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I-ENIKA:

OAHNE> NA TOY: :YTTPAOEI:

KATHTOPIE>
APOPON:

nNEYMON e(vot to enioqpo entotql.rovLx6 neptodrK6 rrlg Eltr4vrxrlq nveuUovoloyLxrlg Etorpe[oq Kor rnq
ElLlvtxqg BpoyXol,oyrxrlg Erorpe(og. H endoyrl qg 0A4g y(veror on6 rn >uvroxrrxfl Enrtponrl rou nepto-
6txo0 ge euOUvrl tcrrv AreuOuvrriv I0vro{r1g Kor rov Yne00uvrov rrlg ErnoLdeutLx4g'Ytrr1g Kor rov Epeuvlrr-
xciv Epyootcirv nou op(oenxov on6 ro ArorKrlrrKd Iu;rporiLro trov 60o EtorpeLdrv pe 5etq 04te(o.

H 0l,q tou nepto6tKo0 nNEYMON ovoQ6peror xotd xripro A6yo ot6 Avonveuotrx6:0ornpo. H 6Ldp0ptrlo4
qg [],qq repiloppdver:1)'Ap9pa ZlvrqE4q, 2) lTpor6tuneg epeuv1tw6q epyao[eq,, 3) Avaoxoru1oe$,, 4) EK-

nadeurw6 Blpa, 5) Ev6ncpdpouoeq, nepnrtboerg. 'ApOpo o0wo(r19, Avooxonrloerq, Er0rKd dpOpo xor'Ap-
Opo exnordeurrxo0 nepLeXo;r6vou (Exnordeutrx6 Brlgo)6qgooLe0ovrot gerd on6 yponrl np6oxlqorl tqg
Iuvroxrtxrlg Enttpon4g.

Or flptot6tuneq epeuvrlrrx6g epyoo[eg xp(vovtoL on6 routrdXrotov 6r]o ove(dprrlroug xp1169. Or evdto<p6-
pouoeq neprntciroerg enrtr6yov'roL on6 rLg nepLntdroeLg nou nopouoLd(ovtoL orrg ArovoooxopeLox6g ouy-
xevrpciroerq rqq BpoyloAoyrxrlg EtoLpe[og. Td dpOpo orivto{r19, rd eLdLxd dp8po, oL np<ot6runeg epyoo(eg
6qpooreUovror oL6xl,4peg otrlv EAL4vrrrl xot Ayyl,Lxrl yArirooo. Or epeuvlrLxdg epyooieg nou unoBdtrAov-
ror oro Etrl,rlvrxd 0o getoqpd(ovrot oro Ayytrrrd p6oo oe 6vo prlvo on6 rnq onodopqg tqg epyoolog yro 611-

pooieuoq, pe euOtivrl rov ouyypqq6ov.

EPEYNHTIKEI EPI-AEIEI: nepr6louv xotd oetpd:

1) Zdr6o ritAou: T(tl,og, Ov6poro ouyypoQ6ov orrlv ovol.roorrxq, x6vrpo npo6ieuorlg, AtetiOuvorl, t4l6-
Qorvo x0prou ouyypo06o yro enrxorvrov[o.
2\ tlepiA4tp4: An6 100 6ro9 200 A6[eLg nou 8d nepL6XeL ouvonrrxd to oxon6, t1 ;160o6o, tq Foorxd onore^6-
oUorcl Kot to ougnepdotroro rnq epyoo[og (o t(rtrog, 11 nepiArlqrl ror 11 Brpfuoypo<pio vo opXi(ouv on6 v6o
oeL(6o). Eto t6trog tov nepLtrf r.l.reorv vo ovoypdgovror 5 toutrdXtotov i,6{eLg r<trerdrd.
3\ Eoayaytl, 4\ YAtx6 - Mi9o6og, 5) Aroreiiotaru, 6) Zu(rlrnon,7\ BtpAtoypaQi.a.
OL Btpl,Loypoqtx6g noponogn6g 8o yivovroL pe to oriotrlpto Vancouver 6rllo6n oto xe[gevo oprOpo0vtoL ro-
td oerpd eUQdvronq roug. BrpALoypoq[o on6 nepLodLxd: Merd rov opr0g6, ovo<p6povroL 6tro to ov6poto
rov ouYYpoQetov, o ntrnpr1g titAog tou dpopou, 11 eniorlgrl orivtprlorl tou nepro6rxo0, ro 6tog, o t6pog, 4
np6tr1 xot teleutolo oel,[6o. 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.
BLpl,toypoqio on6 MovoypoQ(o: ApreU6q, ov6poto ouyypoq6trlv, r(rl,og, opr0;169 6x6oo1g, o ex6orrx6g o(-
xog, o t6nog xor ro 6tog 6x6ooqg, oeli6eq. n.1.2. Nunn J.F.: Applied Respiratory Physiology 2nd Edition.
Mac Graw Hill, N.York, 1977,33-35.
BtpALoypoqio on6 xeqdLoro pLBA(ou: Apr0969, ov6Uoro ouyypo06ov rou Keqqlq(ou, o tirtroq Tou KeOq-
tro(ou, ln., o r[ttrog tou pLptr(ou, or Enrorrl;rovrxol 2uvrdxteg (Editors), o opt0g6g 6x6ooqg, o ex6orrx6g oi
xog, o r6nog xot to 6tog dx6oorlg xor or oeL(6e9. 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, 1123-1 133.

8) llivoreq: No 6Xouv ooQn - ereEnyrlprorLx6 t[rl,o xor vo ypdqeror o xo06vog oe Xcoprorr] oei,i6o.
9) Etx6veg - Atoypdprptoto: Ynopd\trovror oe QoroypoQieq g x 12 cm (3 ovdtuno), re;vrxd dgoyeg. 2r1ger<il-
veror oro n(oo pr6pog ge gotror6 pol0pr, o opt0p6g r1g, o r(rAog tou dpOpou xor o nptirog ouyypoq6oq Ko-
Ocbg xoL"ro en6vo pepog outrlg. Ot un6trrtror rov elx6vrov (le(dvteg) oe X<rrprorrl oeL(6o.

Ilpoiino06oerg: lleLpogotrx6g epyooieg oe ov0pcilnoug 4 nerpopotd(roo 0o npdnet vo ouvode0ovror pe 611-

troor1 6tt oxotrou0tl0qxov 6Aor or xov6veg rnq enrorrl[ovtxrlg 6eovrotroy[oq oUUQtovo ge rrg opX6g rou Hel-
sinki. T6log q epyoo(o 6ev 0o np6ner vo 6Xer 6rlpooteu0e( nporlyoupr6volg.

Ot epyooieg yro 64yooieuo4,6orrutroypo0np6veq oe 6rnA6 616o14yo Kor pe eup0 neprBdrplo, unop6lAov.
lor oe 3 ov6runo (1 npordruno, 2 xol\qg nordqtog <DroroqvriypoQo) crrn Are00uvo4:
nEPIOAIKO al-INEYMON"
A:KAHNIOY 23
AOHNA 106 80

H dondvrl trlg nopoyyel(og ovotUnorv popriveL rouq ouyypqqe(q Kqr n ouuqov(o yiveror xoreu0eiov pe trlv
ex66rpro erorpe[o.
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1 133.
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The management of drug Avrrlterebnton euyoria-
resis ta nt tu berculosis

The management of patients harbouring
drug resistant tubercle bacilli is usually
difficult, complicated and expensive. lt in-
volves the use of toxic drugs and requires
meticulous care from clinical and
laboratory services with special expertise
in this challenging problem. Acquired
drug resistance is always avoidable by
prescribing chemotherapy regimens of
confirmed 100% efficacy, whilst ensuring that the
drugs are taken by the patient exactly as directed. ln
Britain, where chemotherapy is supervised by trained
staff in hospitals and clinics within the National
Health Service, failure is exceedingly rare1. The
British Thoracic Society recommends the following
regimens for pulmonary tuberculosis. Rifampicin and
isoniazid daily for 9 months with ethambutol during
the initial 2 months2. Or alternatively, rifampicin and
isoniazid daily for 6 months with pyrazinamide and
ethambutol daily for the first 2 monthss. Some pa-
tients may prove unreliable in self administration
(alcoholics and psychiatrically disturbed patients),
and these are best given fully supervised therapy
three times weeklya.

Relapse after these short course regimens is very
rare and is not usually due to acquired drug resitance.
Relapse with drug resistant organisms may result
from:
1. Prescribing unreliable drug regimens. This is fre-

quent in developing countries where patients can-
not pay for good regimens or may occur because
of the prescription of bad drug regimens by inade-
quately trained practice practitioners.

2. lrregular self medication. This is ultimately due to
the failure by the doctor to adequately motivate
and supervise the patient.
Staff responsible for the therapy need to ensure its
strict application.
Evaluation of a patient with relapsed tuberculosis

is time consuming and requires meticulous attention
to details. The probable sensitivity of the infecting
organism can usually be predicted by considering the
previous chemotherapy, as illustrated by the follow-
ing examples.
1. Good chemotherapy taken for an inadequate time.

The organisms are likely to be fully sensitive.
2. Bad chemotherapy - for instance one drug alone or

the addition of a new drug to a failing regimen.
This is likely to result in the sequential emergence
of resistance to the drugs received.

onq ovgexflK4,g oe Qqppa-
qY@YN

H ovnperrinro4 oo0evdlv nou efvor (evr_
o169 pox(trkov rlu gorrciloeog ovOexnxtilv
oe.QdpUoKo eivot ouvrl0<og 60oxoAq, no-
A0nAoxq xor oxprp4. l-leprtrogpdver rr1
Xp6on ro(txrilv rpopgdxrov xur onorrei
oXoi,oorrxrl gpovr(6o on6 rrg xArvrx6g
Kqr epyqorrlprox6g unqpeo(eg pre e{er6(_
Keuorl o'our6 ro np6pA4po nou onoretre(
np6xAr;oq. En(xr4r4 eopgoKeunKrl ov0e-

Keu ,Krl

IEE

'\'

:
IJI]R

xrrx6rrlto ;rnope( ndvrore v' onoqeuXge( ge ouvroyo-
ypoQio Xqgero0eponeurtxdlv oX4gdrrov, enrBepouo-
p6v4g 100% onoreAeogorrx6trlrog, evdl nopdAAqtro
eqooqol((erot 6rr o ooOevrig troprpdver ro OdpUoKo o_
xprp<ilg Ue rov rp6no rou rou 6Xer uno6erX0e(. Iu;
Bpertov[o 6nou 4 Xq;rero0epone(o enrrp6nerqr on6
exnor6eup6vo npootonrx6 oe voooKoUe(o xor xi,rvtr6g
rou E0vrxori Iuorlgorog yye(og onoruX(o eivor e(or-
perrxd ondvrol. H British Thoracic Society (Bperrovr-
rfl Erorpe[o O<ilpoxog) ouvrord ro ox6],ou0o oXrl;roro
yrq rnv nveugovrx4 rpugor(rrloq: preqUnrK(vn K(rr roo-
vro(i64 xoOr1;reprvd enig ;r{veg pro(i pre e0ognour6A4
xord r4v 6rdpxero uov 2 npdrrcov ;rr1vcbv2, r1 evotrAo-
xrrxd prqopnrx[vr1 xor roovro(i6r1 xoOq;reprvd en( 6 pr4-
veq Ue nupo(rvopr[6q xor e0opnour6Aq xo0rlpeprvd
yro rouq npriroug 2 griveg3. Meprxoi oo0eve(g 6ev ei-
vor o(r6nrotor olerrxd Ue rrlv Arlerl rorv qop;rdxrov
on'rouq [6roug (o],xoofuxo( Kor rluxrorprxd 6roropoy-
;rdvor oo0eveig) xor r6re e[vot xo],rirepo vo Xop4yp-(-
ror nlflprrlg enrqp.ou;r6vr1 0eponeurrr4 oycoyrl 3 eo-
p6g r;v ep6o;rd6oa.

Avo(on0pooq ;rerd qn6 ourd ro ppoXe(og 6rop-
xe(og oXqproro e(vqr noA0 ondvro xor ouvrl0tog 6ev o-
Qe[Aeror oe en(xrqrl eopUqKeunKrl ov0exnx6rqro.
Avo(onUpoorl ge ov0exrrx6 oe edpgoKo UrKpoopyo-
vtop6 gnope( vo npo6L0er on6:
1. fuvroyoypqe(o oUOrtrey6pevou rlopporeurrxoU

o1flporog. Aur6 e[vor otiv40eg oe ovonruoo6ge-
veg Xopeg 6nou or oo0eve(q 6ev gnopo0v vo nAq-
p<iloouv yro rn Xopnynon roAdrv 0eponeutrx6v
o11;rdrcov rl ;rnopei vo ou;rBe( on6 q ouvroyoypo-
q[o xoxcbv eqpUoKeulK<irv oXqprdrov on6 rorpotlg
ge etrAern{ exno(6euo4.

2. H Inqttn rov Oqp[dKcov on6 rov (6ro rov oo0evfl oe
oxov6vroro Xpovrxd 6rooulporo. Aur6 rei,rxd o-
Qe(Aeror orrlv onoruxfo rou (6rou rou yrotporj vo
a:0t'1oer Kor vq enrr4p4oer enopx<ilg rov ooOevfl.
l-'lpooonrx6 uneUOuvo yro rn Oepone[o 0o np6net
vo efooqotr(oer rrlv ouorr;pr] eqoppoyrl qg.
Exr(gr;or1 ev6g oo0evorjg pe qupor(trlorl oe ovo(crr-

n6polorl eivor Xpovop6po xor onorre( oXol,oorrxfl

NNEYN,4ON 153
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3. Good chemotherapy prescribed but the patient has
taken drugs inrregularly. Resistance to one or
more of the drugs received is likely.
Every effort must be made to document the

previous drug therapy, dosage and regularity of ad-
ministration.

Available drugs are best classified as follows.
Primary drugs . isoniazid, rifampicin, streptomycin
and pyrazinamide.
Reserve drugs ethambutol, ethlonamide,
thiacetazine, cycloserine capreomycin and
clofazamine.
New drugs . currently under investigation include
rifabutane, ciprofloxacin and ofloxacin.

The management of patients in whom one of. the
primary drugs isoniazid rifampicin streptomycin has
not been given previously, is generally straightfor-
ward. lt usually possible to regain control of the
disease using the unused prim.ary drug together with
2 or more reserve drugs. lf however all the primary
drugs have been used previously, the problem is
much more difficult. Under these circumstances
reliable drug resistant tests are critical in helping the
physician to select drugs for re-treatment. Unfor-
tunately some countries do not have laboratories
capable of consistently producing accurate drug
resistance results, which may cause serious errors in
management. A central reference laboratory should
be used wherever possible to check the accuracy of
peripheral laboratories. Where reliable resistance
tests are available, it is usually best to wait until
results are available, usually in about 2 months. More
rapid but equally reliable resistance tests are produc-
ed by the radiometric Bactec methodss. lf the patient
is so seriously ill that the physician feels that it is un-
wise to wait, then at least two drugs which the patient
has not previously received may be added to the cur-
rent regimen. lt is a golden rule never to add one new
drug to a failing regimen, since this is very likely to
result in resistance to the new added drug.

The following principals are important in the
management of drug resistant patients.
1. Re-treatment should be started with a maximum

number of drugs available which the patient has
not previously received, and to which the
organisms are known or thought to be sensitive. ln-
itially 5 or 6 drugs may be used. The reserve drugs
arc all weak and bacteriostatic rather than
bactericidal so that as many as possible are re-
quired to control the large bacterial population in-
itially present. Ghoice of drugs may be influenced
by consideration of cross-resistance such as that
between ethionamide and thiacetazone, and
capreomycin with viomycin and kanomycin.
Careful monitoring for adverse reactions with ap-
propriate change of drug or dosage is imperative.
Ethionamide frequently causes nausea, but may
be minimised by giving the drug in a single noctur-
nal dose. Priothionamide may cause less nausea
than ethionamide. Cycloserine often causes
severe depression. Capreomycin may result in
dangerous reductions in plasma potassium
calcium and magnesium as well as renal impair-
ment.
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npoooXr] orqv Aenro;r6pero. H nrOovt'1 euoro0qo(o rou
l,orproy6vou UrKpoopyovro;rorl ouvrlOog e(vor 6uvo-
r6v vo npopAeq0e( pe enovexr(Unon rnq npolyrlOei-
oqg X4gero0epone(og 6nog nopouotd(etor oro en6-
gevo nopo6e(yproro.
1. Kotrrj Xrlpero0epone(o trnqOe(oo yro ovenopx6g

Xpovrx6 6rdoqpro: Or opyovropof e(vor nr0qv6 6rr
e(vor tr[qv euo(o0qtor.

2. Koxrl lqpero0epone[o: nopo6e(yporog Xdprv 6vo
qdpUoKo ;r6vo rou i n npooOt1x1 v6ou qopptdxou
oe onoruyXdvov oXrlpo. Aut6 pnope( vo xotd\rl(er
orrlv ev oetpd epQdvrorl ov0exrtx6r4rog oto i,r1-
rpOSvro QdpUoKo.

3. Kotrr'1 Xopnyn0eioo Xrlpero0epone(o otrtrd o ooOe-
vqg 6Aope ro QdpUoKo oe orov6vroro Xpovtxd 6to-
otflporo. Av0exrrx6rlro oe 6vo fl neproo6tepo An-
rp06vto Qdp[oKo e(vor nrOovrl.
Kd0e npoond0ero 0o np6fier vo ylvet vo enrBeBouo-

Oei 11 npoqyrlOefoo 0epone(o, 6oooAoy(o Kor Kovovr-
x6qro u1g Xoprlyqoqg.

To undpXovro QdpUoKq pnopo0v vo rofrvogqOoriv
cog oxotro00rog:
Apyrx6 O6pUoKo - roovro((6r1, prQoprtK[vn, orpenro-
pux[vr1 xor nupo(rvog(64.
EQe6prx6 rD6pFoxo - eOognour6trq, e0rovopr(6q, 0ero-
xero(fvr1, xu d\ooe p(v1, KorrpeoguK(vr1 xor KIoQo(oUG
vn.
N6o 96ppoxo - euprox6gevo un6 6peuvo neptAqppd-
vouv prqol-lnourdvl, KrnpoQloqoo(vr1 xor oQloqooi-
vn.

H ovrrpertirnrol ooOev<ilv orouq ono(oug 6vo on6
ro opXtxd QdpUoKo roovto((61, ptqopntx(vq, orpt-
nroprux(vq 6ev 6Xer Xop1yrl0e( nporlyou;t6vcog eivot
ouvfl0tog onAf. E(vor ouvqOcog e<ptxt6 q v6oog vo re-
0e( fovd un6 6Aey1o [e Xpion Un XpnotUonorrl06vtog
opxrxo0 qoppdxou ;ro(( ge 2 flneproo6repo eQedprKd
qdpgoKo. Av 6pcog 6tro tq opXtrd QdpgoKo 6Xouv
npolyoup6voq XpnotUonot40e( to np6FtrnUo y(vetot
nol,0 nro 60oxoAo. Kdrto qn6 our6g r(q ouv0rlxeq, o-
(r6nroteg 6oxrpoo[eg ovOexttx6rrlroq oro QdppoKo 6-

Xouv xp(orpr1 orlgoo[o oro vo poq0rloouv rov xAtvtx6
vo end\6(et QdpUoKo yn enovoOepone(o. AuoruX6g
peptxdg Xdipeq 6ev 6Xouv epyoorfpto ge 6uvot6rqto
ouveno0 g nopoycoynq orp tptilv onoteAeopdrov qvro-

Xrlg oro rldppoxo xot pnopoOv vq npoKol6oouv oo-
popd oqO\poro ornv ovrrpetd:nroq. Evo xevrptx6 ep-
yoor{pro ovoQopdq 0o npSner vo Xpnorponore(tor 6-
nou efvor 6uvor6v yro vo etr6yxer rrlv oxp[peto rov
neprqeprxrilv epyoor4p(rov. Onou undplouv o(r6nr-
oreg 6oxr1.roofeq ov0exrrx6rqroq e(vor xo],0repo vo
neprg6ver xove(q p6Xpr vo undpqouv onoteA6ogoto,
ouvr'10tog oe 2 pflveg nep[nou. E((oou ofr6nroteq 6oxr-
poo[eg ovOexux6rrlroq nou nop6xouv rq onorer\6,-
ogoro roX0tepo eivot or podroperprx6g pt60o6or
Bactecs. Av o oo0evrlq e[vor 16oo oopopd dpptooroq
cilore o yrorp6g oroOdvetor 6tt 6ev e(vot ooor6 vo tre-
prp6ver, r6re 60o routrdltotov QdppoKo, ro ono(o o o-
o0evr'19 6ev 61er trdper nponyoupt6vcoq, gnopotlv vo
npoore0oUv oro XprlorponoroUUevo oxiUo. YndpXet
o Xpuo6g xov6voq not6 vo p4v npoori0erot 6vo v6o
OdpUoKo oe onoruyXdvov oX{po, 6e6op6vou 6tr 6rot
e(vor noA[ nr0ov6 vq ovofirux0ei ovtoX{ xor oto v6o
QdpUoKo nou npoor60r;xe.
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2. Patients are often required to tolerate unpleasanl
adverse effects for prolonged periods. Close and
good doctor patient relationship is essential in
order to support the patient through the discom-
forts of treatment. The best results are obtained
when patients are treated in specialized centres.
Both patient and doctors must understand that
meticulous care is all that stands between salvag-
ing the patient f rom death and the risk of
spreading dangerous drug resistant organisms in
the community6.

3. Patients who have been unco-operative with self
medication in the past are unlikely to be reliable in
the future. Therefore all treatrnent should be fully
supervised, and after discharge from hospital the
patient should attend, daily to receive medication.
Chemotherapy with reserve drugs needs to be con-
tinued for at least 18 months under close clinical
and bacteriological surveillance. Surgery should
be considered if pulmonary disease is localised
and respiratory function is adequate.
New drugs are currently under evaluation which

may be of value in drug resistant tuberculosis and
also for non tuberculous mycobacterial infections.
Ciprofloxacin and ofloxacin are quinolones shown to
have bactericidal activity at low minimum inhibitory
concentrations in vitroT. The quinolones attain high
tissue levels particularly in the lung and have few side
effects when given by mouth. Ofloxacin studied in pa-
tients with polyresistant tuberculosis has given en-
couraging resultss. The use of Ciprof loxacin for gram
negative infection in cystic fibrosis suggest that
relatively high doses are tolerated well for prolonged
periods.

Rifabutane (ansamycin, lM 427) is a rifamycin
which has been shown to be about 8 times more ac-
tive than rifampicin in vitro against M-tuberculosis.
Thirty one per cent of rifampicin resistant strains ap-
peared sensitive to rifabutinee. The drug appears to
be tolerated similarly well to rifampicin. The drug has
proved effective in tuberculosis in mice10. Studies are
currently underway in man both in tubercuiosis and in
atypical mycobacterial infection. Preliminary results
in terms of efficacy and tolerance have been en-
couraging. These observations suggest that there is
good reason to think that the quinolones and the new
rifamycins justify clinical trials and may prove
valuable in helping to salvage patients with drug
resistant tubercu losis.

