blood
lactate in the CO2 rebreathing group in which the va-
lues were similar to the baseline concentration throu-
ghout the run (Fig. 6). lt is endent that these effects of
low pH on the liver are not important at normal or even
low rates of lactic acid production. Alternatively
during severe acidosis, unknown mechanisms may
protect the liver's intracellular pH, or there may occur
a concomitant reduction in lactic acid formation by
the body tissue due to pH inhibition of phosphofructo-
kinas. Finally there may occur an increase in lactic
utilization by some organs such as the kidney.31 Al-
though it is not certain which mechanism is respon-
sible for maintaining normal blood lactate in the CO2
rebreathing animal group, it may be suggested that
this mechanism is not effective in the resistive brea-
thing group, in which we can view the increase in
blood lactate as an imbalance between lactic acid
production and lactate utilization.le'20

Potential mechanisms of increased blood lactate

Clearly we have no direct evidence to support any
mechanisms for the increase of lactic acid in the resi-
stive breathing group. However, it can be argued that
the inc,rease in blood lactate was due to relative
underperfusion and hypoxia of the mechanically
stressed inspiratory muscles. An excessive increase
in work performed by the inspiratory muscles, would
produce lactic acid due to the inability of the muscles
to increase their blood perfusion in order to meet the
aerobic energetic requirements. Another theoretical
factor that can also account for the increase in blood
lactate with normal circulation and PaO2 is the redi-
stribution of blood flow. A decrease of liver blood per-
f usion for example, might affect the uptake of the lac-
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tate by the liver, which would conti.ibute to an increa-

Figure 8. Variation of bicarbonate concentration as a
function of the change in paCOr. No difference
was observed between the two groups.

increase in blood lactate was due to the hyperventila_
tion and resulting hypocapnia induced by the low oxy-
gen mixture. ln fact, prevention of hypocapnia by the
addition of carbon dioxlde to the low oxygen concen_
tration, prevented the increase in blood lactate con_
centration. Zborowska - Sluis and Dossetor32 also
concluded that the lactatemia, which occurs during
hyperventilation was not derived from tissue hypoxii
of from lactic acid release from muscle. Rather, it was
suggested that the lactatemia of hypervantilation
results from stimulation of blood,cell glycolysis. ln
contrast Eldridge and Salzerlo concluded that when
blood lactate increases in association with hypo-
capnia and alkalemia it becomes necessary to invoke
some metabolic or circulatory disturbances as a con_
tributing factor. Nonetheless, neither hyperventila-
tion, nor hypocapnia can be irnplicated in the resistive
breathing group of the present study, as the under-
lying mechanism of increased blood lactate levels. ln
these experiments pH was low, paCO2 high, and the
ventilation never exceeded the baseline values.

A decrease in pH tends to increase the lactate con-
centration but is also known to inhibit the phospho_
fructokinase activity, which will actually decrease
lactate production. Low pH willalso inhibit the exit of
lactate from the cell. The net effect of such changes
is to decrease the blood lactate concentration.l6Thus
it follows that in the present study the observed chan_
ges in PaCo2 and pH tend to decrease rather than to
increase the lactate production. Whatever effect ho-
wever these acid base changes may have on the lactic
acid production, the fact that no difference was found
in PCO2 and pH, between the groups of dogs, indica-
tes that the higher blood lactate found in the resistive
group is likely not related to pCO2 and/or pH.

The hydrogen ion concentration could have affec_
ted the hepatic extraction of lactate and lactate ho-
meostasis. ln the isolated perfused rat liver, lactate ex_
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traction and utilization are severely affected by chan'
ges in extracellular and intracellular pH.lTLloyd et all7
have shown that lactate uptake by the liver decreases
as pH.declines, due to inhibition of pyruvate carboxy-
lase. They have also shown that when the pH is less
than 7.0, the liver releases lactate into the blood ra-

se in the blood lactate. We favor that the increase in
blood lactate, in the resistive breathing animals, might
have been due to both of these factors; this argument
will be examined in greater depth and quantitatively
analyzed.

Increase Production

lnspection on Fig. 6 shows that blood lactat increa-
sed as did the endotracheal pressure (Fig. 3), reaching
a plateau when endotracheal pressure started decre-
asing. The first question that should be answered is
whether the pressure, which was observed, is suffi-
ciently high, in order to account for a shift of inspira-
tory muscles into anaerobic metabolism. lt is practi-
cally impossible to know the maximum inspiratory
pressure that anesthetized dogs can generate. Howe-
ver, sufficient information is available which leads us
to believe that the maximum endotracheal pressurb
that was observed in this study is close to the maxi-
mal inspiratory pressure that the animals can genera'
te with closed airways. ln a separate study, in dogs,
we measured the pleural pressure during supramaxi-
mal bilateral phrenic stimulation with closed airways
at FRC. Thus, at a stimulation of 100 Hz, a pulse of 0.1

msec duration and voltage of 20 volts, the pressure
was found to be around 50-70 cm H20. Furthemore,
normal subjects can generate pleural presure of the
order of 80-100 cm HO (unpublished observation).
Thus it is very likely that the inspiratory muscles of
the breathing dogs were generating near their ma-
ximus force. lt is also known from other skeletal
muscles, that arterial lactate increases when the
work rate on a cyc'le ergometer exceeds 50-60% of the
VOzru,.30 Skeletal muscle blood f low also becomes di-
sproportionately low in relation to the energy require-
ments when muscles contract over 30%o of their ma-
ximum. When the degree'of muscular contraction ex-
ceeds 70% of the maximum force, the blood per'
f usion of the muscles ceases.22 Thus blood f low is de-
pendent on the duration of relaxation. lf this is relati-
vely short, overall blood flow is impeded. Therefore,
assuming that respiratory muscles behave in the sa-
me manner, as other skeletal muscles and also as-
suming that the maximum endotracheal pressure a-

chieved in this experiment was close to the maximum
pressure that the animals could generate, Fig. 3 il-
lustrates that after 20o/o of run the animals were wor-
king at high work rates and presumably were develo-
ping pressures greater than 65% of their maximum. lt
seems reasonable that, as the energy demands of the
inspiratory muscles greatly increased, the blood flow
could not increase proportionally. lf this hypothesis is
correct, anaerobic metabolism had to provide energy
and lactate was produced. This explanation would ac-
count also for the failure of the inspiratory muscles,
as pressure generators, which would result in a decre-
ase in pressure (Fig. 3), although other factors such
as low pH, CNS depression due to high PaCO2 could

have contributed to the decrease of tracheal pres-

sure.
An important questign from a analytical point of view
is. Whether the inspiratory muscles can produce a
sufficient amount of lactate to increase the blood
concentration by 1-2 mmols/|. ln these experiments,
mean arterial blood lactate incresed by 1.3 mmols/|.
This means that the total body lactate, qssuming even
distribution at the time of the measurement in a dog
of 30 kg, was about 23 mmoles more than the baseline
total lactate. The inspiratory muscle mass can be as-
sumed to be 1-1.5% of the total body weight16 or 0.3 '
0.45 kg in a 30 kg dog. According to Essenll one kg of
wet muscle stores enough glycogen to produse 160 -

200 mmoles of lactate. lt follows that the total glyco-
gen of inspiratory muscles can produce approximate-
ly 4 mmoles/l of blood lactate.

Another possible cource of lactate production, by
the inspiratory muscles, is the anaerobic utilization of
blood glucose which is adequately supplied into the
circulation from the degredation of liver glycogen.
However, neither our data nor data in the literature in-
dicates whether it is possible to predict the amount of
lactate production, resulting from anaerobic metabo-
lism of circulating glucose. Nevertheless, we can ma-
ke some generous calculations based on the maxi-
mum rate of lactate production during strenuous
exerciselT estimated to be in the order of 10 to 20
mmol/kg/min. lf this is also true for the respiratory
muscle in a period of half an hour, which is more or
less the period between 70-90% of the run during which
we observed the greatest increase of blood lactate
(Fig. 3), 90 - 300 mmoles of lactate will be produced,
which again is much greater than the lactate mea-
sured in our study.

Reduced lactate uptake

Lactate accumulation in the blood will occur when
the rate of uptake of lactic acid is lower than the rate
of its production. Assuming that the above generous
estimation might occur; the important question is the-
refore whether the rate of lactate uptake is lower thah
the production, which would account for the increase
in blood lactate concentration in this study. During
exercise, hepatic uptake was estimated to be 55
mmol/hr2s with a maximum projected rate of hepatic
lactate uptake of 450 mmoles/hr.5 Furthermore,
during exercise, the liver removes 50% or 3-4% of the
lactate production according to Rowell et al25 and
Hermansen ans Stensvold,12 respetively. However,
the rate of disappearance of lactate after seizures
provides another behaniour, perhaps more realistic,
of the body's capasity for removing lactate.13 During
the post seizure period a 6 mM reduction of the pla-
sma lactate will be observed in approximately one
hour, which represents the removal ol 252 mmol of
lactate in a man of 70 kg. These observations indicate
that, despite the potentially high rate of lactate upta-
ke, the mechanisms are not used maximally in post
seizure period. lt follows that the ability of the liver
and other tissues to augment their uptake of lactate
and the time it takes to do so, becomes critical in de-
termining the blood lactate concetrations. ln keeping
with this hypothesis it is likely that in our study the in-
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crease in arterial lactate resulted from an increased
lactate procuction which exeeded the rate of removal.
Furthemore, it may be assumed that the rate of upta-
ke depends on the blood lactate concentration. Thus,
in order to reach a high rate of utilization, very high
blood values are required. By the same token, before
the rase of uptake increases, blood lactate needs to
reach higher levels for some period of time. We favor
this hypothesis as the most plausible mechanism of
the increase in blood lactate in our study. Such an ex-
planation can certainly explain the rather abrupt in-
crease of blood lactate shown in Fig. 6.

To summarize, we find it reasonable to suggest
that the inspiratory muscles worked at a very high po-
wer, shifting them into anaerobic metabolism. As a re-
sult, lactate production increased, while the rate of
lactate utilization remained lower than its production.
This imbalance resulted in the accumulation of lactic
acid in the blood.

ln this study there are some edditional factors
which might favor an impair of the triggering mecha-
nisms of increasing the rate of lactate utilization. There
is general agreement that a reduction of hepatic lac-
tate extraction may occur as a result of diminished
blood f low or oxygenation of the liver6'26 or a decrease
in pH 17 or all of the above. The cardiac output and per-
f usion pressures, as well as the mormal PaO2 exclude
any gross general body hypoperfusion or hypoxia. Ho-
wever, the left heart in the resistive breathing group
worked against a substantially high after load due to
the large swings in pleural pressure. Thus, although
the overall cardiac output and blood pressure remai-
ned mormal of increased, this may have occurred at
theexpence of a decreased perfusion of the splanchic
area, thus affecting hepatic lactate utilization. Simi-
larly, the decrease in pH could have impaired the lac-
tate uptake by the liver, which at low rates or lactate
production - as in the CO2 rebreathing group - was not
sufficient to impair the balance of lactate production
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ved in the resistive breathing group.

lmplications
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findings which are, we believe, interesting and practi-
cally signif icanf. They clearly show that the effects on
acid-base balance are trivial (Fig. 7 and 8) as it appe-
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ase of blood lactlc acid, perhaps as a result of anaero-
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TpepoLirqq oe uLlKo ctonpioparog
Kdt evdqptKn pq endyyeAporrxr1 apnvraoq

orq Boperodurrx1 Kq, Kevrpxrl EAAadq

N. Zoporl1g, l. Koroivqg, M, K4ro, Z.H, Kavorovr6nouAog

NEPINHUJH

Enr6qproAoyrxrl peA6r4 rou nlrlOuopo0 r4g neptol49 Mero6pou orq B.A. EAA66o, 6nou 6;1ou'
pe noAor6repo neplyp6ger ev6ei(erq ev6rlprxrlg p11 enoyyeAponxflq opt6wororlg, 66etf e 6rt q
n4yq rou opr6wou eivor rpepoAirqg oe uAlx6 oonpioporoq eoorreplxdrv ldtpov. To uAtx6 our6
(rrAotro>) eXpnolForroleiro on6 6Aouq rouq Meroopfreq p6ypt ro 1940.1950 Kot UE qOivouoo ou-

1v6r4ro 6o9 rdrpo. Aev 6;1el nor6;1pr1or;ronorqOei oe xov6vo on6 ro yerrovrx6 1topt6 6wou 6ev
61ouye nopor4p4oer ononrovriloelg. Av6Auorl 60o ouyxpiorptov oy66tov ;re 6toQopelx6 1po-
vo ex06oeorg oro uArx6 cur6 66er[,e 611 4 op66o pe ro ;reyoA0repo 1p6vo ex05oetoq ei;1e nlo ou-

;1v69 ror nro errerop6veq oronrovriloerq. Or 60o xdtotxor Mero6pou 4Atxioq 58 xot 71 er6v nou
6ev ei;1ov nor6 ;lprlorponor4oer *Ao0ro" 6ev eiyov onotrtovdroetq. Avri0ero yuvoixo nou ei;1e

5p0er oro M6roopo nprv on6 ro 1940 xor on6 r6re;lp4oryonorei "Ao0ro" 6;1et exrerop6veq ono-
rrrovtiloerq. To onoreA6opor6 pog 6eilvouv, 6rr ro "tro0roD eivot n F6vn n4yrl opr6wou nou 6.

;1er npoxoA6oer rq ev6qprx6g onontovtitoels ornv neptolrl Mero6Bou.
T6Ao9, rpoKoroprcrrx6g yeA6reg 6ei;1vouv 6rt ro np6pAnpo rqq oytovr6oeog 6ev neplopi(e'

rot orrlv neprolfl Meroopou. 'Exoupe r76q ewonioet rpeq ox61to neptoyiq pe nap6porcS urt'
(toxottxig onornovdtoetq ndvro oe ouvduaop6 nopoyoiou uAtxou yto donprcyo xot aAAeg

Xpfloeq.'O,leg oureg ot nepto116q ppioxovrot 1t6oa otlv lritvq o$roAi0ou tqg fliv6ou.
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EI:ATNTH

Kord rr1 6tdpxeto rou ovrrQuUotrroU oycilvo orq 6e-
xoetio tou 1960 nopoqprl0qKr yro nptirul qopd 6rr
noAAo( xdrorxot rqg neptoXrlg Mero6pou nopouo(o-
(ov exrerop6veg une(olxorrx6g onorrtovciloergl 1erx.
1). Aur6 0eopiOnxe 6n e(vor onor6treogo notrrdg qu-

;roruil6oug nAeupir16o9 xor ener6rl 6ev 6rlgroupyo0oe
npopAnuoro uyeiog rl6peuvo otogdqoe exe(.

