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il\iected directly inl.o skdew 
:. (J98S1: Effecl uf muscle has been reported to ameliorale a 
i.. .., _roscnic variety of focal dysl.onic conditions (1-8),!lO:IBS1_18W.
 
"'I)'pAlln, Mei,e
 Despite the potency of BOTOX. only one 
ll: TrutlTltnt willi patient has experienced acnenlliud weak­
~:1499-11OO . ness and this patient received an overdose• C, Orlo. M. F.. 

ot" toxin (2). Usi"lllinsk fiber techniques. !kotl, A 
;>fh,>l.ulinIJm Uum abnonmalilin of neuroQ1u~ular lransmi",. 
, J5(llIppi. l):271. sion have been found in muscles distant to 
;enblum. A., thol;e injected (9,10). An inven.e relation­lfbolUlinliRi tOllln
 
r benilln eSilentilll
 ship belweenjiuer.llnd firing rate was noted 
y,93:1_). in lhese musclc:.s $U8Fltina A presynaptic 
~" Olrl1lthers, 1.• basis for thejiner (II). alO!.llikely reflecting 
illS): A pilol S1l1dy 

spread of lOll in, This report, n:ported in part in spllimodic IOr­

12:)14-316.
 previously (lOl, further delineate!! the in­
I. T., and SchUl, cidence and courK of tbe distant effects in­
n:lled wllh boto· ducc:d by [ocal injection of BOTOX. 
c~. 

,okl, A. P. OllllOl: 
~tl 

urasu'g, Psy<"hia· 

We studied si. palienls. four women and 
Sj: Dela.ycd·o,...el 

IwO men, aaed 28 1068 years. AIl patients':lj;/;ular inRll!. J. 
had a tJiagnosis of focal dystonia, four wilh 

li~hnlincrlic one with oromandibular dys­
l:IU1_126t. 

Ionia, and one with painful dystonia attrib­.ill. M." Lilt, T.•
 
{l98'I: Botulinum
 uted III levodopa therapy for parkinsonism 
)l1 neUrt!lDuscolar
 
:t'i24-62t
 palients received injections of , aoul. BlICldey. E. 

the affected musdes. The 
'1,ro/"fi'}·, 16;""­
r bleptw~m. 

W811 lyophilized BOTOX A 
(courtesy of Dr. Alan Scali. San Francisco) 
reconstituted with nonnal saline at the time 

D. L 
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lIIld 

Opl"hal"'ol.. 

....ilh "lillie" 

!.her­

if\iccl;CMl or 

wilh bolU. 

N~ ... YoN: 100

Small 
(BOTOX) 

MKTHODS 

torticollis. 

(Table I), 
All 

BOTOX into 
It)).in U-5ed 

32 

of injection t.o achieve the desired concen­

60' 

tration). BOTOX conceDtration was cal­
culated in mouse units (U) (I Unit = Mouse 
LiliO; 1 n8 =: 2.5 Units), The cumulalive 
doses used in individual patients are liSLe(! 

in Table I. IrUeclions wen: adminiaterod in 
small doses «50 ng per visit) at inlervals 
of 2 to 3 weeks, 

ElectrophysiokJ8ic studies perfonned on 
all palic:nts included median motor and 
sensory nerve conduction velocity. repeti­
tive stimulation in the mediMftbenar 
system, and single fiber electromyography 
(SFEMO). Repetitive stimulation was per­
fonned with a supramalimal stimulu", of the 
median nerve at the: wrist wilh surface re­
cording e1«:trodes over the abductor pol­
licis brevis muscle. Stimulation rate was 3 
Hz deliverina a series of six stimuli. Slodic:s 
were perfonned at n:st, immediately after 
15 secofexerciK and at (,2, J,and 4\ min 
after I min of e.ercisc:, Amplitude compar­
illOns wen: made between !he first evok.ed 
response befon: tutd after exercise (po!l ac­
tivlltion facilitation) and between fil'lll and 
fourth respon.ses from each series 10 det«:t 
decrement. 