Kenneth M. Citron
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Or nro xdto xdpror xov6veg e(vor orlgovttxo[ or4v
ovtrpertixtor; oo0evdrv ge owoXfl oro QdppoKo.
1. Enovo0eponeiq 0o np6ner v'opX(oer Ue rov [Eyo-
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;rfltov ovrrdpdoecov ge xotdl,Arl)\q oAloytl tou
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orevfl xor xoArl oX6or1 rotpo0 xor oo0evo0g e(vot o-
nopo(rr;q yro rrlv ev[oXuorl tou oo0evo0g xord
qg 6uodpeorlg Oepone[og. To xotrUrepo onoteA6-
ouoro npo6pxovrot 6tqv or oooeve(g voolAeUov-
ror oa e{er6rxeug6vo r6vrpo. T6oo ot dpptrlotot 6-
oo Kcrr or rotpoi np6net vo KorovooUv 6rt q oXo)ra-
onx{ qpovr(6o xdvet rnv 6toQopd petoltl rnq oo-
qp(og ev6q ooOevo0q on6 to Odvoro Kot rou Ktv-
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oo0evflg 0o np6ner vo nopoxo)\ou0eirqt xo0rlgept-
vd npoxerp6vou vo tou Xoplye(rot 1 Oeponeurtxrl
oyoyn. H Xqprero0epone(o pe tQe6ptKd Qdpgoxo
np6ner vo ouveX((erot en( tou)rdXtotov 18 pflveg
xdro on6 otevrl xtrtvtxt'; xot l.uxpoptoAoytxt'1 enttrl-
pnon. H Xerpoupyrxq nop6gpooq 0o np6net vo ou-
(1re(ror, 6rov 4 nveupovrxt'1 v6oog e(vot evront-
og6vn Kor rl ovonveuorrxt| },etroupy(o enopxrlg.
N6o qdp;roxo pp(oxovtor xdtto on6 epeuvlttxfl e-

xr(pr1oq xor 6AeyXo, to ono(o gnope( vo 6Xouv oE(o oe
ov0exrrxf oro QdppoKo Qugar[oo1 6ncog en(o1g xot
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ne6o orouq roroOq, r6ro(repo otov nveU;-tovo rqt 6-
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Xouv Aiyeg nopev6pyereg 6rov XopnyoUvror 610 rou
or6gorog. H oqtro(ooivn nou UelerienKe oe qoee-
ve(q pe noluoveeKrrxfl <pu;ror(roon 66tooe evOoppuv-
uKd onoreA6ogoros. H Xprlon rnq Krnpoelo[oo(vqg
oe opvrlrrK6q Kqrd Gram lorgdl[erg oe rvoxuotrxr] v6-
oo uro6nA6ver 6tr oxeuKd uqrnA6q 66oerg e(vor xqAd
ovexr6g yro rqpqreroU6veq nept66ouq.

H ptqognourdvq (ovoolruK(vrl, LM 427) e(vu Urq pt-
rpol.tux(vr1 rou 6xer ono6etxee[ 6u e[vqr nepinou 8 rpo-
p6q nro 6poorrxr'1 in vitro on' rnv prQognlK(vn Kord
rou M - qugor(<ooqg. Tptdvro 6vo rotq eKor6 rov crv-
Oexrrxrbv oreAex6v orn prQoUrux(v4 epqov(o0r1xov
vo e(vor euo(oenro orn prQoUnourdvne. To qdp;roxo
Qofveror 6rr e(vor nop6Uoro KoId oveKr6 Ur rn pleol.l-
nrK(vrl. To rldppoxo 61et ono6etX0e( 6rr e(vqr orore-
Aeogorrx6 oq qu;ror(roorl orq novr[xto1o. Ardqopeq
epeuvqrrx6g petr6reg oe ovOpdrnouq pp(oKovrot oe e-

E6fuEn 16oo 6oov oqopd q qupror(oon 600 Kot rrl
lo(prrl{q on6 druno puxopoxulpi6to. I'lp66pogo ono-
teA6o;-roro oXerrxd Ue rrlv onorel,eogorrx6r4to xor
rlv ov0exlx6rlro e[vor ev0oppuvrrKd. Aur6g or no-
paqpfloerg uno6rll,ci:vouv 6u gnope( vo unoorlpt-
XOe[ rove[q 6rr or xrvol,6veq Kor or v6eg pr<[oguriveg
6txorcilvouv xi,tvrx6g getr6reg Kor Unope( vo ono6er-
X0oriv Xpnorpeq yrq rnv oornpio oo0evcirv pe ovOexn-
xrl oro QdpuoKo qupor(ooq.
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Training and the Respiratory Museles

J.M. Miller,, J. Alison,, N. Koltlouris', J. Moxham'and
Malcolm Green'

SUMMARY

The elfect of a respiratory muscle strength training programme on diaphragm strength as
well as global inspiratory and expiratory mussle strength was assessed in 4 nermal subjects.
The subjects were lollowed up 3 months alter training had finished. All subjects showed day to
day variabiiity in baseline measurements of strength. Training resulted in increases in the
strength ol the expiratory muscles. ln contrast improvements in inspiratory muscle strength
were not present in all subiects and increases in diaphragm strength were very small or absent.
At follow-up after 3 months without training, there were fr,rrther improvements in expiratory
strength in 2 subjects. The results indicate that many factors can influence strength training
and that increases in respiratory muscle strength are not easy to obtain. lmprovements in in.
spiratory muscle strength cannot be assumed to include improvements in diaphragm strength.

PNEUMON (1988) 1:157.16s

INTRODUCTION

Studies in normal subjectsl and in patients2'3 have
concluded that global respiratory muscle strength
can be increased by ventilatory muscle strength trai-
ning. The diaphragm has been assumed to contribute
to these increasess'a although no programmes have
included specific measurements of diaphragm stren-
gth.

It would be expected that the diaphragm would in-
crease its strength in response to specif ic training, li-
ke other skeletal muscles. Since it is the major inspi-
ratory muscle at all levels of ventilation, a method dia-
phragm strength would have valuable therapeutic im-
plications. lt is thus important to def ine whether, and
by how much, diaphragm strength can be increased.

Leith and Bradley in 19761 demostrated, in normal
subjects, large improvements in inspiratory and expi-
ratory muscle strength (measured as maximum mou-
th pressures) after 5 weeks specific training of those
muscles. Their successful programme was used as a
basis for this study, the aim being to test the hypothe-
sis that in normal subjects respiratory muscle stren-
gth training would include an increase in diaphragm
ptrength. Transdiaphragmatic pressure (Pdi), the pres-

'Resp. Muscle Laboratory, Brompton Hosp.
2Dpt. ol Thoracic Medicine, King's College Hosp, Lon"
don

sure developed across the diaphragm, was used as :
measure of diaphragm strength. This has been showi.
to reflect the force developed by the diaphragms and
is the best measure available6. Measurements of Pdi

were made during maximal sniffsT' Maximum and mi-

nimum static pressures were measured at the mouth,
as an indication of global expiratory and inspiratory
respi ratory muscle strength respectively"'

METHODS

Four normal subjects (3 male and 1 female) toox
part in a respiratory muscle strength training pro-
grdmme. They had widely varied experience in the ma'
noeuvres performed in this study and were all healthy
non-smokers, with normal pulmonary function (Table
1), and no evidence of neuromuscular diseases.

Mouth Pressures

Mouth pressures were measured using a mouth pie-
ces consisting of a rigid plastic cylinder containing a
one-way valve system. A standard rubber mouth piece
incorporating a small leak (internal diameter 1 mm)
was fitted to either end of the cylinder, and was con-
nected to a differential pressure transducer
(Validyne)..
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Maximum static inspiratory (Plmax) and expiratory
(PEmax) mouth pressures were measured at residual
volume (RV) and total lung capacity (TLC) respective-
ly, pressures sustained for 1 sec bei4g recordeds. To
perform the Plmax manoeuvre the subjects were a-
sked to breathe out as far as possible through the
mouthpiece and then make a sudden maximal inspi-
ration and sustain it for 1 - 2 seconds. For the PEmax
man,oeuvre they were asked to fill their lungs as full
as possible and then make a sudden maximal expira-
tion sustained for 1-2 seconds. Measurements were
made with the subjects sitting facing an oscilloscope
screen displaying their mouth pressure records, de-
layed by 1 - 2 seconds. Noseclips were worn and body
movement was not restricted. All measurement ses-
sions were preceded by a practice period to acclimati-
se the subject to the apparatus and to optimise tech-
nique, and the manoeuvres were interspaced with
rests to avoid tiring.

Transdiaphragmatic Pressure

Transdiaphragmatic pressure (Pdi) was measured
using two commercially available 10 cm balloon ca-
theters (P.K. Morgan)e coupled to differential pressure
transducers (Validyne). One balloon, positioned in the
middle third of the oesphagus and contaning 0.5 ml
air, measured oesophageal pressure (Poes)10; the o-
ther, positioned in the stomach 65 - 70 cm balloon tip
to nares and containing 1.5 - 2.0 ml air, simultaneou-

nNEYMaN Teilpq 4o, Tdpoc 1oC, AfipAtoC - lo0voc 1988

oscilloscope screen displaying their sniff Pdi.
The data was recorded (Racal Store 7) and display-

ed on a oscilloscope screen (Tektronix) and a paper
recorded (Minograf 800). Appropriate calibrations we-
re made at the time of each test, the pressure stan-
dards being water and mercury U - tube manometers.
The frequency response of the entire measuring sy-
stem was assessed from the signal generated by a
square wave ihput, which rose with a half - time of
6.3 + 1.2 msec (mean + SD) and with no detectable
phase or amplitude difference between oesophageal
and gastric pressure responses.

Protocol

The protocol of the study is summarised in Fig. 1.

Pre - training measurements (A):

Before starting the training programme baseline
studies were made on each subject.
1. Measurement of total lung capacity (TLC) and re-

sidual volume (RV), in the whole body plethysmo-
gram (Table 1).

2. Measurements of mouth pressures: Plmax at RV
and PEmax at TLC as described above. On each
testing day the subject practiced both manoeuv-
res to reach a plateau value and then performed a
Plmax and 9 PEmax manoeuvres, with suitable
rests.

Table 1. subject characteristics and lung volumes measured pre and post training

Subject Sex
Pre-training Post-training

Age Height Weight TLC RV TLC RV
cmkglltl

1

2

3

4

M

M

M

F

37

40

32 172 57.5

29 168 54.0

7.30 1.80 7.59 2.04

6.87 2.32 6.42 1.67

5.32 1.47 5.53

5.25 1.53 5.52

174 57.5

179 69.0

1.63

1.67

(TLC: total lung capacity; RV: residual volume; measured in constant volume body ptethysmogruph)

sry measured gastric pressure (Pg). The balloon ca-
theters were passed simultaneously through one no-
stril, after topical anaesthesia of the nasal mucosa
(Xylocaine spray) and lubrication of the catheters (Li-
gnocaine gel BPC 2oh) and were swallowed by the
subjects with iced water. Pdi was obtained by electri-
cal subtraction (Pdi - Pg - Poes) and Pdi at resting
end - expiration (FRC) was used as a reference zero.

Transdiaphragmatic pressure was recorded during
maximal sniffs at FRC, and measured as peak Pdi7.
The subjects were asked to perform single sharp
sniffs from the resting end of a breath, as (hard as
possible", such that peak Pdi was not sustained, with
at least 2 quiet breaths between each sniff. Body mov-
ement was not restricted. Again measurements were
made with the subject treated, facing a time - delay
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3. Measurements of maximal shif f transdia-
phragmatic pressure at resting end - expiration
(FRC). On each testing day the subject practiced
the manoeuvre to reach a plateau value of peak
sniff Pdi and then performed 30 maximal sniffs,
with suitable rests.

The measurements of mouth pressures and sniff
Pdi were made in each subject on 3 separate days ov-

er one week before training to establish baseline val-
ues. At each measurement session the subjects re-
ceived energetic encouragement f rom the operator to
make maximum efforts, as well as visual feedback
from the time - delay oscilloscope screen. A testing
session lasted one - and - a - half to two hours for each
subject.
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Pretraining
lmmediately
Post training

5 weeks
training

3 months
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5 days each lor 5 weeks

2 x 5 max. inspiratory ettorts ) against obstruction
2 x 5 max. explratory eflorts ) sustained 3.5 secs.

Fig. l.Protocol of study. At A, B and C the subjects under-
went testing of PEmax, Plmax and maximal sniff Pdi.

ar

)<

Training

Once baseline measurements were complete the
subjects started training. The training pIoQramfie,
was as identical to that of Leith and Bradleyl as pos-
sible. The subjects trained for 5 days weekly for 5
weeks, performing maximum static inspiratory and
expiratory efforts at RV and TLC respectively against
a complete obstruction. Five inspiratory then 5 expira-
tory manoeuvres were performed and the entire
sequence repeateo once. Each day training began wi-
th the opposite manoeuvre from the previous day. Ea'
ch effort was sustained for 3 - 5 seconds with suitable
rests in between each manoeuvre. Subjects saw their
pressure records either on a pressure dial (KDG) if
training at home, or on an oscilloscope screen if trai-
ning in the laboratory. Training lasted 30 - 45 minutes
a day.

lmmediate post - training assessment (B)

Mouth pressures and maximal sniff Pdi were re -

measured in each subject on 2 separate days, within 3

days of completion of the training programme. The
same testing protocol was followed as in the pre'trai-
ning assessment. Lung function was also reasses-
sed.

Late post - training assessment fol

After a 3 month period, without further training, me'
asurements of maximum mouth pressures and maxi'

mal sniff Pdi were repeated on 3 separate days in ea-
ch subject. Statistical analysis using a oaired studen-
ts t-test formed the basis for the significant differen-
ce reported between periods (A), (B) and (C).

RESULTS

We found variability between baseline pre - training
measurements in PEmax and Plmax for any one
subject, on comparing the means of each days mea-
surements. The differences between these baseline
days were highly statistically significant in some in-
stances. There was also some within subject variabili-
ty in the immediate and late post - training asses-
sments, although it was not so marked as in the pre -

trai ning measurements.
Table 2 summarises the mean PEmax, Plmax and

sniff Pdi obtained on the best day for each subject
from each of the 3 periods of testing. These results
are also represented graphically in Figs 2,3 and 4 re-
spectively and were used to determine the effect of
training.

Following training the strength of the expiratory
muscles (PEmax) (Fig. 2) increased significantly in all
subjects by a mean of 30.5%, but with a wide varia-
tion between subjects (9.2% lo 60.5%). Overall, the
strength of the inspiratory muscles (Plmax)(Fig. 3) in-
creased by a mean of 13.7oh, also with wide variability
(-5.4% lo +25.9%1, and in subject 4 actually fellwith
training, although in the other 3 subjects the increase
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was signif icant. Diaphragm strength (sniff Pdi)(Fig.4)
rose by a mean of 4.3oh, with a rise of 15.7oh in
subject 2, but changes of only -3.4oh, +2.1oh and
+28oh in the others. Subject 1, who showed the grea-
test rise in Plmax (+25.9%) showed no rise in sniff
Pdi (-3.4%).

Reassessment after 3 months without further trai-
ning showed a significant fall towards baseline pre -

training values in PEmax in the two subjects (1 and 2)
who had shown the greatest improvement in strength
immediately after training. ln contrast, the two
subjects (3 and 4) who had shown only modest increa-
ses (9.2% and 13.5%) with training, showed f urther si-
gnificant increases in PEmax after 3 months without
training (9.1% and 5.9%; p(0.01 and p(0.05).

Measurements of maximal inspiratory mouth pres-
sures after 3 months without training also showed dif-
ferent trends in different subjects. Subject 2 showed
a signif icant fall in Plmax towards pre - training val-
ues (-7.4o/o, p( 0.001); subjects 1 and 3 showed small
reductions (-5.7Yo and -3.9%; p(O.O1 and p(0.5) and
subject 4 showed a significant increase (+12.50 ,

p(0.01).

Diaphragm strength (sniff Pdi)which had shown lit-
tle alteration immediately following training alsb re-
mained relatively unchanged after 3 months without
training. ln subject 2, who had shown the largest rise
with training, sniff Pdi fell towards baseline values
(-e.3% p(0.001).
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DISCUSSION

lmprovements in respiratory muscle function have
been sought in various patient groups, where respira-
iory muscle dysfunction plays a proven or speculative
role in breathing difficulties, following the original
description in normal subjectsl. These strength
and/or endurance programmes have produced varia-
ble results2,3,1.r'1e%. The variability of response found
by dif f erent authors in various patient groups
suggests that the mechanisms and factors determi-
ning the strength increases with training are complex.

ln this study we found disappointingly small increa-
ses with training in inspiratory and expiratory muscle
strength. The protocol was very closely based on that
of Leith and Bradleyl, who found a mean increase in
expiratory muscle strength of 57oh and inspiratory
muscle strength ol 54oh after training in their 4 nor-
mal subjects. The subjects in our study showed smal-
ler increases in strength with training of 30.5% for ex-
piratory and of 13.7oh for inspiratory muscles with wi-
de variability between subjects. The size of strength
increases in limb muscles reported in normal

subjects is also very variable and the relatively low v-

alues we found in the respiratory muscles seem not
unreasonable compared to these20'30.

The changes in inspiratory muscle strength were
small(-5.4% lo25.9okl, of practlcalsignif icance in on-
ly 2 subjects, and much less than those reported by

Table 2, Mean * SD of best days measurements for each subject from each of the testing periods, pre.
training (A), immediately post - training (B), and after 3 months without training (C). Statistical difference
between periods is indicated by p value. NS = not significant.

Subject
Plmax cm H2O PEmax cmH2O Snill Pdi cm HrO

A B c A B c A B c

1

2

3

4

154+9
p<0.001

136+6
p<0.001

131 +5
p<0.001

125 t 8

p<0.01

213+ 7

p<.01

218 + 16

NS

143+ 7

p<o.001

141+11

p<?.001

192+15
p4.01

163+7
p<0.001

156+8
p<0.01

150+7
p<0.05

108+8
p<0.001

116+6
p<0.001

98+7
p4.001

104+3
p<0.1

136 + 5

p<0.001

138 t 4

p<0.001

112!2

p<0.01

98+7

p<0.02

128+ 5

p<0.02

128!2
p<0.001

108+7
NS

111+4

X0.01

152+ 6

p<0.05

147+6
p<0.001

117+5
NS

114+ 4

p<0.02

147 + 10

p<0.01

170+7

p<O.001

119+8

NS

117+5

p<0.01

147+9
NS

15416
p<0.001

115+7
p<0.05

117+6
NS
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Leith and Bradleyl. The range of increases in expirato-
ry muscle strength between subjects was wide (9.2%
- 60.5%) but closer to those obtained by Leith and
Bradley. The comparative ease with which the expira-
tory muscles were trained might be related to the lar-

muscle function. The maximum strength attainable
by continued training has been called limiting
strength25. The less trained a muscle or muscle grouI
is at the beginning of the training period, the more it
will gain in strength and the longer it will take to rea-

o
trnc
tr,E

TJ

s

B-C
7 -5.00h

A-C
7+21'2

rr P<0.001r P'o'ol

)ru

+20

+10

0

( 5 weeks l%f
troining

3 months without
troining

Fig.2. PEmax data for each subject expressed as percen-
tage change data pre - training baseline.
o subject 1; Asubject 2; o subject 3; tsubject 4.

PE mqx. ( best doy meons)
A.B

i+ 30'5

ge unused reserve of abnominal musculature. Cam-
pbell and Green2a demonstrated that the electrical ac-
tivity of the abmominal muscles during maximal expi-
ratory or expulsive efforts is markedly smaller than
that recorded during maximal f lexion of the trunk. Ex-
cept when coughing, the full power of the abdominal
muscles is not used for respiratory f unction, but it ap-
pears that possibly it can be trained to contribute mo-
re. The overall modest increase in inspiratory strength
could have been related to the small total inspiratory
training time of only 8 hours. However using similar
training times, Leith and Bradleyl found larger increa-
ses. The smaller increases in the present study may
reflect variability between subjects in response to
training.

There are many factors well recognised as influen-
cing the size and rates of skeletal muscle strength in-
creases with training. lmportant amongst these are
learning, rate of learning, motivation, incidental trai-
ning and baseline starting levels of strength2s, in addi-
tion to the inherent variability of the tests of muscle
strength themselves. Muscle training can be defined
as any endeavour, deliberate or incidental to improve

ch the end - point of strength. lncreases in strength ri-
se almost linearly with training up to about 75o/o of li-
miting strength. Above 75o ,the rate of increase dimi-
nishes progressively to become zero al limiting stren-
gth. This progression of muscle strength increase wi-
th training has been shown to be similar for all per-
sons, different muscles, ages, and sexes2s. ln this
way the baseline value of respiratory muscle or diaph-
ragm strength can influence the final outcome of a
strength training programme, and may have contrib-
uted to the wide variability we found between
subjects after respiratory muscle training.

Learning is considered distinct f rom training,
although one aspect of learning, that is the activation
of a greater number of muscle fibres into a more effi-
cient pattern of contraction, is undoubtedly an in-
tegral part of training. Learning how to perform the
tests for muscle strength may exaggerate the results
of a training programme unless the subjects are fully
and comparably practised at the test manoeuvres. ln
this study 3 sets of measurements were made over 7
days before the onset of training, to prevent any ele-
ment of short-term learning, since at the onset the
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subjects had variable experience of the manoeuvres.
The mean data for each day in this pre - training
period does provide evidence of learning. Three of the
4 subjects had a statistically significant increase in
Plmax from the first to the third day of pre - training
tests. As there was no signif icant difference between
Plmax on the second and third testing days (in 3 out
of 4 subjects) this was assumed to have reached a
plateau. Subject 4 demonstrated a continuing learn-
ing effect in performing PEmax manoeuvres pre -

training and thus completed a fourth test day to en-
sure a learning plateau had been reached before star-
ting training. ln contrast there was no apparent learn-
ing trend in sniff Pdi in the pre - training period. ln
order not to incorporate any of the learning effect in
the interpretation of training, the values used in
analysis of any subject's strength changes were f rom
his/her best day's performance from each of the
periods A, B and C (Table 2).

A-B
f + 13'7

+20

+10
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ing were slight. The final set of measurements, i.e.
those made after 3 months without further training,
could also have been inf luenced by learning.
Measurements of expiratory mouth pressure made at
this time were significantly increased in 2 subjects,
when compared with pressures measured immediate-
ly after training had finished. "Long term> learning
might explain this increase. Alternatively uninten-
tional continued training could have occurred. lt is
known that only minimum training is necessary to
maintain strength increases25. However efforts were
made to keep further training to a minimum, and the
subjects were excluded from performing the relevant
manoeuvres in the interim three months.

Another explanation is spontaneous variations in
muscle strength. These are well recognised: Darcus
and Salter2l have reported considerable fluctuations
in measurements of maximum strength of limb
muscles on different testing days in any one subject.

B-C A-C
f -1'3 r +11.5

r r p <0.001
r p <0.01

o,
EN
Lo

L
TJ

s

j',:--r/.

^Fe"

They concluded that part of this variation wgs due to
difficulty on the part of the subject in knowing when
he/she had reached maximum performance, as well
as fluctuations in the willingness of the subjects to
exert themselves fully. Mungall and Hainsworth2T
similarly noted considerable variations in standard

PI mox. (best doy meonsl

\ 5 veetrs ,l Vffi f
troining

3 rpnths vithout
troining

Fig. 3. Plmax data for each subject expressed as percentage
change from pre - training baseline.
r subject 1; Asubject 2;o subject 3; Asubject 4.

Our data thus suggests that measurements of
mouth pressure (insipiratory and expiratory) are in-
fluenced by short term learning, in contrast to other
studies.Black and HyattT and Cook et al26 examined
the variation in mouth pressure measurements over 2
- 3 days and concluded the effect of short term learn-
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tests of respiratory function and submaximal exer-
cise tests in stable patients with chronic airways
obstruction. We found such variation in highly
motivated normal subjects over a four and a half
month period, suggesting that spontaneous variation

level of motivation. A better motivated subject, may,
on each day of training, be working at a higher percen-
tage of his or her true maximum strength capacity,
and thus might be expected to train more effectively.
lncreases in strength would be expected to be op-

Sniff Pdi (best doy meons I

A-B
r+4'3

o
ENc
c,E(J

s

+60

+50

+30

+20

B-C A -C
r -3'4 r +0'5

rr p<0.001

)%

timal in this group.
Some subjects complained of unpleasant (though

not serious) symptoms whilst training. Throbbing
head on performing expiratory manoeuvres and
petechiae around the lips were not uncommon. These
may have inhibited them from attaining their max-
imum performance. Craig2e suggested an inhibition of
maximal respiratory efforts when there is no air move-
ment and that if the subject was able to move air and
change lung volume during any manoeuvre, the
pressure would be more likely to be maximal. The
training mouth piece did not allow air flow, although
the measurement of maximal mouth pressures incor-
porated a small air leak8.