Me rqv (6puon rqg lorprrqg lXol,rlg oro l-rdvvevq
nptv tr(yo Xp6vro dpXroe enovexr(gqon rou Qorvop6-
vou oQo0 6ev {rov 6uvor6v vo Oeopflooupe 6rr 16oo
exrerop6veg onotrrov6oerg oe 16oo peydtro noooor6
uyrrilv xord ro dAtro xoro(rcov rrlg neproXrlg pnope[ vo
o<pe(trovtor oe Qupot(<oor1. To onoreA6oUorq rrov g6Xpt
rdlpo epeuvdrv pog 6Xouv 6e([er 6rr o opr0p6g r@v o-
r6gorv Ue onorrrovriloerg e[vor 6vuog noAU Ueydtroq.
l-lep[nou 48% 800 or6garv nou eferdoope, rlArx(og d-
vo rov 30 6Xer onortrovciloerq (ouvoi,rx6g ntrq0uopr6g
neprolrlg Mero6pou xdOe qtrrxfog: 4.000). To noooor6
Oerrxcirv oKrrvoypoQuilv dpXr(e an6 4.5o/o oe dtogo q-
trrx(og 30 - 40 etd:v xot 6<p0ove ro 71 .5oh oe dropo dvro
trov 70.2 Or onottrovriloerg ouppo(vouv ;r6vo oe 4 Xo-
prd qg neproX1g Meto6pou (M6roopo, Mr1trrd, Avrl-
)rro, Borov6or) xor oe xqv6vo on6 to yerrovrxd lroprd

Top6oq ll a0oAoyioq lorpuo0 Tpr1ltarog lToventotlltiou
lotovvivcov
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rou Xprlolponorrlooge oov opd6o etr6yXou (Av0oXril-
pr, Xpuooplroo, Mrxp6 xor MeydAo l-lepror6pg. M(o
dtrtrq e[orpetrrd oouvrl0rlg xtrtvrxrl ovr6rrlro ouprBoi-
vtl oe notr0 ou[r1g6vq ouXv6tqro oro Xcoprd rnq ne-
proxnq Meto6pou' xox6r10eg peoo0qA(rogo une(or<6-
ro.3 O ouv6uoopr6g our6g une(coxortxdlv onorrrovrir-
oetov Kor peoo04Arrillloroq Uoq o6{yr1oe orq ox6Qq 6-
rr ro np6Btrqpro pnope[ vo o<peil.eror oe eronvorl o-
pudvrou qv Kqr 6ev undpXouv opuXe(o opudvrou orqv
neptoXrl. l-ro rov tr6yo our6 6yrvov 6roBpoyltx6g pLo-
qr(eq oe drogo Ur orrorrrovciroerg ror 9p60nxov (veg o-

;rrdvrou (rpeprol,(rq) oe ;reydAeg noo6trlteg.l To epdl-
rnUo nou yew4Oqxe r6re 4rov nord e(vor q nr1yr1 rcov
rvcilv ol.rrdvrou. H ep<iltr1or1 ourl ono6e[10qre nr6 6ri-
oxoAo vo onovtqOe( yrori 1 nr1yr1 rou ol.udvrou, 6nolg
tetrrxd 6ronrorciOlxe, XpnorUonore(ror eAdXroto nro
orlpepo. Yno0rloopre on6 rrlv op1r1 6rr n nnyn 6npene
vo e(vor xdnoro uLrx6 nou expnorpoflore(ro oro no-
petr06v 6rov 6ronrotiroopre rqv [6ro ouXv6r4ro onorr-
tovciroeov oe Meroop(req nou 6Xouv eyxotooro0e[
oro Tpixoi,o 20, 30 ox6go xor 60 Xp6vto nprv.a Etor, 4
ovo(rlqoq rnq nnyt'lq rou o;ldvrou 1.rog odrlyloe oe
6vo uA116, ro ono[o 6norpvov or xdrorxor on6 to Xrol.ro
xovrd orlv Mltrrd Kor ro XprlolUonoro0oov yro donpr-
opo eooreprxrilv 1ri:prov. To Xpqorl.ronotorioov 616rr,
6nog e[nov, tltov 0eppol.rovrorrx6 xor 6ev ;roUpr(e o-



n6 rouq Konvo0q rou r(oKro[: (oonp61rogo, utrot]ro,).
To "Aoriro, expnorpoflore(ro oXe66v on6 6Aoug toug
Meroop(reg p61pt ro 1940-50, on6re dpXroe vo crvrr-
xoO[ororor on6 nro or.iXpovo utrrxd. Avdtruorl rou
ni,o0rou" 66er[e 6rr onore],e[ror qn6 iveg rpepro],[rr1
novollor6runeg ;re our6g nou pp60r1xov onq ptorpieg
nve0povo.5

Eivor evdtoQ6pov 6rr ro ul,tr6 our6 ;rnope( vo 6Xer
npoxoi,6,oet onorrrovciloerg o'otr6xtrnpo rov dvo rov
50 er<irv nAr;0uopr6 r;g neproXrlg Mero6pou, nou otr6-
rtrqpog e(Xe erreOe( oro (Io0roD. Aur6 ro unoorqp(-
(ouge oqoU 6ei[oge onorrrovdroerg ge unotroytotrrrl
roUoypooio o'6^o ro e{erooorlvto dtopro dvro rcov 50
etcbv nou e(Xov opvrlrr14 oxrrvoypoq(o.2

Iqv nopo0oo pei,6r4, nopouord(oupe enr64puo)\o-
ytxd 6e6o;r5vo rou evroXriouv rqv dnotlrq 6rr ro ul,oti-
roD efvor n flnyn tou ol.udvtou une00uvq yro rrq onorr-
rovdloerg xor ro peoo0ntriogo orrlv fieprox1 rou Me-
ro6Bou ((flveUU(l)v Mero6pou"). En(oqg, nopouord-
(oupe opXrx6g nAqpoqop(eg nou 6e(Xvouv 6n o
(nve0U(l)v Meto6pou" 6ev neprop((erqr ornv neptoXrl
Mero6pou otrtrd ouprpo(ver onopo6rrd oe gto notr0 ge-
yotrUreprl nepropl rrlg Bopero6urrx4g xor Kevrprxqg
Etrtrddog, nou xoOopi(etor yeoAoyrxd on6 q (dlvq o-
Qrotri0ou r4g t-livdou.

MEOOAOI

l-lpoxerp6vou vo 6tepeuvrl0e[ ov to "troUro" e(vot 11

u6vn nnVn rpeprotrirq une0Ouvr1 yto rov (nve0Uovo
Meto6Bou, dyrvov ot eEnq ent6q;rtoAoytr6g pre)r6reg:

1) Kdrorror torv reoodpcov Xcopttirv 6nou 11 opXtxtj
gog ;retr6rq 6ev 66et[e onorttovti:oetg,1 ep<rlt10q-
Kov (l)q npoq rn xpnon rou ntrotltou, r1 nopo-
;ro(rov utrtxcilv or6po Kot oro poxptv6 nopetr06v.

2) Kdrotxot rov teoodpcov ltopttilv 6nou 6Xouv ppe-

0e[ onotrtqv6oetg, epo:rq01xov rrlv (6ro ep6q-
oq. An6 ouro0g nou epcorlOqxov, 241 pn6peoov
vo onovrrloouv pe Bepot6rnro ov e(Xov Xpqot;to-
norrloet uAotito, xqt n6te otopdrloov rnv Xpnqn
rou.2 An6 ro drogo ourd, oXrlpor(o0r1xov 2 oUd-
6eg ouyxpiorprqg qtrtx(og, qAtrd Ue 6to0opertKd
Xp6vro 6r0eor1g oro utrtx6 out6. H npdlq opd6o
ro e(Xe Xpqorpronotrloet 20 - 29 Xp6vto xot q 6e6-
reprl 30 - 39. Or 60o ogddeq ouyxp(O1xov <oq rpoq
rnv ouxv6rnro roJV onotttovciroeolv, 6nolg 6Xet
neprypoOei noAot6repo. 1'2

Or neptoo6repor xdtotxot rnq neptoxtlg Meto6-
pou ovqrouv oe urcr otoqoperrrrl unoo;td6o Ur-
trr1vov' e[vot oXe66v BAdlot oe ovr[0eor1 Ue rouq
xotoixoug ttov 4 ltoptcilv etr6y1ou, 6nou 6ev pp6-

0qxov onorrrovriloetg. l-ro vo odtotroy4ooupe nt-
Oovrl Qutrertxrl npo6rd0eon, npooflo0rloope vo
ppo0pre dtopro, gq Btrd1oug, nou e(1ov yevvqOei
otrtrori Kol eyKorootd0qxov oro M6rooBo nptv ro
'1940.

Or i6req epcotrloetg oXettxd Ue Xpnon n)\o0tou, rl
dAArov nopol-to(tov utrtxtirv 6ytvov oe xotoixoug
Xropuirv gorptd on6 ro M6toopo ottg ono(eg e(Xo-
ge 6tontordloer onopo6tx6g r1 xot ouXv6tepeg ne-
prnrtiloerg une(orotrrriv qnotttovtiloeov.

Erxovo 1. Tunrxrl oKnvoypoeao Orilpoxog Meroop[t4 pe
extetop6veg onotrrovriloerg une(ox6to.

ANOTENE>MATA
1) Kov6vog on6 toug xoto(xoug rov Xroprcilv etr6,y-

Xou (Xrop(q onorrtovrboerg) 6ev 0u;r6tov vo 6Xet
XpnorgonornOei nAo0ro, { nop6poro utrrx6 yro d-
onprogo r; dAAeg Xpnoetq ox6po Kor oro poxprv6
nopeA06v.
M6vo 6tjo on6 roug 241 xoro(xoug rnq neproXrlg
Mero6pou pnopo0oov vo nouv pre pepor6rqto 6rr
6ev eiXov Xprlorponot4oer nor6 ntroriror. Kov6vo
on6 ro 60o dto;ro 6ev e(1e onorrrovciloerg. Ot ne-
ptoo6repot xdrorxot 66tooqv r4v nArlpoqop(o 6rr
otogdr4oov rqv Xprloq ul,o0rou, rup(rog UeroE6
1960-70. Eror ro uAtx6 our6 XpnorUonore(ror or1.
gepo pr6vo on6 10% rrov xoro[r<ov nep(nou. Or o-
nortrovdloerg rlrov nro ouXv6g Kor nro exrero96-
veq ornv ogd6o or6gov pre geyoAUreprl 6x0eor1
oro uArx6 qur6. Eror, nopouo(o(ov onorrtovril-
oetqGl2T (22.2o/ol dtogo rrlg nprbrrlg opd6og (Xpr1-
or1 "tro[rou": 20-29 Xp6vro) t<ot 12125 (48%) rng
6e0repr1g oprd6og (Xpnon: 30-39 Xp6vro) (p <0.05).
Mnop6ooge vo evron(oouge g6vo 6vo dtopro, ;r4
BAdXo, fiou eyKoroord0qxe oro M6roopo ro
1930 oe rlArxio 17 er6v yrcr vo novtpeure( xot on6
t6te Xprlorponore[ utro0ro,. Eivor orlpepo 74 erdlv
xor 61er exrerop6veg onortrovcboerg.
T6Ao9, rq Kor'opxnv onoreA6o;roro rnq enrdq-
;rtotroyrxrlg peA6rqg oe 4 neprol6g tqg Bopero6u-
rrxrlg xot Kevrprxrlg Etrtrd6og, 6nou 6Xouge evro-
n(oer onopodrx6g neptnr6oerg une(crtxortxdlv o-
nortrovcboeov (A(orporo Kov(roqg, [1ovoyrd,
MoAoxdor Mero6pou, MeydpXn TprxdArov xot
Mou(oxr Kopdiroog) 6Xouv 6ei{et ro e[r1g:
o) Irrg neprol6g our6g 6Xer Xprlorpronorq0e(

oto nopetr06v ui,rx6 nop6;roro Ue ro (AorlroD
nou 6norpvov on6 Xcil;ro rov y0pro A6e<ov
Kor Xpnorponororioov yro donptol.ro xqt dI-
treg Xpqoerg.p) Yne(oxorrx6,g onortrovciloerg ouprpoivouv
16oo oe Btrdloug 6oo xor oe prq BtrdXoug.

y) Kor or 4 out6g neproX6g pp(oxovror p6oo or4
(rirvq oqrotr(Oou rqg l-1(v6ou.

2)

3)

4l

3)

4)
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Erx6vo 2. Xdpqg qg Eil\ddoq 6nou erxovi(ovrot 4 (cirvrl
oqroA[Oou tqg fliv6ou xor dtrleq neprox6q o-

QroA(eou (Ue go0po). Or opr0poi ovrrororXo0v
oe neproX6g 6nou 6Xouge ovrXve0oet evdrlgr-
x6g une(oxotrx6g onotrtov<iroerg: 1: M6tooBo,
2: A(orpoto, 3: MeydpXrl xor Mou(dxr (@eooo-
Iiq).

>YZHTH>H

To onoreA6oporq rnq UeAdrnq Uoq 6eixvouv 6rt u-
ndpxer ox6on orr[ou-onore)\6ogorog ovdpeoq orn
Xpnon rou (Io0rouD Kot rnv evonutKn oUtdvroon
ornv neproxn Mero69ou. E(vor 0ovep6 6rt q xprlorl
rou (Ao0rouD r(vor o U6voq nopdyovroq nou 6toQo'
ponore( rouq MerooB(teg on6 rouq Koro(Kouq rov Y0-
po Xopr6v 6nou 6ev pp60r;xov onortrov6oetq. To Ye-
yov6g 6tr q preydtrq nAeroqrlq(o rov Metooptrd)v Kot
rov dAhtov y0p<rl Xcopuilv 6nou Bp60lxov orortrovd)'
oerq eivor BtrdXot 6ev <po(verot Vo 5Xet onUooio o0o0
n pel6r1 pog evr6nroe onorrrov6oetg 16oo oe un
BAdXoug Koro(Kouq Mero6pou oAhd yewqp6voug oA-
)\o0, 6oo Kor oe pr1 BAdXoug xotoixoug neptoXrlg Me-
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ydpxns 6nou 9p60nKqv orou.rovtiloetg. H 06oq 6tr ro
"trorlro" eivor o p6vog qrrroloyrK6q nopdyovrog tou
"Ilve0Uovo Mero6pou, evroxueror Kot on6 ro yeyo-
v6g 611 6ev pp60r1rov onorrtovciroerg une(olx6ro oe
xov6vo on6 ro 6rjo dropo roroixouq Mero6pou, nou
6ev e(Xov Xplotgonot4oet tr016 otrotitor.

Or enrnrdloerq ornv uyeio qg enoyyelpottxrlq 6x-
Oeor1g oe op[ovro (nveupovrxrl (voor1, xox6r10eq peoo-
Ontr(rrlUo urte(oK6ro, une(oxorrx6q onortrov6oerq,
gpoyxoyev6g xopxiv<opo) e(vor yv<r:or6g.6,7 Ary6repo
yv<oor6g eivor or errnr6oetq qg )teyop6vnq pn enoY-
yetrgorrxrlg ol.udvrooqg. Autrt e[vot 1.tro ondvro KAtvt-
xr] ovr6rrlto nou oupBo[ver oe drogo nou eKr(eevrctl
orov op[ovro ouvrl0oq on6 ro np6ro Xp6vro rnq (to-
rlg roug, xord xov6vo Xtop(q vo yvop((ouv 6n to u)\r-
x6 nou XpnolUonoro0v'E(vor op(ovrog. T6roro nopo-
6eiy;roro 6Xouv neprypqQe( oropo6rxd oe 6rdqopeg
X6peq rnq Eupdlnnq Kor ruo errerop6vo or4v Toup-
K(o.8'e,10,11 Irrg neproo6repeg neprnrdloerg o opiovrog
e(Xe Xpnorllonorngei yro dorprogo n dAtreq orKroKdq
Xpnoerq rot 6Xer npoxoi,6oer p6vo une(oxorrx6g ano-
Trrqv6oerg. YndpXet p6vo pr(o neproXrl orlv Toupxio
6nou out6g 6Xouv ouv6uooee( Ue Ueooenlitotlo.ll no-
p6poto e(vor q nep(nroon rou Mero6pou 6nou 1 Ou-

Xv6qro rou 1reooenAr6Uoroq e[vor nep(nou 300 <po-

p6q Ueyofuirepn on6 rqv npopien6pevrl. H nepinro-
orl rou Mero6pou e(vor q povo6rKn 4 epqov((eror 4
UovoorKn orov x6opo yrori e(vor q np6rq 6nou nepr-
ypdqeror 6rr pr1 enoyyelpotrxrl Xpnon ogrdvrou 6Xer
npoKol6oer npoptrrlpoto uyeiog oe oA6xilqpo rov a-
xte06vro nlneuop6. Aur6 6ev 6xrr ovoQep0ei oOre
Kol yr.o enoyye)\prottxrl 6x0eor1 otov og(ovro. f'lprv o-
no66oou[e our6 oe povo6tx6g r6r6r1reg rou (rpeUo-
Aiq Mero6pouD rl oe povo6rxrj on6rpro4 tou ntr4Ou-
opo0 fip6rer vo y(vouv ;reA6req Ue Xpnon xor unoAoyr-
oilxr1g ropoypoQiqq oe flop6uorouq ntr4ouogo0g
orqv Toupx(o.