SFEMO lind fiher denlily delermin&lion8 
were oblaincd wina standard techniques 
(12) in the eKtenwr dLgilorum cummunill 
(EOC). a musde remote from the site of 
injection in all patients. Only fiben whoac: 
amplitude exceeded 200 .,.v with riK time 
grca1tr than JOO ~ec were includ~ in mea· 
surements. Results wen: e.pn:ncd as tbe 
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Table I. Silldy of Jix pafintb ...Iao ,~t:~i»rd i'li~c:'I'1fP of botuli/lllm 'lui" (BOTOXJ
 

P8lieDl (Sel)-..
Diagnosis 

I (fcmaJe) 
51 ycafli 
TOl'1ieollis 

! (ftl1lollc) 
SI rt:on.
 
TOM;':",.;,
 
J «(_..tel
 
42 j\tl..
 
Oro,..ndibulllc
 

;ly.toni. 
4 Ire....)

"­l"ol1i<:u1li' 
, (lnlIlc) 
62 ye.an 
Pllinl'ul d)'ltollY 

of partill.'llllislO. 
6 (male) 
Zll yean 
Torticlllli~ 

DoK 
of t10TOX 

(Mallse Unift) 
(MUKI", [~Ied) 

,
 
.,.
 '"
 (sew· a. ~lius) 
372

."
(SCN. .... lrapcl.iul),ro 
(lcmPO~i~ &: 

_Mice) 

301.' 
(SCN. II. IrapWul) 

'"
 
".
."
 

Time IlIt__1 
SFEMO Ruulll"betweell LuI 

illil!lCt~ ~nd NCO 
SFENG lIudy (lL!cc) , 

~9.2,-"	 " 
4UI.. IIIOI1t11S'_du	 n.D 

6 weeki n.o 
J weeki )6.0 

'2 wcd.•	 27.' 

J_k.	 S4.2 

tiwecb	 6.~.2 

6 .....nllu	 n., 
10.",-" 

{IW. fibers wilh cue.. 
Jitlerlbk:lelrJ...1 

,•."
 ".,
 
(411) '''''
 '""I
'''''
 
'OO' 

(7/0) 

11111 

,OO,
(8'"
 

(fiber del1oiIY) , 
(I.l) 
(l.J) 
(2.25) 
(1.0) 
( 1.4)
 
(J.G',
 

( I.") 

Il.l} :; 

( 1.6) 

(I.})
 
11.6)
 

• M' '''ck' EJ....cnsor diaiwn.olll COIW1Iunl.; 2D l'iben tflIdied . 
• (SCM) slunocJeido....."oid. 

mean consecutive difference (MCO), ob­
tained by meuuring"jiner for 20 fiber pairs 
and eompArins to oonnals (normal MCD < 
34 ~5CC). The numb« of fibel1l with abso­
lutely increased jitter (>:s:s IJ.scc) and the 
number of bll>cl.ed fibers were noted. Fiber 
density measurements 'tlIere obtained by 
counting the number of fibers Crom one 
motor unit (Le., time lOCked) within the u&i­
lake Mea of the eleclrode from 20 differenl 
sites and expressed as mean fiber density. 
Laboratory controlli for this age ral1ge are 
1.57 ::!: 0.17. When possible. the results 
were compared to pre";f\ieetioa control val­
ues. 

EIel.1ropbysioioaie studies were per­
formed 2 to 6 weeks after iqjection in l'ilO,t 
patients. Patient I WB3 studied serially: pre. 
injection. 2 weeks after re~iving 285 U. 4 
months and 9 months Ilf'ter receivinll 45() U. 
Patient 6 was studied 7 months .dler re­
ceiving 570 U aoo 4 weeks after an addi­
lional 240 U were g;ven. 