Diaphragm strength was assessed from maximal
sniff Pdi which has been described as an accurate
and reproducible method for quantifying diaphragm
strength7,30. The baseline pre - training measurements
conf irm it to be highly reproducible in these subjects,
with no evidence of short - term learning in contrast to
mouth pressures. The assessment of diaphragm

\ 5 weeks lffi f
troining

3 months without
troining

Fig. 4. Maximal sniff Pdi data for each subject expressed as
percentage change from pre - training baseline.
. subject 1; Asubject 2;o subject 3;  subject 4.

in strength is yet another factor confounding the in-
terpretation of training programmes.

Subject motivation, although well recognised, is
very diff icult to control. lkai and Steinhaus2s proposed
that true strength capacity, which is depended on the
structure and physiological state of the performing
muscles, cannot be determined due to
phsychological factors limiting performance. lt is
thought that training may, to some extent, reduce the
normal inhibitory intereactions between the in-
terneuronal pathways, resulting in greater recruit-
ment of motor units and thus the development of
greater strength. lndividual responses to training
may, in part, reflect the degree to which inhibitions
can be over - ridden. All subjects volunteered for the
study and were highly motivated. They were strongly
encouraged to perform at their maximum level on
each testing day and in addition visual feedback of
pressure reached provided the subject with a sense of
achievement. The degree of training reached by any
subject may be argued simply to reflect his or her
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strength immediately after the 5 weeks respiratory
muscle training showed little change (mean increase
4.3ok) and was less than the increase in inspiratory
muscle strength (mean increase.l3.lohJ. The reasons
for the small increases in diaphragm strength are
unclear. lt is possible that the diaphragm is already
highly "trained" in normal subjects with baseline star-
ting values high and little to be added before limiting
strength is reached. Subjects were noted to perform
inspiratory training with anterior flexion of the spine
while expiring to RV, the maximal inspiration then
associated with spinal extension to an exaggerated
erect sitting position. The sternocleidomastoid
muscles became intensely prominent and all subjects
noted discomfort in these muscles at some time dur-
ing training and testing. During the inspiratory train-
ing therefore many muscles were recruited and ac-
cessory muscle involvement was niarked. The train-
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Aoxqon Kot o, ovqfiveuonxoi pueg

J.M. Miller,, J. Alison,, N. Koulouris,, J. Moxham, and
Malcolm Green,

NEPIAHITH

H eni6poo4 ev6g npoyp6pporog 6ox4or1g ovonveuorrKdrv purilv enovo or4v ro;10 rou 6ro.
Qp6YIoroq 6nog xot ouvoAtx6 orrlv ro;10 r@v aonveuorrxtirv Kor ermveuorrxdlv'putilv errrprl04.
xe oe 4 QuoroAoyrx6 6ropo. To 6royo nopoxoAou0n0qxov yro 3 pnveg pero ro ieloq r4g ooxr1.
o4g' oAo ro 6ro;.ro nopou.oiooov peropl4r6rrlro onq pooix6q perpfloerg rqq oovolrn( nF6po
Ue rnv nY6Po. H 6oxqorl ei;1e oov onor6leopo rrlv o0[r1or1 rqq royOoq rcov e]crveuorixOv ;r'utnv.Ie owi0eorl peArrdloerg orrlv lo10 rov Er<yrveuorrxdrv purilv bev tlonior604xov oe 6Ao ro oro.
ro Kor ou(fioerg r4g ro;00q rou droQp6yporog 4rov noA0 yrxp6g q onoo0eg. Kor6 r4v Enove.
Iirnoq ;rer6 on6 3 pdveg xtopiq e[ooxnon unflp1ov neporr6po j]eArrdloerg'orqv ermveuorx[
60vop4 oe 2 droyo. To onoreA6olroro 6ei;1vouv 6rr noAAoi nopbyovreg pnopo6v vo enr6p6.
oouv orrlv 60xr10q pe oxon6 r4v o0[40q r4q ro100g xor 6rr ou[n0erq r4q ro100g r(.)v ovorveu.
orlxdlv yudrv 6ev eivol e0xoAo vo onorr40ouv. BeAn6oetq rnq rol0og rov eronveuonxdrv pudrv
6ev pnopei vo 0eop40ei 6rr neprAoppovouv peArr6oerq rqg lo10oq rou 6lorlpoytroros.

nNEYMON (1988) 1:166.1 75

EI:ATOTH

Metr6reg oe quoroAoyrxd dro;ro1 Kor or oo0eve(g2'3
ougnepo(vouv 6rr 11 ouvoArxrl ro10g rrov ovonveuol-
xdrv purirv pnope[ vo ou(r1Oe( Ue rnv doxqorl rov l.rurilv
oeprol-ro0. To 6rd<ppoygo 6Xet 0e<rlp40e( 6u ouppdtr-
trer o' ourrlg rtq ou{{oerg3'a poAov6rr xov6vo np6-
ypopUo 6ev 6Xer ou;rnepildper erdtx6g prerp1oerg qg
roXriog rou 6ro9pdyUoroq.

Oo npoodoxorjoe xove[g 6il ro drdr[poygo 0o o0[o-
ve rnv roXU rou oe ondvrrlorl oe ouyKeKprpr6v4 dor4-
oq 6nog dAtror oxe)reflxo(;rug. Ae6og6vou 6rr efvqr o
x0prog erorvruorrK6q Uug o' 6tro ro en[ne6o oepr-
opori, p60o6og petrr(olorlg rrlg toX0og rou 6roqpdygo-
rog 0o e(Xe ofr6troyeg 0eponeunx6,g npoexrdoerg. E(-
vor enogdvroq oqpovrrx6 vo xo0oprote( xord n6oo xqr
oe n6oo po0;r6 4 toX0g rou drogpdy;rorog gnope( v'
ou[q0e(.

Or Leith xor Bradley ro 19761 66er[ov oe quoto],oyt-
xd dto;ro peydleg peArtdloerg rrlg roXtiog arorveuorr-
xrilv xor exnveuorrxdrv ;rucilv (nou gerpr]04xov oov pr6-
yroreg oogotrx6g nr5oetg) gerd on6 5 ep6ogd6eg
ouyxexprp6vrlq dox4orlg our6v rov pru<r.lv. To enrru-
Xqg6vo roug np6ypopgo Xpnor1ronotflBqxe oov pdorl
yr'ourt] t4 ge,\6tq, o oron6g qg ono(og r,1rov vo exrt-
prloer r1v un60eor1 6tt oe euoroi,oyrxd drogo n doxn-

o4 pe oxon6 r1v ori[1oq rrlq ovqnveuorrx4g pruixrlg r-
oXrjog 0o nepddprpove o0[r1o4 qg roX0og rou 6ro-
Qpdyporoq. Aro-droQpoyponxrl nieo4 (Pdi), q nieorl
nou qvonrUooeror 6ropr6oou rou 6rq0pdygoroq, Xpn-
otgonorf0r;xe oov l.ulrpo rqg roX0og rou 6roepdygq-
rog. Aurfl 6Xer onoderlOei 6rr ovrovqxAd qv 60vo;rr1
nou ovqnrUooerqr on6 ro 6rd<DpoyUos xor e[vor ro xo-
tr0repo g6rpo nou undpXero. Merprloerg qg Pdi 6re-
vepy40lxov xord rqv 6tdpxeto on6ropqg eronveuol-
xqg npoondOetog 6ro qg prv6g (sniffs)7. MSyroreg rot
ei,dXroreg ororrx6g nr6oerg gerprlOrlxov oe en(ne6o
tou origorog oov 6e[xrr1g rrlg ouvoirxr]g roXriog rorv
exnveuorrxdlv Kor eronveuortxtbv purilv ovr(ororXo8.

MEOOAO:

T6ooepo rpuorotroyrxd drogo (3 dppeveg xor 1 gnAu)
nflpov Udpoq o' 6,vo np6ypopgo doxrloqg (pre oxon6
ttlv oU[qoq) rrlg toXriog rtllv ovqrveuorrxci:v purilv. Ei
Xov norx(1,r1 e;rnerp(o orouq Xerprogotig nou XpnorUo-
norflOrlxov or4 ;reA6r4 xor flrov 6Lor uyteig Un Konvr-
o169, ge Quoroi,oyrxrl nveupovrxrl Aetroupyio (l-l(vo-
rog 1) xor Xrrlpig on66et{q veupo;ru'rxou voorl;rorog.

Iroponx6g nr6oerq

Ot orogorrx6g nr6oerg perprlOqxov ;re Xprlorl oro-
1.ronxrlg ouoxeufg (mouth piece) nou onoreAe[ro on6
dxognro nAootrx6 xril,rv6po nou nepre(Xe o0orrlgo
polp(6o9 puog xore0Ouvonq. Iuvrl0<og (ouyxexptg6-

'Pesp. Muscle Laboratory, Brompton Hosp.
zDpt. ol Thoracic Medicine, King's College Hosp. Lon
don
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vov npodroypqQ6v - standard) oroUqrrK6 ar6lexoq
qn6 eAqortx6 nou e(1e evoogororg6vq grxprl 6roguyrl
(eotoreprxr'1 6rdperpoq 1 mm) flrov npooopl.roog6vrl
ornv x60e dxp4 rou xu)\(vdpou xor flrov ouv6e6eg6vrl
oe 6roqoprK6 petorpon6o n(eoqg (Validyne).

M6yroreg ororrx6q eronveuonK6q (Plmax) Kor eK-
nveuonx6g (PEmax) orogortx6g nr6oerg perp{0r1xov
orov unoAetn6pevo 6yxo (RV) xot o)\txrl nveu;rovrxt'1
Xcoplnx6rrltq [fLC) ovt(oror;1o, 1re Koroypo<Di rov
nr6oetov nou 6tor4pfl0qxov yro 1 sec8. l-ro vo eKrrprl-
0e( o Xerprog6q rnq Plmax (qul0qxe on6 to drogo vo
exnveUoouv 6oo neproo6tepo pnoporioov 6ro u6oou
rrlq oroUorrxrig ouoxeuflq Kol orn ouv6Xero vtr eKre-
)\6oouv on6roprl Uey(orn eronvofl Kor vo rlv xpotf,-
oouv yro 1 - 2 sec. l-ro rov Xerptop6 rrlg PEmax (rlrrl-
Oqxe vo yepfoouv roug nve6pov6g roug orov ;r6yroro
6uvor6 po0p6 Kor orrl ouv6Xero vo exretr6oouv on6-
ropo ;r6yrotq exnvofl Kor vq r1v xport'loouv yro 1 - 2
sec. Metpfloerg 6yrvov pe ro dropo xo0rord pe ro
np6oeono npog o06vq notr;roypd<)ou orrlv ono(o oner-
xov[(ovto or enr66oerg rouq oxenKd ge ng oroUqrr-
xdq nr6ostq pe xo0uor6plor1 1 -2 sec. Prvrxd clips r'1-

rov rono0errlp6vo xot 6ev unipxe neproprop6q ong
xrv{oerg rou ocilporog. An6 6Aeg rtg ouve6p(eg orrq o-
no[eg 6yrvov ot perpfoerg rou oriporoq npo1yflOr1xov
nep(o6or doxqoqg ge oxon6 ulv eforxe[oo1 rou ot6-
Uou lre r1v ouoreuf xor q peAr(coon rnq reXvrxrlg ror
or Xetprol.ro( ey(vovro evoAtrd( pe nepr66oug ovdnou-
onq yro rnv onoquyrl x6nolo1g.

To dtrtro rono0er4gdvo oro orogdXr oe on6oroorl 65 -

70 cm on6 rrlv dxpq rou pnoAl,ovro0 g61pr rouq pdl-
0oveg, nepr6lov 1.5 - 2.0 ml odpo gerpo0oe rout6-
Xpovo yoorprxrl n(eor1 (Pg). Or xoOeulpeq ge ro gnoA-
tr6vr e(Xov nepoore( rour6Xpovo on6 rov 6vo prilOro-
vo petd on6 tonrxrl ovoroOqofo rou ptrevvoy6vou tr1g
prv6q (qreKoog6g [utroxotvnq) xor Ainovorl rov xo0e-
rrtporv (y5An )rryvoxoivqg BPC 2oh) xot xordnoofl roug
on6 ro drogo ge noyo;r6vo vep6. H Pdi el{q0n Ue n-
trextprxrl oQo(peon (Pdi = Pg - Poes) xot 11 Pdi oro
r6trog qg exnvoflg xord ulv ovdnouoq (FRC) Xplor-
ponotrlO4xe oov pr16evrx6 orlpe(o ovoQopdq.

H 6ro-6roQpoyporrx1 n(eoq xoroypdQnxe xord 11
6rdpxero U6yrornq on6roprlg eronveuorrKflg npoond-
0etog on6 rq g0q (sniffs) orlv FRC xor perpfl01xe
oov peyiorl Pdi7. Iro dtogo (qnl0r1xe vo exreA6oouv
pegovrop6veg o[eieg on6rogeq eronveuonK6g xrvrl-
oerq on'rr1 gtiq (sniffs) on6 ro ipeUo r6Aog ;uog ovo-
nvo{q, o600 ro 6uvor6v nro 6uvord, 6ror tilore n UeyG
orrl Pdi 6ev 6roqpflOr1xe, ge rouAdXrorov 2 flpe;reg o-
vonvo6g ovdgeoo oe xd0e on6ropl eronveuorrr{ r(-
vnon on'tr1 p0q (sniff). Aev un{p1e neproprop6g rrlg
xrvfoeog rou orilgorog. Ex v6ou perp{oerg 6yrvov ge
ro dtogo xo0ror6, pe ro np6orono npoq o06vq noA;ro-
ypdQou trqvOdvovrog Xp6vou nou enede(xvue rnv lre
on6ropo on6 q p0r1 eronveuorrxf1 (sniff) Pdi.

To 6e6o;r6vo xoreypdQovto (Racal Score 7) Kor err-
6erxvriovro oe o06vr1 notr;roypdrlou (Tektronix) xot
KoroypoQ6o Xopilo0 (Minograf 800). KotdtrAntreq

livoxoq 1. Xopoxtrlptottxd ot6ptov xoL petprlOdvteg 6yxot nveup6v<rrvnprv Kcu;rerd rrlv doxqol.

flprv r4v 6ox4o4 Mer6 r4v 6ox4or1
Aropo HArxio YQoq Bdpoq

cm kg
TLC RV TLC
lt!

RV
!

1

2

3

4

37

40

32

29

A

A

A

o

174

179

172

168

57.5

69.0

57.5

54.0

7.30 1.80 7.59 2.04

6.87 2.32 6.42 1.67

5.32 1.47 5.53 1.63

5.25 1.53 5.52 1.67

(TLC: oArxrl x<oprltrx6rnro nveup6vrov, RV: ynoLern6;revog 6yxog gerprlp6vog oe orogepog 6yxou
nArl0uogoypdQo od)Uqroq)

Aro.6roQpoyponxd nieoq

H 6ro-6roqpoyUorrx{ n(eon (Pdi) perp{Oqxe Ue Xpi-
oq 60o'xoOerflprov Ue UnoII6vr 10 cm rou egnop[ou
(D.K. Morgan)e eqoppoog6vouq oe Bororpone(q 6ro-
qoprxrlg n(eong ffalidyne). To 6vo pnolJ\6vr ronoOe-
rrlg6vo oro peoo(o rprqp6pro rou orooQdyou, nepr6-
Xov 0.5 ml o6po getpo0oe orooqoyrxrl nieo4 (Poes)1o.

puOg(oerg (calibrations) xord rov Xp6vo xdOe 6oxrpo-
o(oq pe np6runeg nr6oetq on6 u6orrxd xor u6pop-
yuprxd nreo6perpo pe oolArlvo oXrl;rorog U. H ouXv6-
rrlro owon6Kpronq 6Aou rou ououlproroq g6rpqorlg
exn1.r{Or1xe on6 ro o{go nou nopiyero on6 e(oo6o
xrj;rorog oXrlporog rerpoyrirvou nou ou{dvero Ue Ur-
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06 Xp6vo 6.3 + 1.2 sec (U6on rrprl + oro0epi or6Kfu-
oq) xor Xop(q 6ronroto0gevn qdon i 6toqopd on6xl,r-
oqg petofri orooqoyrr4g xor yoorprxr]g owonoxp(oe-
oq.

flprv rrlv e[6oxqo4
Ap6otog perd
rrlv 6ox4or1

nNEyMoN TeASpg 4o, T6Uoq 1oq, Aflp^toC - b,woS lggg

Or gerpfloerq rov oroporrxrilv nr6oeov xor sniff Pdi
6yrvov oe xdOe dropro oe 3 qexopror6q 4p6peg xor6
t4v 6rdpxero prog ep6ogd6og nptv r4v e[doxrlon npo-
xerg6vou vo ro0optoro0v poorx6g upr6q. Ie xdOe ou-

:..".,-

_ i..:

'- ' l*

I:: .

,: . -
:!,v\

:1'-

r:

- 
-a

i

5 eB6opd6eg
doxqoqg

3 [elopro169
4U6peq

llpto16xoAAo

To npcor6xoMro qg 6peuvog nopouord(eror ev nepr-
ArlQet otqv Erx6vo 1.

Merpfioeq, ftptv rnv el6too4 @).

[1prv r1v 6vopEn rou npoypdgpqroq doxrloqg 6yr-
vov Boorx6g geA6reg oe xdOe dropo.
1. M6tpr;oq rqg otrrxrlg Xolprlux6trlroq rtov nveu96-

vrov (TLC) Kor unoAernog6vou 6yxou (RV) oe nAq-
0uopoypdqo (ouv6trou) odrporog.

2. Merpfloerg otoporrxrirv nr6oeov: Plmax xor PE-
max orov TLC 6nog neprypd<pr4xov npoqyou96-
vrog. Le xd0e 4g6po 6oxrproo(og ro drogo efo-
oxe[ro Kcu orouq 2 Xerpro;ro0q yro vo eOdoer enr-
n66ooq qg rrprflg (plateau) Kor ornv ouv6Xero e-
xreAo0oe 9 Plmax xor 9PEmax Xerproprorig Ue Ko-
tdtrtrr1Aeg nept66oug ovdnouorlg.

3. Merpfloerg 14g peyiotrlg 6ro-6roqpoy;rouxrlq n(e-
onq Ue on6ropr; rroTrveuorrKrl x(v4or1 on'rq pUrrl
(sniff) oro 16l,o9 exnvois (FRC). Ie xd0e np6po
6oxr1.roo(og ro drogo efooxe[ro orov Xerpro;r6
yro vo <podoer enrn66oorl r4g il1.ulg (plateau) xor
orq ouv6Xerq exreAo0oe 30 ;r6yroreg sniffs pe xo-
tdAA4Aeg nepr66oug ovdnouoqg.
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3 p4veq
x(,)piq
6ornoq

T
3lelopror6q

np6peq

ve6p(o gerp{oerov ro drogo e)\dppovov evepyqrrxfl
ev0dppuvorl on6 rov lerproul npoxerp6vou vo xd-
vouv p6,yroteg npoondOereg 6nog onrtxd epeOiogoro
(enovorpoQo66rr;or1 - feedback) on6 u;v o06v4 notr-
poypd<pou i,ov0dvovrog Xp6vou. Mto 6oxtpoottxrl ou-
ve6.pio 6ropxo0oe prd;tor; 6oq 60o clpeq yro xdOe d-
rouo.

Eldox4o4

,A<D' nS onypulg or poorx6g perprloerq ouprnArlpti:0r1-
Kov, rq dtogo dpXroov r4v doxr1o4. To np6ypog;ro d-
oKnonq {rov 6oo to 6uvqr6v ntrqor6orepo exeivou
rorv Leith xor Bradleyl. To dro;ro ooxrjOqxov eni 5 q-
g6peg qv ep6opd6o eni 5 ep6ogd6eg exre)\drvrgq U6-
yroreq ororrx6g srcrnveuorrK6g xor exnveuoux6g npo-
on60eteg orov RV xor TLC ovr(ororXo evdvrto oe nlrl-
peg x6trugo (ovr(otoo4). Arevepyfl0rlxqv n6vre er-
onveuorrxo( Kor orrl ouv6;1eto 5 exnveuonxoi lerpr-
opro( xor q 6tr4 6ro6rxoolo enovo,l,ieonKe ]Io eopd o-
x6;ro. Kd0e np6po 1 dox1o4 dpXr(e 1re rov ovr(0ero
Xerprop6 rnq nponyorlpevrlg np6pqq. K60e npoond-
0ero 6rorrlp{0qxe en( 3 - 5 secs ge xordA},1leq neprO-
6oug ovdnouorlg ovdgeoo oe xd0e Xerprog6. To dto-

2 [e;opror6g
nr6peq

5 qp6peq x68e ep6op66o eni 5 ep6op66eq

2 x 5 p6yroreq 6rorrveuolx6q npoon60ereg I evdvrro oe xdrAupo
2 x 5 p6yroreg ernveuorrx6q npoondOereq ] 6rdpxerog 3.S secs

Erx6vo 1. l-lpror6xol,l,o gei6tqg. >rrq A, B xor G ro drogo unopl,rl0lxov oe 6oxtgoo(o r1q pEmax,
Plmax xoL U6yrorn sniff Pdi.
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Uo 6Blenov rrq enr66oerq r(eoiq rouq e(re oe 6vo enr-
troy6o n(eor1g (KDG) ov q doxqo4 )rd;rBove Xtbpo oro
on(rr { oe o06vr1notr;roypd<pou qv R doxqoq trdppove
Xrbpo oro epyoorr'1pro. H doxrloq 6ropxo0oe 30 - 40
trenrd qv r1g6po.

Exrfu4o4 ap6oug, yerd r4v dox4o4 (B)

Itogotrr6q nt6oetg xot p6ytoreg nt6oetg on6togrlg
erorveuorrKr'1q npoondOetoq on6 tr1 UUtn (sniff) Pdi
getprl0lxov oe xd0e dto;to oe 2 [eXoptot6q nU6peq
ew6g 3 nUepd:v on6 r1v ouUntrrlpoorl rou npoypdp'
potoq doxqonq. To [6to npcot6xoAAo 6oxtgoo[og oxo'
Aou0r'10qxe 6nog xot yto rnv exr[p1or1 nptv on' t1v d-
oKnon. H nveupovtxrl trettoupyio enloqg enovexttgt]-
011xe.

OQryn exilp4ol yetd qv doxnon G)

Met6 on6lpovtxrl nep[o6o 3 ;rqvdlv Xtop(q nepott6-
po doxqorl, enovoAtQenxov getpfloetg u1g ;t6ytoqg
orogorrxflg nieoqq xot g6ytoreg nt6oetq on6rogrlq et'
onveuottxt'1g npoon60etoq qn rn gUrrl (sniff) Pdi oe 3

Eextoprot6q nU6peq oe xd9e dto;ro' Itottortx{ ovd)\u'
on Ue Xpdlon rou Students' t'test ovd (e0Yn onor6tre-
oe rn Fdon yto rn orlgovttxt'l 6tqqopd nou ovo<p6pe-

ror geto[ri tov nept66tov (A), (B) xqt (C).

onorodfnore dtopo, ouyxp(vovrog rtq g6oeg ttp6g
rov getprloeolv xdOe Uroq nU6poq. Ot 6to0op6q Uero'
[0 ourcirv rov Bootxtbv rlgep6v tltov oe geptx6g nept-
nrdloerg ot uqrnl6 9o0U6 orortottxd orlpovrrxdg. Y-

rnpxe en(oqg oto (6to dtopro xdnoto 6tox0povo4 ottg
dpreoeg xor 6r{tpreg pretd rrlv doxrlorl exrtpt'loerg pol,o-
v6rt 6ev rltov 16oo 6vrovrl 6oo ortg nptv rnv doxrlorl
perpfoetg.

