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ABSTRACT

Myasthenia Gravis (MG) is a neuromuscular disease often associated

with thymic pathology due to neuromuscular transmission impairment by

circulating antibodies directed against the cholinergic postsynaptic

receptor on the neuromuscular junction (Anti-AchR-Ab)' The treatment

of MG includes cholinesterase inhibitors, steroids and thymectomy'

Plasmapheresis can remove Anti-AchR-Ab but more recently plasma-

perfusion (PP), a more specific apheresis for selective removal of

noxious plasma components, has been developed. Aim of the study' To

study the effect of PP treatment' performed by using specific

immunocolumns for Anti-AchR-Ab, on the clinical outcome of MG

patients non-responder to steroid therapy or thymectomy. Matherials and

Methods. We treated 8 patients suffering from severe MG by a cycle of 6

sessions of PP. We used columns containing triptophan as a specific
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ligand for Anti-AchR-Ab' In order to evaluate the effectiveness of

*iu,*"n, we used functional tests (muscular tests' respiratory function'

"l""rro*yogruphy) 
and laboratory tests (Anti-AchR-Ab; immunoglobu-

lins, compÉmeni fractions, immunocomplexes)' -Resrlrs' 
After one to

three PP sessions, early clinical improvement in bulbar and respiratory

symptoms were found in all patienti and EMG 
{rowea 

improvement of

neuromuscular transmission' Serum concentration of immunological

markers decreased progressively and significantly during the treatment'

Clinical improvements were progressive despite the tendency for Anti-

AchR-Ab to reach initial values between one session and another' We

observed no side effects due to the type of immunocolumns used'

Conclusions. Triptophan columns appear to be able to remove large

quunriri", of antì-eìnR-Ab and immunological markers from plasma'

óui 
"^p".i"n"e 

shows that PP performed using triptophan columns' in

patients suffering from severe MG provides good clinical results'

improving patients' outcome' without any risk linked to the procedure'

INTRODUCTION

In the past, several membrane-filtration techniques have been de-

veloped to rÉmove plasma or plasma constituents from whole blood during

extracorporeal Perfusion'
Plasmapheresis (pF) or plasma exchange (PE) - removal -of the

patient's plasma und r"píu""*ent with normal plasma or su.itable colloid -
is nowadays widely used in the treatment of many diseases and im-

munologic disorders.

More recently plasmaperfusion (PP)' a more specific apheresis for

selective removal of noxious plasma components' has been developed

(Yamavaki, 1985). Uniik" pg, pp does not induce loss of essential blood

factors and needs no fuio replacement (Malcheski er al., 1986). In PP'

patient's plasma is previously separated from whole blood by a membrane

plasmafilter, then it goes throulh immuno.absorbent columns containing

some binder materialJ (ligunag"ttut selectively "adsorbe" plasma toxic

substancesbyspecificphy-sico.chemicalorbiologicalinteractions(Rosset
al., 2001; Tagawa et ;., 1SSS)' After removal' purified plasma can be

returned to the patient. Figures í and2 show the mechanisms by which PP

could be of benefit to patients affected with different diseases'

There is "t"* "iid"nce 
of the efficacy of apheretic techniques'

espeóially pE, in tne tieatment of some serious neurological diseases. Since

it has becom" uppur"n, inut circulating antibodies against the acetylcholine

receptors (antiAchR-Ab) ut tt 
" 

neuroÀuscular junction are important in the



ObJ.d

Àod{attLhoUr. ÉPbr Aù

lmC
R.t|Mt ld lFbr
Ait}DNA Ab

Pt.ryl.iltrlil ADd.MBP Ab

Polyfy.lr --"-'--'-* f' Ph4' DNA

M.thyhld Atbùmln -"--------+ DNA

Blndln8 t8ert

t-
I nyarcÈouctlnahg F--l

L

r-
I tontc Uúdtg l--t---

I

Hd9lc oa.dorpdd

rryPbphsl

Plasmaperfusion and Myasthenia Gravis 7l

Fígurel.MechanismsofPPselectivemoleculebinding:physico-chemical
interaction.

patogenesis of myasthenia gravis (Vincent et- al', 2001)' removal of these

*,iUoOi"t by PE is founJ to be highly effective in ameliorating acute

myasthenic weakness (Batocchi et al', 2000; Nakaji et al'' 2000)' In

Guillain-Banèsyndromedifferentpathogeneticfactorsmaybeinvolved,
such as immune complexes (Hughàs et al', 1999)' demyelinating factors

