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INTRODUCTION AID HISTORY 

fie pwrpoae ef tai■ ■t11A7 i■ W 1N■e•t 80M ef tJle ••t­

■tandinC featve■ et tile •11.Jlieal .. tity called -,a■tltenia crana.

A reTin or the literatllI'e i• :,rea .. ted wit& di■euaion eoneominc 

lli11te17, clinieal foatwre■, diapoatie preeedurea, a.ad clll'T8!lt 

Mdieal and eurc:tu.l trea taont. Special •apha•i• i■ plaeed -qJc• 

a review or the pataeroe■i• et tai• disease witlt res:,ect te tao 

current auteimlme �taesia. 

Hiatoriull7, Dr. John Maplet firat described th.is diause 

in 1658. A eentapera17 of lili■, Dr. Willi■, or Cllriat Church., 

Qxtc,rd, described the syaptou ot Jir;Yasthenia aor• coapletely in 

1672. Two centuries passed before Sir Samuel Wilks, ph:,sician 

to 0111''• Hospital, ap.in pTe a ■,agestiTe deaoription et aether 

-.,a•ta�nic patient in 1877. Two yu.rs later a Geraan pllyllicia?l, 

Erb, was credited witll eatabliahin& feature• et the diaeaae, 

Dallel.7, ptoais with diplopia, dT•Phacia, weakness of the neek, 

and tile course of reaiaaioRa ana relapse■• In 1893 GGldtl.all 

pwblishea an iapertant paper on the diaeaae and the name "Erb­

Goldfl.aa S7MPtoa" was d.esi111&ted in his honor. :r. 1899 Jolly 

S\liiested the na.me •.,ataenia crans", which was ade:,.rted at a 

aeetinc of the Berlin Society" ef Pa79Jaiatr,- and lfe1Jrolo17. !JI 

1897 J. Collin•, an herican, described the condition 1n a pat­

ient whose first S1Qtoms appeared durinc prep.ancy. Jlailaouse, 

another Aaerican, described the first child with Jl1'8.•thenia in 
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1898. Ill 1901 tile first descripti•• of .tindinc a tllpic taor 

1a aasoeiation with the disease was polished. Ia 1904 T. R. 

Elliott offered the suecestion that there •icht possibly" be a 

chemical substanoe liberated.at nene endinc• to initiate •u­

cle response. Twent,--eight years later aeetylcheline was identi­

fied by- Loewi, of the Um.Tersit7 c,f Oraz, and in 1936 Sir Henr;r 

Dale reported aeet7lcholine liberation at aotor ner,e endines, 

and that its aetioa was liaited '1y' the fel'llent, cholinesterase. 

The firat breakthroup ill trea taent ea1ae in 1929 when Dr. 

Harriet Edceworth ot Tlle•on, Arizona, herself a -,asthe•ic, 

isolated ephedrine as a beneficial acent. Tile most signi.t'ieant 

trea.taent ac:tn.nce came in 19.34 when Dr. 11&17 Walker performed "TA• 

Miracle at St • .llfe&e'•" when she inject� proatip:ille illte a 

...,-aathenio patient.. Dr. Henl"J" Viets of Boston started the first 

J1¥astaenia Grana Clinic in 1935 at ta• Massachusetts General 

Hospital, and here the disease .llas been intenainl7 studied 

since that time.1
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Pi.TBOOENESIS 

Neraal, reatuc mucle fiber• haT• a peteatial difterace 

et apprexiutel7 90 ■T. betweea tae twe aides et the sur.f'aoe 

aeabroe, tae inner sur.faee beinc neptiTe wit.a reapect te the 

ollter. Thia ia the stat• of ",elarizatin..• .lcet:,lclloline, 

tll.e aediator of nelll"oauseul.ar trannisaion, is released when a 

ner,e illpulse reaches the aotor nene endinca. This compound 

beco•a abaorbed to recepter s1d)stances of the aucle en.a-plate, 

t•llniA1whica the :,eraeabilit;r or the end-plate reci•n fer 

aodia and peta.ssiu iona increaaes teaporarilJ", resultine ia 

aenment of sodiu ions into the auscle and a less 11arked exit 

of potaasi•. 2, 3 Tlle latter causes a slight reversal of the

potential difference across the auscle membrane ia the end-

plate reii,on or "depola.rizatien.• Thia depolariu.tiea ia prep­

apted alone the 11.uscle aeabrane as a wa.Te of increased aepthit;r 

called the ausole action potential. This ill tUrJ1 initiates eont­

ra.etien of the ausele fiber. A.cet;rlclaoline ii then !r;rdroly"zed 

into acetate and cholille b7° ellolinesterase ens:,ae concentrated 

:i:a the auaele at the end-plate region. The potential difference 

across the membrane is then restored. 

Interruption of neuromuscular tran:nrl.ssien ma:, occur in any­

step of the aboTe sequence er eTents. Usuall7, neuro■ueeular 

block i• the result ot either deficient or excessin action et 

aoet.rlca•liH •n the aotor end-plates or as a reslll.t of druca 
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or disease aiaula.tinc these effects. 4, S

Ill .,-aathenia p-aTi.1 there is no known abnormality of 

central or peripheral neural .tllllction, and the evidence .ter 

a defect in auscle contractilit7 1a not conoluiTe. Tb.er.tore, 

tA• -.nitestations of this disease are belieTed to be due 

prillarilT to illpai.nlent of nevQauaolllar tranaaiaaim. The 

detect ia believed due to some alteration ill the acet7lcholhe 

aechaniaa. This could reatllt fro• (1) a:n excessiTe concentra:­

tion of cholinesterase at the neuroauaclll.ar j,mctien, (2) 

tailllr8 or each nerYe iapulse to release a aoraal quantua e.t 

acety-leholine, or (.3) elention et the excitato17 threshold. 