Irov fl(voxo 2 nopouord(ovroL tv neprAfl$et ot p6-

oeg rr;169 PEmax, Plmax xot sniff Pdi nou InQenKov
rqv xoi,Ureprl yro xd0e dto;to ng6po oe xdOe gto on6
rrg 3 nepr66oug 6oxt1-too(og. Aurd to onorsA6ogoro
nopouotd(owot en(or1g oe ypoqtxfl nopdorool oto
oXrlproto 2, 3, 4 ovr(orotxo Kot Xp4otgonotflOqxov yto
vo exrrprlOe( 11 eniSpoorl qg doxrloqg.

Merd tqv doxrlorl n toxriq rov eKflvauottxcbv puci:v

(PEmax) (:X.2) ou[ri0rlKe on[ovrr.xd oe 6Ao to dtogo
xotd pt6oo 6po 30.5% otrtrd ;re ;reydtro e0pog UetoE0
rov ot6ptov (9.2% 6tog 60.5%). Iuvotrtxd 11 toXUg rcov

eroTrveuorrKti:v prudlv (Plmax) (>X. 3) ou(r101xe xotd
96oo 6po 13.7o/o en(or1g;re peydArl 6toxtillovorl (5.4Yo

6<119 + 25.9%l Kot oro dtopo 4 pet60qxe pe trlv doxt1'
oq protrov6rt oro dtrtro 3 dto;ro 11 o0[qoq {tov oqgov-
rtxry. H toXog tou oto<DpdYuorog (sniff Pdi) (IX' 4) ou-
(r'10rf xe xotd ;t6oo 6po 4.3ok pe o0Enon 15.7o/o oro d-

to;to 2 d\Ad Uerogo)r6g g6vov '3.4o/o, +2.1oh rot
+2.8ok oro dA)ro. To dtogo 1 nou nopouo(ooe tnv ue'

yotr0tep4 dvo6o r4g Plmax (+ 25.9%) 6ev nopouo(o-
oe dvo6o r1g sniff Pdi (-3.4%).

Ilivoxog 2. M6or1 ttgrl xor orooeprl on6xALorl tov xotr0tepov getprloeotv rnq nP6poq yto xdoe dto;ro on6

x60e U(q on6 rtg nept66oug 6oxL1loo(og, nprv r4v dorrlorl (A), og6otog ;retd rqv doxrlorl (B) xoL petd on6 3

grlveg X<op(g 6oxr1or1 (C). H ororrorrKn orqQopd gero[ri tov nept66tov unoo11.to(vetot Ue rrlv tLgrl tou P NS

= 6Xt otortorrxd orlgovttxrl

ANOTEAE:MATA

I-lopoqpfloope 6toxO;tovorl
qv e[dox1or1 perPfoeov ornv

gero[ri Bootxtilv nPtv
PEmax xot Plmax Yto

SubJeci
Plmax cm HrO PEmax ctnH20 Snltl Pdl cm H20

A B c A B c A B c

1

2

3

4

154+9
p<0.001

136+6

X0.001

131+5
p<0.001

125+8
p<0.01

213+ 7

p<0.01

218116

NS

143+ 7

p<0.001

141+11

p<0.00'l

192 t 15

p<0.01

163+7
p<0.001

156+8
p<0.01

150+7
p<0.05

108+8
p<0.001

116+6
p<0.001

98+7
p<0.001

104+3
p<0.1

136+5

p<0.001

13814

p<0.001

1't2+ 2

p<0.01

981 7

p<0.02

128+5
p<0.02

128+ 2

p<0.001

10817
NS

111 +4
p<0.01

152+6

x0.05

147 !6
p<0.001

117+5
NS

114!4
p<0.02

147 !10

p<0.01

170+7

p<0.001

119+8

NS

117+5

x0.01

147+9
NS

154+6
p<0.001

1151 7

p<0.05

117+6
NS

t
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. Enovexr[pqol petd on6 3 pr]veg Xop(q neporr6pro
dorr;o1 eUqdvtoe oq;rowrxrl ntd:oq npoq ttg poorx6g
rprv rnv doxrloq rrp6g oe 2 dtopo (1 xor 2) nou e(Xov
nopouordoer 14 preyotr0teprl petrriroon rnq roXrjoC o-
p6orog gerd r1v doxqo4. Ie ovt[Oeo1 to 6rjo dro;ro (3

1o14) nou e(Xov eprqov(oer g6vov ;r6rpreq ou(rloerg
(9.2oh rot, 13.5%) Ue rnv doqoq eprldvroov neporr6-
po orlgovur(69 ouffoerg orqv pEmax prerd on6 3 grl_
veg Xop(g dox4o4 (9.1% xor 5.9y0, p(O.Ot Kqr
p(0.05).

Or gerp{oerg r<ov gey(orov eronvsuorrxrilv oropo-
rrxdrv nr6oeov Xropfg doxr;or1 enioqg eUedvroov 6rd-
Qopeq rdoerg oe 6rdeopo dropro. To dropro 2 egqdvr-
oe orlpovrrr(r1 nrcirorl qq Plmax npoq rrg nprv qrt, rnv
dox4oq rtg6g (-7.4%, p( 0.001). To dro;ro 1 xor 3 e1r-
Qdvroov ptxp6g ger6oerg (-5.7% xor -3.gyo, p 0.01
xor p( 0.05) xor ro dro;ro 4 epedvroe oq;rowrx1 orifq-
o\ (+ 12.5oh, p<0.0'1)..

PEmax (KoA0repeq npepforeq p6oeq ilp6S)

nNEyMoN TeAXoq,lo, T6poq,1oq, Anp^@q _ lotjv@q lggg

:YZHTH>H

BeArr<ioerg orrl Aerroupy(o rolv ovonveuorrxcbv o-
vo(lrq0qrov oe dtdeopeg ogddeg oo0evcbv, 6nou r1

6uoAerroupy(o rov ovofiveuortKrilv ;rucirv no((er ono-
6e6erypr6vo 4 nrOovd p6)\o otrg ovorveuonK6g 6u-
oX6pereg,.gerd rqv opxrxn neprypoQrj oe quoro)\oyr-
xd dropol. Aurd rq npoypdUporo roXriog xor/rl ovro-
Xr]g 6Xouv 6rioer norr[Ao onoteA6opqro2,3,11-1e. H 6ro-
x0govo4 qg ondvr4onq nou pp604xe on6 6rdrpopoug
ouyypooE(q oe norx[Aeg opddeg oooevdrv uno6qA<il-
vet 6rr or [nxovrol-lo( ror nopdyovreq nou roOop((ouv
ng ou[{oetg ulg roX0og Ue rrlv doxrlo4 e[vor no],0-
nl,oxor.

Irr; getr5q our{ pprlxoUe oiloyonreuuxd puxp6g
ou[rloerg ge doxqoq oqv rolti rtov aronveuottxrbv xor
exnveuonx<irv 1.rurov. To npor6xoAAo rjrov pooro;r6vo
xor nop6poro exe(vou rov Leith xor Bradleyl or ono(or

B-t A-C
7 -5'0"/" 7+21'2

** P<0.001
* p< 0.01
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H roXUq rou droQpdyprorog (snlff Pdi) nou e(1e eg-
Qov(oer grxpf peropoArl op6orrlg perd r1v doxr;or1 e-
n(onq nop6perve olerrxd ogerdptrrlq perd 3 ;rflveg
Xop(q doxqoq. Iro dropo 2 nou e[Xe eUeovioer rrlv
geyoAUrepq dvo6o perd rrlv doxrlo4 n sniff Pdi 6neoe
npoq nq poorx6g ng6q (-9.3%, p< 0.001).
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Err6vo 2. Ae6op6vo rlq pE-max yro xdOe dropo exqpoopdvo oov ftoooorrq(q peropol,{ qn6 ropoorxd nprv rrlv dox4oq 6e66gevo.
.6ropo'l; A dropo 2, o drogo 3, A 6rogo 4

3 pfveq Xopiq
6oqo4

ppt'txov p6o4 o0[4oq orlv roX0 rov eKnveuonxdlv pu-
risv 57o/o xor roXti erofiveuorrKrilv purbv 54oh petd 6-
oKnon oro 4 rpuoroAoyrxd drogo rouq, To dropro r1q
ptetr6qg Uoq ropouo(ooov l.uxp6repeq ouEtoerq roXri-
og pe doxqo4 qq rd[ecog rou 30.5% y]o eKnveuol-
xo0q xor 13,7oh yro eronveuorrxo0g UUq Ue ;reydArl

t

(s
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6tox0pc-vor1 gero(ri rorv or6pov.
To g6ye0oq rqg o0(qo4q r4q roX0og oe UUq rov d-

Kpov nou 61ouv 6qgooreu0e( oe quoroAoyrxd dropo
eivot en(oqg notrrl notxilo Kor or oXerrxd Xopr;A6g'u_
969 nou pprlxoge orouq ovonveuorrKo0q 1-ruq Oo[vov-ror vo. gnv e[vor nopdloyeq ov ouyxpr0o0v npoq
ou1692t'es.

Oerdrv eivot eKoeorlgoo[6vo grxp6rep4 exe(v4q nou
KoroypdQeror xord r4v prey(or1 KdUUn rou xopgorl.
Me efoipeoq rov pr]Xo 4 peyior4 60vogl ttov xori,ro-
xdlv purilv 6ev Xp4orgonore(tor yro rrlv ovonveuorrxfl
Aerroupyfo otrAd qo(veror 6u gnopei vo oox40e( vo
ougperd,Xer neproo6repo. H ouvoArxrl ;rdrpro o0dqo4
rrlq eroTrveuorrxflg roX0oq prnope( vo ouoXen(6rov

Plmax (KoA0repeq npepnoreq F6oeq np6q)
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B-C
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3 prlreS Xopiq
6ox4or1

A-C
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r r p <0.001
* p <0.01
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otov prxp6 ouvol,rx6 erotrveuonK6 Xp6vo doxrloqg
trov 8 ropdrv g6vov. 'OUoq Xp4orgonordlwog nop6-
Uorouq Xp6voug doxqoqg or Leith xor Bradleyl pprl-
rov geyoArjtepeg ou[4oerg. Or ;txp6repeg ou[r]oerg
rrlg nopotloog ge)\6t49 pnopei vo ovrrKoronrp((ouv
6roxril.rovoq petofrj rov ot6prov oe ondvrlol orrlv d-
oKnon.

YndpXouv noAtroi ovoyvtllprop6vor nopdyovreg
nou ent6po0v oro g6ye0oq Kor pu0U6 ori[qor1q qg r-

o10og tov oxeAerrxrilv pucirv ge rnv doxqoq. I4povrr-
xo( geto[0 qur6v e[vor 11 gd0r1o1, o pu0pt6g qg gdOq-
onq, n 6pootqprono(qo4 (x(vrlrpo), ruXo[o dox1orl,
xor poorxd opXtxd en(ne6o roXriog2s entn)r6ov rnq ev-

tWt
ep6op66eq
6ox4oqg

Or geropo)\69 qq roX0og rov elolveuortxdrv ;-rudrv
t'ltov ptxp6g (-5,4V0 6rrlg 25,9%), npoxnxt'lg oqproo(og
p6vo oe 2 drogo xor noAU prxp6repeg ourdrv nou 6q-
goore0Oqxov on6 roug Leith xor Bradleyl. To eripog
rcov ou{foeov rnq roXrJog rtov EKnveuotrxrbv gudrv
pero[O rorv or6pcov flrov peydAo (9,2oh toq 60,5%)
oilrd nAqor6orepo npoq exe(vo rov Leith xor Bradley.
H oXerrxfl euxo)\io ge rnv ono[o or exnveuonxo[ pug
ooxflOqxov gnopet vo o;1er((eror npoq qv preydAq grl
XprlorpoTrororj;revq etiedpe[q rov xorAroxdrv gucilv. Or
Campbell xor Green2a xor66er[ov 6rr q qAexrptxr'1
dpoorqpt6qro rov xod\rqx6v guritv xord 14 6rdpxero
rrlg gey(oqq eKnveuonxtilv f, e[ol0lrrxcirv rpoono-

Etx6vo 3' Ae6og6vo r1q Plmax yto xdOe 6topo exqpoog6vo oov nooootrq(q peropoLri ond ro Bo-orxd 6e6og6vo rprv rrlv doxqoq.
. drogo 1; A dro;ro 2, o 6ropo 3, A dropo 4

NNEYMON 171



twr
ep6op66eg

6oxr1o4g

H gey(orq enrruyXov6gevq roXrig pre ouveXrl dox4-
oq 6xer ovopooOe( neproprorrrrl roXrig (limiting stren-
gth)25. 'Ooo trrydlrepo ooxrlp6voq o Uuq T1 4 ogd6o Uu-
6v eivor orqv opXrl qg nept66ou dor1or1q, 16oo 0o
xep6(oer oe roXri xur t6oo neproo6repog Xp6vog 0o
onorrl0ei g6Xpr vo qOdoer oro retrrx6 orlpeio qg r-
oX0og. Au[floetg roX0og ov6pXovtor oXe66v ypoUgr-
xd ge r1v o0(qo1 p61pr nep(nou rc 75o/o rnq nepropr-
orrxrlq roX0og. 'Avol rou 75oh o pu0U6q rr;g ori[4o4q
geubveror npoo6euuxd yto vo ;r16evro0ei oro oqpe[o
rrlq neproprotrx4g toX0og. Aur{ 1 np6o6og rrlq oU[q-
orlg pu'rxrlg ro10og Ue rrlv doxrloq 6Xer ono6erX0e( 6rr
e(vor nop6polo yro 6Aq to 6ropo, pre 6ro<p6poug puq,
qArx(eg Kqr e0lq25. M' our6v rov rp6no 4 poorxrl rtprl
tqg roX0og rov ovonveuorrxdlv gurilv rl rou 6roepdy-
Uoroq Urope( vo enqpedoet ro rel,rx6 onor6,Aeopo e-
v6g npoypdl.lUoroq doxqo4g orifrlorlg roXUoq Kor Uno-
pe( vo 6Xer ouppdtrl,er orlv eupe(o droxrjgovoq nou
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Elr6vo 4. Ae6op6vo peyloqg sniff Pdi yto x60e drouo eK9poqg6vo oov noooorrq(q peropol,rl o-
n6 ro poorxd 6e6og6vo fiprv rlv dox4or1.
. dropo 1; A dtopo 2, o droUo 3, I drogo 4

nNEyMeN Te,yog 4o, T6yoq 1o9, Anp//.,3q, - lotvtog lggg

pprlxoge pero[rl rcov or6gov Ue rrlv dox4oq rttrv ovo-
nveuouxcirv gurilv.

H expd0qor; Oeope[tor droeoperrKrl on6 r1v dox4-
oq, gotrov6rr g(o ntuX{ rqg ex;rdO1or1g, 6r;lo6rl r; xr-

B-C A -C
r-3'4 r+0.5

+* p<0.001

)m

6oyevo0g 6rox0;rovolg rov 6oxrl.roouilv roX0og ou-
tdrv xo0'eoutilv. H doqoq ro:v l.rutirv prnope[ vo opt-
oOe( oov 11 npoondOero, exoUoro rl rulo(o pe oxon6
rrlv peAr(oon qq Uu'rxiq l,erroupy[og.

A-B
r+4'3

Sniff Pdi (KoA0repeq rlpept|o'eq F6oeq rrFeq)

,a

+70

+60
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+ lr0

E *30
tr
(.)

= +?0

s
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0

3 pflveg Xopiq
6ox4o4

vrlrono(1oq geyoAUrepou oprOporj puixri:v rvcbv oe
nAo[oro n16 onorel,eogorrxo0 rp6nou otionooqg e(vor
ovopgropflrrpo ev6oyev6g ;r6pog rqg dorrloqg. H ex-
Ud0non rou ndrg vo exretro0vtor or 6oxr1.roo(eg pu'rxrjg
roX0og gnope( vo enrte(ver ro onorel,6oporo rou npo-
ypdUUoroq qg doxrlo4g exr6g ov ro dropo e(vor ntrrl-
ptoq Ktrr ouyxpiorgo efooxq;r6vo orouq Xerpro;rorlg
rqg 6oxrpoofog.

I'ourrj q peA6rr1, 3 opd6eg gerp{oecov exrel,6orq-
xov rord rq 6rdpxero 7 qpepcirv nprv on6 qv 6vop[4
t4g doxrlorlg, cilore vo npotrr1qOt't xd0e ororXe(o ppo-
Xunp60eoprlg exgdO4oqq, 6e6o;r6vou 6rr, xord r4v 6.-

vqpqn ro drogo e(Xov norxilq egnerpio rov Xerpr-
op<irv. O ;r5oog 6pog rorv 6e6og6vrov yto xdOe np6po
o'ourrl rnv nprv on6 qv doxloq nep(o6o nop6Xer o-
n66er[4 expdOqo4q. Tp(o on6 ro 4 dropto e(Xov oron-
otrxd o4povrtxrl oU(qoq qq Plmax on6 ulv npcilnl
;r6Xpr tqv rpiq qg6po rolv 6oxtgoouilv nprv qv dox4-
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on. Koe6q 6ev un{pXe onuovnKft dtoQopd peto[t]
qg Plmax 14 6e0repq xor rp(t4 np6po doxrpoo(og
(oro 3 on6 ro 4 dropo) 0e<opf10qxe, 6Tr, e(Xe entreu-
XOe( enrn66cooq (plateau). To dropo 4 nopouo(ooe ou-
veXt(6gevr1 en(6poo1 exUd0nonq oulv exr6)\eorl rov
yerptol.rtilv qq PEmax nprv rrlv doxqorl xot 6tot oup-
nlflpooe doxrpoo(o xotd tqv t5toprq np6po tbote vo
eqoooolroee( 6u n enrn66oorl (plateau) exp60r1o1g
e(Xe entteuX0ef nprv or'r4v 6vopfq qq doxnonq. Ie
ovr(Oeor1 6ev unrlpXe oQeoluoQovflq t6or1 expd0q-
onq ornv snift Pdi ornv nptv r1v doxrlorl nep(o6o.
Ilpoxerp6vou vo Urlv oupneprArl<)0e( xogUio on6 rtg e-

nrdpdoerg exUd0nonq ornv EpUnveio tr;g doxrloqg, ot
rrg6g nou Xp4orponort'l0rlxov orlv ovdl,uorl rtrlv Uerct-
potrrbv qq roX0og xo0ev6q or6prou npo6p;lovtov on6
rqv on66oon rnq xotrrireprlg tou/rr1q nU6poq on6 xd-
0e gro rcov nepr66orv A, B xor C (l-l(voxoq 2).

To 6e6op6vo pog 6ror unodqAdrvouv 6tt gerpfoetg
orogortxcirv nt6oeov (eronveuoux6v xot eKnveuort-
xdlv) enqped(ovtor on6 ppoXunp60eoltn exgdOqo4,
oe ovr(Oeor1 ge dtrAeg prel6reg. Or Black xor HyattT xot
Cook xqr ouv.26 e(6rooov rnv 6toxrigovoq ottq perprl-
oerq orogorrxrilv nr6oeov xotd rqv drdpreto 2 - 3 nUe-
pri:v xor oupn6povov 6rr q en[6poon rnq 9poXunp60e-
opqg ex;rdOr;oqg {rov gqdoptvtl. H reAtxtl oUd6q Ue-
rprloeov 6nlo6t1 exe(veq nou 6ytvov Uetd on6 3 Ut1-
veg Xop(q neporr6pco doxrloq, pnopo0oov en(o4g vo
eiXov enqpeooOe( on6 qv exgd0qorl. Metpfloetq ex-
nveuorrxtilv otopottxcbv nt6oecov nou 6ytvov Kor'ctu-
r6v rov Xp6vo rlrov orlpovuxd ou[q;r6veq oe 2 dtopo,
oe o0yxproq ge rrq nr6oerq nou petp40qxov op6otrlg
perd to n6pog rrlg doqoqg. H nptoxpoXp6vto, expd-
0qor1 pnope( vo nop6Xer eppqve(o ourlq rnq o0En-
or1g. EvoAAoxnxd ouveXr(6gevr1 doxrlorl pnope( vo ei
Xe ouUpei. E(vor yvroot6 6tt ptxpo0 poOgo0 doxrlorl
e(vor onopo[rr1q yro rnv dronlpnorl rov ou[floeolv
qg rox0og2u. Optoq dyrvov npoond0eteg 6torqprloe-
toq rnq neport6por doxnonq oto eldXtotov xot ro dto-
go onoxl,e[o0qxov qn6 rou vo exreAo0v oXettxo0g
Xerpro;rofg xord rlv 6rdpxero tcov 3 gqvriv flou Beoo-
)\dp11oov.

Mro dilrn epgrlveio e[vor or out6poteg dtoxupdv-
oerq ornv puixrj roX0. Aur6g 6Xouv ovoyvroptoOe( e-

nopxrilg: Or Darcus xor Suller2l 6q;roo(euoov orlUovrt-
x6g 6roxu;rdvoerq orrq petp{oetg tr1q [eyiornq toX0og
rov pucirv rolv dxporv oe 6rorpopetrx6q nU6peq 6oxtpo-
o[og oe xdOe 6vo 6togo. Iugn6povov 6rt p6pog ouulg
qg 6rox0povorlq oqeA6rov orrl6uoxotr(q ex g6poug
rou or6pou oro vcr yvorpi(er n6re out6g t1 ouri e(Xe
<D0doer rqv p6yroq en(6ooq 6norq xor 6roxupdvoetg
orlv enr0ug(q rov or6pcov vo ooxfloouv tov eout6
roug ntrrlpog. Or Mungall xqr Hainsworth2T og.roicog no-
porflprloov orlgovrrx6g droxu;rdvoerg oe np6runeq
6oxr1.roo(eg qvonveuorrKflq Aetroupy(oq xor unog6yr-
oreg 6oxrgoo(eg doxqoqq oe oto0epoUg oo0eve(g pe

Xp6vro on6<ppo[4 rtov oepoyoyrbv. EUe(q ppflxope 16-

roto droxUpqvorl oe <puotoloyrxd dropo Ue uqJnIoU
poO;ro0 evepyono(qoq oe nep(o6o 4112;t4vcilv, npdy-
Uq rou uno6rltrdlvet 6'rr 11 out6porq 6tox0povoq e(vot
ox6gq 6vog nopdyovroq rou neprnA6xet tr1v ep[n-
ve(q rov npoypoUpdtrov doxqorlg.