T6Ao9, or opxrK6q Uel6req Uoq onq v6eg neptoX6g
evdrlprxrilv onortrovriroe<rrv orn B.A. xor Kevrprx1 Ur-
trd6o, 6e(1vouv 6rr o (nveUUtov Mero6pou" 6ev ne-
prop[(eror orrlv fleproxrl Mero6pou oN\d pnopei vo
Bpe0e( onopo6rxd oe nA40uo;rorig p6oo oq (dlvr1 o-
qtoAi0ou rr;g l-1(v6ou e0' 6oov undpXouv nop6poteg
ouvq0ereg ge our6g rou Mero6pou.
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Tremolite in whitewash and endemic
non'occupational asbestosis in N orth- t/t/est

and Central Greece

N. Saratzis, l. Katsenis, M. Kita, S.H. Constantopoulos

INTRODUCTION

Twenty years ago during the anti-tuberculosis cam-
paign it was noted that many healthy inhabitants of
the Metsovo area in North-West Greece had extensive
plewal calcifications (Figure 1) 1. This was thought to
be a result of old tuberculous pleurisy and since it did
not seem to cause any health problem it was not
further investigated.

Six years ago with the establishment of the Medical
School in loannina, we started reevaluating this
unusual phenomenon since it did not seem likely that
such extensive calcif ications in such a big number of
otherwise healthy individuals would have been cau-
sed by tuberculous pleurisy. The results of our
studies so far have shown that the number of affected
individuals is really very big. Roughly 48oh o1800 exa-
mined chest roentgenograms in individuals over 30 (in
total population of around 4.00Q, all ages) has calcifi-
cations. This nqmber grows trom 4.5ok in the 30-40
group to 71.5% in individuals over 70.2 These calcifi-
cations occur only in 4 villages of the Metsovo area
(Metsovo, Milea, {nilio, Votonossi) and more of the
neighbouring villages that were used as control.l Ano-
ther unusual entity occurs with increased frequency
in the same 4 villages; malignant pleural mesothelio-
ma.3 This combination of pleural calcifications and

From the Depailment ol Medicine,
School ol Medicine,
University of loannina, loannina, Greece.

mesothelioma led us to the possibility that the pro-
blem was caused by inhalation of asbestos, even
though there is no asbestos manufactured or exploi-
ted in the area. We pursued this further with trans-
bronchial lung biopsies of affected individuals and
found asbestos fibers (tre6olite) in large amounts.l
The question that arose then was where is the source
of the f iber. This proved more difficult to answer be-
cause the source of asbestos is barely used today.
We hypothesized that it should be something used in
the past when we observed the same incidence of cal-
cifications in Metsovites who had emigrated to Trika-
la (a city in Central Greece) 20, 30 even 60 years ago.a

Thus search for possible asbestos sourced led to a
material outcropped from the soil near Milea and
used for whitewashing (uluto> soil). lt was used by vir-
tually all inhabitants of Metsovo, Milea, Anilio, Voto-
nossi until 1940 - 50 and has been gradually displaced
by modern plastic materials. Analysis of uluto> soil re-
vealed that it consists of tremolite identical to that
found in the lung biopsies.s lt is of interest that this
material may have coused pleural calcifications in all
exposed individuals, that is the whole population of
Metsovites born before 1940 - 50. We suggested that
after uncovering calcifications, with chest computed
tomography in ali individuals over 50 with negative
chest roentgenograms.2

ln the present study we report epidemiologic data
supporting the thesis that <luto" soil in the only so-

SUMMARY

Epidemiologic survey ol the population of Metsovo and other 3 neighbouring villages in North.
west Greece, where we have previously reported evidence of endemiJnon.occirpatio-nal asbesto-
sis, has disclosed that the source of asbestos is a tremolite containing material used for white-
washing. This material (uluto, soil) was used by all Metsovites until 1g40.so and with decreasing
lrequency until now. lt has never been used in any of the villages where calcifications or other evi.
dence of asbestos exposure was not observed. Analysis of two comparable groups with diflerent
time ol exposure to the whitewash revealed that the group with longer 6xposure had more
frequent and more extensive calcifications. Two inhavitants of Metsovo ige 58-and 71 who never
used uluto, had no calcifications. One individual who was born elsewhdre, moved to Metsovo
belore 1940 when she was 17 and used nluto, has calcilications. Our results suggest that uluto,
is the only source of asbestos resposible for the endemic pleural calcilications in Metsovo.
Further studies suggest lhat the problem is not conlined in tire Metsovo area. We have already
discovered 3 more areas with similar pleural calcifications, always combined with use ol similar
material for whitewashing. All these areas are located within the Pindos serpentine zone in North
west and Central Greece.
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surce of asbestos responsible for the calcifications
and mesotheliomas of the Metsovo area (nMetsovo
lung,;. Also, we present preliminary data suggesting
that <Metsovo lung, is not conf ined to the Metsovo a-
rea but occurs sporadically in a much larger area in
Nortwest and Central Greece identified geologically
as the "Pindos serpentine zoneD.

METHODS

ln order to investigate if <luto> soil is the only so-
urce of tremolite responsible for "Metsovo lung" 15s
foliowing epidemiologic studies were carried out;
1. lnhabitants of the 4 villages (Anthochori, Chryso-

vitsa, Megalo Peristeri and Micro Peristeri) where
our original study t had failed to identify individ-
uale with pleural calcif ications, were asked as for
the use of <luto> or similar material even in the re-
mote past.

2. lnhabitants of Metsovo and the other 3 villages
with calcif ications (Milea, Anilio, Votonossi) were
also asked the same question. Of those questio-
ned,241 were able to answer whether they had
used oluto" and when they had stopped using it.
From those it became possible to form two grou-
ps of similar age but different years of use of
(lutoD; group A had used il 20-29 years and group
B had used it 30-39 years. These two groups were
compared as to the presence and degree of calci-
f ications as described previously.l,2

3. Most inhabitants of Metsovo belong to a different
subgroup of Greeks; Vlachi, unlike the inhabi-
tants of the 4 villages where calcif ications where
not found. ln order to evaluate possible racial pre-
dilection, efforts were made to identify individu-
als non-Vlachi, born in different villages who had
emigrated to Metsovo before 1940.

4. "Luto> soil questionnaire was carried out in villa-
ge remote from the Metsovo area where sporadic
or rnore frequent cases of pleural calcifioations
had been noticed during our study.

RESULTS

1. None of the inhabitants of the control villages re-

membered ever using "luto, for whitewashing or
any other use even in the remote past.

2. Only two of 241 inhabitants of the 4 villages whe-
re calcifications had been observed had never
used (lutoD. Neither one had calcif ications. Most
of those who had used "luto> gave the informa-
tion that they had adandoned its use mainly bet'

. ween 1960-70. Thus, it is now used by less than
10oh of households. The calcif ications were more
frequent and more extensive in group B (those
who had used the whitewash 30-39 years)than in
group A (used of "lutori 20-29 years). Thus, while
12125 trom group B had calcifications, these oc-
cured only in 6127 from group A (48o/o versus
?2.2e/o, p<0,05)2'

3. We were able to identify only one person, non-
Vlacha who emigrated to Metsovo in 1930 to get
married, 17 years old. She had used <rlutou until
1970. She is now 74 and her chest roentgenogram

80 NNEYMON

nNEyMeN T€AX1C 20, T6Uoq 1oC, Oxttitppoq - AeKeppp(.,q 1g87

Figure'1. Typical chest roentgenogram of a healthy 70
year old inhabitant of Metsovo showing exten_
sive pleural calcifications.

shows extensive calcif ications.
4. Finally preliminary epldemiologic studies in 4 a-

reas ol Norhwest and Central Greece where spo-
radic cases of extensive pleural calcifications
have been observed (Distrato, N.W. of Metsovo,
Panagia, Malakassi in the Metsovo area, Megar-
chi, and Mouzaki S.E. of Metsovo in Thessaly) ha-
ve revealed the following:
a) lnhabitants of all these areas were using

materials similar to <luto, obtained from
the soil of nereby hills for whitewashing
and other uses.

b) Calcifications occur in Vlachi and non-
Vlachi.

c) All these areas are located within the
(serpentine zone, of Pindos mountain.

DISCUSSION

The results of our study suggest strongly that there
is a cause-effect relationship between the use of
.luto, and the endemic condition that we have named
(Metsovo lung>. lt is now clear that the use of "luto"
is the only differentiating factor between Metsovites
and the inhabitants of neighbouring villages where
calcifichtions were not noted. The fact that the vast
majority of inhabitants of Metsovo and the other 3 vil-
lages with calcifications are Vlachi does not seem to
have any relevance since we have observed calcifica-
tions both in non-Vlachi inhabitants of Metsovo born
elsewhere and in non-Vlachi inhabitants of Megarchi
and Mouzaki in Thessaly. The suggestion that oluto,
is the only causal factor is supported further by the
fact that we failed to detect calcifications in the two in
habitants of Metsovo who denied the use of "luto".

The ill-effects of occupational asbestos exposure
(interstitial fibrosis, malignant pleural mesothelioma,
pleural calcifications, bronchogenic carcinoma) are
well-known.6,7 Also rather well def ined are the effects
of the so called (non-occupational, asbestos expo-
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sure. This is a rare but well recognized entity occuring
in individual exposed to asbestoi usuallyrfrom the first
years of their life; usually without knowing that the in-
criminated material is asbestos. Such examples exist
in several countries of Europe and in Turkey.s,s'to'tt ;n
most of these small endemic conditions, asbestos
used for whitewashing or other household uses has
caused only pleural calcifications.

There is one area in Turkey (Korain) where this has
been coupled with high incidence of malignant pleu-
ral mesothelioma. ll such is the case in Metsovo whe-
re the incidence of mesothelioma is about 300 times
the expected incidence of one/milion/year.3 The Me-
tsovo area is unique, in the world, or appears unique
because it is the first area .where non-occupa-
tional use of asbestos seem to have caused health pro-
blems (pleural calcifications) in the entire exposed
population which is the entire population of seferal vil-
lages. This has never been reported even with occupa-
tional exposure.

Finally, the preliminary results of our investigation
in the (new areasD of endemic pleural calcifications
in Northwest and Central Greece indicate that <Me-
tsovo lung, is not confined in the Metsovo area but
can be found in scattered clusters among popula-
tions within the Pindos serpentina zone if similar so-
cial customs to those of Metsovo exist.

Figure 2. Map of Greece indicating (black areas) the ser-
pentine zone of pindos and serpentine areas in
the rest of Greece. The numbers indicate areas
where endemic pleural calcif ications have
been traced. 1 = Metsovo area,2 = Distrato.
3, 4 = Mousaki, Megarhi (Thessaly).
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XopoAaynoq B. Koroopdqq

llepr elop evo

Etooyrr.ly11
Mopqotroyrr6g 6roqop6q ovonveuoru<ori ouor4-
Uoroq, rou nordro0 oe oX6o4 Us rov evrli,u<o.
Aerroupyrxrlq 6roQop6q ovqflvruorrKo0 ouor4;ro-
roq rou nqrdrori, oe oX6o4 Ue rov evrlArro.
H exr6i,eol l,erroupyrxdrv 6orrpoortbv nveup6vorv
orq nor6rd.

1. Elooytoyd

H npdlq eqoppoyrl Aetloupyrxrilv 6oxtproor<i:v
nveup6vtov oe evqi,troug xot nordrd, 6yrve on6 rov
Hutchinson ro 1846.t An6 r6te Tr6Xpt'onUepo 6Xer yi
ver repdorto np6o6og, cilore or i,erroupyrr6g 6oxt1-ro-
o[eg nveup6vov v'onore],oijv yro rov oriylpovo yro-
rp6, noL0rrprl porl0ero oq xoi,Ureprl drdyvcrro4 xor
ovtrgetdlnron rtrlv ooOevov ge voorlgoto rou ovo-
nveuorrxori ouorl;rorog. Irnv Ki,tvrxl Irpd€n n eeop-
proyrl rov Aerroupytxci:v doxrl.roouilv riov nveug6vrrlv
oto nordrd 0o pnoporloe vo 6rotpeOe(.oe 6[o ;reydtreg
xor4yop[eg: o) Aroyvroorrxrl Xp4or1 (xordro(r1 nveu-
ptovrxori voor'1 1-rorog, exr(;rqoq q g pop rjrrgrog, err(pr1-
oq rrvdrivou npoxerp6vou yro Oepdneurrx4 11 6royvro-
ortrrl en6ppoorl x.A.n,) xor B) Oeponeutrri Xprlo4 (dv-
6er[r1 erdrrrlg Oepone[oc, nopoxo],ouenorl nope(og
r4g v6oou, er<tig4or1 rrlq uondvrnonq, orn Qepone[o,
p00pron qg 6rdpxeroq Kor rnq Uopqnq r4g 0epo-
neiog, 6qproupyio oro0rlUoroq qoed,l,erog orov 0epd-
novro yrorp6, rov ooOev1 Kor rouq yove(g, yrq rrlv no-
pe(o xor rrlv np6yvrrton rnq vooou r<.tr.n.). Irov Epeu-
vltrx6 rogSo 4 eqopproy4 rorv trerroupyrxcilv 6oxr;ro-
orcilv nveug6v<rrv, 6Xer x0pto oxon6 14 pretr6rq tcov oA-
troycilv rnq nveupovrxrlg l,erroupyiog oe ouvdprqorl
Ue rnv 4i,rr[o Kot rrlv ondltep4 eni6poorl tov of6cov
r<or Xp6vrrov nopoy6vtov orrlv ovdnru[q rou nveJpro-
vo.2,3

A0o rdrorrep6rlreg np6ner va 6Xer un6er1 rou ou-

llo r 6onveupovo/roy r x6 Epyoorr.lpl o A4p orr xo0
Noooxopeiou A04v<irv ,,H EAlllE"
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Aenou pym6q doxrltoof eq nveu p6vav
orcr nold.ru

1.

2.

3.

4.

5.