et the ••tor end-plate to acet7leholine released by' each nerna 

:l:spul••• There ia no evidence .tor excesaiTe cholinestera■e 

activity ill the auacle of -,astheaic patients at thi1 tiae. 6

The third po1sibilit7 ia incriminated in aost reaent 

literature and indicate that the defect in .,asthenia era.vis 

is due to a coapetitiTe (aoet,-leholine-1nhibitor1) bl.oak, pre­

duced b7 a .. t7lclloline released in a aoraal aanner durinc neuro­

aucul.ar tranaaiasion, or b7 choline or a eloael.J' related coapoimd 

tollffinc Jllydr•lysis ef the aturall.7 released aeetyleheliae. 1', 1

In the •jorit7 ef a;yasthenic patients the late block produed bJ' 

the iajeotion et i.Jltra-arterial acet7leheli.ne er choline inhibit■ 

the dei,olarisinc e.tfect ef acet7lcholine and ia reTeraed b7 the 

latter er by' anticholinesteraae eoapoad■J i.e., it is both 



acet7lcaoline-inhibitory- and •••tJ'lckeli.Jae-reTer■ible. How­

eTer, i.Ja ■oae a,ya■th•Bi• patient• tllia late bleck i.Jahibita 

tae depolarisiac effect ef aeet7leholi.Jae b•t i• not reyenea 

b,- tlli• acent er by ••tielaolinesteraae coapo1111dsJ i.e., it 1• 

aaetylc:holi.Re-1.nhibitory- b•t net aee'tyleaoliae-renraible. The 

latter i• often referred to as acetJ'l•aoline-in.aensitiTe. 8

Such patients respond poor]T or aot at all to anticholbestera■e 

aedieatio• ud are al:lnicall.1' in■ensitiTe to the latter and to 

acet;rlclleline. Patients whe do not ■ll01f an.i.test aipa ef the 

acet;rlolteline-inaensitiTe block ay do so dvilac a• exacerba­

tion ef their disease. Tile phenoaenon of aeetylclloline-insens­

itin block •7 al■o be the explanation tor the cliaieal 

ebserT&.tion that inoreasinc doses of anticholinesterase aedi­

eatien seld.oa resulta ia aaxi.Jlal auscle strencth. It i• the 

iuensitiTe atate that eftea akes -..aceaent of the a,yasthenic 

patient 110 difficut and leads to eonfuion aa to whether tlle 

patient i■ oTerdo■ed (•caoliaer1i• cri■ea•) er uaderdosed (ill 

iva•thenic wealcneaa). 

Otaer poasible causes of neuroauaclll.ar bloek in -,a.stheRi.& 

crans are reported iJl the literature. Soae evidence has been 
. . 

presenteQ that nerYe endin1• ay ban an iapairaent ef aeetyl­

uoline release. 9 Other reporta •ui1est that anatomic abnor­

•lities in both distal nerve encii.D&• and aotor e:ad-platea ot 

a;yasthenic •ucle ay be i.Japaired iB this di■ea.ae. lO, 11 
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Report••! deaonstratio• et a substance 1a ·th• blood 

•t -,.athenic patients capable ot preducinc neuroausular

block in experillental anials 12, 13 and er a ■v.batance

ill ■erua eapable or inlrl.bitine the 1,nthesia or aoet,-1-

•holine lla. bTit Jlot been. eontirlled. lS, 16 hcbance trau­

tuiona between J11a&thenic and nomya■thenie aubject■ ban

no effect a the etrencth or either. 17

A recent deTelopaent in the possible pathoeenesi• ot 

.,-a■thenia craTi• i• the •uc1estien taat tJd.• disease •T

be due t• an •auto-1-••" re■ponse in whiea an antibc,dy' to 

end-plate reee,tor protea 1• produced by' the reticuloendo­

thelial a:,atea1 illcllldinc the th7Jaua. 16 'l"A• antiboq 1a

then tlloucht. to combine wita the e:ad...pla,e protein and pre­

cluce an alteration i.Jl the response of the end-plate to elldoc­

enou aoet1leholiDe. Soae a11pport tor thi■ t!lee17 ha• been 

lent 91' the obserntion tut the serua or -,a■thenic patient■ 

eontaiu, in tho clobulln .f'raetion1 a substance which combines 

with noral or -,.athenic auscle in'the presence of' ooaple­

mnt. 19

More recently inTesticatiens han shown le■ions in the 

t}o'aua of' patients with ayasthenia rraTis that are siailar to 

those prodllCed experimentally b7 direct injection er uticen 

into the cl.aJad. flli• erlde11ee illciicatea ta.at ■ome detect er 

injv;r to tJae ti.,.u •:r caue the prod.uctiea of antibodies 
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whica react with a proteill follnd at the neu-o■uacwr junction 

to produoe the syaptou o:t 111&•theJ1.i.a. Waite aad Jfar•hall (1962) 

de■o••trated. antinuclear f'aetor, with the fl•oreseent-antibod;'r 

tecluaique, ill six or sixteen :,atieata with 19&sthenia crarls 

lendinc further swpport to the autoillmUDe theo17. 2° Foltkallp,

nn d.er Geld, and Loche■ (1963} de■onstrated antibodies ap.bat 

skeletal ■uscle, th1■ua, and tlt1roid tissue iB the aera or

.,asthenic patients. Th" also fo1n1d the rheumatoid factor and 

the antinuclear factor, and felt their finclinca confiraa-

tiTe of the autoialllme hypothosia propoaed for the disease. 