H evepyonoirlorl rou or6gou goAov6tr roAd ovo-
yvroprop6vq e[vor nol,O 6rioxo)\o vo etreyX0e(. Ot lkai

xqr Steinhaus2s np6retvov 6tt 11 npoygottxrl txov6rl-
ro roX0og, nou e{oprdror qn6 rrlv 6o;tt] Kot rrlv 0uoto'
Aoyrxrl xordorooq rtrlv exreAo0vtcov putbv 6ev pnopei
vo xoOoprore( A6yto <puotoloytxtilv nopoy6vtov nou
neprop((ouv u1v on66oor1. Oeope(tot 6tt t1 6oxr1or1
gnope(, oe xdnoro po0p6, vo eAondloet ttq <puoto)\o'
yrx6g ovoordrtrx6g otrlntrent6pdoetg geto(0 6to'
veupcovrxrirv o6cilv pe onor6l,eogo geyoA0repq xtvrl-
ronolqor1 xrvqtrxrilv povddtrlv xot 6tot qv ovdntu[r1
Ueyotr0repng ro10og. Arogtx6g ovronoxp(oetg ot4v 6'
oKnon unopo0v tog 6vo po0pt6 vo qvrovoKtro0v rov
po0U6 orov ono(o or ovqorqAttx6q ent6pdoetq Uno'
po0v vo unepnldr;0o0v. Otro ro dtogo ouppetei;1ove-
Oetrovrrxd orrlv pel6rq xot {rov evepyonotrlp6vo oe
uqrnAd 9q0U6. Ev0oppUv0nKov orlgovrtxd drote vq e-

xretro0v oro g6yroro en(ne66 rouq oe xdOe lg6po 6o-
xrl.roo(og xor enrnl,6ov 11 ontrxt'1 onetx6vtorl Trlg ent-
ruyXov6pevqg nieorlg nope(Xe oto 6topo o(o01go 6rt
xor6p0cove xdn. O po0p6g qg doxqoqg nou enete0-
XOq on6 xd0e dro;ro ;rnope( vo unoornptXge( 6rt ontrd
ovrrKoronrp((er ro en(ne6o evepyonoirlo{g tou/rr1q.

Evo drogo EvepyonornU6vo oe peyolUtepo po0g6

;rnope( oe xd0e nU6po 6oxtgooiog vq ono6(6et oe u-
qrnl6repo noooor6 tou f1 tqg npoyliottxt'1q txov6r4-
rag roX0og xqr 6ror gnope( vo ovog6verot 6tt 0q o-
oxe(ror nro onoteleopotrxd. ,AU[r1ort rqq to1Ooq gno-
pe( vo npoo6oxdrqt vq e(vor opiotq oqv opd6o out{.

Meprxd dro;ro noponov60qKov yto 6uodpeoto (ov
6Xr oopopd) oupnrdlporo xotd tr1 6tdpxeto rnq doxn-
oqg. A(o0qoq rov xopdtoxcirv oq0feov oto reQdlt
(throbbing) xord rrlv ext6Aeoq exnveuottxtilv Xetpt-
o;ubv xor ner6Xereg yUprrl on6 to Xehto 6ev flrov oou-
vriOroro euprlporo. Autd pnope[ vo e(Xov ovqototrtt-
xrl en(6poon oro vo enrteuX0e( n UeY(otn on66ooq. O
Graig2s 0eope( 6tr ovootol,rl tov p6ytottov eKnveu'
orrxdrv npoono0er6v 6rov 6ev undpXet x(vqorl o6pog
Kqr qv ro dropo tltov txov6 vo 6toxtvrloet o6po Kot vo
;reropdAAer tov 6yxo rou nve6povo xotd qV 6tdp-
xero xdOe 1erpro1.rori, q nieorl 0o {rov nto nt0ov6v vo
e(vor pey(otr1. H otoportxfl ouoxeuf flou Xpnotgonot'
riOqxe xord qv doxrlol 6ev en6tpene pofl o6po, go-
Aov6rt 1 p6rprloq tov ;t6ytottov orogortxdlv nt6oecrrv
oupnepr6)\o9e Urxpd 6roQuVrl o6po8.

H rox0q rou droQpdygoroq exrtp{Or1xe on6 rrlv Ue'
y(oq sniff Pdi q ono(o 6Xet neptypooe( oov oxptp{g
Kor ovonopoy6yrgn yto rnv nooottxfl exr(pqor1 rrlq t-

oxUoq rou 6ro<ppdygorogT'30. Or poorx6g [erprloetq
nprv on'rqv doxqorl enrpepouilvouv 6rt e(vqt oe uqJn-

tr6 poOU6 ovonopoyrilytUrl oe outd ro drogo, Xtop(q o-
n66erEn 9poxunpo06opoq oe ovt(Oeoq npoq rtq oro-
;ronx6g nr6oerg. H exr(pr1or1 rlq roX0og rou 6toqp6y-
goroq op6ocoq Uero rrg 5 ep6op66eq doxnonq rtov o-
vonveuorrxcilv l.rurirv nopouo[ooe gtxpt] geropoltl (U6-

oq o0[qo4 4.3%) xor rltov grxp6reprl on6 qv oU[4or1
ornv eronveuorrxrl gu'rxrl roX0 (g6on o0€non 13.7%).
Or tr6yor yro rrq ;lxp6g ouEtoetq qq to10og tou 6to-
Qpdyuoroq 6ev e(vor [exdoopot. E(vot 6uvqr6 6rt ro
drdrDpoyUo e(vot rl6q oe uqrn^6 pogu6 uooxnU6vo, oe
<puoro)\oytxd dtopro Ue u(rnl5q opltx6q 9ootx6q rtg6q
xor tr(yo pnope[ vo npooteOe( npotoO vo entreuX0eI 11

neproprorrxfl roXrig. Arontotcir0rlxe 6tt to dtogo exre-
trorloov eronveuorrKi doxnon pe np6o0to KdUtltn rnq
onov6uArxrlg on1)rnq evcir e{6nveov npoq rov RV, evdl

(l-
<t.
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orrlv ouv6xeto n U6yrorn eronvon ouv6uq(6rov Ue 6-
Kroon rnq onov6uArKrlg orrlAng rpoq Kq0rorrl 06on
pe 6p0ro 06o4 qg ntrdr1g oe eKoeonUoopr6vo Fo0U6.
Or orepvoxtrerdopooroerde(g puq npoe(Xov 6vrovo
Kor oe 6tro ro drogo noporqprlOrlxe 6uo16pero (n6-

yoq) o'ouro6g rouq UUq oe xdnoro ord6ro xord 14
6rdpxero qg doxrlor;q Kor rnq 6oxrpoo(og. Kord rqv
6rdpxero rnq etonveuorrxrig dox4orlg enop6vorq, noA-
tro( Uuq xrvrlronorfl0nKqv Kor 11 ouppetoX{ eee6prK6v
gutilv rltov eKoeorlUooU6vq. H doxqoq pnopei vo e(Xe
xoreuOuv0e( npog rouq eQe6prxorjg 969 (nr0ovdrq oq-
povlxd 1og4tr6repo on'rnv neptoptotrxrl ro10 oe qu-
oroAoyrxd droUq) pdtrAov nopd oro 6rdepoygo.

Iu pnepoogouxd ou (rloetq orrlv ovonveuorrxrl gu[-
xtl ro10 oe rluorol,oyrxd dro;ro ge 6oxr1or1 6ev e(vor
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'Arund puxo$oKrnpfdru ornv EAAodq: npdrq
Qoon peAfiqq

f.E. AooxoAdnoulog xor Z.H. KcovoravrfinouAog

EI>ATOTH

To drunq puxopoxtqpi6ra (AM) (non tuberculous
mycobacteria) ev6roq6pouv t6ro(repo qv Etrtrd6o yro
60o xup(alg tr6youg. O npdrrog e(vor 6rt r; qu;ror(ooq
onoretre( ox6;r4 orlgovrrx6 np6pAqpo orov r6no pogl
xor 6nog e(vor yvoor6, o 6e(xrr1g proArjvoeog;re AM e-
nrlped(er 16oo t4v 6royvrrlorrxf o[(o rqg euporrvoov-
trdpdoeoq Mantoux 6oo xor rnv npoeuAoxrrxrl o[(o
rou qvrrQuporrxorj egpotriou BCG. 'Erot 6rov oe 6vov
t6no o 6eixr4g our6g etvor ur.fr1tr6g, qu;lorrvoovr(-
6pooq 5-9 mm Seope(ror 6rr o<peiLeror xup(rog oe AM
evcil ov e(vor Xoprqtr6g oe pruxopoxr4p(6to euUqrr6oe-
olg (m.tb)'. En(or1g 6tqv o 6e(xqg protrrivoeog Ue AM
e[vot ur.Ur1tr6g, o nl,40uog6g 6Xer Ueprxrl ovoo(o orrlv
QuUor[trlon xor ouvenrbq eUpotrtqoU6g pe BCG 6ev
nnpoo06rer, qvoo(o oe orlUovrrK6 poOp63. O 6erire-
pog A6yoq e[vor 6u n yetoypoelx{ 6rop6pr}oon rnq
ELAd6og euvoe( rrlv ovdnru(rlAM. Qg yvolr6v ro AM
6ev gero6(6ovror on6 dv0pono oe dvOpcono oAld ;re
etonvofl oroyov16(rov nou npo6pXovror getofrj d,\Aov
xor on6 11 0d,\oooo rl tr(prvega. 'Eror 11 EtrAd6o ;re ro
XrAtddeg XrAt6;rerpo qxr6v (orog onoreAe( np6o<popo
66oqoq.

l-ro rouq nopondvo A6youg 0e<op{oogeox6nrgo vo
eL6yfoupe ro 6eixr4 goA0voeoq oe AM oe 6vo 6oo ro
6uvor6v peyoA0tepo opr0p6 v6rov or6puov. fxon6g
proq flrov: g vo dronrorrboouge n6oo ouXvf eivor 11 p6-
)ruvol ge AM orqv EAAd6o, rt) nor6 AM e(vor to ouXv6-
repo Kor rrg n6oo enqped(ouv rq AM rnv euUonvoov-
ti6poor1. H npdlrq qdorl qg ge)\6rr;g our{g nopouord-
(eror nopoxdrro,

llveupovoAoytx6 Tyfiya Top6a llo0oAoyiag, larymfiq
ZyoAfiq lonwivtttv
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YAIKO - MEOOAOI

Ze 14.282 dv6peq rcov Ev6nl,ov Auvdpeov r;fux[og
18-35 (p.r. 22.6) 6yrvuv 6eppoovr(6poo4 qugorivqg
(ge PPD-RT 23, lnst. Patseur) xot p(o on6 nq qx6l,ou-
Oeg deppoovrrdpdoerg yto AM (Statens, Serum ln-
stitut, Copenhagen): . PPD-G (Gause = m. scrof ula-
ceuml oe 4973, PPD-B (Battey = m. intracellulare) oe
2777, PPD-Y (m. Kansasiil oe 2776 xor PPD-A (m. a-
vium) ot 3756. Ie xdOe dtopro eviero 0.1 ml PPD-RT 23
oro 6vo ovrrppdXro xor 0,1 ml PPD- drunou oro dAlo
on6 6vov rov ouyypo<p6crrv (l-.A.). Ie 508 dtopo 6yr-
vov Kor or 5 depptoovrr6pdoerg. H o[ro)\6yqorl rou o-
noreA6opotog yrv6tov on6 6vov rorv ouyypoQ6,tov
(l-.A.) ruqld. I-lpoqyoUpevn U6luvon ge m.tb (O)11 dru-
no (A) op(ornKe toq eEnS (10 = 10 mm oxAnp(o):

O>10)A(10 = O
O>10>A)10 = O +/tlA.
o>10<A)t0 = o +/rlA.
O=5-9)A=O
O=5-9(A=A
O)5(A)5 = A

-Av A>5 - g6luvorl Ue ro enrKpordotepo

ANOTEAE:MATA

Me pdoq ro npo4yorlpevo, on6 rq 4973 dro;ro nou
6xovov PPD-RT 23 xor PPD-G: 't5,5% 0eopflOnxe 6rr
e(Xov npoqyo0pevrg p6luvol ge m.tb xor 8,070 pe m.
scrofulaceum. An6 2777 nou 6xovov PPD-RT 23 xor

1.

2.
3.
4.
5.
6.

NEPINHqJH

2e 14.282 6v6peg rtuv Ev6nAov Auv6peov 6yrve 6Aeyyoq unepeuotoOrloiog oe 6runo puxopo.
rrqpi6ro pe yt6 on6 ng 6eppoow6p6oerg PPD-B (m. intracellulare), PPD.G (m. scrolutaceum),
PPD'Y (m. Kansasii) xor PPD.A (m. avium).Ie 6trouq 6yrve xor PPD.RT 23 (m.tb) evrir oe 508 6yr.
vov Kot ol 5. An6 roug 4973 dvdpeg nou eA6y10r1Kov ye PPD.G 8.0yo eiyov npo4yotpevq y6Auv-
04 Ue rn. scrolulaceum. To ovriororyo noooor6 yro m. intracellulare, rn, Kansasii xol m. avium
llrov 1,87o, 0,3670 ror 1,97o, evdr o 6eirr4q potrOvoeorg ye m.tb (ppD-RT 29>10 mm) rirov 11,4o/o.
T6Aoq, on6 323 eferooO6vreq pe PPD-G xor PPD-RT 23, ;re owl6p6oerg PPD.RT 23 5-9 mm or 233
(72,2o/ol0eoprlO4xe 6n ei;1ov npo4yo0pevrl p6Auvorl pe m.tb xot y6vo27,goh ye6runo. To ono.
reA6oyoro our6 deilvouv 6rl: r) o delrr4g poA0voeoq pe 6runo yuxoporr4pidro oe vtn 6ropo
or4v EAA66o eivot 8.10olo ye ou;1v6repo ro m. scrolulaceum xol 6n ll) 4 nAeror!4eio rov nolrqi.
potrrov" Ouyorrvoovn6p6oeorv oeeiAeror oro m.tb xot 6;1r oe 6runo.
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PPD-B: 16,3oh e(Xov m.tb xot 1,87o m. intracellulare.
An6 2776 nou 6xovov PPD-RT 23 xor PPD-Y: 16,0% eC

Xov m.tb xor 0,3570 m. Kansasiixor on6 3756 nou 6xq-
vov PPD-A: 17,5oh eiXov npoqyoOpevq p6truvoq ge
m.tb rot 1,970 pe m.avium.

An6 ro 508 dtopo nou drovov Kql rrq 5 6eppoovrr-
6pdoerg, 94 (18,5%) e(Xov routrdxrorov p[o 6eppoov-
r(6pooq yro 6runo ) S mm. An6 ourofq, 48 (5'loh) ei-
Xov peyotr0repn rnv PPD-G, 21 (22%) qv PPD-B, 13
(14%) rrtv PPD-Y xot 12 (13%)rqv PPD-A. H PPD-G 6ev
t]rov pr6vo q ouXv6reprl 0eux{ deppoovri6pooq oAtrd
fltov Oerrxrl xor 6rov ovr[6poo4 yro dtrtro druno flrov
UeyotrUtepn. 'Eror, 70194 (74,4oh) ourcilv nou e(Xov xd-
noro 6eppoovt(6poor1 oe AM 0enxr1, eiXov PPD-G )5
mm. Av eforpe0oUv ouro( nou 0eop{Onxe 6rr e[Xov
nporlyoOgevl g6truvo4 pe m.tb r6re 36/45 (80%)eiXov
Oelxr1 PPD-G.

O deixqg poArivoeog (rl 6ro;rotrOvoeog) on6 m.tb 4-
rov 11.4oh Ue B6on ro dro;ro nou e(Xov Mantoux )'10
mm.

An6 to dropo nou 6xovov PPD-RT 23 xot PPD-G,
561 e(Xov PPD-RT 23>r-10 mm. An6 our6,27 (4,8%) |
o<rlg e[Xov ;r6Auvol pe AM oQo0 n owidpool Ue PPD-
G 1rov rouA6Xrorov 5 mm peyoA0repq on6 6,tr pe
PPD-RT 23. 'Atrtro 323 dtogo qq oUddoq ourlg e[Xov
PPD-RT 23 5-9 mm. An6 ourd, 233 (72,2%l e(Xov geyo-
lOtep4 ovr(6poor1 or4v PPD-FlT 23 xor OeoprlOlxe 6tr
e[Xov npo4yoOpevrl pr6],uvoq ;re m.tb xor ;r6vo 90
(27,8o/o) efXov peyotrUtep4 ovr(6pqorl orrlv PPD-G xqr
0eopiOnxe 6rt e[Xov nporlyofgevrl p6truvoq pre m.
scrof ulaceum.

:YZHTH>H

To dtuno puxoBorrrlp(6ro (o nr6 ocoor6g 6pog eC
vor: Un <pu1.ronrir6r1, non-tuberculous) ovo;rdorqxov 6-
tor enet6rl, ev<il e(vor 1-ruxopoxrqp(6ro, 6ev 61ouv roug
tunrxo0g Xoporrrlpeg tou guxopoxrrlp[6rou rnq 0u-
llotui:oeer:g (m.tb). 'Eror, 6ncog ovqQ6penKe, gero6(-
dovtor pe eronvorl oroyovrS(tov aAAd 6Xt on6 dv0pro-
no oe dvOpcono. IlpooBdAAouv roug nve0poveg oAtrd
ouvrlOrog nr6 66oxolq rqr nr6 {nro on6 ro m.tb. Avr[-
0eto, 0eponeOovror noA0 6uoxoA6repo rl xor xo06-
i,ou pe ro undpXovrq ovnQuUqrrKd QdpUoKo. T6trog,
npoopdAAouv nr6 ouXvd on6 ro m.tb 66ppo xor
tregqo66veg5.

Tq AM 6Xouv rdrpo XqpqKrnpro0e[ rxovonor4rrxd
xqr 6ev e[goore ovoyxoop6vor vo XpnorponoroUpe
rqv xord Runyon ro{rv6;r4or1 oe 0oroxpo1.roy6vo,
oKoroxpotloy6vo xtrn. oAtrd ro 6vopo rdOe AM. To
oll.rovtrx6tepo no0oy6vcr yro rov dvOpono AM e(vor
to m. avium, m. intracellulare, m. scrofulaceum (xor
ro tp(o ;ro(( onopr((ouv ro MAIS complex, 6xouv noA-
A6q xorv6g r6r6rlreg, xorvd ovnyovrxd ororXe(o xor
xorv6 yvtilptoUo, rnv UeVdtrn 6uoxol,[o 0epone(oq ge
ovr.QuUqflKd Q6pUoKo) Kor ro rn. Kansasii nou oepo-
neUetor Ue ovnQugouxd <pdp;roxo xor 6Xer xorvd, ov-
try6vo r6[cog, ororXe(o pe ro m.tb.

O0re n ouXv6tlto rov rrveuUovrxrilv ],or1.rcb(eov o-
n6 AM otire q ouXv6rqro poArivoeog qn6 ourd oe 6rd-
Qopeq neproX6g rou x6o;rou e(vor ooq6g xo0oprog6-
veq. 'Eror Oeope(tor 6rr owrnpoo@ne0ouv on6 1oh
tog 15% rrov vooorivrov qn6 UUKopoKrnp(6rq6. O 6e(-

xqg gotrrjvoeo4 eivor notrri eqA6g otrg NA noArre(eg
rrrrv HIIA (dvrr: rou 70oh otq neprox6q qg OArilptdoq,
l-eopyiog x.d.)4, ev6 opXrxd onoreA6oporo peA6,rrlg
oe 13 Xcilpeg r4g Eupcirnlg 6e(Xvouv en(or1q 6rr e(vqr
ouXv6repo oe nopdtrreg X6peq pe e0rporo xA[;ro7, 6-
ntoq or NA nol,rre(eg rov HIIA qtrtrd xor 1 EtrAd6o.

Irov eAl,rlvrx6 Xrirpo ro np6pAlgo rolv AM 6repeu-
vt'1oqxe yro npdlrq oopd on6 rov Aqgox6noutro ro
19708. El6yX0rlxov 3555 otpoucirteq ge PPD-G xor
pp604xe g6Auvoq ge m. scrofulaceum oe 5,870 evdl
25,0oh e(Xov npo4yoOpevl ;r6Auvoq pe m.tb. 'ALAo
AM 6ev etr6y10qxov. AUo epyoofeg ndvo oro 06po 6-

Xer xdver xor o Opor6noutroge,10. To 1971 e)r6yX04xov
1082 9o011169 on6 rrlv K6pxupo Kor rrlv 'Hnerpo ge
PPD-A, B xor Y xor pp60qxe ;r6Auvor1 oe 5,5o ,11,6oh
xor 1,0%o ovr(otorXo. PPD-G 6ev e(Xe y[ver. To 1974 6,-

yrve PPD-G oe 294 ;ro01169 trlg K6vrrooq xot 27,Soh
ourcirv ovr66pooov 0etrxd. To onorei6ogoro rov ep-
yoor<ilv rou Opor6noul,ou, enet6f ovo<pdpovtor oe o-
prop6vrl neproXrl xor 61t o' otr6xA1po rov ei,i,1vrx6
Xrilpo, e[vor drioxotro vo ouyxpr0o0v ge ro 6rxd ;rog.
fOyxprol pnopei vo y(ver ge ourd rou Ar1;rox6nou-
Lou. Kor' opxiv q eniloyrl rou vo Xp4otgonor{oer
PPD-G rlrov otoorfl, oQo0 6noq eq(veror oq 6rxrl prog
epyoo(o ro m. scrofulaceum xor ro nr6 ouXv6 AM e(-
vor Kor 6Xet drooroupo0pevq ovooio pe ro dltro. To
noooor6 tou (5,8%) 6ev 6ro<p6per noA0 on6 ro 6rx6
prog (8,0%). Avr[Oero, undpXer UeVdAn 6roqopd oro
6e(xrq goA0voeog ge m.tb an6 25oh oe 11,4oh. H 6ro-
rDopd ourn 6e[Xver 6rr evdl q ;r6Auvoq pre m.tb uno6r-
nAoordorlre orrlv EAAd6q on6 ro 1970 rog or1;repo,4
;r6Auvoq pe AM 6Xr pr6vo 6e perdlOqxe oAid e(Xe xor
Utxpn oU[rlo1. Aur6 6ev eivor nep(epyo ov ovoAoyr-
o0e( xove(g rtq 6lo0op6q orov rp6no gero66oecog.
Iq Quprorirooq 6nou xripro nqyrl pero66oeog e(vor o
oo0evfg ge rpuproriroon nou 6ev xdver Oepone(o, r1

;re(oor1 rou oprOgo0 ttov or6prcov ourdlv e(vor, o xoArj-
repog rp6nog yro pe(<rlo1 tou npopAflporoq. To AM 6-
gog 6ev pero6(6ovtor on6 dv8prono oe dv0prono. 'E-
ror pe[oor; rou 6e[xr4 l.rotrrivoe<og on6 AM 6ev npo-
pA6neror xor pnope[ ro guxopoxrnp(6ro ourd vo ono-
reA6oouv np6ptr4pro oXetrxd orlgovtrx6 6rov peroOe(
notrf o 6e[xrqg po],rlvoecog pre m.tb.

Merd ro opXrxd ourd onorel,6oporo onoeoo(oope
vo ouveX(ooupe UE PPD-G npoxerp6vou vo dronrorcrr-
0e( oe geyoAUrepo opr0p6 o 6e(xqg poArivoeog xo-
0rig xor q ruX6v 6roqopd rou 6e(xn1 ovdgeoo oe ro-
pdtrro xor opetvd Xcoprd. 'EXou;re opXioer ev rco UEro-
EU UeA6rn ooOevdlv nou voorll,eOovror pe qu;ror(oorl
yr.o vo e[oxprprboouge n6oot on6 outo0g 6Xouv Ao(-
UoEn on6 AM. Eni rou nop6vrog ro xupr6repo npoKrr-
x6 oupn6poopo rnq epyoo[og outflq e(vor 6u o;rqipo-
Arl PPD (5-9 mm)yro rrlv EAtrddo orlpepo, or1;ro(ver rrq
neproo6repeq 0op6q qupor(oor1 xor 6Xr AM.
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Non-tu berculous mycobacteria in Greece; a
preliminary report

G,E Dascalopoulos and S,H. Gonstantopoulas

SUMMARY

Skin hypersensitivity to non.tuberculous rnycobacteria (NTMB) was evaluatedin 14.282 recruits
ol the Hellenic Armed Forces using one ol the following sensitins; PPD-B (m. intracellulare),
PPD.G (m. scrofulaceum), PPD-Y (m. Kansasii and PPD-A (m. avium). All recruits had also PPD-
RT 23 (m. tuberculosis) while all 5 skin tests were perlormod in 508. From 4973 who were evalua"
ted with PPD.G 8.0% had positive reaction suggesting previous inlection with m. scrofulaceum.
The reipective numbers were 1.87o Ior m. intracellulare,0.36% lor m. Kansasii and 1.97o for m.
avium. The tubercuiosis inlection rate (PPD-RT B>0 mm) was 11.4o/o. Ol those who had PPD-

RT 23 reaction 5-9 mm 2331323 (72.2o/ol were considered having previous infection with m.tb and
only 27.$oh with NTMB. Our results suggest that i) the rate ol previous infection with NTMB in
youngadults inGreece is 8.0.10.0%, ii) the commonest NTMB is m. scrolulaceum, iii) skin reac.
tion to PPD-RT 23 between 5-9 mm in Greece should be considered most likely a result ol pre.
vi6us inlectionwith m.tb and not NTMB.