6.
7.

l-l poBAen6 geveg rt grlg trerro u pytx<irv 6ox rl.roorri_lv
nveugovrr.rv, yro Tnv not6rxq 4irxio.
M6rprloq ororrxritv nveu povtxrilv 6yxrov.
Kogn0trq BioLnq ernveuorrxrlg (rorrxrlg Xcoprlrrr<6-
rrlroq.

t6g,rrou ooXoAe(ror yro npdrrq qopd pe rrg trertoupyr-
169 6orrproo[eg nveu;r6vov oro nor6rd. H npdlrrl eivot
no:g or nveUpoveg 6Xr g6vov oufdvouv oe ;r6ye0og o_
n6,rq y6vv4oq pr6Xpt rqv evrlArx(roo4, oAl,d o0yxpovo
uq(orovrot xord n1v nep(o6o out4 otrtroy6g,'yio vo
ndpouv rrlv retrtxrl roug 6rop6pqoon. ,Erot yro rn oo-
orrl epg4veio rov onorel,eopdurrv np6ner vo y(vei ou-
oxerto;r6g rouq Ue rrq oogoru(6g 6roordoerq Kor rnv
4i,rr(o rou nor6rorj.

H dilq r6rorrep6r4ro 6Xer oxeon pe q duoxoAio
ouvepyoo[og rou efetd(ovrog ge ro not6(, xot prdLr-
oro ro dpprrloro, yro rnv oxp[pero exr6Aeoqg urlv ],er-
roupyrxci:v 6oxrgoorrilv nveup6vrov. Ag 6orj;re ro xo06-
vo on6 ro 061loro ourd Xroprord.

2. MopQoAoylx6g 6rogop5q ovonveuonxoO ouor4po-
roq rou no16lo0 oe o16oq Fe rov evrlAlxo.

Or nveUpoveg rou veoy6vv4rou 6ev e[vor 1.uo UrKpo-ypqqio rorv nveug6vov ev4trrrou o16pou.a H ev6o1.rr1-
rpro ovdnruEn rou nveUpovo drorpefror oe 4 nepr6_
99ut ol-Eprppuovrxq (npctreg 5 epdo;rddeg xOnoni) B)
Ure.u6oo6evrxrl (5r1.17q ep6opd6o), y) flepioOog oulb_
no(4on g {1 6rl-2411 eB 6o;rd6o) r<or 6) I-l epiodog reAr rdrv
ggKKgy (on6 24q eB6ogd6o-ydvv4o4). Tqv 16q-17q e-
p6opd6o qg xriqorlg 6Xouv 6rlpuoupyqOei 6treg or 6ro-
xAo6ciloerg rou ppoyXrxo0 drlvrpou on6 r4v rpoXe(o
pr6Xprxor rq teArxd ppoyXr6fuo. Merd on6 ouq r4v
nepfo6o 6ev ovonr0ooovror vrlor oepoyrrlyo( o6o[, oA-
Ad undpyer orj{4oq rou prey60oug rov r164 urprordge-
vo)v.4,s H nepio6og rqg oui,ono[nonq XqpoKrqpi(eror



PNEUMON Number 2, Vol. l, October. December 1gg7

qn6 rrlv epQdvron ralv ovonveuonKd)v ppoyXrol,irov,
rrlv oU{r;o4 rou optOproti rrov or1.ro<p6prov oyye[ov xor
rqv eLdncoorl rou ouv6ettxori rotori. Ie ovt(0eoq ge
r4v evop[g egQdvrorl rov ppoyXrol,[rov, npoypotrx6q
Kuqleli6eq 6ev undpXouv xotd rr1 y6wr1oq.6 Kord ro
2o prrlvo rnq eEoUnrprog (or1g deurepono0rl 6roqpdy-
Uqro egQov[(ovror oto rorXdrporo rov re)rrx6v odx-
rov. H ovdnru(r1 roug npoxoi,e[ 6roipeol rov oepo-
Q6pov Xcirprrtv pe onor6AeoUo rnv npcilrrl, papQoloyr-
xd, ovoyvrirpron KUifel(6ov.'Exrore or xu{reA(6eg ou-
[dvouv oe opr0pr6 xor ;r6ye0og, ge ouveXrl xordrgrlo1
trrlv opXrxtilv Kor Ue pretorponrl t<ov rel,rxci:v gpoxro-
L(rov oe ovqnveuorrKd (KUqreAr6ono(qoq). Xopoxrqpt-
otrx6 e(vor noq o opr0p6g rcov xur.letr(6orv on6 rqv
y6vvqol (24x106 reLrxo( odxxot) ou[dvovror oe
129 x 106 oe 4l,rx(o 13 gqvcilv (43oh tou ouvoArxoU o-
prO;ro0 rou evrlArxou), eQdvouv rrg 280 x 106 oe qtrrx(o
8 1p6vtov xor o retr1169 roug opr0p6g unoLoyi(eror oe
296 x 106 nepinou oro evrl)rrxo dropro.T'Onoq Oo(vE-
ror perd rqv ql,txfo rolv 8 Xp6vrrtv q o0[4o4 e(vor eAd-
Xlorrl oe noo6rlto oAAd e[oxoAou0e( on6 ntreupdq
pey60oug.a An6 u1v ppeqtKn oqv ev1Arxo (or1 11 6rd-
Uerpoq t4g rpoXe[og rptnl,oord(eror, or 6roordoerg
rcov xurlei,(6rrlv retpontrootd(ovror rot o opr0p6g
roug 6erontrootd(eror (oe o0yxpron Ue rnv ori[qoq
rou gey50oug rou ocbproroq, Trou erxootnAoord(eroQ.
H enrrpdvero rov nveup6vo)v, oe nAnpn ovdnrufq, 6-
Xer Uro otev{ o16oq Ue ro ooUorrr6 Bdpog, ove{dpr1-
ro qn6 rrlv qi,rr(o, nou unol,oy[(etor oe 1 t.U./kg pd-
poug ocirgotog.4,8,e

O 6rdpeoog ror6g tov nveup6vcov nepr6Xer triyeg
xol,troy6veg xot etroorrx6,g (veg xord rr1 y6wr1o4. H
6rlproupy(o el,oorrxcilv rvrilv ge rqv li rr(o, oto xurl.reAr-
6txd 6roqpdyporo, nou neprpdtri,ouv rrg oepoyroyorig
o6o09, l,erroupye[ oov or4prygo xot epno6((er rrlv
oU gntoorl rolv xu r{.reA'(6cov.

Or ev6oxur.lrei,t6rxo( n6por rou Kohn xor or ppoylo.
KUqreAr6rK6q enrxotvrov(eg rou Lambert e(vor gtxpo[ oe
opr0g6 xor g6ye0og r1 eAAe(nouv reAe[og oro veoy6v-
vr1ro.8 O0dvouv ot4v ntrr1pq ovdnru[r1 roug nep( rov
7o Xp6vo rnq (tonq. O nopdnAeupog oeprop6q, fiou E-

{unqpere(ror prSoo on6 ourrlg rrq EnrKorvov(eg, el,Aei
rer ouoroorrxd oto 9p50oq xor ro gtxp6 nor6(. Av oro
nopondvo perov6xrqpo npooreOorjv r1 ovendpxero
xoALoy6vrov xor eAqotx6v rvdrv fiou npoovoQ6penKe
xor r; 6,AAer\t n enreovetodpoortr1g ouo(og (surfac-
tant) oro np6opo veoyvd, y(veror eovepn 4 euxoi,io
6qproupyiog orel,6rroorlg oe oX6o4 Ue rov evrll,rxo.

To xurloqoptx6 o0otrlpo rou 6pppuou 6rorpdper o-
n6 ere(vo rou evrl,l\rrou, Boorxd oe rpio oq;reio: o) Au-
EnU6vn n[eoq rrlg UrKpriq xuxAoqop(oq (5-10% qg
xop6rorrlg nopoXqg op6e0et rov nve0povo) F) XoUn-
)\69 ovrtordoerq ornv ni,oxouvrtqxrl xuxAoqop(o (6to-
Xete0eror ro 50% nep[nou qg xop6roxnq nopoXnq)
xor y) Unop{rl enrKorvov(og (shunt) npoq r'oprorepd
ge ev6oxop6ror4 ovd;rer[4 o(porog n U6oro rou oprrl-
proxo0 n6pou. Evril oto retrer6pqvo o oprqprox6g n6-
poq onoQpdooeror p6oo orrg rperg npdlreq p6peq rnq
(<or1g, oro np6<opo prnope( vo nopoge(ver ovorXt6g
yto epdo;rddeg 4 xor Unveq. I1)\r10dlpo o(porog orrlv
nveupovtxrl ruxl,oqop(o, xop6ropeyol[o, eAorropr6v4
6roroot;l6r1ro Kot ou[qg6veg ovrtordoetg e(vor ro e-
nor6i,ou0o rnq nopqUov4g ourlg rrlg enrxorvrov(og.

. To rprXoer6rl oyye(o rrls fiveugovrxrlq xuxAoqop(og
6pXovror, nep( rrlv 2411 ep6o;rd6o qg r6qoqq, oe oro.

vrl enoq{ Ur ro ovonveuorrxd ppoyXr6trro Kor rouq
ruqeLr6rxorjg n6poug. Apqp(eg pre pruix6 ro(Xrogo e-
xrefvovrot pr6vov pr6Xpt ro re],rxd ppoylr6trto oro 69-
ppuo xor ro prxp6 nor6(. Kqrd rr1 6rdpxero rqg nor6t-
xrlg r1trrx(og epeov((ouv pruix6 ro(Xrogo r(or or qprn-
p(eg rutv KuqieArdrK6v n6pov, on6re e{r1ye[ror xor 4
oU(r1or; rr;g ovri6poonq ornv uno[(o Ue rnv ndpodo
rrlg qi rriog.s

Or putx6g (veg rou 6roqpdyporog e[vor 6Xr g6vo gt-
xp6repeg oro veoy6wqro, oLAd xot 4 ovoAoy(o rrov
ovOexrrxdlv otq x6nu:or; rvtilv ou{dver on6 ro np6copo
(10%) oto reAer6grlvo veoyv6 (25o/o) rot <pOdver oqv
ovoi,oy(o rou ev4Arxou (50-55%) otov 6y6oo Unvo rlq
(ornq.o

3. Aerroupytx6g 6logop6q ovonveuorrxoO ouorflyo-
roq rou nol6ro0 oe o;16o4 Ue rov evrlArxo.

H oX6oq el,oorrxrilv xor xoitroy6vrov rvrilv ouvretre(
or4v olLoyrl rrlg ouol6rroqg 6yrou-n(eo4g rou nve0-
provo on6 ro Bp6eoq orov evrlArro.

H xopn0Arl n(eor;g-6yxou geroxtve(ror ilpoq ro 6e-
[rd,xor eu0erd(erot neproo6repo Ue rrlv ndpo6o qg
4trtx(og. 'Eror yro rov (oo xloogonx6 6yxo qg otrtxrjg
loprlrtx6r4roq, n n(eoq etroorrxrlg enovorpopdg rcrlv
nveug6vrov e(vor preyoi,rirepn oro evrlAtxo dropo on'
6tr oro notOrd Kor ro Bp6en. A[roo4peicoro, 6go:q, e[:
vor ro yeyov6g, nog gerd ro 45 Xp6vto, 11 xo;rn0Ar1 ou-
t4 perorrve(rot ndAr npoq r' optorepd xor gord(er p'e-
xe[v4 TXpovou nor6ro0.1,5 H 6tonveupovtxrl nieorl (p1r)
e(vor e{orperrxd gtxprl oro pp6er1 Kqr pe rqv qfuxi'o
ou[dver. MdAroro ge ;rr16evtxrl P1p nveu[ovrx6g 6y-
Koq, nou ovrrororXe( oro pp6eq e(vot ;r6vo to 20ok
r4g oArxrlg Xopqrtx6rqroq (TLC), npdy;ro nou 6ev
ouprpo[ver ox6;ro Kor oe nor6td 7 Xp6vrov. H ev6orrx6-
qro (C), nou eKepd(et, r1 oX6o4 preropol4g tou 6y-
xou (Av) npoq rnv ovr[ororXrl gerqgoAn rrlg n(eo4g
(AP), yro rov 0ropoxrx6 oxel,er6 rou veoy6vvrlrou, 0(:
vot notrU geydAr;. Me rr;v qtrrx[o q evdorrx6rqro eAor-
rcilveror. fl6oo on6 ourrl 11 geropoArl oXeri(eror ge
rqv oopeorono(r1oq rorv oorcilv Kor rrlv oAAoyrl tou
ouv6errxo0 toro0 xor n6oo otq 6uoov6troyr1 ovdnru-
{q rou Ocopoxrxori rorXrilporog oe oX6or1 ge rqv ovo-
nrufq rou nve0povo, 6ev 6Xer or6po 6reuxprvtote[.10
H evdorrx6rrlro roJV nveug6vrov rou veoy6vvqrou (4.6
ml/cm H20) e[vor nol,ri prxp6repq on6 exe(vr1 rou evrl-
trrxou (125-190 ml/cmH2O). H erDrxrl69o9 ev6onx6q-
ro (1 6xqpoorl rrlg ev6orrx6rrlrog oe oX6o4 ;re q Aer-
toupyrxrl unoiern6gevq Xoprlrrx6r1ro) nopouotd(et
eLdXror4 ;reropotrrl Ur rnv ndpo6o r1g qtrtxiog. Aq on-
peroOe(, noq, qv trdper xove[g un'6e4 rou, rov 6yxo
ovonve6gevou o6po (Vj rou veoy6vvrlrou (16-20 ml)
Kor rou evrli,rxou (400-500 ml) on6 rrlv 1rro peprd xor
rrlv ev6orrx6rrlro rov nveup6vtrtv roug on6 rrlv di,)\r1,
go(veror nog xord qv rlpe;r4 etonvofl Xpetd(ovror
xor ot 6rio vo eqoppr6oouv rnv (6ro n(eor1. Ax6po ov
eKqpoorei 11 ev6orrx6rnro oe o1do4 pe ro oogorrx6
Fdpoq, r6re, nopoil6ver oXe6ov oroOeprl ge qv ndpo-
6o rnq rlArx[og, Ue rrUri nepfnou (on Ue 2-
3ml/cmHO/Kg. H oArxrl ev6orrx6rlro 6;ro9 rou ovo-
nveuorrro0 ouorrl porog (0ropoxrro0 rorXri:1.rorog ror
nveup6vrrlv^). etrortciverot pe rnv ndpodo rnq
rlAtx(og. a's'to't t

Ot nveupovrr6,q ovrrordoerg (ovrrordoerq oepoqd-
prov o66v xor ovrtordoerq nveuUovrxoti roro0) e(vor

I
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ouqnueveq oro vroydvvrlro, or ox6on Ue rov evnfuKo.
Kord 6vo prSpog our6 ono6(6eror oqv rjnop[q peyo-
tr49 noo6rrlrog uypcirv oroug nveri.rovsq o' ourq r4v
4trrxfo.3 Or ovrtordoerq rou nveuUc.rxo0 Lorou e(vor
6tnLdoreg (8,7cmH2O/l/sec) oro gpf,pn on' 6rr orouq
evfitrrxeg Kor onorelo0v ro 50% rco ouvotrrxcbv, evdl
oroug evrli,rKrq ro 20oh.e'12'13 Or ovrtordorrq rcov or-
poQ6pov odtilv (oro gp6en neprAoprpdvovror Kor or
prvrx6g oepoe6por o6o[) e[vot preyotrUrepeg oro veo-
yvd xot Ue rnv r;i tx[o e],orrcbvovtor. Evril 6prrtg ot ovrr-
ordoerg rov grxprilv oepoe6pov o6tirv onoretroliv ro
20-30% rcov ovrLordoetov ourrirv oroug evrlirKeq, oTo
Bp6Qn ro noooor6 out6 e(vor oXe66v 6rntrdoLo (50%)
ror 6ev etrorrrilveror o4povrrrd nprv rov 5o Xp6vo rqg
(conq.''u H er6rrq oyroyrp6tlro (r1 6r<qpoo4 rnq oy(oyt-
p6rrlrog oe oX6oq Ue rov nveugovu<6 6yxo, nou ovo-
Q6peror) e(vor peyotrrjrepn oro gpeen, on'6rr orouq
evrli,rxeg. To yeyov6g our6 ono6(6eror ornv UnopEn
oXettxd eupefog 6tog6,rpou oepoe6prov o6rov, oe ouy-
Kpton Ue ro opot6 nop6yXu;ro, flou ae{un4peroUv,
orqv ppe<prxq qtrrxio.s,so ([l(voxog 1).