Their patieata whose �sthenia was associated with a thyaou 

had a aiper inoideaoe of aati-aucle antibodies, and their 

clinical condition was al■o ■ore se"t'ere. The patients with 

ocular .,,-asthenia onl.7 had a lower incidence of anti-■ucle 

antibodies. 21 Another poasibili"t7 ia that ■ubatancea re­

leaaed aa a result of anticen-antibod7 reaction ccapetitiffl.7 

block acet:,lcholine, or illterfere with its aynthesis. Hmr­

ever, th� antibodies de not see• to be responsible for the 

neuro■useular block since antibodies were alse deaonstrated 

durinc remission■ e:t the disease., and no cireulatinc anti­

bodies co'Uld be ahffl:l ill the sera of some patients with senre 

-,aathenia, inclu.din1 a patient with neonatal m;,asthenia. 

That abnormalities 0£ the thyaua are not in theaaelTes 

the priaa17 cauae of -,asthenia p-aTis is suaested by' in-
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stances in which neonatal -,asthenia has deTeloped after 

aaternal th;yilecto.,- prior to precn,ane7, and b7 tile onset 

of the disease after total thymecte-., • 
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CLIIIClL FF.lTURFS 

Cbaraateriatic Findinc• 

)(Jaathenia cran• ia a ehrenie diseaae characterised 

b7 recurrent weakneas and abneraal tatip.bilit7 ef akeletal 

aucle but without obrlo\18 atrop1l7 or other er••• anatolli-

oal defect. 'flle auscles ... t eo .. GJU.1" affected are thoae 

ilmenated by' cranial nerTea, and uuall7 those •f the neck, 

trunk and extreai tioa. Ia 110re seTere ca•••, weakne•• and ,ar­

a�i• of the aucles of reapirati• eccura. Saooth a•d 

cardiac auscles are not iJaTolTed. 22 Uaually" tlte diaeaae

bec:oae■ ceneralized, but a appro:riaately one-fiftla of the 

patients it reaains liaited to the extraoeular auselea. !he 

initial anif'estations are aost commonly referrable to this 

croup of auaclea. The initial 8JJIJ)tea ia ptoaia in approx­

iately" 2.$% of patient•, diplopia ill 24%, blvrinc or Tision 

in 3%, weaknes• o:t lep ia 13%, cen.eralized ratique ill 6'1,, 

d.U'ticult7 1111'1.llowinc ia 6%, 11l11rred apeeeh in S%, caewi.nc 

d.iffie\Jl.tiea in 4%, weakness of aru, handa, neck, or face 

i• each of 3%, and weakness o:t trunk or shortness of breath 

ill 1$. 23 Aeeordinc te Gro'ID, the eo:aJ1.onest aequence ill:

auacl•• of the eJ9•, face, SRllowmc, apeecll, j&w, tone•, 

neck, sholJl.ders, arms, bands, hips, upper lees, lower lees, 

trunk, and respiration. If the disease has been confined 

to ecul.ar ■ywptou for aore than twe years without other 
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•:niteatationa the orbieul&ri• oeuli aucles uuall7 eont­

ine to have the lecalized f'ol"ll of the diaeaae. 4 

Incidence 

The incidence ef ceneralised ayaathenia en.Tia ia alicllt-

11' hicher in f'e•les, while localised eeular .,-asthenia ia

alichtly' aore coamon in •lea. Onset of the diseaae •1' occur 

at an7 ace, bllt tends te be at an earlier ace in f'e•les than 

in •lea, the averace a,e of onset beine 28 years in the f'or­

mer and 42 in the latter. 24 IA children and adolescents, the

disease 1a auch aore COlllD.on in f'emale patie•ts. The incidence 

of onset of ceneralised ayasthenia reaches a peak in woao in 

the third deeade, while it is fair]T mu.rona ill aen fro• tlle 

third throuch the aeTeath decade. After 60, the enset ia auoa 

aore common in men. 

C.vae of the Diaease 

The course of the disease ia hipq nriable. ».st pat­

ient• show a crad•l extensio• of the inTolTitd areas leadinc 

te a fairq steaq atate ef weakneaa, which re•ins unchanpd 

for •n;r Je&rs, with aoderate fluctuations in seTerity-. TAe 

basic leTel of weakness 1a uu.U,- reaehed with the first three 

years after aset, aost often within the first 7ear. In pat­

ient. with seTere ayasthenia, the averaie intern.l between onset 

of the disease and the first severe episode ia ei&)lt month&. 

Ia Grob'• series •f .350 :patients with ceneraliaed -,aatheaia 

10 



ll"&Ti• who had been followed for an aTerace period er ten 

years, 30% died of tlie diaeaae .3 aonth• to 2$ yeare after 

onset, and of these patienta, 85% ciiedwitaia 3 year11. 21', 2S

ot the entire croup, 13% were h coaplete or aearl7 coaplete 

reJli.asion at the end of tea years, 26% had bad some illproTe­

aent aince their first seTere episode of weakness, 21% were 

1mehaneed and 10% had becoae worae. 22

Syiq,tou of the disease tend to fluetute b. severity 

:f'n>a day te da,- in al:aost all patients and approximately one­

fourth l'laTe a remiaaioa lasti� at leaat 6 aontbs, 111.ta 

eoaplete or nearly coaplete cliaappearance er aicns and a;JaPt­

••• Tae a verace intern.l between onset of disease and relli.•s­

ion was 4 7eare and tile d11ration .r tae reaiaaioaa nried l1p te 

16 years., witll aa aTera.ce of 4.6 year• in Grob'• aerie•• 24

In Ferpeon•a series of 133 patients, obaerTed oTer a 28

year period.., 30 who were treated aedicall7 were known te JlaTe 

died.. Fifteen et tae&e died et -,astheni.a p-arl•J ot the otllera 

8 died of carcino•, the ■itea beinc p.stroi.Rtestiul tract S,

breast 1, bladder 1, and bronchus l. Ia the reaaininc 7 the 

causea ef death were eoronar,- occluion 3, lmc abscess 1, left 

-rentrieular tail11N; l, aeute pancrea ti ti• 1, and ca Ulle mcieter­

lli.Jled 1. or 12 patient• who )lad lllldercone t111aectoJ11', 7 had 
26died and ia each case froa -,asthenia. 