PNEUMON (1988) 1 :1 79'181

INTRODUCTION

Non-tuberculous mycobacteria (NTMB) are of interest
for Greece mainly for two reasons. The first is that
there is still a tuberculosis problem in Greecel and it
is well known that the incidence of NTMB influences
both the diagnostic value of tuberculin sensitivity and
the prophylactic value of BCG vaccination. Thus, in
areas with high NTMB infection rate, tuberculin reac-
tions between 5-9 mm are considered a result of
NTMB rather than m.tb2. Also since NTMB induce a
partidl immunity against the more virulent m.tb the
role of BCG is weakened3' The second reason is that
the geography of Greece with its thousands of miles
of coastline favors NTMB. These organisms are not

transmitted from person to person but rather via
droplets originating in water reservoirs like the see
and lakesl. Greece could be an ideal place for them'

For all above reasons we considered that a study
should be made to evaluate i) how frequent NTMB in-

fection is in Greece, ii) which NTMB predominates
and iii) how NTMB affect tuberculin skin hypersen-
sitivity. The preliminary results of this study are
presented.

Department ol Medicine, Pulmonary Section, loan'

nina Medical School

MATERIAL. METHODS

Delayed hypersenstivity to different NTMB was

evaluaied in 14.282 recruits of the Hellenic Armed
Forces using PPD-RT 23 (m. tuberculosis) (lnstitut
Pasteur) PPD-G (Gause = m. scrofulaceum) PPD-B

(Battey - m. intracellulare) PPD-Y (m. Kansasii) and
PPD-A (m. avium) (Statens Serum lnstitut,
Kopenhagen). PPD-RT 23 was used in all14.282PPD-
G in 4973, PPD-B in 2777, PPD-Y in 2776, PPD-A in

3756 while 508 recruits had all 5 skin tests. The skin
test reaction wa performed and evaluated blindly by

one of the authors (GD).

Previous infection from m.tb or NTMB was defined
as follows (10 = 10 mm induralion).
1. PPD-RT 23>10 >NTMB<0 - m.tb
2. ,, X0) ,, )10 - m.tb +/or NTMB.
5. , >O< , >10 = m.tb +/or NTMB*

4.
5.

, 5-9 > NTMB - m.tb

" 5-9 < NTIAA - NTMB
6. , (5< NTMBs = NTMB

*lf difference)5mm = infection only from the predominant



RESULTS

ln accordance to our definition of previous infec-
tion from 4973 recruits who were tested with ppD-G
and PPD-RT 23, 15.5o/o had previous infection with
m.tb and 8.0%.with m. scrofulaceurq. From 2lll who
were tested with PPD-B and RT 2316.30/o had m.tb and
1.8o/o m. intracellulare. From 2776wilh ppD-y and RT
23,16.00/0 had m.tb and 0.36% m. Kansasii. From 3756
with PPD-A and RT 23175% had previous m.tb infec.
tion and 1.9% m. avium.

From 508 recruits who had alt skin tests 94 (18.5%)
had at least one NTMB skin test positive>J 5 mm).
From those, 48/94 (51%) had larger reaction to ppD-G,
21 (22%l to PPD-B, 13 (14%) to ppD-y and 12 (13%) ro
PPD-A. Furthermore, PPD-G was positive often when
another NTMB skin test was larger. Thus, 70/g4
(74.4%) from those with any NTMB skin reaction)S
mm, had positive PPD-G. lf one excludes those con-
sidered to have previous m.tb infection 36/a5 (g0%)
had positive PPD-G.

The m.tb infection rate, as judged by the percent of
recruits with PPD-RT 23>)O mm was 11.4%.

From the recruits tested with ppD-G and ppD-RT 23
561 had PPD-RT 23>/10 mm. Twenty seven of them
(4.8%) might have had previous NTMB infection since
PPD-G reaction was)5 mm larger than ppD-RT 23.
Another 323 from this group had ppD-RT 28 reaction
between 5-9 mm. Of those, 2gg (72.2%) had targer
reaction to PPD-RT 23 and were considered to have
had previous infection with m.tb and onty 90 (27.9%)
had larger reaction to PPD-G and were thought to
have previous infection with m.scrofulaceum.

DISCUSSION

Non-tuberculous mycobacteria are also called
"atypical, mycobacteria because although they are
mycobacteria they do not have the typical features of
mycobacteri um tu berculosi s. Tfi us, althou gh, they are
transmitted via inhaled droplets person-to-person
transmission has never been documented. They af-
fect the lungs but overt disease is more difficult and
more subtle than with m.tb. On the other hand when
established it is very difficult to eradicate with the
usual antituberculosis regimen. Finally, they affect
lymphnodes andskin morefrequenily thah m.tb doess.

NTMB are now characterized satisfactorily and we
do not have to use the Runyon classif ication
(photochromogens, scotochromogens, etc), but the
name of each NTMB. The most important human
pathogens are m. avium, m. intracellulare, m.
scrofulaceum (MAIS complex) and m. Kansasii. The
MAIS complex NTMB have common clinical and im-
munologic features and are extremely resistant to the
utual antituberculous regimens. M. Kansasii shares
many common features with m.tb and is treated
satisfactorily with the usual anti-tb regimens.

NTMB represent a worldwide probrem whose rna-
gnitude is not well established. Thus they may repre-
sent 1% to 15oh of mycobacterial overt diseaseo. The
infection rate with NTMB is very high in the Southeast
US, while a preliminary repori from Europe demorr-
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strates also that countries with a coast line and rno-
derate latitude like the Southeast US, but also like
Greece, have increased infection rate with NTM87.

The problem of NTMB in Greece was first address_
ed by Demakopoulos in 19708. He examined 3555
recruits with PPD-G and found that 5.g% reacted
positively, while 25oh reacted to ppD-RT 23. Sensitivi-
ty^to other NTMB was not evaluated. Oreopoulos et
ale'10 addressed the issue in 1971 and 1974. ln 1911
they evaluated 1082 pupils of Corfu and Epirus with
PPD-A, PPD-Band PPD-Yand found 5.5Vo,11.6% and
1.0% sensitivity respectively. PPD-G was not used. ln
1974 PPD-G was used in 297 pupils of Konitsa, Epirus
and 27.Soh reacted. These results of Oreopoulos et al
are not comparable with ours since they refer to a
lirnited geographic area. The results of
Demakopoulos are comparable though. The first com-
ment is that his use of PPD-G was a wise one, since
from our work it is clearly demonstrated that it is not
only the commonest but it also cross reacts with
other NTMB and is thus suitabte for evaluating the
NTMB problem as a whole. Demakopoulos' NMTB in-
fection rate (5.8%) does not differ significanily from
ours (8.0%). There is however a signif icant difference
in the m.tb sensitivity, which dropped from 25oh in
1970 to 11.4o/o today. This discrepancy is easy to ex-
plain when one considers the differences in transmis-
sion between NTMB and m.tb. Tuberculosis is
transmitted from person to person from the active
non-treated patients. Thus treatment of these pa-
tients will lead to decreased infection rate. NTMB are
not transmitted from person to person and thus their
infection rate is not predicted to drop. Therefore they
may in the future become a relatively significant pro-
blem when m.tb infection rate decreases.

After our preliminary results we decided that con-
tinuation of the project using only PPD-G is suitable
in order to determine mainly the geographic distribu-
tion of NTMB in relation to Greece's coast-line. We
have also started evaluating individuals with recent
active tuberculosis to evaluate if some of thern have
disease caused by NTMB. ln the meantime we think
that the main practical result from this project is that
PPD reactions between 5-9 mm in Greece are usually
caused by m.tb and not by NTMB.
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Ao0ya npoKoAoupevo an6 x6nao4
Nix7 I'eapyarou

EI:ATOTH

Ao0go npoxoAo0pevo on6 x6noorl (AK) e(vor pro
xordorool nou ovoQ6peror ornv o0Enon rqg ovr[-
orqonq rtov qepoytoy<irv nou oxoi,ou0e( rq oogortx1
doqoq oe geydtro noooor6 ooOpotrxrbv ooOevdlv.
Meprx6g 0op6q e(vor (ooq r1 povo6rxr; ex6f1troor1 qg
ooOportxfq 6rd0eonq. H npdrr4 ovoyvdrprorl rnq U-

nop[nq rou doO;-rorog xondroeog (AK)6yrve to 2o ur6-
vo n.X. 6rov o Apero(og 6ypoqe: nAv doxnon rl ro rp6-
EtUo n dtrtrq ovdAoyl epyooio 6uoxotreUouv rrlv crvo-
nvorl, t6te q xotdoroorl ourrl xol,e[rqr doO;ro". H d-
oKnon e[vor 6vo rxov6 prl ovoooAoytx6, Un QopuoKeu-
rrx6 ep60ropo nou npoKotrei doOpro xor onoreAe( 6vo
e(6oq BpoyXrxflg np6xtrrlonq yro rov 6AeyXo rrlq une-
povr16pootrx6rqrog rov qepoytoyriv 6nog q np6xAq-
on Ue roropivq r1 geroXotr(v41. To AK nopor4pe(ror
ouXv6repo oro nordrd L6yo rou u(.,nlo0 enrn66ou
otol.rortxrlg doxrlorlg oro ono[o unoBdtr)\ovror. Ave-
[dpqro 6prog, notr0 e0xotro gnope( vo npoxArl0e( oe
ev4trrxeg ooOeve(q. To ei6og r1g doxrloqg rou Xpnor-
gonore[ror ouvrlO<og yro epeuvrlnxorig oxono0g e[vor
rp6[rpro ndvo oe xu)rr6pevo tdnrlro pre xtr(or1 10-15%
on6 ro 66oqog xor roXUrr;ro 6 1tr9. rqv cbpo. H tunrx{
UopQn qg ondwqorlg e[vor gro g6rpro opXrx1 Bpoy-
lo6roorotrrl nou oxoAou0efror perd on6 10 i,enrd ne-
p(nou on6 eloQpd pr6Xpr oopoprl BpoyXoorioroon.
Merd ro r6trog qq doxqorlg ro AK+ unoXope[ oto-
6roxd ouvrl0oq oe'eouro0 (Erx. 1). H endvo6oq ornv
rpo rnq np6xi,1o1g xordorooq enrrei,e(ror oe 30 - 90
trenrd ovdl,oyo Ue rnv 6vraoq rou BpoyX6onooprou2.

To doOpo nou qvqnr0ooeror perd on6 x6noo1 no-
pouord(er ro [6ro XopoKrnprorrxd ge rrq ouUnroUqrr-
x6q e[dpoerg rrlq nd04or1g. YndpXer oU{r1oq rqg ovr(-
oroonq rov oepoyoycbv, rou unoAetn6gevou 6yxou
Kor rnq FRC xo0cilg xur eAdttooq qg erdrxrlq oyoyr-
p6qtog. H exnveuouKn pon xor q FEVI e[vor eAortor-
p6veg xor 11 ovroAAoyrl rrov oep[ov e(vor noOotroyrxr]
tr6yro qg xoxrlq xotovoprflg oeprogori.- orgdroolg.

Merd rqv unoXcbp4oq qg opXrxrlg ppoyXooriono-
onq oro AK, 40 - 50% rov ooO;rotrxriv 0o nopouord-
oouv gtxp6repq ovti6poon ov UnogA40o0v oe pro C

6roq 6woorlg doxrlol evt6g 1 drpoq (Erx. 2). Autrl q xo-
tdorooq e(vor yvtootrl oov ovep60rorog nep(o6og (re-
fractory period)3. Meprxo( epeuvrlt6g ovo<|6pouv 611 2
- 3 enovotrr'lqrerq oUvroUnq doxnonq dropxe(og ptoo0
i,entoU, fipo rou 6tr6nrou rpefi;rorog ndvco oe xuAr6-
pevo rdnrlro, gnope( ououo6rbg vo etrorr<iloer ro AKa.
Oncog e(vor yvroor6, or ooOgonxoi (ouv <puorotroyrxr]
(of, er6rxd ov 6Xouv Xplor;ronouloer oootrl eoppo-
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xeurrxrl oyoyi xor 6Xet peroOe( oro04rd q BpoyXrxrl u-
nepovrr6poorrx6rlro. Or ooOeve(g auro( oupper6-
Xouv oe sports xor ox6pro y[vovtor Olugnrov(xeg. Me-
A6reg nou 6Xouv y(ver oe oX6or1 Ue rnv efdoxqorl ou-
rcilv rov oo0gouxrilv, flpo rrlq Bootxnq doxrlorlg, 66er-
[ov peAr(oon rov ouUnropdtrov xor drlproupyio pe-

VotrUrepnq owoXrlg xrop(q 6u<rlq peropoArl rnq euor-
o04o(og roug oro AKs.

AAtrq gro er6qA<rloq rou AK e(vor 11 0nopfq oe o-
o0ponxo6g, xup(rog nor6rd, 3 - 9 rilpeq gerd n1v opXr-
rrl nrci:oq r1g FEV1, grog 6e0repr1g eAdtrroonq rnq
nveupovrx4g lerroupy(og nou ovoQ6perot oov xoOu-
oreplg6vq ovrf6poor1 oro ep60ro;ro rnq doxrlorlg6
(Erx. 4).

Or'oxprpeiq pqXovrol.ro( yro 6treg out6g rrg xoroord-
oerg 6ev e(vor yvooro[, 0o npoonoOrloouge 6puog vo
6<iooupe rrg vedlrepeg on6Qerg en( r<rrv Oegdtrlv ou-
rcbv.

fl o0oyevenxoi y4lovropoi

1. AndAeru avafiveuortKlq 0epp6rnraq

To g6ye0og xor o r0nog rov ovrrlgoAuiv nou npoxO-
Trrouv oro AK efoprcirvror on6 nopdyovreg 6ncr:g r1

npo rnq dox4oqg nveugovrxrl )\erroupy(o xor ro npo0-
ndpXov en(ne6o ppoVXrxnq <ptreygovrlg xo0cirg xor o-
n6 q 0eppoxpoo[o xot uypoo(o rou o6po evdr, 6ev e-

foprdrvror on6 r1v on6i,ut1 6tdpxero xor ro e[6og rlg
dox1or1g, Ue rnv e[oipeorl (orog r;g xotr0gprloqg nou
0eope(ror og 1 trry6repo rxovrl Uopqi doxqolg yro
np6xA4o1 BpoyX6onoo;rou7. Tetreuro(eg ;retr6reg ro-
rdQepov vo e[qyfloouv our6g rtq nopornpfloerg xor 6-
derfov 6u q owol,Aoyrl rnq ovqnveuorrKnq 0epU6q-
rog nr0ov6v vo onoteAe( ro op1tx6 ep60topo yro ro d-
o0pro perd x6ncuor1. H eronvorl QuXpo0 xor [rlpori o6-
po xord q 6rdprera qg doxrlolq npoxdre[ orlUovrr-
x6teprl nrdlon qq FEVI on6 6tt 1 etonvorl o6po Oep-
proxpooiog 6ro;rot[ou. Ageoq 6v6et[q tr1q ntd:onq tt1q
0epgoxpoo[og onot6Aeoe n U6rpnon rnq Oeppoxpo-
o(og tou oroorpdyou xord r1v doxqorls'e. Otov 6vog
opyovro;r6g oore[ror, oufdver o.oeprop6g pe oxon6
vo ovrrperonfoer rrg peropo)rrx6g ovdyxeg. Iov ono-
r6treopro outo0, geydleg noo6tqteg o6po, 61t d\r1-
ptoq fipoooppoopr6vou ortg ouv0t]xeq rou exdorote
opyovrol.rori, ero6pXovrot oto 0titpoxo. [-to vo y(vet
xordAtrqAog xArpotrop6g tou o6po outo0 on6 toug o-
epoyroyo0g, onorte[tot 06ppovon tou etonve6pevou
o6po xor enop6vrog o ppoyXtx6q pAevvoy6voq Qu-
Xpofveror.
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l-1opd rrlv ono6e6eryU6vrl ouggetoX{ r4g on6-
trerog qg ovonveuorrKfg 0epg6rrSoq (AAO)ornv Tro-

0oy6vero rou AK, re)reurofeg ev6eiqerq 6rlpro0pyqoov
oUQrPoI(eq oro ov 1 AAO e(vot q g6vr1 orr(o rou AK: o)
H Oepgorpoofo rov oepoyroyri:v enov6pXeror oto
npo rnq doxlorlg en(ne6o oe 5 min gerd ro r6trog rrlg
doxrlorlg, evcil o nepropropr6g rrlq ovonveuorrxrlg
pot'19 ouvel[(eror. p) Merd qv doxrlorl q 6rlgroupy(o
r1g xoOuorepnU6vnq ovr(6poo4g opxer6g cilpeg gerd
rrlv unoXcilpnon rnq opXrxrlg eAdrr<rrorlg rrlg Oepgo-
xpoo(og, e(vor evovr(ov qg 0eop(og AAB. Or Hahn
et al. ro 1984 un5potrov 10 oo0prorrxorjg oe doxrlorl
ndvro oe xui,t6gevo rdnrlro en( 8 trenrd, geropdtrAov-
roq rn Oepgoxpooio tou o6po on6 10oC p6Xpr 35oC e-
vrb, ro nepreX6gevo oe u6porporig rou o6po 6rorrlpe(-
ro oto0ep6. l'loporfpqoov 6rr 11 ondvqorl rov oepo-
yroytilv 6ev 6r6rpepe nopd qv xord 25oC peropotrrl
qg Oepgoxpoo(og tou eronve6uevou o6po10. Avdtro-
yeq noporqpr'1oerg 6,ytvov Kor on6 dtrtroug
epeuvr1r6g1l. Atrtr@ore {rov yvoorri on6 notror6repo
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q eni6poorl trlq nepreKrrx6rlrog oe udporgo0q rou Er-

onve6pevou o6po otlv rpononolqon rnq qndlr\eroq
0epp6rqroq on6 roug oepoyroyoOql2. Eivor 6qlo6rl
6uvot6 vo ou(ogerdlooupe rnv on60pqf4 rov oepo-
yroycilv nou roporrlpe(ror pe qv doxlorl Uerqpd\trov-
roq rn Oeppoxpoo[o Kor ro nepreX6gevo oe u6po-
tpo0g rou eronve6gevou o6po. H Xprlorgonoiqorl o6-
po oe ouvOfreg Oepproxpoo[og xor.uypoo(oq 6ncoq
rou ocirporoq, ovoor6)\Aer ntrflpcoq qv en(6pooq qq
doxrloqg eni rcov oepoyroycbv. To onoretr6ogoro ourd
e0xotro e[rlyoriv yrorf ro xoAUpnr nou ouvr]0oq y(ve-
ror ro xqAoxo[pr ror pe uqJnld oXerrxd enine6o uypo-
o(og, e(vot t6oo )r[yo oo0poroy6vo.

Orov o o6pog nou eronv6eror eivot ouyXp6vrog (r;-
p6g xor Xopnliq 0eppoxpooiog, o ppoyXtx6g pAewo-
y6vog 0o Xdoer vep6 xor 0epp6rqro yro vo y(ver xo-
rd)\A1trog xArpouop6g oug xu{etrr6tx6g ouv0freg.
Aur6 64;uoupye( Uetopotr{ qq oopu.tlttx6trlrqq rou e-
nr0r1tr(ou Kor qruxpovorl rou ptrewoy6vou. EntnA6ov,
o Eschenbacher xqr ot ouvepydreq rou on66erfov 6rr
q eronvo{ roo-ooporrKo0 6roArigoroq 6e[rp6(nq 6ev
npoxoAe( ppoyXooUonoon evd), ro ovr(Oero ouppoG
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vel Ue rrlv Etofivorl unep-oogortKoti 6toAtjptotog
6e[rp6(qg13. H ppoyXoo0onooq ge un6p'tl unotovt'
x6 dtotrripoto e(vot 6uvot6 vo qvootd\Ief pe rrlv npo
qq np6rAnonq Xo piYnon 6 tvotpto0Xou Xpco l.toyAu xG

vnq (DSCG) rl otpon(vr1qla.'Kqt' qut6v rov tp6no xoOtepdrvetot 11 Oecopio rrlg
geropotrrlg rnq ooporlK6qtoq oov pootx6 FpoVXo'
ouonqottx6 ep60topo orlv nep(ntcoorl tou AK.

3. @ewpia qq,6xxpto4q, tav yeooAaprycisv rn1 une'
peuao04o[ag

Merd u1v dorrloq nopoulpe(tor o6(non qg torogi'
vnq Kor rou Xnpeloroxttxo0 nopdyovto Yto ro ou6ete'
pOq*o xrittopo (NCF) p6vo oro neptQeptr<6 o(;to o'
oOpottx<ilv rrou nopouo(ooov doOpo getd x6noorl
(AK + ) ev6 6e ouppo(vet to (6to oe dropo <puotol'oyt'
xd r1 ooOgortxd rtov ono[ov ot oepoYoYo( 6ev ovr6-
6pooov oto ep60topo qg doxqonq (AK - )16. H epqd'
vrorl tov geoo)\opr1r6v ouvo6e0et rn 6nUtoupY(o qq
ppoyXoorionoonq (Etx. 3) xor n 6xxprorl toug ovoor6)r'
Aeroi ov, npo rnq doxrloqg, Lopnvn0e[ etonve6gevrl

XpoproyAui[vq (DSGG)(EIx' 5)c, H XpcopoyAurivl 69v

ennped(er trlv 6xxptorl toropivrlq on6 to pooe6qfio
xririqpo. Enop6vtoq, ot exxptv6pevot peooloplt6g
6ev npo6pXovrot on6 to pooe6rprho nopd rnv nopo-
qpouUevn getd rqv doxnon pooeoqtA[o. A0[1oq rcov
pooeoqhtov xundpov noporqpe(ror petd qv doxrl-
oq oe 6)rouq touq ooopottxoriq oooeve(q oveEdprnto
on6 ro ov nopouoiooov do0go rl 6Xr. Optrlg, totop(vt1
rtror NCF qnetreu0ep6vovrot p6vo otoug oogeve[g pe

AK + 17.