4. H err6Aeo4 letroupylxdrv 6orc;roorrilv nveu;.rovtov
oro nol616.

H exr6Aeorl rcov Aerroupyrrdlv doxrgoouilv nveup6_
vtrlv oro nordrd onorref: o) e[eL6rxeu;r6vo npooonrx6
ge egnerp[o oto olerrx6 ro96o17 B) exno(deuoq rou
nor6ro0 yro rq 6oxr1loo(o nou 0o oxoAou0rloEr n.X. vo
Bdtret o efero(6pevog yro tr(yo oro or6po rou g6vo ro
entor6prro xor v'ovonv6er orpoorpotprx6 o5po, oln ou-
v6Xero vo npoore0rl ro prvon(eorpo x.A.n. H ovdr6uv4
6ro6txoo(o qq 6orrpoo[og, 4 nopogo(roo4 r1g pre xdri
orxe[o ry ev6ro<p6pov yro our6v, 6reuxoArjver rn ouvep-
yoofo. Av o n],40uo;roypdeog ropouorooref oov 6rq-
ot4g6nAoro, ro onrp6perpo oov 6vo ;r4Xdvqpo nou
6e[Xvet "n6oo xdrd ovonv6rr,, I6rivoprrl nou np6ner
vo xoropdAer xord rq B[oro exnvorl e(vor 4 (6ro p; exeG
vrl, IIOU 6opqoe ro (KepdKroD rrlq rouproq r(l)v npon-
youprlvrov yeveotr(<rlv rou, r6re ot opv4oerg ro not6ro0
0o e(vor trty6repeg xor ro o(o0r1Uo rnq KleroroQoBioq
(nou o4percor6ov ouppo(ver onovrcilrepo orcl nor6rd
on'6rr orouq ev4i,rxeg) oXe66v ovrjnopxro. An6 rrlv

nINAKA> 1: Meropol6g nopop6rp@v ovonv. Aerroupyioq on6 14 y5vvqo4 or4v ev[Arxo (rorl

OArxrl Evdorrr6rrlro J
Otr:poxtr<t'1 Ev6orrr6rrlro {
['lveu govrxrl Ev6orrr<6rrlrof
Er6rx4 Ev6orrx6rqro i,
Ev6ottr6rqro flveug./Kg B.2.rz

l1veupov. Avrrordoerg *
[lveupovtxou roro0 Avrrordoetq t
Aepoq6po-rv o6rirv Avrrorooetg t
Ileoq l-leptq. Avrror./OA. Avrror.,j
Ayttrytp6tr;to
E16rx4 Aytoyrgdrr;ro

t
0

H xopn6Arl xopeopori rnq qrUooQorpivrlg Ue o€uy6-
vo pploxeror Ueroronrog6v4 oprorepd oro o(;ro rou
6gppuou Kor rou veoy6wqroul,tr6yrrl rrlg ;rerroAtlre-
pqg ouyy6veroq rou o[uy6vou pe rnv epppuixrl orgo-
oqorp(vq.

T6Aog o 6AeyXog qg ovonvoflg 6toq6per oro veo-
y6wrlro Kol orouq ev1)\rxeg. H unepxonv[o 6reye(per
npoodeurrxd neproo6rcpo rov oeprog6 np6olpov ror
teAet6glvtov on6 rq y6vvrloq g6xpt ro r6log rou npcil-
tou prlvo rnq (conq.Av o xord trenr6 oeprop6g ouoXe-
rrorei pe to oroporrx6 9dpoq, tOre ro 9p5en unepre-
poriv rtov evryArrov yro rrlv i6ro peprxrl n[eo1 6rofer-
6(ou rou dv0poxo, (ocrlq tr6yro ;reyoArirepqq nopoyo-
VnS 6or[er6rou ovd Kg Bdpoug xot prrp6reprl rxov6r4-
ro rou o(por6g rov vo 6pdoer oov pu0protrx6 6ril\u-
uo.4

H nondvtnon, orrlv unoEiq oro veoy6w4ro e[vor
6rQoorKrl, Ue pfo opXtxrl of[qoq rou oeproUo0, flou o-
xoAouOe(tot, perd 6vo npcirro trenr6 nep(nou, pe eAdr-
ralo4 xdro xor on6 ro en(ne6o exx(vqoqg. Ie ovr(Oe-
on Ue rouq evflArreg, 6oo neptoo6tepo uno(rx6 efvor
to veoy6vvqro, T600 nro ptxpr] e(vor r1 (ondvrrlorlD
ot4 Xoprlyr;q4 ge(y;rorog ge ou{r1p6v4 ouyx6vtpcoorl
6ro[e(6rou rou dv0poxo. To n6re qxprg6q rl ovdnyeu-
onxrl oupneprqopd rou pp6qoug"nllord(er exe(vr1
rou evrltrrro 6ev e(vor oxprBrilg yvtoor6, Ue ovoeop6q
onQ qlv rp6rn 6o9 ilg r6ooeprqep6ogd6eg rnq (o-
iq.5,15,16
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dAA4 peptd, q npoondOero yrcl vo rou e(r1yq0e(, ncog
vo qvonv6er <puorotroyrxd, 0ecopeiror enr(4pro, Uro Kor
enrruyXdveror, 6ncog Kor ro euoroLoyrx6 po6ro;ro, ou-
vrlOcog oouvo[o0qro.2'12 E[vor onou6o[o vo xo0o6q_
ye(ror ro nor6( pre- 6vrovq erov4, xoO, 6trr; 14 drdpxero
rrlg 6oxrgoo[oq.,2 y) EuXdptoto neprBdtrAov, ;re- A[yo
y6fuo, triyr1 ou(r1rqo1, xandAtr4Ao oroArop6vo epyo-
or4pro, npo6ro06rer euvolxd ro nor6[12 ror 6) KordA_
AqAq extroyrl 6oxrgoouirv Kor UnxqvnUdrov.2 bOqyfeg
yro rrq npo6roypoe6g rov prqXovrlprdrrov xor rov rp6_
no eA5yXou ourri)v, nprv rrq prerprloerg ot nor6rd, ovo_
Q{ipovrqr on'1v prpfuoypoq(o.18 H rltrtxio ndvrog rou
oo0evrl efvor o xo0optorrx6g nopdyovrog yto ro e(-
6o9 trlg 6oxr;rooiog.

^ fto.veoy6vvrlro Kor ro puxpd Bp6On (U6Xpt qtrtr(og
6 pqvdlv) ro o6pro o(porog 0eotporivrot'n-nro o€r6nr_
or4 6oxr1-roo(o. O npoo6ropro;r6g rrlg tretroupyrxrlg u-
noi,ern6pevqg Xtopqux6rrltog (FRC) prnopei vo yfver
pe rrlv ntrq0uopoypoqrxrj p60o6o, evdl yro ng ;re06_
6oug rou qAtou xot qg 6rnAuoqg rou d(orrou undp-
Xouv erteuAd(erg. H (conxq Xrop4rtx6rrlro (VC) eivor
60oxoAo vo perp4Oei Kor n nopoUo(ooq rrlg Ue rov eK-
nve6gevo 6yxo rou xtrdggorog rou pp6<poug, Oerope(_
tot gdAAov unepontroUorcuor;.e'12 Ie ovoro0lronorrl-
pr6vo pp6er; e(vor 6uvor6v vo gerpr1Or1 gerd $ioro "d_6eroo1.ro" rov nveup6vov q VC. H evdortx6rnro Kor or
ovuordoerg, e[re ge rrlv porlOero rou npoo6ropro;ro0
trlg n[eoqg orov orooedyo (une(olxorrxfl n(eo4), e(re
pe rnv reXvrxq 14g duvogrxrlg roAovrroor;rerp(og (for-
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ced oscillation technique), pnope( vq Uerpneo0v getd
xdnorou Bo0porl xorooroArl tou pp6Qouq.1'1e'20 O Ko-
rd Aenr6 oepro;r69, o xurl.reAt6tx6g oepto;t69, r; o16o11

rou Quoroloyrxd vexpoO Xtitpou npoq rov 6yxo ovo-
rwe6pevou o6po xor n oprnptoKuqreAtdtKn 6toQopd
02 [nope( vo Kqgoptorotiv. 'Onog e(vot euv6lto 6ort-
pooieg nou onotro0v npoond0eto (n.1. doxrlorlg, ;t6yt-
mou eOetrovttxo0 oeptol.torj x.trn.) 6ev e(vqt 6uvot6v
vo eoclpUoororlv.

H nepiodog on6 rr;v qAtx(o ttov 6 grlv<ilv pt6Xpt rqv
qArxio trov 5-6 Xp6vcov 0eolpe(tot q nto 6rjoxotrr1 yto
r4v ext6treor1 trettoupytxti:v 6oxtprootti:v. O opvrlrt-
o;-169 tou not6toti Krrt ro XoUn)\6 en(ne6o ouvepYo-
o(oq e(vot Bootxd uneUOuvot Yto rnv ovoftontot(o rov
onote)\eogdrorv. I' ourl u1v qAtx[o pootxd efuqt xot
nd)rr ro o6pto oigoroq'Ko[ ot npoo6toptopo[ r<ov no-
pog6tprov nou efoptcilvrqt on6 rrg trpr6g toug. An6
qv rll,txio ttov 4 Xp6vtov geptxd nqtdrd e[vot 6uvot6v
vo driloouv oft6ntoreg xoprn0treg B(otnq (rottxrlg Xto-
pqnx6rlrog (FVC), xot vo ouvepYooroUv oe 6oxtpo-
oieg doxqorlg. Metd xotootoArl tou not6toti yfverot
p6rpnon qg FRC, nveugovtxqg evdortx6trltoq Kot ov-
rrordoeov ;re nll0uopoypdQo 11 ge duvoptxrl roi,ov-
r<oorpetp(o. H UeYiorn ernveuottxf pon (PEFR) Uno-
pe( vo npoo6toptote[ oe not6td tqg r1],txiog outnq ( 4

Xp6vcov) ge to po6pretpo Wright.l'21
H npooerttxn <Duotxn e(6rooq, rl oKrtvoYpoQio e6-

poKo Kor oe et6tx6g neptnrdloetg to ontvOrlpoYpdQn-
po ougntrlptilvouv rlv ext[gr1o1 rrlg xordoroorlq rou
ovonvauortKo0 ouorrlgoroq rou natdto0 ou1 60oxo-
l,q, yro Aertoupytx6g 6ot<tgoo(eq nveug6vtlv, ourrl ne-
p[o6o.1'22

H nep(o6og petd tr1v r1)rrxio ttrlv 6 Xp6vtov Oeope('
rol rl nro euvoixrl yto rn Xpnon trettoupytx<i:v 6oxt;-to'
ordlv nveup6vov oro not6td, pto"Kot q oxpiBeto exr6-
Aeonq rouq Kot n ovoflopoYtoytx6qto rov onotetre-
opdrov, 6EV 6tqQ6pouv ouotoortrd on6 tov evqA[-

xrov. (l'l(voxog 2).

5. flpopAen6peveg np5q Aetroupytxtirv 6oxtpoottirv
nveup6vtov yro rr'lv notdtxfl qAtxio.

To onotetr6oporo rov getprloecov ouyxp[vovtot pe

rr1 pr6or1 rrprl nou npopA6netot yto 6vo noL6i ;re ro (6to

Uqroq, OUtro xoL qutr( xat exQpd(ovtot enf totg 70.23

Or neproo6repot ouYYpoqe(g ougqovouv nog to ti-
qroq (ot 6p0to otdorl) eXet trlv xotr0tepn -ouo16rtor1 

pe

To onorel6ouoro rcov petprloeov,r '23'24'25'26 ev(b Yto rn
6roXuorl tou govo(et6(ou rou dv0poxo ovoQ6petot
xor 11 entQdvetq rou ocil1.totog.25 (l-to to not6td pe xu-
<pooxotr(oor1 XpnotUoftote(tot ovtI yto ro 0(tog, 11 on6'
oroorl preto[ti rorv dxpcov t<rrv 6oxttj],trlv rnq ctptote-
prlg xor 6e[tog notr6prqg, 6rov ro X6pLo Fpioxovrot ot
r6trero 6xtoorl).2'22 Ot 6toqop6q tov rtpcirv on6 Qutrn
oe QuIn eivot o1e66v xotvrl nopodoXq, evcil -ot 6toQo-
p6g ovdpreoo oto 6tio Qtitro ou(ntnotUrl'"''u (l-to to
Etrlqvonoutro olettxrl epyooio on6 rov ouYYpoQ6o,
ppioxetot oe eE6trt[n). l-to ttg npoptren6preveg rtp6g u'
ndpXouv e[totiloetg xot 6toypoprUoro Yto not6totptxrl
Xpnon. (IXrlporo 1,2). Ax6pro xot vecbtepeg pel,6teg,2a

ougQcovo0v 1.re ttg rtpr6g nou dfvouv oto ptBA(o rouq ot
Polgar xor Promedhat26 6nou eUQov((ovrot Kqt ot Ko-

A0repeg 611;rooteupr6veg epyoo(eg, ndv<rl oe rtp6g not'
6uirv, on6 to 1922-1969. [ldvttog ovoyvtrlp[(erot n o-

vdyxrl xotvotj pyttrlv t Ll.tcilv ovoQo p6q (n pott Udrot qn6

tov 6po QuotoAoytx6g ttpr6g on6 optopt6vouq ouYYpo-

Oe(q) yro rqv 6exoetio nou opli(et on6 tqv eQrlBeio
xor perd, tr6yo qg 6toQopdq nou undpXet peto(0 e-

vrltrixou xor 6Qrlpou pe to idto 0Uoq.t'

6. M6rpqoq ororlxtitv nveupovtrdlv 6yxtov.

To nor6[ or6xetot (xotd npot(p4o1 6p0to2'21 pnpo-
ord o'6vo ontp6uerpo Kot eQopg6(et xotrd to Xeitrn
rou oro entot6gto, evd: 11 pr0rr1 tou e(vot xtretop6vrl pe

prvon(eotpo. H 6p0to ordorl Kqt n Xpnopt6tlro rou
prvon(eorpou ouQtopnroOvtot on6 opto;t6voug.17'27 H

U6rpnon qg FRC oto not6td y(vetot xtipto n Pe rn pe-

nINAKA> 2: Auvo

HArrio
6 pqvci:v

6U - 5 Xp6vtov

6 Xp6vtov.

1) A6pro ofprotog
2) FRC
3) FVC
4) Ev6otrx6tqro

Avrrordoerg
5) PEFR
Ouoroorrxd 6)\eg ot
6oxtpoo(eg.

Aerroupyr x6q 6oxtuooieq
1)A6pro oil.totog
2) FRC

3) VC

4) Ev6ottx6r4to
Avrrordoerg

llopo14pnoetq
nto o[r6nroq 6oxtpoo[o.