Jfortalitz Rate 
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ne oTerall aortalit7 rate 1a approxillatel.7 l5j wit.JI. tu

pre■ent aetaed• et treataent. 27

Prepnez and Jlp.sthenia Gra "fia 

Tile effect of preCJM1,ney- on tae course of the diaease ia 

qute ..ariable and debatable. .lccorclinc to Grob there is •o 

effect in aost instance■ and in apprexi.Jlatel.y one-third er tae 

patients there i• aa exacerbati•• or the disease, u\1&ll7 d\11"­

inc tile 6 weeks followiJlc del1Te17, or less often durinc tlle 

prepanc7. 23 In some patients with JQ'8.Bthenia era.Tis there

ia ■ild i■proTeaent durinc the latter half of prepanq. 

Fercuaon aitea Viet• et. al. (1942) wh• conclwd.ed that pre1-

:aaney-uuall711ad a !aTorable effect on the ■other'• disease, 

but that relapaea •inl7 occurred durin1 tlle tirat tri■eater. 

Fraser and Turner (1,53), alae sited bJ' Fercuen, conclwied 

in their aeries or·l.4 prepanciea, that ayasthenie patients 

eo1Jld co throuch prepanc7 without apecial ilf'ficul\J', al­

thouch ao■e dancer •f a relapae was present in the firat 

trillester aad illoreased doses of neostipille neceasar,r eccaa­

sionall.y. The7 concluded tllat there was ao special medical 

indication tor tel'llination and added that in their opinion 

the createst dancer of rel.apse was ill the firat taree weeks 

et the post,-.rta period, and about bal.r taeir patients 

experienced a relapse. 26 Fercuaon (1962) drew similar con­

elusiona ills& series of 22 patients and 34 prepanciea; 11'
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deteri•ra ted durinc prepaney and 12 illpreTed. Fif'tea eha111ed 

in the firet three aonths and 9 in the second three •nth•, and 

he eoncllldea b7 atatillcs •(l) Soae ayaathenica can eo throucll 

prepanq 1li thout aey a<h'erse eba.nce. l&beur does not seea to 

present a problea. (2) It a cbanie is 1oin1 to take pl.ace it 

ia aoat frequent in the first three •ntha and, to a lesaer 

extent, ill the second three aonths. Thie •ba.nce ia soaetillea 

for the better and aoaetilaes fer the worse, and (3) Uter onl.7 

7 ot the prepaneiea was there postpartlDl relapse in the first 

aonth, howeTer, yery earefu avperTi•i•n ahould be exercised 

i n  the post part• period.• 26

Hftard and Mulder (1964) baaieall7 acreed witll theae lic1Jre• 

and state further that it repeated precnaneies occur, each 1rec­

nanq •7 llaTe a different effect on the ayasthenia era.Ti.a. 28

Xeonatal !(rasthenia OraTia 

Children born or ayasthenie aothers are uuall7 noraal and 

neTer deTelope tae precreasive fora or the disease accord.inc to 

Grobe. IH.a rerlew or the literature (1961) turned -up 27 report­

ed instances or neonatal -,asthenia era.vis lastin.g f'roa aenral 

hours to aeTen ween after deli Tel7, and Ulll.117 reql11.rine anti­

choliJlesteraae dnca durinc t.hi• period. ReeoTery was eOlll}lete 

iJl all but one infant who died. 23 Stera, Hall
., 

and Robinaoa

(1964) reported tb.e .findinc of 34 cases :1a the literature plu 

two or their own experience. Ia both eases the infant■ preaented 
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with ayaptou like the adult fora of the disease, llffeTer, 

res1>irato1"7 eabarrassaent •s clinieally- ■ore co1111on. The 

onaet of ay:aptou ftried, in '\heir reTiew, fro■ birth te 

wi thia two or three daya, and the illJless lasted troa be­

tween 10 and 90 da7• with an &Terace ef about tllree week•• 

No further JQ"&Sthenie ■yapto■s u.Te been reported. ill children 

who have recovered fro■ the neonatal illness. The7 eontend 

that the incidence ot neonatal .,-astheni.a is difficult to 

prediet in tlla.t � cases prcbabl7 aren't diagaoaed and 

tllat enJ.7 the seTere� affected infants tend to be reported. 

Viets and Brown (19.51) road three children of 36 with the 

cliaeaae who were bona of aya■tllenie aothera. Fraser and 

Turner (19.53) fomd one of t.ent7-two. 29

There appear& to be no correlation between the elinieal 

feature& of the diaease in women whose infants were nor■al 

and taese whose infaats were atfected. '!'here i• also ao 

eorrelatioa between aaternal doae of anticholinesterasea ud 

the senrit7 of the neonatal disease. 

)IJ'asthenic aotaera ha·H had noraal birth• before lla:rlnc 

affeeted children, and, althouch there are seTeral recorda 

of two aonsecutiTe JQ"&Sthenie inf'anta., there is no 11ention 

of a noraal bab7 born after a ayaatheni• one. 