AU patients were evBluated for serum an­
tibodies to BOTOX with xriaJ. determina_ 
tions using an ill vivo mouse auay (Dr. Chas 
Hathaway, Center for Disease Control. AI_ 
Iaot.). 

IUlSULTS 

No pe.ticnt developed dinica.lly evident 
weakness and routine nerve eonduction. 
and repetitive stimulation slu~, were nor­
mBi. The oVe~1 InUU, of single fiber stud­
ies in muscles dislant from the if\iection site 
are given in Table t. Patient I was studied 
serially and fouad w bave normal ncuro­
mulCuiar llaIIsmissi"on in the EOC a8 mu· 
MIred by SFEMG prior w BOTOX if\iec­
tion. lttiection:i into the trapezius and 
slerDocl.eidomastoid (SCM) muscles for lor­
ticoUis occurred until a do,e of ts,. U was 
administered. Two weeks later. SFEMG in 
the EOCwas abnormaJ (Fill. I). Anera toUli 
dose of 450 U was given. i rijeC:lioQ.S were 
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After il.lolal 
~lions were 
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2inlVL 
,,,"ItC 

•• lIal (10 hlU) .. ".1 _ 

flIG. 1. Sample s;ni1e fibor dUItOft'YOIr.pby (SFEMG) lmt:~ bcl(Mc (A) and 2 weeks ancr (Bl 
re,;ejvU1& 285 U or botUlinum w),in (BOTOX) iqjeclM intI) D~ ",~". fO!" lonil:oIli, (P'tient I; 
Mu,.;;lc: c",',"noo~ diplOl'1lm commllftll:). (hr. 10.) 

stopped. Repeal SFEMG studres revwed 
increased jiC1er whkh WM"o inversdy related 
10 firing ntle Ilt 4 montbs and 9 months after 
rece;vins her lUi iDje.ccioD (Fig. 2). Another 
patient (No.6) rece=ived a total dl'Ke of 57ft 
U but none thereafter for 6 month~. 

SFEMG at that lime was normal, but 2 
weeks after an additional series tOtalinl240 
U was given, jiuer was found 10 be man.­
edly abnonnal with blockins in si.k of Ihe» 
pairs studied. Only mie other patient (No. 
5) edUhtted bloclcina. 

All patients receivilll BOTOX in cumu­
lative doses areater than 2,,5 U were follnd 
to have exce'sjiuer wIten aludied 1000 after 
injection (2-6 weeks). Pallem 1 received the 
seconlJ larllesl cumulative doae of 80'f0X 
in our series yet had lhe amallcst increa~ 

irditLer. This palient wu round to have un· 
tibod.ies (0 BOTOX in her serum. She Wll.ll 
lbeollly person In our series with detectable 
anlibodies to BOTOX. 

Fiber density WIlS increased in two of 
three palieDts who received the 18I'gesl cu­
mulative cose. In aU otlter patients, fiber 
density WiU normal. 

DISCUSSION 

U,>ing SfEMG Icchnilll.le', 8bnonnnlitie. 
in oeuromuscular tRl1smission in muscles 
distanl to tbose itijected with BOTQX are 

presenl. An inverse relatioDship between 
firing Tatc and jitLCr sUiBCliIS thal lhe be.sis 
ror tbe jitter is prt:synaptie (II). Thc!>t find­
ings therefore !uppon previous fiudin85 
thai locally iqjetted BOTOX spread, 10 Bnd 
afTec1' ncwomUJcular tnInsmiuion in dis­
!.ant muscles (9,10). The mechanism of 
spread is unknown but pRsumed to be Va&­
eula,-_ 