(Hadden and Gregson, 2001), o-r antibodies directed againsr peripheral

nerve tissue (Yuki et al., 2000). Favorable responses have been reported

using PE in acute and chronic Guillain-Barrè syndrome (Haupt' 2000;

Hauit et al., 2000a; Vedanarayanan and Chaudhry' 2000)' Some immune

factors are also involved in patirogenesis of multiple sclerosis (Bruck et al''

2001). Although there *" *uny ieports of patients with multiple sclerosis

who appear marked clinical impronàment from PE (De Andres et al" 2000;

famtrastri et al., 1997), research on new pharmacological therapy goes on

and many advances hale been achieved (Steimnam' 2001; Wandinger et al"

2001). Finally, in chronic polyneuropathY, apheresis may be of benefit and

good results have been ottained using PE combined with usual therapy

(Nevo, 1998).
Myasthenia gravis (MG) is a disorder characterized by muscle

weakness and abnormal faticability due to neuromuscular transmission

impairment. Circulating antibodiei directed against the ac-etylcholine

,"àptom at the neuroniuscular junction are the main cause of the trans-

mission defect; such specific antibodies can be detected in 90Vo of MG

patients (Palace et al., 1001;' Evidence suggesting that immune factors are

i-portanì in MG has led to attempts to trear this disease with timectomy'
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Figure 2, Mechanisms of PP selective molecule binding: biological interaction.

immunosoppressive therapy or plasma exchange. It is also possible to

combine different kinds of treatment, such as PE and high dose of
prednisone, in severe forms of MG, thus obtaining very good results despite

the severity of the disease (Morosetti et a1., 1998).

We studied the effects of PP on MG using specific immunocolumns for
antiAchR-Ab.

METHODS

Eight patients affected with severe generalized MG were treated using
Immunosorba IM T350 column by Asahi Medical Co., Tokio, Japan.

Plasma was previously separated using Plasmaflo AP 05H plasma filter
by Asahi Medical Co., Tokio, Japan.

IM T350 contains microspheres of synthetic resin saturated with a

polyvinyl alcohol gel in which triptophan is fixed as ligand. Such amino-
acid is a specific ligand for antiAchR-Ab probably because of a physico-
chemical interaction based on hydrophobic bond (Haupt et al., 2000b).

During each treatment the perfused plasma volumes were two litres and

treatment'times were about two hours per procedure. Blood flow rate

through plasma separator was 100 ml/min, whereas plasma flow rate

through IM T350 column was 20-30 ml/min. Heparin was used for anti-
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coagulation.Insixpatientsvascularaccesswasobtainedbyacatheterina
femoral vein for afferent flow and a fistula needle in a peripheral vein as

the efferent; two patients received treatment only by antecubital veins'

All patients had previously undergone thymectomy and were receiving

chronic immunosoppressive therapy (prednisone or prednisone and

azathioprine) (Table l). They were^ s"l"cted from a large population of

patients, because they were severely disabled despite treatment' All of them

showed palpebral ptosis, diplopia, dysphonia' dysphagia and severe limb

weakfiesr.AccordingtoOsserman'sclassification'allwereinthegroups
with life-threatening signs (III or IV) and five were exhibiting ventilatory

function impairment at the start of PP treatment'

In order to evaluate the effectiveness of treatment we used: a quantified

test for clinical signs and symptoms, the scores obtained in ten different

,nor"l" groups, according to prefixed standards' provide a general overview

"iift" iatient;s conditión (Sghirlanzoni et al'' 1984); test of respiratory

function; electromyograpniò jeUC) testing of repetitive supramaximal

stimulation(RSS)-theradialnervewasstimulatedaÍ3Hz'recording
from the extensor carpi brevis muscle) (AAEM, 2001); and before and after

eachPPthefollowinglaboratory'testswereevaluated-AchR-Abtitration
(according to Lindstrom's method (Lindstrom' 1977)' immune complexes

(ImC) (according to Chia's method) (Chia et al'' 1979)' and immunoglo-

bulinsandcomplementfractionstitratedbysingleradialimmunodiffusion
(Table 2).

Immunosoppressive treatment remained unchanged during and after PP

to avoid interference with evaluation of effectiveness of PP'

A cycle of six sessions of PP was used for each patients' with a 4-5

days interval. In two patients the working-schedule was changed (Table 1):

inpatientlbecauseofrn"excellentearlyclinicalresponse'inpatient5
because of lack of superficial vein' resulting from the previous PE treat-

ments and thrombosis of the femoral vein used' Changes in session in-

tervals were needed in patient 4 and 6 because of severe respiratory failure

requiring mechanical vàntilation, because of food ingestion in one patient

and a cholinergic crisis in the other'

RESULTS

AfteronetothreePPsessions,earlyclinicalimprovementinbulbar
symptoms (dysphonia, dysphagia) and,respiratory function has been found

in ait patientr. Li-u rnut"i" sirength' however' began to improve later on'

especially in severely affected muscles' At the end of the treatment no
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Table 2. Evaluative test used'

/5

Functional tests Laboratory tests

Muscular tests

Respiratory function
ElectromyograPhY

Anti-AchR Ab
Immunoglobulins
Complement fractions

Immune complexes

patient showed respiratory weakness nor other vital functional impairment.