Disease• .t.asoeia ted with )fyasthenia Grana 

Generally-, ttcurea reported in the literature •ucceat 
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tb. t about three per eent ot IO'&Btlaeni• pa tienta ha:ve assec-

ia ted bypertlryroidi•• ud two per cent haTe exophtb&lao• 1a 

the absence ef th1To1d diaease. Grobe, Drach.man and Bartels 

report aim.lar ticnre• ill that the7 all three rep•rt IO'&&tllen­

ic s,-pto• eeeurriJlc in onl.7 a traction er 1$ •f the thyrotoxic 

popuatio11.. The two diseases often d• not becb. aiaultaneousl.TJ 

either one •7 preeeed the other b7 •n7 aenths or 7eara and 

the authDrs renewed also eoneurred ill the fact that either 

the hyperthyroid state or bn>othyroid state •7 cause a:n accra­

w.tion of IQ'a&thenic symptou. 23, .30, 3l In the Vayo Clinic

aeries h.ypertllyreidia was Doted firat bl S4% of casea; -,aa­

thelli.& crarl• oceurred earlier 1a 37%. Onl.J' 9% llad a aiaultan­

eoua enset • .30 Niaet,7 cases et tile two diseases aTe beea 

reported ainee tile t11l"Jl er the cent� aceerciinc to Weicll­

bardt. 32 :a.ever, it ia doubtflll that all suck eases have

been reported aince llUSc1Uar weakness and iapall'lleat ot extra­

oclllar aoveaent are co-on to both diseasea. Tlae response te 

Moatipille would be noraal in iaolatecl )qpertlqreifii••• 

Encel further deaonstrated that TSH civen te an ata;rreotie 

bad •e effect on his coexiatent Jl1'&Sthelli.a cran• taus oonelwi­

inc that TSH had no extrat)qroidal effect on the disease. 33

Greenberc reported on two aiatera Yi th iqaatheaia era Ti• 

and lv,ertn;,-reidin and renewed the literature. 34 HoweTer, 

it would appear that there is insufficient eTi.dence at present 
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to incriainate a cenetie baaia ter either/or beta disease•• 

Pathelep.a Oba.nee■ ia )fyaathenia Gratla 

Patholocic chanpa are Tirtually- liaited to l\',perplasia 

or ti:aor of the thymus eland, and scattered eollectiona of 

�hoqtes (lyaphorrllace■) in aoae ••elea. 3, A tuaor •f 

the th1au (ta,M•) ia present ill al>eut 15% ot patieats lfi.th 

JQ'&sthenia p-a'ri.1. 23, 36 When aHoeiaW with thyao• the

onset ef -,asthenia 18 later ill life, there ia a •le aex 

preponderanee 37 &lid in ceneral the diaease ia ■ore seTere 

and procressiTe1 
23 altA•lllOl there i• auea indi:ddul "f&ria­

bilit7. Ill saae instances detectio• of the t111■0• preeede1 

the onaet et JV&&thenia b7 •n,- y-ears, and 1a at lea•t tllree 

ill•ta•c•• _,..athenia appeared seTeral ,._ra fellniq apparent 

total t111■ectoa;r. 231 38
, 39 Ia approxiaatel:, halt ef all

patie11ta the tlqJns is byperplastie;. in 14% it 1• noraal 

■i•roseepiea.lly, and ill 7%.'..it is not identifiable, a aoraal

findinc iD adults. 23 h about three-fourths of -,asthenie

patients the thylaus contains ni:aerous &erw.inal centers, which 

are absent Ji() er rare 41 1a neraal inditldal■• TIQ'■ie 

hyperpla11ia i■ ■ere eo-oa in fe•le patients and tllpto• ia 

•lea. The •rtalit:, rate et patienta.lfi.th the disease and

a th111•• has beea approxi.Jlate]J' 70%, oompared te 40$ ter

patient.a whose anterior aediastiJl• ha& been exa■ined withollt

reTe&linc a tuaor and 30% fer all -,aathe11ic patients accortiinc
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to Greb (1961). 2.3 Hmrenr, there appeara to be no consistent

correlation 'between the obaen-ed chances in the thyaua and tile 

clinieal course of the disease. Patient• with n• detectable 

thyllu •7 h&Te seTere weakness, &DA oocaa1n&ll1' patients witll 

a tllqaoa •7 baTe a 111.ld fora ef the disease. Thyao•• are 

a:ia.at alD.7• Tiaible roentcenecrapJ11.eall7 in the lateral Tin, 

whereaa thya• clallda that repertedl.7 are enlarced without 

tuaora are rareq seen. Grob report■ that despite the I.arc• 

aise er u.ny tUllora, only about one-.tourth inftde adjacent 

stnctures te produe notable sicn• and SYJlpto•• 22 Mitotic 

ficures are eecaaiou.1.lT aeo, and local ilaplanta ha.Te been 

reported 42 hcnreTer, distant aetaatases are ertreaeq rare in 

-.,asthenio patients. 23, 40 Tnree-fourtha of nenaetastasisinc

th,ao•s obsened haTe occurred in myasthenic patient.a, while 

the incidence or this tumor in nonmyasthenic subjects bas been 

approxillate],7 1 per 100,000 hospital adaiaaiona, coapared to 

15% in m;p.sthenie patienta, and so:ae of the fonaer haTe denlop­

ed ayasthenia cravia 7ears after the t'UllC)r was noted er eTeD 

followinc inco-,lete 43, 44 or e-,lete reao-.al o.t the tuaor. 

Jlalip.ant tlly]de ta.ors with distant l.ympha tic or 'blood-borne 

aetastases ooclll' alaost excluiTe'.q in nonayasthenic &lll>jecta 

with approxinla teq the sue frequen07 as tbyllo•s. These 

tuaora, which have been classified as careino•s 4.$ or seaiJa­

omas, 46 are aore llkeq te produce pain and eTidence of 
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tracheal and superior vena caval compression. Most a-.thors 

feel tllat a aedi.astinal tuaor eccurrinc in a -,asthenic 

patient ia alaost certain to be a th1110:raa, and an extramedia­

stinal intra.tlloraeie tuaor in such a patient i• aost lik•lT 

to be an ectopic tn,aoa, or, less often, a .. u-eell broncho­

cenic carci.Do:raa which •Y eocasieull.7 be asaociated with a 

•-,asthenie• SJllldro•, 47 or soae ether unrelated taor. 