The abnormalities induced by BOTOX 
may be long lasting. Plltienl 1 was found to 
have normal jitter berore il\ieclions began. 
After 28.5 U wa$ iDjected into neck muscles 
for lon.ieoUis, jiuer becaroe abnormal in the 
EOC. A lotal or 485 U was administered. 
Jitter remained abROnna! 4 montll~ and 9 
monfhs after cessation of injections. Per­
!:listent abnonnalilies after .sublethal injec­
tions of BO'fOX have been found in mice 
(13). Palholoaical euminalion of il\iected 
muscles revealed pefliatenl mll5c1e fiber 
aLrOflhy and excessive nerve sprouting 9 
rnoaths aftl'.f" iqjecliotl. OJ}. Our flJldings 
thue(ore sUlllest that • simil... process oc­
cun in musc'~ dist.ant to (he BQTQX in' 
jection in humans. Othen, however. have 
found lhaljitter in distallt muscle. reqUircli 
aboul3 months to resol.vc. The exact length 
of lime required before lhese abnonnalitict 
diuppcar Is therefore unres.olved at 
present. 

An increase in fiber lJensity wus Illnerved 
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nG. Z. Persistent cfl'Cj:lS 011 ncuroalulCloIlar tran.minion. Sample WJ,.Ic fiber cleclromyolUllI'hy 
(SFEMG) tl'al:iftg. 4 months (Wi) IlIld 9 months (111111) lifter boNlim..m lo"in (80TOXl injeclions 
LOllllins 4'0 U were slopped. In both, jiuu is maxilNllllol dow acLivaiion nllea (I) lind imprDve~ 
as W;:livlltion increllse.~ to mocIcn.u (1) UId fa.t nues (3). (Palletu I; ••ha,de c:l:[cnsor dilitorurn 
communis; Insel lives ca.libnlliotl for all). (ModiLieu frum ~. 10.1 

I, 

1 

in [....0 of three patients who received the 
large$r dmc of 80TOX. Fiber density has 
been found 10 be closely correlated wilb 
methods used to estimate reinnerntian, 
e,g., terminal innervation I'1lUOS (14). Thus. 
increued fiber dewilY after BUIQX iJUec. 
tion sopports lbe obaervalion that nerve 
sprouting is enhanced by ~ub'tanccs ....hich 
impair acetykholinc rdell.&e, e.g., BOTOX 
(1,5). It also supports the fin.dina in mice lho1l 
exceuive rterve sprouting occurs after sub­
lethal irUeclions of BOTOX in mice (13). 

In the patient ....ho received the highest 
dose of BOTOX. increased fiber density 
and persiitenl effects on jiller were nOl en­
countered. litler W~, however, markedly 

increased with six or 20 pain blocked 2 
....eeks after itijeclions were restlh1ed. Why 
lhis patient did not rnanife!l pcrsiltenL 
chanFs in fiber density and jiltcr is not 
clear at present. One obvioull. (actor seplL­
TlIting this pattenl (rom otbers is age. P:atieenl 
6 is the younsesl person in our Jlcries. Age 
has been (ound to be 811 imponanl (actor in 
delern1ininll DOrmalcy in motor unit poten· 
lial duration sod fiber density (12,16) pre· 
sumably because of motor unit rearranF­
menl during aging. How lhis affects the 
reJponse of the neuromuscular junction 10 
BOTOX remains 10 be elucidated. 

Jiuer as only minimally increued in Pa­
tient 2 ho rec.eived w.e doses olBOTOX. 
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Despite receivinillhe second largest dose of 
BOTOX, &he was found 10 have the least 
abnormal jiner. This palienl was found to 
have an antibody to DOTOX delected in her 
serum. Il is possible that the antibody in­
terfered with BOTOX's action al the neu­
romuscular junclion. 

,
No clinically significant wew«s has 

bun observed in our aeries. The abnor· 
malilies detected are, however, extreme.ly , 
important La be aware of for clinical rea­
sons. Patients with already impaired neu­
romuscular tl1lDsmissioD albeit subclinical 
may be supe",en~ilive to lhedfeets or other 
drugs which may further interfere with neu­
romuscular transmission, e.g., cenBin lUI­
tibiotic$ and Bnestheticll (11). 
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