2) Me ntrqOuo;roypdqo on6 ovonopoytir-
yrgo onotetr6o;toto.

3) Ktrdppro (;) Ie ovoto0rltonotqg6vo
9p6Qn Ue Xpnon e[coteptxrlg nieorlg.

4) Mnope[ vo pretp40o0v petd xdnoto
roroorotrrl rou Bp6Qouq.

H nro drioxoAn nep(o6oq

2) Merd rdnoro xotootol,rl
3) Meprrd nor6td
4) Metd xdnotq xoroototrrl

5) Ie noAtrd not6td)4 XP6vtov
H oErontor[o rov onoreAeopottov oev
6roq6pet qn6 rov evql(x<rrv orlv nAetov6trl-
ro rov nor6tcbv. H o0fnon r1q qAtx(og ouvrl'
0rog ou{dvet qv oxpfBero Kot rrlv Xpnon tov
6oxrpoortilv.

rxrilv 6oxl;rooldrv oe
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0o6o opo(roonq Ue rlAro (xAeror6 x0xkopo) n Ue tr1v
nAr;0uo;roypo0rKn. H p60o6og qg 6xntruor1g tou N2
(ovorXr9_ 

^^x0dtro;ro) 6ev e(vor 6ro6e6og6vr1 oro
nor6rd.21,28 Ax6;ro 11 exrigrloq rou TLC [e oKuvoypo-
Qirq (6xer ro gerov6xrqUo ncoq nepfioprpdver Kqr rouq
6yxoug rqg xop6rdg -oyye[ov, o(gorog otov O<irpo-
ro, Uooo0ropdxtou) 6ev eqop;r6(eror oro nor6rd, ;uo
xor 6ev undpXer Qrop0rrlrrxr.l ef(orooq, 6nog yro ro e-
ylA5o droUq.21,28 Or trenropr6pereg p6rpqolq rnq
FBC Kot r!q VC ovorp6povror orrlv Brl
pAtoypoq (o. 1'2'7'1 2'23'2e,3o

H p60o6og rqg opo(roonq Ue ntrro nopouord(er ro
perov6xrlgo r1g unoeg[Unonq rou npoy[orrxorj 6y-
Kou oe drogo ge n)\rlpr; on6epo[r1 xdnorou nveuUovr-
roU rpf ;rotoq. AIId xor 1n)rq0uoUoypoQlKn 960o6o9
6uvor6v vo unepeKrrp4oer rov npoyporrx6 6yxo oe o-
o0eve[g Ue qnoepoKttrq nveugovondOero, tr6yro ;r4
rout6Xpovqq peropoA4g qg n(eoqg oro or6go xor
mrg xuqel[6e9, xord t4 6rdpxero rou (Ioxovrdogo-
TOqD.31',32'33

TeAeuro[o 6rorundlvovtor on6rperg, noq oe Fp6en
[e onoQpoKrrx6g nveupovondOereg, oe ovr(0eor1 ge
roug evfLrxeg, y(veror unoexr(g4oq r4g FRC Ue rnv
pr60o6o rou ntrrl0uoproypd<pou. Or u;r6g yro qv FRC
69o9 ndvro e[vor geyo],rirepeg on6 exe(veg, Ue rnv
p60o6o tou rlArou. To nAd0og" orrlv ovrrKer;revrxrl ;16-
rpnon ono6[6eror ornv Un opror6propg4 n(eor1, nou Ue-
to6[6eror oug xurgetr(6eg xord rqv 6rdpxero rou (Io-
Xovtdogoroq" Kot oto 611 1 e[ooro0;revr1 nieorl on6
ro 0opoxrx6 ro[Xro1.ro e{ouderep6veror 06 neproX6g
6nou undpXer eyxAroBropr6vog o6pog, ge onor6Aeopo
unepexr(gr1oq r;g geropoArlq nieoqg oro or6po.33o

l-ro to pp6<pq, 11 g6rp4o1 r4g FRC pre nAr;0uogoypd-
<po 0eope(ror rl nio npoxrrxrl, pre ro xeedhr rou rrqr-
6rori 6(ro n U6oo otov nAl0uopoypdqo xor lerpro;r6
r1g prdoxog Kor rou 6roqpdygatog on6 6(ro. H ovd-
orpoon nl,louopoypqo(q (ouvdeon rnq gdoxog nou
xol,0nrer q g0rr1 Kot ro o16;ro rou pp5eoug pre ntrr1-
OuopoypdQo yvooro0 6yxou xot erpo6too;r6vou pe
perorpone[g nr6oeov) pnope( vo Xplorprerjoer yro rn
U5tpnon rou 6yxou o6po, nou exnv6eror or4 6tdpxero
xl,dpgorog.e,12

Or otorrxo( 6yxor nveug6vcov orrlv ouo[o e(vor ovo-
roprx5g g6rploerg xor 6(vouv triyeg ntrrlpoqopieg yro
rnv ovqnveuorrxrl l,erroupyio. H VC e(vor 11 nA6ov o-
vonopoyriyrpq 6oxrgoofo oe nor6rd, otrtrd 4 el,drrro-
on rnq 6ev eivor 6royvroorrx1 ouyrexprgrivrq nveuUo-
vrxrlg v6oou. Ze nqt6td xor veoporig evrll,rxeg Ue y<o-
v[o oxoA(oonq y0po otrg 100', q VC e(vor nep(nou
50% rqg npoptren6prevqg.3a Ax6prq orouq (6roug oo0e-
ve[q, trprl qg VC(40% rrlg npopAen6pevlg, 0earpe[-
tor noi,0 enrx(vduvq yro eUedvron Uereyxrrp4rtr4g
xop6roovonveuorrxrlg ovendpxerog.

H FRC oro <puoroAoyrxd dropro, e(vor ro orlpreio r-

oopponiog rov eronveuotrxcilv Kor eKflveuorrrcilv 6u-
vdperrlv ror en6pXeror oro r6Aog rnq npe[nq exnvorlg,
ext6g on6 to pp6Qq, 6nou ro r6trog rqg npepnq ex-
nvoqg Bp(oxetor \Unl6repo on6 to orlpre(o rooppo-
n(og.as'so Av 11 lC (eronveuorrxrl Xoprlrrx6rrlro) npoey-
lerpltrxd, efvor grxp6tepn rnq rr;rrlg r<rtv 15ml/kg oro
nordrd, Oeope(rot noAU nrOovrl 4 64pltoupy(o Uerey-
Xerprlrrxcirv qvorrvru orrKrbv npo Btrq gdrrov. 37 T6trog o
V1 oufdver ypogl.rtxd Ue ro pdpoq rou orilporog
(6ml/kg) 4 pe ro Uqroq Kor pdi,roro erdvet rr1 geyoAUre-
pn rtgTi rou ornv 1,l,rr[o tav 22 xp6vrov. E[vor geyo],ri-

Trpoq ora oppevo orogo on, 6rL oro 0qtreo, evcil ro
ovrrorpoQo ouprBolvet |']e rnv ovonveuorirrl ouXv6trl-
TO. "

7. Kogn0Aq p6yrorqg Bior49 ermveuorrxrlg (onr4q
;1orprln x6r4roq (FVC).

_ Yndpler 6vog noArj peydiog oprOpr6g trerroupyrrdlv
6oxrgoorcilv nveup6vrov on6 rrg nro ontreg dorg rrg nto
noAUnAoxeg. Oo np6ner o yrorp6g, nprv nopoyyeil,er
pro lerroupyrxrl 6oxrgooio vo yvropi(er: o) Av ourr; 6(-
vet ondvrrlorl oro ouyKexprl.ulvo 6royv<oorrx6 rj 0epo-
neuux6 rou np6ptrr;pro p) Av efvot 1 nro on,l,r] nou'go
gnopo0oe vo nopoyyeil,et xor y) ov n r1trtx(o rou tror-
6rori enrrp6ner rrl ouvepyoo(o yro rrlv oxp(Bero rrlg
6oxrproo[og.

..._Ario onA6g 6oxr1loo[eg, 11 xognriAq 6yxou - Xp6vou
(VT) Kor q xoprnrjAq porlg-6yxou (FV) 6ivouv opxer6g
nAnpoQopieg orq 6rdyvo:orl Kqr ovrrgerdrntorl rtov tre_
prooor6prov qo0ev6v Ue nveuUovrxd vooqporq. l-rq
ourdg rtg 60o 6oxr1_rooieg, 11 4Atx(o rorv 5-6 Xp6vcov 0e_
ope[ror xord yevrxrl ono6oXrl rrovrl yro ouoroorrxd
Kor ovonopcry<ityt1.ro onorel,6opror o.1,2,22H eqop;royrjqg geprrrl,g piorrlg exnveuorrxrlg xopnrjtrrlg poltsl
6yxou oro Bp6er1 Xpnorgonore(ror np6o<poro. npoio_
Ae(ror ;re on6rogq o0[qor1 qg n(eo4g eioorLxo0 odx-
Kou, fiou xoA0nrer ro xopp( rou Bp6eoug (exr6g on6
ro KeQdh Kor rouq dxpoug n66eg) oro rdtrog ;tog rlpe-
gqg exnvorlg. Av ouv6uoore( ge'xoprnrjA4 po4g-6yrou,
pe-rd eronvo4 ;r(ygorog qAtou xor pe rono06rrlorl oroo-
Qdyerou gnoAi,ovro0, ;rnopei vq onorei,6oet 6vo notrrj
xoA6 rp6no SAeyXou rou ovonveuolxotj ouorlgorog
o'ouu1 rlv lirx[o.5o

To nor6[ exreAe[ rnv filo Bo0eio exnvorl, getd on6
rrlv nro ;reydL4 eronvorl, orov xril6rovo ev6g onrpopri_
tpou r1 6ro puloou ev6g nveugoroXoypdeou. H xognri-
i,r1 nou npox0nrer gnopei vo KoroypoQei q oov oX6orl
6yxou Xp6vou (VT pI. IXnUo 3) 11 oov oXdoq po1g-

l
t

I1[po 3. Kopn0Ll VT

6yxou (FV pA. IXnUo 4). Er<r6g on6 rlv FVC or nro
Xprlotl.rot nopdperpor nou unoAoyi(ovot on6 rnv KclB-
nUAq outrj efvor: o) B[oro exnveuorrxq porl orq 6rdp-
Kero rou npdlrou 6eurepoi,6ntou (FEV1), B) H geooo-
vonveuotrxrl pon (FEFzs-zg nou e(vor n ox6on rtrlv pe-
oobv 214 r4g FVC npoq rov ovr[ororXo Xp6vo Kor eK-
Qpd(eror oe 1/sec, y) o nro UeydAoq 0o0U6q poqg xo-
rd q drdpxero rnq FVC xor eKepd(eror 4 oe 1/sec 11

oe 'llmin (PEFR), 6) H nro UeVdtrn exnveuorrrrl porl

3
l^lo.tv
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rou ovrrorolxe( oro 50% qq VC (FEF5sy") xor 1 nro
UEydIn etonveuorrKn poi oro ovr(ororXo o4peio
(FlFsox).

IX[yo 4. Kopn0],r1 FV

An6 rrg 6tio xognUAeg (VT xor VF) Aoprpdvovrot no-
p6goreg ntrlpoqop(eq, qIId 11 FV efvot nro Xprlorprl
llq Kor 6(ver rq oX6oq rtov porilv oe ouvdpr4on pe rov
nveugovrx6 6yxo xot 6ror nopouotd(et q 6uvogtxrl
trerrou py(o rov oepoyoy<ilv o6tilv. 7

To xprrlpro ylo vo e(vor ono6exr6g or xopnriAeg
qg pSyroqq eKnveuorrrrlg (rorrxrlg Xropqrrx6rqtog
ovoQdpovror exrev<bg oq prptrroypog(o. 18 To nepro-
o6repo nor6rd gnoupotlv vo 6<iroouv 3 ono6exr6g
xopn0treq, perd ono 5-8 npoond0eteg.25 l-lpoxrrxd 0o
ouv6t!r(e rove(g ro xptrrlpro, oro vo nopoxolou0e[ o
e[eroorr]g rov rp6no, nou ro nor6[ exnvder (opro],r1,

ouveXrlg eKnvorl, Xrop(g np6opq 6roxonrl, pnXo n
xtre(orpro rrlg ytrrorri6og). To Xeitrr1 oqtlrd y0pco on6
ro enror6prto Kor n 6roQopd trr:v 6rio xoA0repcov xo1,r-

n0Aorv vo ritvor rrlg rd{r1g rou + 5% n + .l00ml, onoro-
drlnote on' outd e(vor peyoi,rjrepo. Av o e(eroorqg
oUQrPdIIer, noq ro not6( xor6potre r4v nro geyotr4
npoond0ero xord q 6rdpxero rrlg exnvorlg, r6re, prlo-
pe( vo nopoyye(ler oro nor6( vo prl[er noAtr6g Qop6q
xord rrlv exnvofl. H FV xogn0A4 rou BrlXo, ouvrlOcog,
6ev uxeppo(ver rrg po6g rrlg g6yrorrlg exnveuorrxrlg
(cortxrlg Xroprlrrx6rqroq orouq o0ororloug nveuUovr-
xo0g 6yxoug.l H extroyrl qg refuxrlg trprrlg rrlg FVC
xor FEVr, nou vo gnope[ vo e(vor ovonopoytilyrpn Kor

Xpnorgn yro ro follow-up, y(veror on6 rrg rperg xoA0-
repeg xogn0treg, ;r'Ovo on6 roug nopoxdro tperg rp6-
noug: ExA6yovroq rrl 96o4 rtprl on6 rtg rperg xogn0-
Aeg, yro rrl ouyKrKprg6vrl nopdgerpo r1 noipvovrog
rnv xopn0trr1 Ue ro peyotrUrepo d0porol.ro rrlq
FVC+FEVr r1 no(pvovroq ilq qrnl6repeg il;r69, yro
xd0e nopd;rerpo Kor oq Unv npoSpXovror on6 qv i6ro
xopnUAq. Oo(veror, n(Dq Kqr or rpetq rp6nor 6[vouv o-
vonopoyrilytgo onoretrdoporo oro nor6rd. H trprl rqg
FEFzs.ts np6ner vo no[pveror on6 trlv ro;rnritrr; ;le ro
preyotr0tepo d0porogo qq FVC * FEV1.17'23'22'as
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AvoQ6perot Kor KoroypoQn KqUilUAng p(otqg FV oe
veoyvd gerd Oerrxrl e{roreprxrl n(eo4 orov xoppr6. O
6yxog nou e[6p1erqr ond roug nveUpoveg unotroy((e-
ror ntoq e(vor [oog ge rov ERV.e

Ot trpr6g uov porilv pr6Xpr qv lArx[o 11-12 Xp6vcov
ou{dvouv ror 61ouv xoArl ouoXdrron [e ro rjrpog. An6
trlv rll.rxio ouul xor pr6Xpr qv r1trrx[o rotv 20 Xp6vcov
yro rrq yuvo(xeg xor 25 yro rouq dv6peg or rrp5g rov
porilv 6xouv oX6or1 Kor Ue ro rieog Kor Ue rrlv
r1trrx(o.23,40 H exno[6euorl Kol n quototroyrxrl ovdnrufrl
rou nor6torj, ;reropdtrtrouv rrg rrp6g oe nooooto 2oh
oe lpovtx6 6rdor4pro 30 qpep6v.27

