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Distant Effects of Locally Injected Botulinum
Toxin: Incidence and Course

Dale J. Lange, Mitchell F. Brin, Stanley Fahn, and Robert E. Lovelace

Depariment of Newrology, Columbia Universiry College of Physicions ond Surgeons, New York,

New York 10032

Smali smounmis of botulinum toxin
(BOTOX) injected directly inlo skeletal
muscle has been reported o ameliorate a
variety of focal dysionic conditions (1-8).
Despite the potency of BOTOX, only one
patient has experienced goneralized weak-
ness and this patient received an averdose
of toxin (2). Using single fiber 1echniques,
abnormalities of neurgmuscular teansmis-
sion have been found in muscles distant to
those injected (9,10). An inverse relation-
ship between jitter and firing rate was noled
in these muscles suggesting a presymaplic
basis for the jitter (11), mos( likely reflecting
spread of loxin. This report, reparted in part
previously {10), further delineates the in-
cidence and course of tbe distant effects in-
duced by local injection of BOTOX.

METHODS

We studied six patients. four women and
two men, aged 28 to 68 years. All patients
had a diagnosis of focal dystonia, four wilh
torticollis, on¢ with cromandibular dys-
tonia, and one with painful dystonia attrib-
uted o fevodopa therapy for parkinsonism
(Table 1).

All patieats received injections of
BOTOX into the affected muscles. The
toxin used was |yophilized BOTOX A
(courtesy of Dr. Alan Scolt, San Francisco)
recanstituted with ormal saline &t the time
of injection W achicve the desired concen-

tration). BOTOX concentration wus cal-
culated in mouse uwits (U) (¢ Unit = Mouse
LD30; 1 ng = 2.5 Units). The cumulative
doses used in individual patents are listed
in Table 1. Injeclions were administered in
small doses (<50 ng per visit) at intervals
of 2 to 3 weeks,

Electrophysiologic studies performed on
all patients included median motar and
sensory nerve conduction velocity, repeti-
tive stimulation in the median/thenar
system, and single fiber electromyography
(SFEMG). Repetitive stimulation was per-
formed with a supramaximal stimulus of the
median necve at the wrist with surface re-
cording electrodes over the abductor pol-
licis brevis muscle. Stimulation rate was 3
Hz delivering a series of six stimuli. Stadies
were performed at rest, immediately after
IS5 sec of exercise and at [, 2, 3, and 4 min
afler | min of excrcise. Amplitude compar-
isons were made betwecen the first evoked
response before and after exercise (poat ac-
tivation fucilitation) and between first and
fourth responses from each series to detegt
decrement.

SFEMG and fiber density determinalions
were oblained using standard techniques
(12) in the exiensor digitorum communis
(EDC), a muscle remole from the site of
imjection in all patients. Only fibers whose
amplitude exceeded 200 uv with rise time
greater than 300 usec were included in mea-
surements. Resullis were cxpressed as the
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Table 1. Swudy of six patients who received frjections of botulinum 10xis (BOTOX)

Doue Time Interval -
Paticnt (Scx) o HOTOX  beiween Last SFEMG Relty
Age (Movse Unire) ijection and  MCD  (no. fibecs with excess
Diagnoaix (Muscley [njecied)  SFEMG study  (uyec) Jinerblocking) (fibar densily)
| {fernale) b 0 b (00} [183]
51 yecars 288 1 weeks 49.2 (400) (L3
Toricollis 434 4 months 4.0 (4) (2.25)
(SCM* & traperivs) 9 months 520 W) (2.0)
2 {female) m & weeks 7.0 ()] 1.9
58 years 687 Y weeks p1.Y ] (240) {1.08)
Torollix (SCM & irapezius)
} (female) 100 2 weehs 27.1 L) (1.4
42 yenrs (temporalia &
Ovomandibubes fodnpeter)
dysionia
4 (femak) 302.5 3 weeka 54.2 (740) .»%
49 yean (SCM & trapeziun)
Toricollis
5 (male) s 6 weeks 65.2 (8724 (1.6)
67 years
Painful dystonia
of parkinsonism
6 {male) x| 6 mwonths 179 {Q0) (.3
% years 810 2 weeks 0.4 (845) .6
Torticodlis

* Muscie: Extensor diaiton.lm conmunis; 20 fibery studied.

* (SCM) sternockesdomastiaid,

mean congeculive difference (MCD), aob-
tained by measuring jitter for 20 fiber pairs
and comparing 1o pormals (normal MCD <
34 psec). The number of fibers with abso-
lutely increased jitter (>55 psec) and the
number of blocked fibers were noted. Fiber
density measurements were obtained by
counting the number of fibers from one
motor unit (i.e., time locked) within the up- -
take aren of the elecuode from 20 different
sites and expressed as mean fiber density.
Laboratory controls for this sge range are
1.57 = 0.17. When possible, the results
were compared to pre-injection control val-
ues.

Electrophysiologic  studies were per-
formed 2 to & weeks after injection in moyt
patients. Putient | was studied serially: pre-
injection, 2 weeks after receiving 285 U, 4
ronths and 9 months after receiving 450 U,
Patient 6 was studied 7 months after re-
ceiving 570 U and 4 weeks after an addi-
tional 240 U were given,

All palients were evaluated for serum an-
libodies to BOTOX with serial determina-
tions uging am in vivo mouse assay (Dr. Chas
Hathaway, Center for Discase Control, Ar-
laata).