Althouch -,asthenia cram is the ayndroae aost trequnt-

1.T associated With tbJ,]dc tuaor, reports or other associated 

conditions are ill the literature. Fifteen illstancea la.ave beea 

reported of the siaultaneou occurrence of benip th.Jmoma and 

retractor., anelllia, accoapanied in some b,- throabocytopenia or 

leulcepenia. 23, 48, 49 Fowr of the latter patients bad a;ra•­

thenia cravia. At least two reports have appeared or apllll8.­

clobulineiaia associated with teymoma, SO and in one instance 

With aplaatic anellia aa well. Sl Q]>roxi.llately- elenn case■ 

haTe been reported of Cubine'• syadroae associated with 

adenocarcino• of the tbiYJaus.�1 other disease entities assoc­

iated with th1ai,c t•ora or -,asthenia crarl• are Gran's 

d.iaease, 32 bronchopnic carcinoaa, 47 pol1Jvoaiti■ and

deraat-,-•sitis 5
2 �d lupu erytllematosua. SJ Hemeyer,

the e'rl.d.ence that has accuaulated linkinc the latter diseases 

and thyaus abnormalities is iJlconclusiTe at present and the 

poasibilit.T of coincidence are not excluded. 
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Tae Diapoaia ef )baathe:aia Grana 

Tae tiapeais et t:llia disease oaa ceaeralq be •de oa 

tae basis or tlle hiator.,, distrib•tio•, and u•l fletutiac 

nature ef the weakaess tJaat u•lly' oeoura on repeated. effort 

et inTolTed aucles. Confiraation of the diaposia i• •de 

by' notinc the i:apr0Te11ent in strencth which characteristically' 

followa the adainiatration of an u.ticholinesterase coapo1md, 

s11ca aa neostipill• (Proatipia) or edrephoni- (Teuilon) 

whell the patieat ia in a "baaal" state at least ab: llours 

after the last aedieatioa. l.JaequiToeal increase in strenct}l 

of aor• tlaan alipt ecree fellowinc aeostipin• or edrepaon­

illll d•e• not occur in patients who are not consiaered to llaTe 

-,asthenia crana, with the exception of a few patiellts witll 

po�•siti� dissellinated. l11pu er.,taeatosu or earcinoatou 

neuropath7 or ayopatlV'• 54 HffeTer, t1le latter eonditiona 

seldoa pose as diapostie ditfieuities. TIie ■oat wiieq used 

test sllbstanoe ued in 111.tinc the diapeais i■ neoatipine. 

The latter is ciTen intraauc"alarq, in a dose of 1 •C• per 

100 pomda of b� weicht. Atropine sulfate (o.5 Ill• per 100 

pounds) should be injected intraauseularly- before or with the 

neostipine to pre-.ent the auacarinie effect ot the latter 

c:lr\11 on ■aooth, cardiac a•d aeeretor., eleaents in the boq. 

Beo■tipi.Jle •"1' ala• be adlli.niatered intr-.enoul.7 (O.S 111 

tollori.llc o.S Ill• atropi.Jle). S, F.dropaoni•., wbich ba• bota 
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anticholinesterase and direct depol.arisinc action on auscle 

(2 q. fellowed by 8 JIC• in 30 seconds if the first injeetion 

does net pr.«luce a• inerease in atre:acth) i• ala• wid.e� ued 

t.da7. Atropine 1• not necessary- with edreplloni• and for

tllia reason, and beeaue ot its rapidit7 ot aotioa, edroplaon­

iua ia now wia� ued •• a diapoati• acent. 

Treataent 

Treataent of ivaathelrl.& ptls relies •in� on anti­

cholinesteraae co-,o'tlllda whiah are administered for the 

aaelioration ot weakness. The quaternar., a••nillll coapounda 

neoaiipine, nridostiprin (lleatiaon), and aabenOlliua ()(rte­

l.ase) are aaonc the ■oat ueful coapoada ued in tlle ••ce­

■ent of the --,asthenic pationt. Kan,- loncer-actinc co11pounda

are anil.able but the dancer of cU11ul.ation and oTerdose is 

■uh creater. Bia-neostip:ine and. bia-,,-ridostipin are ex­

amples of this latter croup. .llso available are seTeral 

orpnopheapaorus antieholineateraae coapomda, aneffr tlae 

•xi1111 l atrencth obtained after optiaal doaea of an7 of these

q•te:ru.ry- &Jllloniua er orpnophospaorus a:atickolineateraaea 

ia essential� the saae accordinc te Grob.23 Doaace ia

llichJ1' indiTidualised and special precautions ahould be taken 

to f&lliliarise the patient wit1l sip■ ot GTerdoaace or mder­

dosace, the foraer resultinc iJl •eholinerp.e crises• and the 

latter in •-,asthenic crises.• 
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Dosace replation ia initiated b,- the adllinistration 

ot a dose below that neeessar,- t• produce wax1 • 1 atreJlC{;ll, 

•uall.1" 120 Ill• et P7Tidoatipine, 10 •I• ot aabeneaiua, or

lS' q. ot aeostipine eraily' eyer,- 4 hour• when awake, or 

l •C• or lleostipi.Jle i.Jltr&llll8cularl1' eft17 .3 lloura. !he dose

is then crad•ll7 increaaed until no .further increase ia 

atrenct,h occurs. The intenal between doses •7 ae decreased. 

by' one heur it this pron• neceasaey to •intaill atren&th• 

J':yridostipine and allbenomi• should be adjuted. at intenala 

or 1 to 2 da7■ due to their loncer duratio• and the do■e ot 

aec,stiprl.ne •1' be adjusted at ■herter iatenala. Tae •••­

ace should be o:,tiaal when adjusted. Optillal dosace ia 

eo-,licated 'b7 the creat n.riability ot the disease and the 

fact that different croups ot the affected auseles react 

ditf'erent]Jr to a cinn dose. Onset of weakness one hour 

after druc admini■tration ia ■llCCestin or oTerdose while 

ouet ot weakness 3 or aore hour• after adainistra tion ia 

succeatift or acierdose or resistance te tlle druc• &iro­

phoniua •Y aid in establiab.inc a d.osace ranp in that its 

adainiatration will :,reduce a transient increase in atrenct)l 

it the patient is in need of more aedication and it aet, will 

pred11Ce a decrease in atrencth or •ucarinic ■icle ettectll ••ll

a• lacrillatic,n, sali-n.tioa, anreatinc, aDdoJlina.l craapa, or 

nauaea. 56 If no caanp occurs it •1' be &HUiled that the 
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patieat is near hia optial dou.ce ranee. Atropine alllfate 

1• ci,Ten intraauscularJ.T as needed to preTent the aucarinie 

ef.tecta of an.tieholineaterase eoapound.s. After the repla­

to17 dose baa been establialled, atropine a7 be achli.nistered. 