O 6roXtoprol.r6g rrrlv no0oAoyrr<d:v rrp6v on6 trg eu-
oroloyrx6g, pnope( vo y(vet Ue 6rio rp6noug: o) To o-
norel,6oporo rou nqr6ro0 eKepd(ovror en[ rorg %
qq 96o119 npopAen6;rev4g trprlg on6 6vq <euoroLoyr-
x6, nAn0uop6 nor6rd:v xor p) To onorei,6o;roro rnq
nopo0orlg 6oxr1loo(og ouyxp[vovror p'exefvo nou 6yr-
vov nprv on6 xdnoto Xpovrx6 6rdoqpo.l

Ener64 rrpr6g preyotrUrepeg tou <)uoroi,oyrxo0 (u-
nepquorx6g) e[vor Xtrlp(g 6vvoro, op[(ovror oov noOo-
loyrr6g rrp6g ot nopordr<o: l-ro rqv FVC, rrlv FEV1,
Kor rov PEFR trpr6g gu<p6repeg rou 8070 qg pr6oqg.
Kot yto r1v FEF25-75 l.uxp6tepeg rou 65%. H euoroior-
xr1 rrprl rnq FEVr/FVC% yro nordrd Oeope[ror ere(v4
nou efvor peyoA0tep4 r1 (oq rou l\.2'22'23'4'l

Or 60o Qdoerq (eronveuotrx4 xor exnveuotrx4) r4g
FV e[vor e(orpenxd Xpt'totUeq orqv evr6nrorl on6r[po-
€nq oe nor6rd r;)\rxiog ;reyoArirep4q n (onq rcov 8
Xp6vrova2. Mro oroOep4 on6qpo{rl (n.X. 6yxog geoo-
Oropdxtou nou orpoyyol((er rqv rpoXeio) enqped(er
Kor lq 6do qdoetg r4g xogn0trr'1q. Mro pr4 oro0eprl e-
{o0rr:portx{ on6q po[q (n.X. unoyArorr16 rxrl or6vroo4)
npoxoAei 6uoovdtroy4 pe[ooq rnq eronveuorrrrlg qd-
onq on'6n rqg exnveuorrr<qq (yror( npoxol,e(ror peyo-
tr0repn on6Qpo(q xotd rrlv etonvo4, on6 rlv opvrlrr-
xr1 n(eor1 rov oepoQ6ptov odriv Kor rrlv Oenxr1 n(eorl
trov roti:v oro oqge(o on6epo{r1g) pe onor6i,eopo 4
ox6or; ##, >1. Avr[oero oe nep[nroo4 ev6o-

0trrpoxrxrlg, Un oroOepnq on6<ppo(r1g (nX. Oq)rdl;roro
rpoXe(og) rl eKrveuorrxrl edoq efvqt nro enrlpeoopr6v4
on6 rqv eroflvruorrKn (xord rrlv exnvor; 6po0v 6tjo 0e-
trx6g 6uvdperg Kor onoepdoouv rrlv rpoleio)
-', E,5u3# .,
- H euOe(o ypoUpn flou npoooppr6(eror nro xordi,l,r;-
lo oro xorr6v ox6trog u1g pr6yrorqq eKftveuorrxrlg FV
xognUJ\qg, eKepd(er ro p6oo ;r6yroto pu0U6 no6erd-
ouoroqD rov nveup6vrov. O puopr6g our6g e(vor ovd-
troyog rrlg 6to;r6rpou rov oepoq6pov o6clv ror ovu-
orp6<pcog ovdtroyog rou gey60ouq rov nveuU6vrov.5 H
oX6or1 r4g Xpovrxqg our4g oro0epdg, ge ug ovrrord_
oerq Kor u1v ev6ouxornro rov nveup6vrov, e(vor eo-
veprl xor onoretre( ro yrv6pevo r<rlv 6rjo nopo;r6rpo:v
(Rc).

- H etrdrrrrlon rnq FEVI ovronoxpfverot or4 xAtvrxrl
pop0rqro notrtrci:v nveuUovono0ercilv. O tr6yog 6;ro9
FEV/FVC en( rorg % <po[veror n<oq Kqr 6roqcoubrix6g
gnopei vo e(vor rnq erlonq rqg unoxeipevrlg v6oou (o_

noQpoKrrKn r1 neproprorrx4) ror oov nro euo(oo1rog
delxqg rlg on6epo€-nq rcov oepoe6prov o6cbv, on6
rqv F_EV1 ovoq6peror22,a3. Irrg neproprottx6q nveuUo-
vondOereg, ro ;reyoA0tepo noo6 qg ;urp4g VC eE6p-
Xerqr oro npcilro 6eurep6trenro, pe onor6treogo o A6-
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yog FEVIi FVCok vo e(vor ouvrlOoq OuoroAoyrr<6g 11

xot ou[r1g5vog. Avri0ero orrq oTroqpoxrrr6g flveuUo-
vondOereg, rl FEVr e(vor noirj etrorro;r6vq tOV, inq
or6vo_o4g rcov oepoe6prov o6civ xor' o l6yoq
FEVIIFVC0/o, ouv40<og, e(vor prrp6repoq rou euoro-ioyrrod.22

O PEFR enrruyXdveror oro np6ro 66xoro rou 6eu-
re.poA6nrou prerd qv 6vop[r1 r4g Bo0etdg exnvo4g, o_
n6 qv 06oq TLC. Aev efvor 16oo o[r6nrorog 6e(irr;g,
Uro Kor.ovrovoxAd 61t p6vo rrlv nveuUovrx4 i,erroup_
y(o, otrtrd r<or 14 pru'rrr; 6rjvog4 rov qvonveuorrrdrv pu-
ci:v xqt ro ;r6ye0og r4g npoond0erog, on6re or rr;ulg
rou ;uloo oro <puoroioytxd 6pto 6ev onoxi,e(er etro_
Qpd n U6rpro nveugovondOero. To npdlto 25% 14g VC
nou ernv6eror xord 11 FVC en4ped(eror orlpovrrrd o-
n6 n1v npoondOero Kor eKe[ ovrlxer Kor o pEFR.2,22,23

Merd on6 ro npdlro rpngo r4g VC, ro un6Aorno 75%
e(vor exefvo nou oXe66v e[vor ove{dprqro on6 rrlv
npoondOero.2 Ot Oeopieg yrcl ro eorv6Uevo our6 e(vor
noAi,6g (Oeo:p(o rou o4ge(ou e[iorr:o4g rov nr6oeov,
0ec,:pio rou xoroppdrr4, 0eolp(o xriporog-roXrir4tog
x.tr.n.) ltopig xogpr[o vo ro epUnvet]er on6Auro.

, H FEF25-75 (e[ oprogo0 xotrfnter rgrlUo rr;g VC nou
e[v.or ove[dpr4ro oXe66v, on6 t4v npoond0ero), Oeto-
pe[ror nolg e(vor 6e[xqg qg Aerroupy(og rov prxpcov
oepoQ6prrtv odcilv (;rdtrroro nro euo(o0r;tog on6 rov
A6yo FEVIiFVC) oAId_gur6 oprqrop4re(ror on6 opr.
opr5voug ouyypoqeiq.2.7,3e Or prrxpo( oepoeopor o6oi e-
n4ped(ovror-noi 0 npotilpo oe lp6vreg onogpoxtrr<6,9
nveugovondOereg xor r1 6yxorp4 ovordAutlr4 r4g 6us_
Aerroupylog roug efvor noA0 Xp4orpr4.

Pulmonary Function Tests in Children (pFT,s)

Pulmonary function tests (PFT,s) in children are a v-
ery usef ul tool in the hands of paediatricians and ch-
ild pneymologists. The application of pFT's could be
divided into three major categories: 1) diagnostic
purposes 2) therapeutic purposes and 3) research.2,3

Two components differentiate the pFT,s used in ch-
ildhood f rom those used in adulthood. The f irst is rele-
vant to the changes of the respiratory system during
growth (both in size and in morphology) and the se-
cond has to do with the poor compliance of the child
for the performance of these tests.

The newborn lung is not a miniature of the adult
lung.a The main anatomic changes of the lung, from
birth to adulthood, are the following: a) True alveoli
appear during the second month of life their number
increasing ten fold and their size four fold until ad-
ulthood.a'8,e b) The interstitial tissue at birth contains
few collagen and elastic fibers. c) The intralveolar
ducts of Kohn and the cannals of Lambert are almost
absent at birth. Around the seventh year of life they
become f unctional, as in adults, for the collateral ven-
tilation.&d) Arteries with muscle wall are absent in the
alveolar ducts at birth, but they appear during chil-
dhood (thus explainingincreased response to hypoxia
with age).5 e) The f ibers of the diaphragm are smalle-
rin the newborn and the percentage of fibers, with re-
sistance to fatigue, much smaller than that
of adults.a,15 and f) The patent ductus arteriosus af fect
both systems (circulatory and respiratory) in some
preterm newborns.

The f unctional changes during growth are the follo-
wing:'a) The compliance of the respiratory system
decreases with age as well asthe chest wall com-
pliance. However compliance of the Iung increases
and the specific compliance remains almost con-
s1"n1.1,4'5'e,10,11 b) Resistance, of the lung, resistance
of the lung tissue, airways resistance and the ratio of
peripheral to total airways resistance decrease with
age.3,4,5 c) Airways conductance increases whereas
the specif ic conductance decreases with age.5,5, d)
The 02dissociation curve gradually shifts to the right,
as less 02 is combined with the adult type hemoglo-
bin as compared to the fetal one and e) the control of

breathing changes with age, with greater response to
hypercapnia and different response to hypoxia in
adult's respiratory system as compared to that of the
newborn.4,5,15,16

Testing children infants in particular, requires high-
ly qualified personnel, appropriate environment and
equipment ,but also the patient training the duld
itse|f.2,12,17,18 The appropriate test for each age has to
be taken into account.

During the newborn and early infantile period arte-
rial blood gases are the most reliable index of the re-
spiratory function. FRC is measured, mainly, by the
plethlsmographic technique, but some queries have
recently been published about the accuracy of mea-
surements in infants with obstructive lung disease.
The measurement of ERV and partial expiratory flow
volume curve are described by using sophisticated
methods.1,e,33u Dynamic lung compliance and pulmo-
nary resistance are measured in young, mildly seda-
ted, infants after insertion of an esophageal ballon or .
catheter. Airways resistance can be measured using
the body box. lt is possible to measure total respirato-
ry resistance using the forced oscillation technique,
after mild sedation. Resistance and compliance are'
measured in babies by sophisticated methods utili-
zing the Hering-Breuer ref lex.3s'36 The ocrying, VC is .
regarded as hn oversimplification. Minute-ventilation,
alveoiar ventilation, A-a 02 gradient and the ratio
Vp/V1 can be also measur"6.1'e,12,1e'20

Children aged from 6 months to 6 years are very
uncooperative. For this difficult period the clinical e-
xamination, chest x-rays, arterial blood gases and
lung scans in some cases is the preferred way for the
assessment of the respiratory system function.1,22 Ne-
vertheless some measurements of FRC, compliance'
and resistance can be made after sedation. By the
age of four years children are able to perform the ma-
neuver of peak flow using the Wright flowmeter. The
above f low is effort dependent and its value is contro-
u"rri^1.2'22,23 Few children between 4-S years old are
cooperative enough to provide reproducible maximal
flow volume curve.1,21
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For children older than 6 years PFT's become extre-
mely useful because cooperation is greatly increased
with age.

The obtained results are compared with the mean
predictive value for the same age, height and race and
are expressed as a percentage of the mean value.23
The best presentation of the results in the form of
function related to the heigh123'24'25'26 (for the patients
with kyphoscoliosis the arm span is used).2'22 Polgar
and Promedhat have presented the best published
results in children in the period 1922'1969.26 However,
there is still a lot of debate about the predicted values
in adolescents.lT

The most useful, simple and reproducible PFT's in
children are the Volume-Time and Flow-Volume vurv-
es because they provide the basic information about
respiratory function. The upright position and the use
of noseclips during these manoeuvers in chlidren are
controversial.2'17'23'27 Tne values of f low rates are posi-
tively correlated with age and height. The training and
the normal growth of children increase the above val-
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ues to about2oh in a one month POI|od.zs'zz'ao Five to
eight efforts are usually enough for three reproduci-
ble curves.25 The selection of the f inal value for the
FVC and FEVI could be made by one of the following
three ways: By getting the mean value of the three
curves; or by selecting the values from the curve with
the higher sum of FVC + FEV; or by selecting the hi-
gher value for each of the above parameters from any
of the three curves.

The ratio of forced expiratory f low to forced inspira-
tory f low at 50% of VC is very helpful in order to diffe'
rentiate the extra from intra-thoracic obstruction, fi-
xed or not.48 FVC and FEVr are decreaed in most re-

spiratory diseases, but are not specific for any of
them. The decreased ratio of FEVr/FVC 7o is conside-
red as a more sensitive index of obstructive lung dise-
ase whereas the above ratio appears within the nor-
mal range or increased in patients with restrictive
lung disease.22'43 FEF25.75 is effort idependent and is
considered as an index of the small airway's f unction
(the latter being controversial).2'7'3s
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A: NAN ENNHNIO NNEYMONOAOTIKO >YNEAPIO

AOHNA 10 . 13 AEKEMBPIOY 1987

=ENOAOXEIO 
XIATON

AIOPTANO>H : - EAAHNIKH NNEYMONOAOTIKH ETAIPEIA

:E:YNEPTA:IA ME : - EAAHNTKH BporxoAoflKH ETAtpEtA

ETAIPEIA MEAETH: NNEYMONONAOEION

KAI ENATTEAMATIKON NAOH:EON OOPAKO>

EAAHNIKH ENO:H [(ATA TH> OYMATIO:H:
KAI TON NNEYMONIKON NO:ON

o_E_rLAJrl KAnNI>MA
ATMO>OAIPIKH PYNAN:H

@o onovepn0o0v ro eEnq FpoFeio:

1. EIAIKO BPABEIO 150.000 6po1p6q

Irrlv xol,0repn Uel6rn

Ue e6Uo: H nNEYMONOAOT|A:THN EAAAAA >HMEPA

2. AYO BPABEIA 50.000 6po1p6g

rrrlv xoA0repn KArvrKn Kor rrlv Kol0repn rerpouorrKrl epyoo(o rou >uve6p(ou
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YnelcoxorrxT ouAAoyn dptorcpo Kot 6117011o17
6e$o0 ovco nveupovrxou neillou

K, Tlt;tprln, @. 17poeoroh,Z. clpfyxoyAou, A. T(cbpr(n,
B, Zyo0rooq, H. Moooqpog, O. Avoyv@oronohAou

1. t:TOPtKO

_Ilp6xerror yro dv6po lltx(og 40 Xp6vrr:v, o ono[og
e6dr ror 17 prlveg 6Xer 0<rrpoxrx6 dtryog 6e(td, nou enr-
6ervoveror Ue rrq ovonveuorrxdg xrvfloerg xor ro Brl-
xo.

An6 6roug nopouord(et Ootpoxrx6 dtryog ouoOrKrr-
xo0 rOnou nou xoroLoppdver xqr ro 6Uo lgtOcopdxro.
To dtryog our6 6ropxe( 20 trenrd nep(nou. l-ro ulv ov-
ttperdlnro{ rou 6Aope 0eponeurrxrl oycoyn, nou 6ev
yvtrrp((er, Xrop(g onor6i,eogo.