RESULTS

No paticnt developed clinically evident
weakness and routine nerve conduction,
and repetitive stimulation studies were nor-
mal. The overal] resulis of single fiber stud-
ies in muscles dislant from the injection site
are given in Table 1. Patient | was studied
serially and found to have normal neuro-
muscular traasmission in the EDC as mea-
sured by SFEMG prior to BOTOX injec-
tion. Injections into the trapezius and
sterpacieidomastoid (SCM) muscles for Lor-
ticollis occurred until & dose of 285 U was
administered. Two weeks later, SFEMG in
the EDC was abnormal (Fig. 1). Afler a total
dose of 450 U was given. injections were
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500y
vl——.ﬁasec

A&. HLD (20 MAIME) = I8 uses

b. D (20 LIRS} & 4P.2 wbkes

¥1G. 1, Sample single fibor elecrromyography (SFEMG) tracings before (A} and 2 weeks after (B)
receiving 283 U of botwlinum twoxin (BOTOX) injected into neck muscles for tomticollis (Patient |;

Muscle: exicnsor digitorum communls). (Ref. 10.)

stopped. Repeal SFEMG studies revealed
increased jitter which was inversely related
Lo firing rate a1 4 months and 9 months after
receiving her last injection (Fig. 2). Another
patient (No. 6) recejved a total dnse of 570
U but none (hercafter for § months.
SFEMG at (hat Ume was normal, but 2
wecks after an additional series totaling 240
U was given, jilier was found 10 be mack-
edly abnormal with blocking in six of the 20
pairs studied. Only orie other patient (No.
5) exhihited blacking.

All patients receiving BOTOX in cumu-
lative doscs greater than 245 U were found
to have excess jitter when studied soon afler
injection (2-6 weeks), Patlem 2 received the
second larges! comulative dose of BOTOX
in our series yet had the smallest increase
in jitler. This patiem was found 1o have an-
tibodies to BOTOX in her serum, She way
the only person in our series with detectable
aniibodies 10 BOTOX.

Fiber density was increased in two of
three palients who received the largest cu-
mulalive dose. In all other patients, fiber
density was normal,

DISCUSSION

Using SFEMG technigues, abnormalities
in neuromuscular transmission in muscles
distant to those injected with BOTOX are

present. An inverse relationship between
fiting rate and jiter suggesis that the basis
for the jitter is presynaplic (11). These find-
ings thercfore support previous findings
that locally injected BOTOX spreads 10 and
afTects neuromyscular trensmisgion in dis-
tant muscles (9,10). The mechanism of
spread it unknowan but presumed to be vas-
<cular.

The abnormalitics induced by BOTOX
inay be long lasling. Patient | was found to
have normal jitter before injeclions began.
After 285 U was injected into neck muscies
for tonieollis, jitter became abnormal in the
EDC. A (otal of 485 U was administered,
Jitter remained abaormal 4 months and 9
months after cessation of injections. Per-
sistent abnormalilies after sublethal injec-
tions of BOTOX have been found in mice
{13). Pathological examination of injected
muscles revealed persistenl muscle fiber
atroghy and excessive ncrve sprouting 9
moaths after injection {13). Our findings
therefore suggest that a similar process oc-
curs in muscles distamt v the BOTOX in-
jection in humans, Others, however, have
found that jitter in distant muscles requires
about 3 months to resolve. The exact fength
of time required before these abnormalities
Jdisappear is therefare uaresolved at
present.

An increase in fiber density wus observed
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FIG. 2. Persistent effects on nturomuscular transmission. Sample single fiber eleciromyography
(SFEMG) tracings 4 momhs (keft} and § months (right) after botulifum toxin (BOTOX) injections
Lataling 430 U were stoppoed. In bath, jitter is maximal ar slow aclivalion rates (1) and improves
a5 activation increases to moderate (2) and fast rates (3). (Patiemi !; Muscle extensor digitorum
communis; Insel gives calibraion for all). {Modilied from ref. 10.)

in two of three paticnts who received the
largest dose uf BOTOX. Fiber density has
been found (o be closely comrelated with
methods used to estimate reinnervation,
¢.g., lerminal innervation ratios (14). Thus,
increased fiber densily after BOTQX injec-
tion sopports the ohaervation that nerve
sprouting is enhanced by substances which
impair acetylcholine relesass, ¢ g, BOTOX
(15). 1t alzo supporte the finding in mice that
excessive nerve sprouting occurs after sub-
iethal injections of BOTOX in mice (13).
In the parient who received the highest
dose of BOTOX, increased fiber density
and persistent effects on jitier were nol en-
countered, fitler was, however, markedly

incceased with six of 20 pairs blocked 2
weeks after injections were restaried. Why
thiy patient did pot manifest persistent
changes in fiber density and jitter is pot
clear at present. One obvious faclor sepu-
rating this patient from others is age. Patient
6 is Lhe youngesi person in our scries. Age
has been found 1o be an imponant faclor in
determining normelcy in motor unit poten-
tial duration and {iber density (12,16) pre-
sumably because of molor unit rearvange-
ment duning aging. How this affects the
response of the neuromuscular junction to
BOTOX remains to be elucidated.

Jitter was only minimally increased m Pa-
tient 2 who received large doses of BOTOX.
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Despite receiving the second largest dose of
BOTOX, she was found to have the least
abnormal jitter. This patient was found to
have an anlibody to BOTOX delected in her
serum. It is possible that the antibody in-
terfered with BOTOX s action at the neu-
romuscular junction.

No clinically significant weakness has
been observed in our series. The abnor-
malities detected are, however, extremely
important lo be aware of for clinical rea-
sons. Padents with already impaired neu-
romuscular transmission albeit subclinical
may be supersensitive to the effeets of other
drugs which may further interfere with neu-
romuscular transmission, €.g., certain an-
tibiotics and anesthetics (17).
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