A d""r"or" in quantified test score was noted in all patients. Upon res-

piratory function testing, an increase in vital capacity and maximum vo-

îuntary ventiìation, ranging between 20 and 1007o was found' The most

significant results were observed in the most severely affected patients'

EMGs showed improvement of neuromuscular transmission, with either

an increase in amplitude of the first evoked muscle action potential or a

reduction of the decremental response or both'

Serum concentrations of immunologic markers showed the following

decreases (mean 7o tDS): antiAchR-Ab 36.4',7 x.L7.43; lgA 20.44 =11.26;
|gG 2|.24t'32.56; IgM 23.22x,11.40; C3 36.78x'10.15; C4 42.69x.|4.82:

ImC 55.82t39.34 (Figures 3 and 4)'

Routinelaboratorytests,althoughnotspecificforMG'werecarefully
obtained to detect possible undesired effects of the procedure, as well as to

assess its selectivity in removing blood components. The only significant

finding was a decrease of fibrinogen (60 to 70Vo of the starting value) and

of total protein content (0.5 to 1 g/dl) after each PP session'

p"" ffi
*n, ffi

i', t w2 Pzl Pz4 PzS

in serum concentration

Pz6 Pz1 Pz8

of immunological markers bY eachFígure 3, Decrease

perfusion cycle.
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Fígure 4. Decrease in serum concentration of immunological markers after alrplasma perfusion sessions in all patients.

In 6 of 8 patients the improvement continued after l0 months; in onepatient the effects lasted 1 month, and in another one a severe relapseoccurred after l0 months of benefit; this relapse was, however, successfulryreversed by retreatment.
only mild side effects were observed over the complete cycle of treat-ment: femoral phlebitis (one patient), femoral vein thrombosis (one pa-tient) due to rhe cannula being left ií ,itu io, over 30 days; a shortlived(24 hours) slight arthralgia wiih peripheral 

"a"-u due to t 
"-"ryrl, i" ,t 

"extracorporear circuit. These comprications are common in all hemaphere_tic procedures and not specific fór this technique.

DISCUSSION

After Pp treatment all patients showed both clinical improvement anddecrease in antiAchR-Ab càncentrations. Moreou"r, clinical improvementwas progressive despite. the tendency for antiAchR-Ab to ."*tiìo inl,iutvalue between one session and another.
A second question concerns the mechanism of action of the pro_cedure itself. Since tryptophan is a highly hydrophobic aminoacid, aselective binding to an unidentified hydroinoblc site on the surface of theantibodies has been suggested, but 

-furtÀer 
informations are needed toclarify this point.

No risk would be theoretically predicted for this procedure, however,even if tryptophan was released fróm the column into the circuit, because itis a normal blood component.

S!,ir,
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A separate immunoadsorbent corumn was used for each patient for thecomptete pp cycle. Afrer each ,"rrl_'tt" ;;;;;;#.,ili"ur"o,,perfused with a grycerol solution, ," -"r.. them ready for another pp, andsterilized with sodium azide. The 
""1;;;,

ffi :';r1fff ;:fi :,":f"0.'","u"ùoi-;il:.'Td1"TJffi *.:ffi ":'jieriectorrh";;;b''"';?itj^1flffffiff .:::f jt"fi Jffi H:lJ"undaswhen compared 
-to 

PE, nn on ,lp1ffin-columns seems ro have thesame rationale and effectiveness, b"t f.;;;-;ndesired side effects due ro rtsselectivity. Although rimited t" ti"*ù"i'*" lonsid"r our resurrs interesrins.

CONCLUSIONS

Triptophan corumns, with their semiserective immunoadsorbenr ac_tivity' appear to be abre. to remove large quantities of antiAchR-Ab, immu-nocomplexes' immunogroburins and r6-pr"*"n, fractions from plasma.our experience show that pp *itn irr"s" new immunoadsorbents fortreatmenr of MG provides gooa cfidlaì ;;J, withour risks linked to theprocedure, as well as contained rnuna"*"nì'"oro.
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