To reJ\euro(o e{dgqvo orrl oupnrtoproro)\oy(o npo-
or(0evror:

- BnXoq ouveXrlg ro0'6tro ro 24apo pe Bi,evvonu-
- dtdn on6Xpegq4

- Arg6qupro nrUeio (2 n 3 eop6q ouvotrxd)
- AUonvorq Kot ornv eAdXroq x6noorl

- Avopefio xor ond:],ero Bdpoug (15 Kg oe 6td-

- ornpo 6 Unvdrv).
Ilpo ep6ogd6og oneu0fv0qxe oe yrorp6, o ono(og

tou ouv6or4oe yevtx5g e{erdoetg, r_lorepo on6 rrg o-
no(eg erorlX0rl oro voooKope(o.

Zuvfi9ercq, xat tp6noq, (orfg; Enoyyetr;ror(og o6q-
y6g ouroxrvrlrou. Kdnvr(e 40 rorydpo 11;repqoicog en(
20 1p6vro. To reAeuro[o 5 Xp6vro xonv[(er 60 torydpo
lpepqo(org rqr xdvet xo04geprvd Xpnon oAxo6A.
Atolttx6 avapv1ottx6; EAovoo[o oe r1],rxio 10 erdlv.

2. OY:IKH E=ETA:H

Avanveuottx6 otjot4pa

1) Enox6n4o4; Merop6vq 6xnru[q rou oprorepoU qprr-
Oropoxiou. 2) W4AdQ4o4: Me[olor1 rov eovnrrK<irv 6o-
orrlv optorepn Fdon. Ynepooqqg nveupovrx6g 4Xog

Noooxopeio Noo4pdrov @drpoxog A04vdrv
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vrloeovorqv optorep4 Bdor1. Metop6v4 6xnruf1 rou
optotepoU q;uOcopox[ou. 3) Enixpouo4; AprBtr0rrlro
oq 6e[td pdor1. Q Axp6ao4: Mei<rroq ovonveuorrxorj
tl,rr0up[oproroqorrlv oproreprl Bdo4, gq ;rouorxoi p6y-
Xor orrlv oxp6oorl rou 6eftorj qgr0<opox[ou.

Ku xAoQoptx6 oAorqpa: Kop6roxoi r6vot puO;rrxo(
98oq/trenr6. A.fl. = 120180 mm Hg. H.K.l-. oro euoro-
Aoyrxd 6pro.

. llentw6 o0otrlpa: ,Hnop, onAqvog oqrnlderlro.
Aev qrnAoe6vrot ev6or<orl,rox6g pd(eq.

fro un6Aotno ouorqporo 6ev noporr;pr10r1xe rino-
re ro no0oi,oytx6. Aegqo66veg oqrnAdenror.

I

3. NAPAKNINIKE: KAI EPTA:THPIAKE: E=ETA:EI:
l-ev. A(gorog: Ht= 42oh, Hb=13,8 gr 70, Aeurd =
8.800 rc<X (noLU-88, Aeprqo=8, Movo=4) T.K.E. =
70 1rtr/copo.
l-ev. Odprrlv: E.B. = 'lQlQ, Avr(6p. - ou6er., Aerjxopro
(- ), IdxXopo (- ), XoAoXprrloilK6q (- ) Iluooqo(pro
ondvro, ptr6vvq opxerrl.
IdxXopo: 0,79 gr 7o, Oup(o = 0,21 gr 70, Kpeortv[vr|
= 1,10 mg o/o, K=4,5 mEq/lt, No='134 mEq/lt, SGpT
= 29lU, SGOT - 30|U, AAx. Oooqordorl = 6,5 Uov.
KA, XoAepuOpivn - 0,5 mg%, Xp6vog npo0poprB(v1g
- 13" (gdprupog 12") Ra test (-), C.R.P. (+ +), Le
Test (-), Krjrropo Arixou (-), Avrtnuprlvrxd ovrrodl-
poro (- ).
A6pro o(porog: PO2 - 61 mmHg, PCOz - 41 mmHg,
mmHg, pH = 7,37, B.E. - -1,2 Mantoux pre 2 TU
PPDRT 23 - 15 mm, Ani,rl s(6roor1 nruStrtov yro B. Ko-
ch (- ) oe noAtr6g Arleerg, KurropoAoyrxrl e[6roor1
nru6Acov (- ) oe notrtr6g lrlrl.rerq.
Scanning qnorog: Arj{qo4 op(rov rou r;norog. ,Evrov1
ovol]oroy6vero orrlv xoorltrcooq rou po6toqop;rdxou.
Ax/o 0cbpoxoq: erK. 1 xor erx. 2
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4. ANATNO:H AKTINOTPAOIA: OOPAKA

Ilopoqpeiror ovogotoyevrlg or[oo4 nou xototrop-
pdvet to 6e(r6 dvto nveugovtx6 ne6[o. Evr6q rqg nu-
xvdloeog nopor4potivtot tvtottrd orotXeio xo0tirg xot
ptxpo0 ;rey60oug xotAtottx6g eEepYooieq. H ortoorl
ouv6lerot pe rq 6e[rd ntitrn. Ynepdtotjyooq rou 6e-

fro0 xdrc,r nveupovtKoU ne6(ou. Mer<opr6v4 oyyeicooq
ornv nepto6peto oro 6e[r6 ;16oo xot xdtto nveupovtx6
ne6(o xot enrn66ooq rou 6e(ro0 6to0pdYporog. Avo-

;roroyev{g ox(oo1 Ue oqQn 6pto nou e<pdnrerot tou
Orrlporrxof rotltill.totog ntrr1o[ov rnq op torepnq n)reu-
podroQpoyportrryg ytrrv[og. Etr{n tr1g optorepqg n0-
trnq npoq ro xdrro.

I

5. AIAOOPIKH AIATNOZH

- Ougor(oor1

- AoiUoEn on6 6tuno guxopoxrrlp(6to

- BpoyXoyey6q roPxivtr:Po

- Muxrlrtdoetg

- Metootortx6 xoPxivcol.to

- KoAAoyovcboetg

- A6UQ<oUo

- llveupovorovttiloetg

- AyxuAonotrlttxrl onov6u)\(rt6o

6. NPOTEINOMENOI AIATNQ:TIKOI XEIPI>MOI

1l tl a p ax 6vt 4 o 4 0 tit p o x a;' Eytve nopoxdvrloq Odl po-
Kcr Kot o<potp60qxov 1500 cc nleuptttxori uVpoti. EE6-

rooq d\euptttxori uypo0: Ae0xopro 50 gr 0/oo. neUQo-

xurtoptx6g r0nog: (Aepqo - 83o , flel. = 157o,

HrDo. = 2%). KurtopoAoyrxrl eE6toon nAeuptttxo0 u'
ypoU yro xdxorl0eto oPvqrtq.
2l Btorltia une(ax6ra: H totoAoytxn e[6toon Yto Ko-

Koneeto r1 nopouo(o xoxxt<ilporog frov opvrlrtx4.
3\ Bpoy1loox6n4o4: Adpu[-TpoXe(o r.q., AeEt6 FpoV-
xrx6 66v6po: O BAevvoy6vog efvot e[6pu0pog, ot61'
porcil6nq xot xord r6noug otpoppoytx6g' 'A<p0oveg
nru<i6etq exxp[oetg e[6pXovtot ot't6 ro br6pro tou d-

vro Aopo(ou. Ehrlrp0rloov BpoyXtr6g exrp(oetg Yto KUr-

topotroyrxrl e[6roor1 rot e{6rooq yto B. Koch. Aptore-
p6 BpoyXtx6 66v6po: An6QpoEn xaro 70oh rou oro-

1.riou tou xdtto Aopoiou on6 evdoBpoYxrxn pd(o. H e-

nt<pdveto tt1q Ud(oq e(vot vexp<ottxr1. To un6Aotno
ppoyXtx6 66v6po eivot Quototroyrx6. E)rrlq0qoov noA-

trontr6g Ftotlieq on6 tr1v entQdveto tr1q Ud(og' Andv-
tqoq e[6toor;g ppoyXrxrilv exxp(oeov yto B. Koch
(+).
loroloyrxrl e!6toor1 torotegoXt6(ou ev6oppoXtxrlg
ud(oq:. Ent6eppoet669 Ca.

4) AEovtxl toyoypaQ[a 06paxa: [Iopotqpe(rot 0nop-

[4 noil\ontr6v xqtrot6v oA)rordoeov erdtxrlg OIeY[o-
vnq otn 6e[rd ropuqr;. IuvundpXouv gd(eg nurv6rrl-
toq Uotrox<ilv pop[tov xotd w1v neptoX4 t4g optoreprlg
nrilrlg, or ono[eg 6tr10o0v ro neptxdp6to xot 0o np6net
vo ono6o0o0v oe ptrottrn e[epYooio.

7. TEAIKH AIA|-NQIH: TBC 6e(totj dvto tropoti. BpoY-

Xoyev6q Ca ent6epgoet6o0g rOnou optorepoU xdro
)roBo0.
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8.:YZHTH:H

H oX6or1 TBC xot xopx(vou tou nveUpovo onooX6-
trqoe on6 nol0 vtop(g q 6te0vq ptptrtoypoQio Kot o-
nor6treoe to ovrtre(pevo notrAtiv petrer<ilv Kot ovoKot-
vti.loeov.

Kot' op1r1v entoreUeto 6tt n 0nqpEq rrlg pttog v6-
oou on6xtrere qv dtrtrr1. Tel,euro(o, 6;ro9, ge qv oU-

Enon qq ouXv6trltog tou xopx(vou tou nve0povo Kol,

q pror<prltepq entp(oor1 to oo0ev6v Ue TBC, noporn-
prl0r1xe ou[qp6vr1 ouXv6rrlto ouv0nop{r1g ttov 60o
v6orDv, Ue onot6leopo optopt6vor epeuvrlr6g vo nt-
ote0ouv orrlv dpreorl xot orevrl oX6oq Ueto[ti rouq Kot

dMrot 6Xt.
'Eror ot Bayle (1815), Rokitansky (1855), Pearl (1929)

unoorlp((ouv to ondvto rrlg ouv0nop[r1g tcov 60o v6-
ocov Kor tov((ouv rov ovroYovtog6 outtilv.

Avr[Oero, ot Ewing (1928), Fried (1935), Westergreen
(1959) nopo66Xovtot q ouv0nop(r1 to:v 60o v6otov,

Xopiq, 6ptog, vo yv<opi(ouv ro gqXovtopt6.
O Steinitz ro 1965 oe ueA6rn nou 6xove oro loporltr,

noponlploe, 6tt 1 nt0ov6rrlro vct ovonrux0e( Ca
nve0povo r1tov 5 QopSq preyotrritepq oe Bope(g Korvl-
o169 pe TBC xor 10 Oop6q ;reyotrriteprl oe yuvo[reg ge

TBC. Itrq neptoo6tepeg ;retr6reg to 50% ro:v ooOe-
vcilv eiXov evepy6 quprot[trlol q ottyprl r;g 6tdyvto-
ong rou xoprtvriporog.

Ie pro 6exdXpovrl preA6tq nou 6ytve (1960 - 1970)

nopornpnOnxe 6rt ot 6rdQopot toroAoytt<o[ rfnot tou
xopx(vou, 6tov ovonr0oovrqt ent e6dQoug TBC, ep-
qov[(ovtor Ue rrlv e(nq ouXv6tqto: Entdepgoet66q
(59,7 ok), M rxpox utto pwo (26,4 o/o), A6 evoropx(vto 1.to

(12,5o/o), Idpxcopro (1,4o/o).I' outtl 14 petr6q roporrl-
pr10r1xe enfoqg 6rr un4pXe npo6rd0eo4 npoopotrnq
rou 6e(rori dvco troporj oe noooor6 43% (Gopalakrish-
nan P xor ouv., 1975).

@e<op6vrog yvcoor6 to yeyov6g 6tt rororlOeto Uflo-
pei vo ovonruX0e[ oe onoto6rlnote outr<il6n eEepYo-
oio r1 oe neptoXrl nou 66Xetot Xp6vto epe0top6, pno-
pei xdLfuoto vo 6txotol,oVn0e( n e[Qdvton Ca nve0'
llovo oe xdnoto ouArl, nou oqe(Aetor oe eor[o notrtdg
TBC n oe rveuUovtx6 6prqpor<to, 11 oe BpoyXexroo(eg,
n oe 0nopEn [6vou ocbprotog (Auerbach O. xot ouv.,
1979, Riostein CB rqr ouv., 1968).

Mro eor(o noAtdg TBC Unopei eniorlg vo evepYonot-
40e( ;retd on6 entv6peon pe KopKtvtxd xtittopo.

Ae6o;r6vou 6rr or ovoooxotoorotr;t6vot ooOeveig 6-

louv npo6td0eoq oe Aotpui(etg, unootqp[(erot Kqt n
dnotprl 6rr prnope( vo ovonruX0ei TBC oe ooOevdig r1'

611 ovoooxoroorotrpt6voug on6 Ca tou nverJgovo (Co-
chran A.J., 1980).

Ot Baincifiori xor Ribacci (1962), or Toth xot Shi-
mizu (1963), or Cambell r<ot Grulfoyle (1970) xot o Frau-
meni (1980) oe ovoxotvtboetq rouq unooqp((ouv trl
nr0ov6r4ro ovdnru[r1g Ca oe Qu;rottro0g nou 6Xouv
ndper roovro(i64.

H [oqvrxq eUqdvron v6<ov oAtrorrboeov, t6(tr:g oe d-
runeg 06oerq n rgnUqrtKn n lo966nq orel,extoo(o, {
pov6n)reuprl 6r6yxroo4 rng n0^nq Kql n euQdvtorl TIo-

XUTorxoUotrxcilv roilorrltov, t[vot oqpe[o nou prnope(

vo unoxp0ntouv r1 vo ono6etxv0ouv 6vo xopr(vo;to,
nou ouXvd prnope( vo [eq0yet on6 q npoooXrl pog.

I-lqpd rrq oXertx6g petr6reg, nopopr6vet ro ep6tqpto
ov o ropxivoq oQeilerot oe ndrl6g Qugott66etg e-

or[eg, 11 n epQdvron <pu;rottcildouq Ao(UoEnq eivot ono-

t
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r6leo[o Ueioonq rrlq qvr[oroorlq rou opyqvroUor]
rou ovoooKorooroA;r6vou KopKrvo[o04 4 ov reArxd
ouvundpXouv Kol or 60o v6oor.

To o(youpo, e[vor 6rt 4 ouvUnop[q eupor[otoqq xor
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TPONOT XPH>H' HMEPHII

HAIKIA AEROLIN ROTACAPS BECOTIDE ROTACAPS

Ilordrd

Evrl)rtreg

200mcg x 4 9op6g

400mcg x 4 rpop6q

100mcg x 4 rpop6g

200mcg x 4 rpop6g

Avr.y6el(.\ - npogut6(rrs " napeyapyereq

ioiuouv 6leq rov Kogrrxofiopoal6{iv. nptv llv ovoYpog{ n ovdwoorl rav o6nYtdv ovoYpoqis aivol onopoirnrn

Glaxo ""u.,
A. ltoviog 226, 111 44 A0r1vo
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Sustained Action Tablets

LAVIPHARM oopyoxeurrrfi A.E.
ayioq ilopivnq, l-lAtANtA AfTtKHf, T4A.: 6&8911-i5
l-poeeio Oeootrovixr6 : N. Eyvorioq Zgz, rnl :i r 5eOe

(anhydrous theophylline)
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