(0.6 ■c• oraU,. or intraaucularJ.T eTe17 4 to 8 llolll'II) if 

aide effects are troublesoiae. Pro-Baiatbille (lS Ill• eTer,-

6 hovs) •1' alao be v.sed for the saae purpose. 23

otller Drue• Uaed in the Treataent of Jfyasthenia 

Epaedrine aul.tate, as an adjUYant to anticholinesterase 

aedication, and potassium. chloride (25J1i. t.i.d. and 2 p. 

q.i.d.. respeetiTel7) are often ued ill the treat.ent of this

disease. Tae use et pnidine is aot recOJ111endea at present.

Stereid.s &a.Te not been ceneraU,. a11Ceesstul, but SOile authors

■till aplq the■• 5?' 28

Drup to be A.Teided in the JC,asthe:aie Patient

Certain ciruca iaust definiteq be aTeided in .,aathenic 

patienta. The ■oat important of these are the eempetitiTe 

ausc:le-rel.axinc acenta, ••h as curare (or d.-tubecurarine) 

and flu:eciil. lhile decaaethoniua and a11oein7loholine are 

better tolerated, it ia nest to aToid these drwcs. Qlluine, 

quinidine and parenteral aeoa;rcin chould also be aToicled, 

because the7 •T increase neuroausc,uar 1,leot. )(orplrl.ne 

ahould also be used cautiousJ.T with antieholinesteraae ea.­

po1mds. Deaerol is pnerally well tolerated. Local anesthet-
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·1cs, eTea thouch they- effeot ta, neuroauacul.ar junction,

•7 be ued with epinephrine to dela.7 absorption. Ether

and e;reloproJIIUle are alao fair� well wlerated b7 the 

-,aathenie patitmt. 23

Exaeerbationa of the disease are controlled. b7 inereaa­

inc the dose of anticholinesterase •dication and raoTinc 

secreti••• and •intaininc an airway- with all means neeessa17. 

Potassi'llll chloride administration, as prerloua� stated.,

illproTea the response to aeet7lcholine and anticholinesterase 

dr\118 in a011e patients even though there is no eTidence ot 

potassim depletion. Reduction in bodJ' taperature has a 

sill1lar effect in soae patients. 8

ThpaeetCIIQ' and )(ya.athenia Gra'rla 

Results follow1D1 tivaeeto117 in the treataent of lf1'&8-

thenic patients ha.Te nried aarked� iB effectiTeness of 

relierlnc or curinc the diaease.S8 Viets and Schwab (1960)

enluated the effect of thyaecto-.r in 6oo patients., tra 

their own experienee and that of others. While the ineidence 

of illproTeaent was the saae after tQJaectollY' as in the control 

croup when the two sexes were added tocether, it was twice 

as hip after thyaectoa;,r when onq feale patients lD'lder 40 yra., 

and without thyaOllll, were conaidereci. 59 Viets (19S3) bas

reccamended that the operation be perfonaed -.inq in 701U1c 

feaale patients who are not doing well on aedieal -.nageaent • 
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He does not reeanend. th1Jtectoa;r, except in rare instancea, 

in patients OTer 50 or under 5 years of age J or ill those who 

are in reaission or are well adjuated on aedication. 60

Howard and Mulder (1964) ci"Ye the followinc indications tor 

tbJaecto.,-: 

1. Thymoa demonstrated roentcenopphicall7 in any

patient whose ceneral health is cood. The rationale

ia that a t�oma •:y be malignant and should be

removed just as any potentially •lipant tunor wt th­

in t1le thorax.

2. SeTere proeressiTe mya■thenia cran.a that has been

present for less than two years and has not respond­

:e.d well to aediea tion in a woan leas tban 35 years

These authors feel that chances .r obtaininc a reaission 

after tbyaecto.,- in the latter croup are about twice as cood. 

as after treataent with anticholinesterase druc• onl.7. How­

eTer, they adait that reaisaions after tbia procedve are 

hichly' 'Ult.predictable, and eTen thouch fe•les haTe a hi&}ler 

reaission rate tban •lea, they also perfora thym.ectolliea in 

•les ,mder the saae circllllStances. 28

Irradiation of the 1'bymus 

Irradiation to the thyJllus has been reco-ended b7 SOile 
illvesticatora, howeTer the results are eontroTersial. Its 

24 

I 



ff.hie ha■ •ot 'been cieaonstrated, but it i■ apparent:q aot 

baraf'ul in adulta and •7 be tried on patient. who are not 

doinc well on •dieal •aaceaent. Taere i• alao cliff' erence 

of opinion. as to whether irradiation ot the infant tllya• 

--, later be followed. b7 an increased incidence of carcino& 

of the ta,reid. 6l, 62
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SUJOllRY 

.l renew of the current literatve dealinc With the manJ' 

aspects of JV"&Sthe:aia cran• is presented. Special eaphasia 

ha• been plaeed upon tne current hypothesis ef an autoilll'mme 

etioloc:,. Included alse are discussions of neonatal a;yasthenia, 

incidence, JQ"&athenia and prepane7, diaoio■tic proeedures, the 

rele of the thyaua cl.and, associated diseases, •nacem.ent of the 

-,yasthenic patient, and an historical renew. 