H gpoVXtxfl np6xAnon pe torop(vr1 xot petoloA[vr1

- nou lrnopii vo npoxd\6oer (orlg 6wooqg ppoyx6ono-
oUo 1re trlv 6ox1oq, 6ev ouvo6e-0erot on6 6xxptorl ge-

obropnrO, orlv kud\oqop(o18. To eupiloto outd
6e(1vouv 6rr n 6xxpron tov peoo)\opnrcbv 6ev e(vot o-

not6Aeopo outoti xoO' eoutoti tou ppoyl6orooUou'
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Erx6vo 2. f]poo6eutrxrl Ue(oon qq FVEI xqt eE6vrtrnon tou 6o0potoq petd x6n<oo1 6tov 1 6oxt-

uqoto Tnq doxnonq enovoiogpdveror oe xpovrxd dtootripoto prxp6repo rrlg

cilpoq. t11, Zr1 xot 3n nep(o6oq dox1or1g3

Mrq dtrtrn 6v6et[q rnq Tlqpouo[og rov geooAoBrl-

rdlv oto AK e(vor 1 evepyonofnon rtov Q)\eygovto6titv
xurrdptov (;tovoxurtdptov xqt ou6erepoqilov) o-

o0pottxti:v oo0ev6v nou nopouoiooov doOgo get6
qv doxrloq n6vo oe xutrt6gevo tdnqro (Etx' 3)' H e'

,epyonoirlorl ouul etr6yxetot pr6oco rrlg ou[r1;r6vqg 6x'

Opobnq rov uno6oX6tov yto to ougntrr'1p<otio (CR) otr1

UJuppAvn outtilv ttov xutdp<ov Kqt qKoAou0e[ rqv o0'

Lnbn'-ni ouyx6vtpoorlq rou NC-F otov op6 tou
citiroiosid. rtrlv nep(nroon rt,lv xoouotepqg6vtov ov'
rrbpdoecov unepeuoto0qoiog, nou nopotrlpo0vrot 3' 9

<irpeq Uetd r1v dorrlol (Erx. 4) oe optop6voug oo0lto-
-,*oOi, ot geooloprlt6g enovexxp(vovtoto xot <po(ve'

ror 611 6rlptoupyettot uto eK v6ou evepyono(r1o1 ttov

QieVUovoOOv' xuttdptov 6nurg, rouhdxtorov yvcop(-

qou;ri, oulv nep(ntoon rou do0;rotog perd rrl ppoy'

irxfr npoxinon ue etonve6pevo ovtty6vols' Ie 6treg

irs noionav'co neptnt6oetg n np6 tr1qdoxrloqg xopfl-
vnbn DSCG ovoot6)\l,et rnv evepYono[r1or1 tov xund'
pru ig,*. 5)16. H xoOuotepnu6vn ovt(6pqorl, nou ornv
iJpintoon rou AK oxo)\ou0e( rqv dgeoq ovt[6poo1'
O,r*i or.,bpoorl (dual response) xot 6Xt Uegovorp6vo
ro0uotepl;t6vr1 (single late reaction)', e[optdtot ge-

orxd routr6xlorov on6 r1v 6woor1 rrlg dpeorlq

ovr(6pqonq5 xor npoxd\ei gro oltooqUelgJn en(toor1

ir" dru"iir;tdttov t6to(tepo otq nqt6td20' Aur6 6eG

Xver Oti 11 ro0uoteprlp6vn qvt(6poor1 ;rerd qv doxrl'
on enr6ewdlvet ro xtrtvrxd oupntcill.toto, 9*'q d\Ato-

ore ou;tpo(vet ornv xoguotepl;t6vr1 ovt(6pooq getd
ppovxrih np6xAnon Pe ovttY6vo2l'' ' Oiiiv 6e(y;roto otpotog ooOportxci:v e)\6yxrrlxov pe

XpcoporoVpq<Drx6q Ue066ouq' o NCF nou un{p1e oro

iii.a -n, doxnon 6eiypoto rolv qo0ev6v pe AK + , u-

notroyioqxe vo 6Xet 6vo'goptox6 Pdpo9 >600'000
Jattons. Aut6 on6(vet 6rt npdnet vo np6xdtrot nep(

rou (6tou NCF nou nopdyerot pet6 qv np6drnon Ue

eronve6;revo ovrty6vo22. To uqJnA6 ;toptox6 pdpog i'

m
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Etx6vo 3. Meropo)\69 rov uro6ox6ov yro ro ouUrlipopo
(CR) xor rou NCF oe ox6on Ue rrlv eKnveuorrKrl
poi (OEFR) Uerd rnv doxr1or116

o(l)q eivor une0euvo yro rrlv onouo(o rou NCF [erd
rov lYA, egno6((ovroq rnv ypiyopn 6rdxuor| rou, EVd)
ro ovrieero E(vor 6uvor6 vo oupBq(ver Ue rnv
roroU(vn23. l-lop6goroq NCF 6Xer nolor6repo ovrxveu-
re[ orov op6 ooeev6v Ue urticaria perd rn oxenKn
np6KAnon. Or noporqprloetq our6q 6e(1vouv 6rr o ge-
oolopnrriq our6q ouv66eror Ue ro UqoroKrirropo Kor
n oneAeue6ptrrorl rou ouvodeUer rnv 6KKptorl dtrtrtov
o(youpq npoepXo;r6vov on6 ro pooroxOrrqpo Ueoo-
AoBqrtilv 6nog q roroU[vn Kor o Xnperotoxrrx6g nopd-
yovroq yro ro qtoorv6qfio (ECF-A)24.

4. looxonvm6q, unepaep@U6C, UYA)

H ondr)\ero rnq ovorveuorrxrlg 0epp6rrltog e(vor o-
vdtroyq tou xord trenr6v oeprogori xor ro en(ne6o rou
oeprol.ro0 onoretrei onou6o[o ro0oprorrx6 ororXe[o
rnq UeroQopdg xor enop6vtog on6trerog 0eppr6rqrog
qn6 ro ppoyXrx6 ptrewoy6vo. To [6ro U6yeeoq 0rt6-
Qpoqnq rov qepoyoycirv nou npoxol,e[ror ;rerd rqv d-
oKnon pnope( vo ovonopoX0e( pe rooxonvrx6 uflepoe-
propr6 (lYA) 6nou, 6nog Qofverot on6 ro ovopo, 6rorq-
pe(tor oro0ep6 ro CO2 ;16oo ev6g er6rxorj ouorrlpo-
rog on6 ro ono[o ovonv6ouv or ooOeve[g2s. O unepoe-
prog6q Ue o6pq nlnptoq xexopeopdvo oe u6por1lo0g
Oeppoxpoo[og orirllorog (poi 0epU6rlrog = 0), 6ev

npoxoAe[ 9poyxoo0onoorl. Orov 6Ucoq n neprexrrx6-
rrlro oe u6porgo0g xor q Oepgoxpoo(o rou eronveopS-
vou o6po eAorto0o0v, r6re eo 6nUroupynOet ppoy16-
oroouoq. H np6xtrr'1or1 pe 0e)r1porrx6 unepoepro;-r6
Xropig doxrloq pnope[, 6ror, vo qovei Xprlorpq oq 6ro-
qoprxrj 6rdyv<oor; no0rloerov 6noq xop6roxrl ovendp-
Kero Kor do0;ro ono6erxvriovroq rnv Unop[r1 rrlq ufie-
povtr6poorrx6rqtog rov qepoyoytilv nou undpXer
oro rei,eurq(o.

H doxqorl, 6;.xrlg, xor o lYA, nqp' 6,rr ouv66ovrot
orevrbroro, nopouord(ouv ououil6erq 6ro0op6q nou
qo(vovror otov n(voxo. An6 to olpovnxdlrepo on-
ge(o a(vor 4 nopouo(o ovep6Ororrlg nepr66ou prerd
rqv doxqo4 evd1, yro t4v nep(nroon rou IYA undpXer
droudxn oq BrBtrroypoq(o, Kor q nopouo[o rcrlv Ueoo-
troB4tcilv orov op6 rou o(gorog rov oo0porrxdrv nou
nopouo(ooov AK (AK+).

Arjo poorx6g uno06,oerg npoono0o0v vo eflyfloouv
rq 6roqopd orqv nepinroon rnq ovepeO(orou nepr6-
6ou: o) 6rd<popog Bo0969 ougno0lnxo- o6pevepyr-
xflg ondvrqonq oilq 6Uo xqtootdoerq Kor P) 6ro0ope-
rtxfl 6pdon tov peootroprlrov rnq unepeuoroOqoiog.

-:-
x.0r020 104050@

Xp6voq (ienr6)

Erx6vo 4. Exqtoortqio Uetopo/rr1 rrlg FEV,, rot tou NCF
nprv (O) ror perd (o ) rrlv doxlo4 oe 13 nqr6rd
xot 2 evritrrxeq rrou flopouo(oqqv xo0uotepng6-
vq ovr(6poor1 petd e[d)rentrl doxrlorl oe xu)rt6-
pevo rdn4ro6
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l5
Xp6voq (drpeq)

,5
Xp6vog (tirpeq)

Og npog r1v npdlrrl un60eon, 6ev qo(verot vo ou-

fdveror olgovrtxd n tntveop(vn Ue rn Uto fl qv dA)rr1

6ro6rxoo(o26. M6Xpt np6oqorq Oeo:pe[ro 6tt ot xore'
XoAo;r(veg ou(dvovrot g6vo orrlv nep[ntcool tou
AK + xot oqv ntOovti oUEnon rov xoreXol,ogtvtlv pe-

rd r1v doxrlo4 qno6t66tov n Uflopqn rnq- ovepeeG
otou nepr66ou oro AK + xot 6Xt otov lYA3. Aur6 6-

;rcog 6ev ougQove( pe ve<irtepo 6e6o;r6vo nou 66etfov
6rt petd rqv en(6poo1 t4g doxlonq en( rtov oepoYrrl-
ycilv or ooOptottxo( 6ev ovrt6po0v otov lYA. To ovrlOe-
ro en[oqg roX0et, 6e(Xovrog 6tr-undpXet nepfo6og o-

vepe0rotrx6rltog petd tov lYA27. E{d\Aou, rlv o6u-
vogio qg 6xxptorlq rov Korexoi,ogtvtilv vo eEnVi-
oouv. rnv ovep60toto nep(o6o 6e(Xvet n noporipnon
6rr undpXet XoUntrdltepn 6xrptorl xoreXo)rogtvtiv oe
oo0porrxo0g on6 6,tt oe Quototroytxo.0g petd rrlv
doxqo126. H etrdtroo4 qutn OetopT10r1xe une60uvr1 yto
rov npordroripevo ppoYx6onoopo orouq ooOport-
xo0g tr6yto rrlg onotuX[oq 6t6Yepong rov p2 uno6oX6-
tov. AuoruXdlg 6pcrlg, nopd r1v nAn0dlpo rcoY tpYo-
or6v, e[vot 60oxoAq 4 ep;rqveio qq 9rPAtoVpoQioq e-

n( rou 06potog. Ot xoteXotropivsg getopotr((ovtot
ypr]yopo or4v xurl,oqop(o xot ot 6to<pop6g rov eupn-
prdrrov gnopei vo oQeilovrot ortq 6toqopertx6g pe06-
Soug pr6rpqonq rtov xoteXolo;ttv<ilv oro o(;to.
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Erx6vo S. Avooro)rrl rov fiqpornpoupdvtov petd tqv doxnorl getopo],tilv tcov CR, NCF xot PEFRZ

ge rrlv 6pdoq trlg 6rvotptorjXou lpcogoytruxivrlgl6

H 6erirepl un60eor1 SXer oX6oq Ue rnv 6xxptorl tov
preootroBqtritv. Exxptorl NCF 6ev nopoqpe[rot xotd
rov (oqg 6woorlg Ue rov npoxo7\o0uevo on6 rrlv d-

oKnon BpoyX6onoopo gerd qn6 lYA17. H totog(vr1 no-
pdyetor Kot ornv nepfnroorl tou IYA oMrd 15 Aentd
opy6tepo on6 rqv doxr1or128.H xoOuoreprlp6vn eUqd-
vron rnq rotopr[vqg Kot rl onouo(o tou NGF orov IYA
6eiXvouv 6rt ot 6tlo outo( peool,qpqr6q ntOovtilg ex-

xp(94xov' otov nve0povo oll,d e;rno6(orrlxe 11 xuxtro-
qopio roug oro o[pto. Aut6 pnopei vo oler((erot Pe
rrg orl.to6uvoprtx6g UerqpoA6q xotd rrlv npoondOeto
rrlg doxqoqg nou 6e y[vovrot rord tov lYA.

H ovdntu[r1 ovepeOiotou nepr66ou getd enovo-
troprpov6;reveg ooxrloetg ouXvd 0eope(tot oov 6vdet-

En ntrnpouq e[dwAqoqg tov geootroBlt<irv on6 ro Uo-
oroxUropo" H etonvorj 6prog o6po oe ouvOflxeg Oep'
proxpoo(og rot uypoofog 6nrog tou ocilgotog, evcil 6ev
6q;loupyei AK, ouvo6e0etqt on6 ovep60toto nep(o-
6o. Efdtrtrou, pt6vo 50o/o rtov ooO;tottxtilv ge ovep60t-
oro neplo6o petd on6 doxnon, 6ev ovrt6potiv oe
ppoyXtxrl np6xArloq ge etonve6gevo ovtty6vo2e, 6e(-

Xvovraq 6tt np6net vo undplouv rot dtrtrot Unxqvt-
opro(, dyvtoorot p6Xpt otryptlg, rou vo oupper6Xouv
oq 64;uoupy(o trlg ovep60roqg nept66ou.
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H un6pnvoro xord 11 6rdpxero rrlq dox4orlq o61ye(
oe ondlAeto U6orog xor nrOovrirg 0epg6rqroq on6 ro
ovqnveuorrK6 otiorlpo ge onor6)reo;ro orl[qoq rrlg u-
nepooporrK6qrog rou enrOrlL(ou rov oepoyroycilv.
To ep60ropo our6 npoxotre[ qv 6xxproq peooAop4-
rdlv on6 ro nveuUovrxd geooAop4rrxd x0ropo on6
to ono[o ro orlgovlK6repo e[vor ro poorox0rropo. Or
peootropqt6g 6pouv e(re oneuOeloq orouq Ae[oug pug
trov pp6yXcov, e[re gSoo veupoyevcirv ovrovoxtrootr-
xcbv rl ox6pro ;16oo rqg ouyx6vrpooqg evepyonorrl;16.
vov Qleypovro6tbv xurrdprr:v 6ncog orqv nep[ntoorl
rcov xoOuoreplp6vrov ovrr6pdoeov perd rqv doxqoq.

O p6Aog r<rlv geooAopqtcilv pnopei vo ouv66eror r-

6rofrepo Ue rrlv no0oy6vero rou AK orouq oo0porr-
xo0q nou ro poorx6 orlge(o ppoyXrxqg on6rppo{qg ;-re-

nNEyMoN Tedxoq,40, T6Uoq 1oq, AnptLtoC _ lo1woq tgga

td qv doxqo4 pp(oxeror neprqeprxd. f'ourd ro dro-
Uo n Xopiynoq DSCG npo rnq doxqorlg ovoordl,Aer
to AK evdl, 11 orponfvq6ev efvor oe 06o11 vo oropotr].
oer ro BpoyX6onoo;ro3o. E(vor nr0ov6 6gtoq, xor ro ov.
rrXo)\rvepyrxd vo orogoroUv ro Bpoyl6onoo;ro gerd
qv doxlorl oe oprop6voug oo0eve(g. Eroug ooOeveig
ourorig q on6rppo{r1 ppioxeror xevrprxd xor 11 6pdoq
rov peootroprlrcilv efooxe(ror gdoo veupoyevdrv ov-
rovoxtroottxtbv (Erx. 6)31.

Tei,euro(o, or orl.ro6uvoprx6g preropol,6g nou ou1.r-
po[vouv xord q drdpxero rrlg doxrlo1g, nr0ov6v vo
6teuxoA0vouv rnv epQdvron rou NCF orrlv xuxl,orpo-
p(o rcrlv qoo0ev6v ge AK+ ev<il xdtr r6roro 6e ou;r-
po[ver xord ro BpoyX6onooUo 1re lYA. H 0eopio 6goq
outtl, nou orlgercilveror Ua nX, orrlv erx6vo 6, Xperd(e-
ror neporr6pro 6reuxp(vror1.

Exercise - induced asthma

ln this reveiw article current aspects regarding the
pathogenesis of exercise induced asthma are presen-
ted.

ln conclusion hyperpnoea during exercise leads to
water and possibly heat loss through the respiratory
system wich in turn results in increased osmolality of
the airways epithelium. This induces secretion of me-
diators from the pulmonary mediating cells the most
important being the mastocyte. These mediators act
either directly on the smooth bronchial muscles or th-
rough neurogenic reflexes or even by concentrating
activated inflamed cells as in the case of delayed po-
st exercise reactions.

The role of mediators may be olosely related with
the pathogenesis of exercise induced asthma in asth-
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matics, where the principal point of post exercise
bronchial obstruction in peripheral. ln these subjects
pre - exercise DSCG administration may prevent the
attack while atropine fails to relief bronchospasm.
However, some patients with excercise induced asth-
ma may benefit from the administration of anticholi-
nergic drugs. ln thse patients the obstruction is cen-
tral and mediators act through neurogenic reflexes.

It gas recently been suggested that haemodynamic
changes occuring during exercise may facilitate the
appearance of NCF in the circulation of patients with
exercise induced asthma but not in bronchospasm wi-
th isocapnic hyperventilation. However this theory
warrants f urther evaluation.
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Ynoqpeqtfa, epnupero Kot ott0oreponAeupeg
oruqoe$ fiveup6vav

E. Kooyeg,, A. Aouporoog,, A. flonaBaoAefot!,, l. Afypoq,, A.
ll oAu(aydnou Aog,, @. Kop66oqq,

1. t>TOPtKO

Arc[o eoayapfg; l-luper6g, 6Uonvoro otrlv x6ncooq,
xoXe[(o.
tlapoloa v6oog: flp6xertor yro yuvo(xo, 35 erdlv, xo-
nv[orpro 5 p.y. An6 ro 1985, A6yro ouvoroOqgorrxdlv
npoBArlpldr<rrv ovqQ6petor onootporptl npog ro Qoyn-
16 go(( ge ep6roug xot xp(oerg qgtxpov(og. An6 r6re
opX((er npoo6eunxrl ondltrero pdpoug. [lprv on6 nev-
rdpqvo or dperor enrre(vovror, r1 ondllero pdpouq Vi-
verot nA6ov epqovflq (nep(nou 20 kg) xor ouvo6e0eror
on6 geydtrq xoroBotr{ 6uvdgeov. Kotd rov out6 Xp6-
vo 6rox6nreror n eppnvopuo(o. Ynoptr{0qxe t6te oe
oxrrvoAoyrx6 6treyXo ovror6pou nenttxo0 nou 66er[e
6Arog etrdooovog r6fou rou orogdXou yro ro ono(o
rnq Xopnyi04xov ovroyovror6g trov H2-uno6oXSorv
on6 ro or6po. H oxrrvoypoq(q e6pqKq nou 6yrve xo-
rd qv ourrl nep[o6o 6ev 66er[e noOotroyrxd eupt];ro-
to (Erx. 1). 'Evo prfvo nprv on6 trlv etooyoyrl rnq flpo-
o160r1xov orn ouUrrtogorotroy[o vuxreprv6g nuper6g
(U6Xpr 38,5'C), erprdpciroerg, dqeovn ptrevvonudr6qg o-
n61pepQq, 6Uonvoro xondloeoq evcil, r6Aoq, q ondl-
trero pdpoug rltov poy6o[o.
Arolttx6 avapv4ortx6; Aorpril6rl voorlporo qg nor6t-
xqg 1trrxiog.
Otxoyevenx6 avapv4ortxd; H prlr6po ndoXer on6 op-
rrlproxrl un6proo1. O nor6pog xot ro rp(o o66trQto eG

vor uyte[q.
Zuvfi?ercg xot tp6not (arf g; AvUnovtpl. Zet p6vr1 qg
oe eropxroKrl n6I1 xot e(vor dtxoottxrl )tertoupy6g.
Konv((er on6 qArx(og 25 Xp6vrov.

2. OY:IKH E=ETA>H

fevufl xardoroo4:'Arogo xoXextrx6 (o<oporrx6 pd-
poq 26,5 Kgr, U\t,oq 1,53 U.) oe olge[o nou q 6yepor]
qg on6 rrlv KoroKeK)rrp6vq 06o1 rlrov odrivoq. H 6-
qrn rnq {rov yr1poog6vr1, unflpXe peydAq oQuddroon
KouInI6q "nupet6g (39'C).

144 KAtvtx| Noooxoyeiou Noonydr@v @obpoxoq AOry
vtbv
2 KAtvtxl ll oioAoy txrlg tDuoroAoyiog, T yrtpo |rcrptxr1g,
EOvtx6 fl ovenrcrfipto A0qvtbv
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A v anv e u o t t x 6 o 0 o 14 yo: ToX0nvoto (36 ovowo5g/rn i n).

Yypo( p6yXot oro optorep6 dvo nveupovtx6 ne6(o xot
e(oqdvrorl tou ovonveuotlxo0 tlt0upioporog oto o0'
ororxo ;t6oo rot xdrol rweugovtx6 ne6[o.
KuxAotpoptx, o1or\pa: O)\egoxouptxri toXuxcp6io
(100 oqU(etg/min), A.fl. 80/55 mmHg'
tl e p tQe p m oi Ae Uoo66veq; Arf 1trd<|1tot'
lTentu6 o0or4pa: Andlleto dovtttilv xot oupp[xvcooq
o0Arov, eKoeonUooU6vq xovttvt[oon rou otoporo<pd'
puyyq, rlnop 6toyxto;t6vo (60o eYxdpotoug 6oxr0-
troug xdtto on6 ro 6e(r6 nAeuptx6 r6Eo) xot euo[o0r1ro

Ue oUoA6 Xehog, ontrrlvog oqrnldQnroq. Yn{p1e 6td'
roorl xorA(og pe npon6reto oto drdyto xot petoxtvoO'

Uevn oppA0tqto xord rrlv en(xpouor1. Ot eweptxol t]'
Xor {oov etrorrop6vot.
Ap0p6oeq: H 6e(rd rnxeoKopntxl, 11 optotepi xviUn
Kor rl optoreprl no6oxvqgtxrl floov 6toyxorg6veg xot

QIeypov66Erg.
Kevrptx6 veupw6 o0ot4ya: Ato0yeto ouvetDfloeog
pe 6rotopoX6g ouprneptqopdq, n onoio pnopo0oe vo

XopoKrnptoOe( oov on6togq. To 6riotpono qq 6ppto-
orlg enr6etvov6tov, 6tov ytv6rov ou(t1qon Yto rn
AnUn QoynroU. Mrlvtyyrttdrxd orlpe(o opvtlttxd, te'
v6vtrq ovtovoxAoottxd rqt oto0rlttx6rrlto xotd rpO'

on. H eE6toon qq pu'txr1q loX0og rlrov o60votq A6yto
tnq xoxe€(oq.
@ u p eo e 6fi q; Ouotoloytx6q orrlv qJnldQnon.

Adpya xot rpqqar6 xeQaAfiq: Exoeorlpool-t6v1 putG

6oon 66pUoroq Kot geydAq on6ntoorl rptX<bv xeqo-
)tr1g xor 0pudt6v.

3. EPI-A:THPIAKA EYPHMATA

Hcl26oh, Hb 8,2 g7o, treuxoxOttopo 11.100-(Ilotr.
90% - AeUO.6010, M, Mov.4%), PTL 187.OOO/mm3, TKE
37 XrA./11 tbpo, odxXopo o[gorog 0,83 mg7o, oup(o
0,18 mg7o, EB oripcov 1016 Ue UtKpooKontKrl otpotou'
pio, Xotrepu0p(vn 0,30 mg%0, o)\txd )\euxdlpoto 4'80
g% (otrBouU(vq 1,90 g7o, o<potp(veg 2,90 g%, nq)\(xo
0,65), SGOT 29, SGPT 31, oAxoltrri rloloQordoq 6,5

;rov. K.A., LDH 670 Uov., Kpeortv(vr1 0,90 mg7o, xdAto
3,4 mEq/|, vdtpto 140 mEq/|, Xp6voc Quick '13"/12"

(77o/o), o6pto oprrlproxo0 o(potoq:(oe npeqta) PO259
mmHg, PCOz 26mmH g, pH7,52 HCO3- 21,2, B'E. -0,6,

Mantoux (2 Uov. PPD-RT 23) opvltrxr!, oxrtvoyporp(o
0rirpoxo (Etx. 2).
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4. ANATNO:H AKTINOI-PAOIA: OOPAKA

Avoporoyevflg ox(oorl o(16roxo0 r0nou UE ooo0{ 6-
pro Kor porpudroxrl xorovopr'1, nou xotolqppdver ro
oprorep6 pr6oo nveupovtr6 ne6(o. Oporoyevflq or[o-
on, nou xorolqppdver ro oprorep6 xdrco nveugovtx6
ne6(o. Avop6nprl ve0eloer6iq ox(oor1 Ue oooQi 6pro
xot nrOov{ rfl(r1 oto optorep6 dvco nveupovtx6 ne6(o.
Ix(oor1 6e(rd unod\er6(rog Ue oooQi 6pro xor nr0ovrl
rr1qn.

5. AIAOOPIKH AIATNO:H

1. rDuyat[aoq: Yn6,p rqq 6rdyvooqg o nupet6g, 11 u-
nogpep(o nou o6r'1y1oe oe xoXefio xot npor1yflOq-
Ke rou voorlgorog xo0cilg Kor ro yevrxd ougntdrpo-
to. H opvrlrrx{ Mantoux np6ner vo epgrlveuOe( oto
nho(oto tqg unoOpeqrioq Kor qq trepqonev(og. E-
vovriov qq 6tdyvooqq q 6AAerq4 roroptxoU qupo-
t(rrloqg oto dpeoo neprpdtrtrov, xo06q Kor ro ou-
mqgorrx6 rnq ndOnonq (rlyevrxeup6vn popQr1 rnq
Qugor(olonq 6ev e[vor ouvl0rop6vq otr; Xdlpo Uoq
ro rel,eurq(o Xp6vto).

2. Ne6nAooya nve0pova; Yn6p qg drdyvrrloqq n ye-
vrxrj xordoroon rnq 6ppcoot4g, 1 ontoXvool, 11 o-
vorlrio, 16 xdnvropo. Evqvrfov rrlq drdyvroonq n ro-
Xe(o oxnvo)\oyrxfl e[6)rr[n, n oUQfnleuprl Korovo-
Ur1, ro <priAo xor q rlltx(o.

3. llveuyov[a an6 Pneumocystis carinii: Yn6p rqg
6rdyvcooqg q uno0peqlio, q Aegqonevio, 11 roErxrl
xordorooq qq dppcoorlg. Kord qg 6t6yvtooqq ro
o0oqpo rrlq nd04o4g.

4. Kavrwr[ao4 nve0pova; Yn6p rrlg 6rdyvooqq n eK-
oeo4proop6vq xowtvr[oon rou orogoroQdpuyyo
xor nr0ovd rou orooqdyou, q unoOper[(o, 11 )repgo-
nev[o. Kord rqq 6rdyvcoorlq 11 orlvo)\oyrx{ erx6vo
(n npoopotri rrov Kopu06v 6ev eivor runrxfl rqg
xovrrvriooqg).

5. Ne6nAaopo otoydyou Ue nveuyovtx{g petaord-
oerg; Yn6p qg 6rdyvroorlg ro 6ronrorto;r5vo 6Axog
e)\dooovog r6fou tou oro;rdXou, to xdnvropo, 11

UeVd\n ovope[(o xor on(oXvoon Kqr q on6 gqvrirv
ouprroporoAoyfo rov ep6rov. Evovt[ov tqg 6td-
yvoonq q ro[rxrj xotdorooq qg dpprrlornq, n 5I-
Aerg4 entyootpoAy(qq Kor ro ouorqpottx6 rov eu-
plgdtrov.

6. NPOTEINOMENH AIATNO>TIKH MEOOAONOTIA

1. E[6tooq nru6)\trlv, oOprov Kor yoorprKo0 uypo0 yto
Boxt4pi6ro Koch pe Xp6on xord Zeehl-Nielsen.
Bu0oox6nqo1.
I-evrxrl e[6roo1 nAeuprrtxori uypori.
l-evrx{ ef6rooq ooxrrrxori uypori.
Kurropoloyrx{ e{5rooq nru6Atrlv.
BpoyXoox6nnon Ue 6rqppoVxrxn prorp(o.
KoAtrr6pyero nru6)\rov yro rorvd poxr4p[6ro ror ;ui-
Knreq.

8. Kurtopotroyrx{ e[6toon yoorprKori uypori.
9. l-oorpoox6nrloq.
1 0.A[ovrxfl roUoypoQ(o.
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7. TENIKH AIATNO:H

Evepy6g nveupovrx{ <}uporioorl ge orporoyev{
droonopd (9u0oox6nno4: 6tdonopro qugdno o1.r<pr-

pArlorpoetdo0q. H et6tooq nru6)\rov xor o0pcov pe

Xp6on Zeehl-Nielsen 66er[e oQeov[o o{eovr6Xolv pu-
xopoxr4pt6(rrlv) eni eddQouq Quloyevo0g ovope[iog.

8. OEPANEIA KAI NOPEIA

H ooOevflg r6grlxe oe ovrrQuUqrtxfl Oepone(o nou
nepdrdppove orperroUUx[vq, e0oppour6tr1, prQognt-
x(vr1 xor toovro((6r1 oe 6oootroy(o nou uno)roy(orqxe
Ue ro ooUonx6 pdpoq, xeroxovo(61,n yro rTlv Kqvrtv-
t(ooq ev6 oro opXrxd ord6ro Xopnyn0nxqv peroyy(-
oerg o(protog xor nl6o;rqroq. np6ipq xord rr1 Oepo-
ne(o q dppooq nopouoiooe orlqorpr(o on6 Staphylo-
coccus aureus, 11 ono[o ovrtgeton(ornKe Ue ovrroro-
rpuAoxorxrxfl oyoyli.
An6 dnoqrl0p6QnS dpxroe orodroxrj on6 ro or6go o(-
rrorl Ue yd\o, ouyd, (rotx6 Ae0xo;ro xot qpoUro oe
ouv6uoop6 UB 0uAfuK6 o[0, ptrop[vr; 812 xor K. Te)\r-
xd enrre0X0qxe q on6 rou or6poroq drorpoQi Ue e-
nopxe(g noo6trlreg (orxori Aeuxdlporog xor prrol.u-
vrbv, ;re onor6Aeopo r1v onoxordoroorl trlg ovorp(og,
qg )\egqonev(og, rrlg )reuxcogor[vqg tou opoU Kor rou
1p6vou npo0poUBivnq.
Kord ro npdrto rp(gqvo rqg vooqtre(oq rnq n dpprooq
ruodvr(e uqrnA6 nuper6 (38-40'C), o ono(og u06enKo
getd u1v nop6treuor; rou rp(rou 1.utvo. Merd on6 re-
rpdgqvq voorltreio e[{tr0e, o0o0 or e(erdoerg ntu6-
Arov xor o0prov yro B. Koch e(Xov opvlrrxonorrl0e( ge
orol-rorrx6 pdpoq 35 kg. 'Exrote nopoxoAou0eirqr xd-
0e g{vo oro efolreprx6 rotpe(o, ro 6e reAeurofo rqg
ooporrr6 Fdpoq e[vor 40 kgr.

9.:YZHTH:H

Tov nepoog6vo ouilvo o Sir William Gull nepr6ypo-
qre yrq npdrq qopd rrlv Uuxoyevi ovope[io xor tqg 6-

6<ooe r1v ovouoofo anorexia nervosal. Ilepr6yporpe 6-
rr xupiorg npoopoAA6vrouoqv OfAeo xord trlv nepln-
prx{ qArx(o xo96q xor veop6g yuvo(xeg, xor 6tr n oro-
xordorooq rlrov o xov6vog nop'6lo nou 6ev unflpXe
er6txrl Oepone[o. Ax6po 6ev yvcop((ouUe rrlv oxptptl
oruotroy[o tr1g v6oou, q ono(o neprypd<]etot e(te oov
rlruXrorprxrl e[re oov ev6oxptvrrf - Ueropo)rtxn 6tqro-
poX4 eite oov ouv6uoog6g rolv 6rio2. Or dppoorot ou-
toi pnope( vo noponeUQeoUv orov flo0oA6yo, orov
tUul(orpo e(re oro l-uvorxotr6yo.
O orjyXpovoq o6p6q oprop6g rnq qruxoyevo0g ovope-
{(oq e(vor o nopoxdrto:

o) l'lopouoio ovrirlldrqg oupneprQopdg rou opp6-
orou oxenKd pe ro pdpoq Kor ro oxipo tou oripot6g
TOU.

9) InUovrrxrl outonpoxotro0gevq ondr)\ero pdpoug
(oprog6vor epeuvqr6g onorroriv oncil)\ero pdpouq tou-
l,dXrorov 25oh rou r6ovtro0 pdpouq rou opprilotou oe
ox6on Ur rnv r1l,rx[o, ro QiiAo Kqt ro 6t[oq).

V) Apnv6pporo dropxeioq rouldXrorov tpuilv pr1-

vti:v ortg yuvo(xeg I etrotrtrlp5vt1 libido orouq dv6peg
yro ro our6 6rdorr1go3. H en(ntoot'1 rlg anorexia nervo-
sa efvor nepinou 0,6/100.000 nArl0uopotj xot'6tog, ot
6e yuvo(xeg npooBdil\ovrot 66xo Qop6q ouXv6tepo

2.
3.
4.
5.
6.
7.
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on6 rouq dv6peg. EtoreUeror 6tr e(vor ouXv6rep4 oe
drogo uqJnlo0 nveugonxori, xorvrovrxori Kcu orKovoUr-
xoO enrn66ou.

H 9yop{n rtov ouUnrogdrorv ouvrl0og oupn[nrer ge
nept66oug stress, 6nog ouvrlOcog ouprpo(ver xord rrl
6rdpxero rov oXotrrxcirv droyotvtolrdlv. irqv nepinro_
oi Uoq, ro oplrxd oupnrcilgoro nopouordoOnKov rou_
r6Xpovo pre epolrtxrl onoyo{reuor1. H xArvrrrl ropou-
o[oo4 rou ovope{rxori opprilorou Xoporqp((erqr on6
r;v dpv4orlnopodoXrlq npoptrrlgorog olerrxoU ;re ropdpog rou. To quorxd oqpeio qg ,puXoyevo0g ovope_
[[oq_eivor ro (6tq Ue rnq ne[vog: rpuXpd dxpo, ppobu-
xop6(o, un6roo4 xor oi6q;-ro, ev<ir noAA6q qop6g exqO_
eror Xvoridr xord prrlrog u1g onov6u,\rxrlg orrltr4g, oro
x6pro, oro n66ro Kor olq noper6g. 'Exeiono6eri'eei 6_
rr or ovope{rxof unepertgotlv ro pr6yegog rou ori:po-
t6g roug, ev6 copropr6veq nerpououx6g gei6reg ouv4_
yopo0v, un6p 

-r4g otrtro(roo4g rou oto0rlprqroq rnq
yeuonq'. >uvneoq nportgoriv vo rpdrve g6vor roug xor
Kpuod 6nrog ornv nep(nroorl Uoq n dpprrrorl npoil-
l.roUoe vo rpcber g6vq r4g oro on(rr rnq. O ouronpoKo-
Aoripevog 6prerog e[vor Xopoxrqproux6 orjpnrropo xor
ouvrl0coq 6neror xp[oeov poutrrgiog, oxon6 6e 6Xer
rnv onoquyrl np6oAqqrlg pdpoug. t-1opo6tx6g euxo-
orx6g xoroordoerg, nou npoooUotd(ouv pe rr1 oXr(o_
Qp6vero, 6Xouv xord xorporig nepryioqei oe duv6uo-
o96 pe rnv qruxoyevri ovope{(o.

An6 rrg ev6oxprvrx6q 6toropoX6g, ev6rorp6pov no_
pouord(er 11 6uoAerroupyio rou d{ovo uno0dAoprog _

un6Quo4 - yovd6eg5. fr4v o{e(o edon rnq ovope{(og
ro en(ne6o tov yovo6orpoqrvd:v (LH, FSH) xo0tirg'xoi
ro en(ne6o reoroorep6vnq Kqr ororpoy6vrov 6Xouv
neprypoQei 6n e[vor eAonog6.vo. M4 er6rx6q 6roro_
pqx6q oro eyxerpol,oypde4go neprypdeovrur oro 10_
15% rrov neprnrrioeov, evdl 4 unol,oyrorrxt'l ro;roypo_
Q(o eyKegdAou eviore ovo6erxv0et eyKeqqAiKrl' r(or
nopeyKeoqfudrxrl "geu6oorpoeioD, 11 ono[o nroteue-
rqt 6u efvot ovoorpd{rrprq gerd on6 enopxrj 0p6Qn.

H oruoAoy(o rnq +uxoyevoUg ovope((og nopoll6-
ver dyvoor4. l-l6vre eivor xup[coq or efirKporo0oeg
0eolpieq3 yro rov noOoyevetixb plXovrop6.'H npdrrrl
unoorlp((er 6n ro ougnrtilgoro ovoeriovror A6yro
rcov 6uoxoluilv nou or ovopefrro( ue(orovrot xord rr;
6rdprero qgovdnru{nq rnq npooolntx6r4rdg roug o;
5vo neprpdAi,ov qn6 npoororeunxo0g yove[q Ue t_

oXup6 Xoporn{po. H (\l,uxoo@Uolxt| orxoy6vao> e(_
vor 4 pdoq qg 6erirepqq Oetop(oq, 4 onoio ndl,r Xopo-
xqp((eror on6 orxoyevetoxrl unepnpootoo(o Kor ono_
Quy{ rprpcirv. [lop' 6Ao 6rt 6ev Ar]e0qxe nArlpeg Qu-
Xrorprr6 roroptx6 on6 ro un6Aorno ;r6tr1 tqg orroy6-
verqq, rl npooontxrl Uoq enqQ{ ouvrlyope[ opxerd u-
n6p qq 0ecop(og ourrlq otrlv nep[nrolo{ ;rog. To \tru-
XoBrotroyr16 np6runo nofuV6p6p4o4g 6Xet uroornpr-
yOei on6 dAtrouq xor nroreUeroi Orr r1 qoe6veto ovtr-
npo_ooneUet notrrv6p6pr;on oe npdri;ro ord6ro r4g
nor6rxrjg qAtx(og ge oxon6 rrlv onoquyri tr1q oe[ouo-
Atxtlg dtondtrnq Tnq evrlAtx(rrlorlq Kot rrlq peitrovilxrlg
64proupy(oq otxoy6verog. H nveugouxrl Oeop[o uno-
oqp((er 6u ro 0rjAeo uro0ero6v t4v 6wovq 0r1lux6-
r4to, nol,eUouv 6e oneyvoop6vo yro vo xo0repdroouv
ro rord q yvdr;rq roug 0qAux6 orepe6runo. T5Aoq, 4
opyovrxrl dnoqrq Oecope( oov o[uo rrg evdoxprvtx6g
6roropoX6g Kot uroorrlp((er 611 4 onoruX[o rrlq ono-

xoroordoedlq rouq oro euoroAoyrx6 ox6pro xot gerd
tr1v ovdxtrlorl rou pdpouq, ouvrlyopei un6p rou nopo-
ndvo otr(ou. H unoxefpevq 6rotopoXri npore(veroi 6-
rr e(vot uno0oi,o1,rrxrlg orrroAoyiog.

Oeponeuurd, 11 enovoo(rroq e(vor ro poorx6 ox6-
Aog rqg 0epone(og xor or dpprooror evOopprivovror vo
xqrovol,6oouv gerof0 3-5.000 Oeppri6olv r4v qg6po,
nopdtrtr1tro Ue ouorrlUour6 6treyXo ulg oirro4g roug.
H r,UuXo0epone(o qnoretre( ro 6e0repo Boorx6 oror-
Xe(o rqg oeponeuilx4q oyoynq. 'Ooov oeopd rrlv
QopUoKeutx1 oytoyrj, 6Xouv 6oxtpoorei nolld Odp-
1loxo (<porvoOero([6eg, xunpoento6ivrl, levodopa) oA-
Ad Ue opgiBoAo onoreA6opqro. H nopdroorl rrlq oUn-
v6pporog gerd rqv enovoo(rror1 prnope( vo clvrrUero-
nrooe( Ue rnv Xopt'lynon xtroptqo(v4g.

H 0v4org6tlro ovSpXetor nep(nou oto 5o/o Kqt rl KU-
prdlreprl orr(o e(vqt 4 ouroxrov[o. H eu;ror(oon crvo-
Q6peror oov onovtciltorq orr(o Oovdrou xor yro ro 1,6-
yo our6 11 dppcrlor4 Uoq nopqKoAou0e(ror ovd grlvo
oro ef<rlrept16 torpe(o.

Or 6uoxoAieg orrl Oeponeunxfl ovrrper6nrsq rnq eu-,
gor(<oor1g ev6g r6,rorou reprororrKoU e(vor dp*6r'eq,
xor out6 6r6rt onorei,e[ n)r6ov xorvrj ovr(A1qU4 6rr q
[oor1 on6 rr;v eugor[oor1 enrruyXdveror xrjpto on6 ro
gqKpoQdyo ev6 rq edpUoKo oxon6 6Xouv rup(rrrg rqv
onorponrl rou 6vrovou nol,l,onAoorool.ro0 rcrlv UUKo-porqpt6icov.

O provo6rx6g Xp6vog orn (oi tou pdrd,Aou rou Koch
nou our6g gnope[ vo qoveu0e( qn6 ro qdpgoxo e(vor
11 ortyl-r4 rou 6vrovou nol,Aonl,ooroo;ro0 rou, 6rov
ro DNA opyovrilveror yro 6ro(peoq6. Iuven6g rq edp-
UoKo propoOv vo qoveUoouv rov nAr10uog6 nou pp(-
oKerqr xUpro 6[ro on6 rq UoKpoQdyo. H prqo;rnrx(v4
xripro xor q nupo(rvopr(61 6Xouv rqv 6uvor6rrlro vo
ero6l,0ouv orq UoKpoQdyo, yr'our6 xor 4 ovoxdtrur!r1
rnq prQountx(vr1q enSrpepe enovdoroorl or4 oriyxpo-
vn ovrrQuporrrrl oyoyr'17. 'Ooov oqopd ro ;roxpoqd-
yo, e0xoAo QoyoKUrrqp6vouv to l.ruxopoxrrlpidro o-
Ad qurd e(vor ov0exrtxd oro exxprv6gevo dv(ugo rou
Quorol,oyrxori ;roxpoqdyou. H o0f1o4 qg poxqpro-
xr6vou 6pdorlg rtov UoKpoQdyrov y(veror on6 geropr-
poor6g ()\ugqox(veg) nou nopdyovrot on6 euorog4ro-
norrlp6vo T-tregqox0rropo.

Ir4v uno0peqr(o 4 qoyoxunoprxrl xor prxpoproxr6-
vog 6pdo1 rov UoKpoQdyrrlv en4ped(ovror onUovrr-
xd, ev<il ro T-Aeprqox0rropo efogov((ovror on6 ro 00-
go Kor rrg T-e[oprcirUeveq neproX6q rou on],{vo ror
r<ov trepqo66vtov, evdl ro xuxAoeoporivro treprqox0r-
ropo e(vot etrorropr6vo U6xprq e[oqovioeoqs. Irqv
nep(nroof gog 4 dpproorrl e[Xe 6% lepqox0tropo
oro nepr0eprx6 o(pro xoO<irg xot 6epgoovr(6poor1
Mantoux opvqnxrl.

An6 ntreupdg uno0perp(oq nroreUetor 6rr ro un6 ne-
prypoQn neptororrx6 egn(nret orrq ;lrxr6g roroord-
oetg gero[0 popoogorj xot Kwashiorkor, nou e[vqr xqr
1 ouvrlO6orepo onovtrb;revn UopQi. To eAdXroro enr-
rpen6gevo pdog r1g dpprrloqq pdoer 6re0vdrv nrvd-
xov e[vot 49,5 kgr. fuvend:q 4 oncir],ero pdpoug rltov
45% (o0Uerovo ;re 6reOvrl 6e6op6vo pnope( vo eivqr o-
ouprp(pooro ge q (o:rl). Efvor yvroor6 6rr oe unoorrt-
o;r6voug, n U6on roX0g r<ov ovonveuorrKrilv ;rutilv
(RMS)e, o g6yrorog exo0orog oeprog6g (MW) xor n (o:-
nxfl Xcopqnx6rqto (VC) etrorr<itvovror xqrd notr0, evdr
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o 6eiKrnq Tiffeneau (% FEVi/VC) e[vot p6oo oe 0uoto-
troyrxd 6pro10. Ot unoottt(6pevot nopouotd(ouv en(-
oqg ;retop6vrl txov6rqto 6roulpnonq oeptol.to0 (VEN),
yeyov6q nou entte(vet qv tdorl 6n[toupY(oq rnq o-

[eiog ovendpKetoq oeptopori. Ie outorjg roug opptil-
otoug ppioxoUE Kot peropr6vl 6ro6roqpoyl.tottxrl n(e-
o4 [PG), q ono(o 6ev oqeherqt qnoxtretottxd otqv e-

l,drru:or1 rng Uu'txnq Ud(qq, otrAd onetxov((et xot xd-

noro ontiAeto qg 6vroo4g ouoro)rr'19 ovd ptu'txrl povd-

6o. Iuunepoogortxd, to 6td<DpoYUo oe unoottt(6pe-
vouq, eUqovi(er puond0eto11. l-t'out6 trotn6v, n dppto-
oq r60qxe oe etreyX6;revq o[uyovoOepone(o oe ouv-
6uoo;r6 pe toxrtx6g ;retp4oerg tr1q (cotrxnq Xtrlplttx6-
qrog (VC), qg pr6ytotrlq eronvtuorrxrlg nieo4g (MlP)

Kor ralv oepiov optqptoro0 o(potog, yto tt]v 6yxotprl
6rdyvoorl rlg x6ncoorlq rtov ovonveuottxcirv guci:v xot
xripro rou 6roQpdyUoroq.

Iqv unoOper![o rqv x0pto 6totopolrl uQ[ototot 4
i,euxopotfv4 tou opo0. Aur6 61et oov ouv6neto opt-
og6veg 6uoxotr(eg ornv QopUoroxtvlttrl rov ovrtQu-
potrxrilv qop;t6xcov12. H toovro([6n onoppoqdrot on6
ro yoorpevreprx6 o0orlUo Kot 6ev ouv66etot Ue npto-
reiveg, ouvendlg 6ev ennped(etot on6 rqv xotdotoorl
0p6UnS. H ptqogntKivrl onoppo<pdtot on6 ro Yo-
orpeweprx6 xot ouv66etot xord 80-85% ge npotel-
veq orov op6, ouven6q ornv nep[nroorl pog ntote0e-
ror 6tr 1 pretoQopd rng ptQqgntx(vr1g oro 6pyovo xot
oroug rotoOg unoAe[nerot. H orpentogur(vr1 6ev o-
noppoQdtot on6 to Yoorpevreptx6 xot e(vot u6po6to-
trurn, evd: 11 e0oprpout6)'1 onoppoqdtot on6 ro Yo-
orpevteprx6 xot e(vot u6po6totrurf1. l-to vo trvrtUero-
nro0e( ro petov6xt11.lo our6 rnq ptqopntx(vqg, SXet

npotoOeIq o0[r1oq qq Xopnvo0Uevnq 66onq ovd kgr.
pdpoug otbptotogls.

H nporignon Uoq otnv evreptxrl 0p6Qn tr1q dppto-
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oqg fextvd on6 to yeyov6g 6tt 6ev unr]pXe poorx{, -
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orl oro Quoto)roytx6 r<ov troXvtilv. 'Evo 6e0repo orot-
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