)faq aspects of the possible a•toillllune etiol017 are re­

newed and some propo•al• haTe creat ■erit. flaat the defect 

in neurollUScular transaiasion us been localised to the ■otor 

end-plate eannot be diaputed. HoweTer, auch in diapute is the 

exact aechani•• tor the failure ef illpulse trannd.ssion, aad 

whether there is deficient aee't7lekoline, aa mu-esponaive end­

plate dm to an elented sti■ulus threshold, excessiTe anti­

cholinesterase, or a eoa:,etitiTe block as a result of an unknown 

substance, (which in itself ia the result of an autoiaaune ■ech­

ania■) is still aueh in doubt. There is still no conclusiTe 

endenoe, or eypothesis, that can explain all manifestations of 

this disease. The demonstration of ■ultiple antibodies in JV"i,S­

thenia crarls, its clinical course with relli.ssions and exacerba­

tions, the female sex :preponderance, and other .features reminis­

cent of other autoima'l.me diseases llicht lead one to conclude that 

ayasthenia is an auteilua'\D'le disease. HoweTer, the concept •f 
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autoillnune disease is new, and no disease has been pronn to 

occur bJ' this aecbanisa. The most satis.f'actoey demonstration 

of aute-antibodies whieh m.pt be :,ataocenic has been ill thJ'­

roiciiti1, ln1t eTen here, siJli.lar antibodies bave been fomd 

in soae normal incliviiuala. The anticen in m;yasthenia has not 

been identified: Fvrtheraore, the identification of aaticen 

and anti'bod1' does not in itaelf prerlde erldence of the aeea­

aniu of disease. If there is a eireulatinc antiDodJ', it has 

not been deaonstrated in all cases, nor has it aeen proven to 

be the cause rather than the result of the ausclllar disorder. 

These reserTations aerely' indicate tbat auch work reaaina 

to 'be done and it seems nry llkel7 that illaunolocical stlJ.dT 

of wyasthenia will be iaportant in the future. 
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CONCLUSIONS 

1. )(yasthenia cran• is a chronie disease with exacerba­

tions and ruissions of aucular weakness, often invol'Yinc ta• 

ecular auaclee onl.7, bllt frequently' 1eneralised and affectinc 

aan;r croups of skeletal ausclas. Rest frequentl,1' restores IIUS­

cle :f'unctien. 

2. Cardiac and Tisceral ausoles are not affected ill this

ail.lllent and there ia no eTidence of auacular aatinc, anatoaieal 

defect in the neuroll1l8cw..&r juncticm, or central or peripheral 

neuronal damace. 

3. Cholinercic dru&s are drau ticallJ' beneficial in aost

instances, however cholinercio-insensiti-.e episodes are not rare 

in the aanacement of this disease. 

4. Intercostal and Eiiapnrac-tic ausole paralysis 1•. the

aost ille-threateninc aspect or this disease, ud a not \Dlcoaon 

cause of death. 

S. 'fae disease i■ folllld in any ap croup with a ■lichtly

1licher incidence e.t' ceneralised ayasthenia and earlier onset in 

females. Onset of ceneralized -,astheni.a reaches a peak ill third­

decade woaen and is .11ore co-on in ales be,-ond 6o years or ace. 

6. The courae ef the disease is hicAly n.riable. Moat often

the basic level of weakness ia reached within the first yu.r after 

enset. Soae patients experience complete relli■siona ef' their 

symptou. 
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7. The overall :aortalit7 rate is probably- just under 15%

at the present tiae. 

8. Prepanq in the -,asthenia crarla :,atient •1' oa"USe

an exacerbation ot the disease (uuall.7 durinc the six weeks 

tollowinc delivery) or •7 eTen illprove the :patient's condition. 

The ceneral teelinc is that the disease is not an indication tor 

tel'lllllation or the prepno,-. 
I 

9. leonatal myasthenia grarls is not uncoDD.on; but likely'

coes undiapoaed frequent�. N• correlatioa between the aeftrit7 

of tlle •other•• condition and the occurrence of neonatal ayasthenia 

10. .lppro.xillate'.q 3% ot -,a■thenic patients ha.Te associated

h1Jterthyreid.iaa., and 2% ha.Te exophthalaoa a the absence •f thyroid 

disease. Either the hy'perteyroid. or laypot�id state •Y cause 

an acp-an.tien of the -,asthenic'a syaptoas. LllPUS erythe•toau 

and other disease entities are trequentl,- associated with .,-aath­

enia but the erldence for any Jrnown relationship is illconcluiTe. 

ll. Patholop.cal chances iD this disease are "ri.rtual.q lia­

ited 1;o :tJnterplasia or tuaor or the thyaua eland and J.yaphorru.ce• 

ill auoles. i thJao• is present in approxiJUlte� 1S%. 

12. The diaposis is aost frequent� attempted b)" usinc

neostipine or edrophonium and then noti?J& the iaproveaent in 

stren&th in the affected auscles. 

13. Treatment relies •in]Jr on the qu.ternaey uaoniua
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coapounda. (Antichollnesterases aucll as neoatipine, pyride­

sticJli.ne, and ambeno111:ua.) Ephedrine sul.rate and KCl are 

frequently- used as adj,nants to the anticholinesterase compounds. 

J.4. Thylaectolt1' appears to be indicated in younc fe11Rle 

patient• WAG are not cioinc well •n aedieal IIIUl&&eaent, patients 

who ha.Te daaonstrable thylao•• at arrr ace or sex, and in severe­

ly- procressive forms ot the disease ia either aex under the ace 

et thirt,--f'ive. 

1.$. Irradiation to the th;yaus as treatment f'or ayasthenia 

crane has produced q•stionable results. 

16. Tlle autoi.slune hypothesis currently' proposed appear•

to be the iaportant pathway tor f'•ture inveatiption. 
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