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Single-fiber Electromyography Examination in Patients Treated with
Botulinum Toxin

Botulinum Toksin Tedavisi Alan Hastalarda Tek-lif Elektromiyografi Incelemesi

@ Hava Ozlem Dede, ® Sule Bilen, ® Yesim Siiciillii, ® Nese Oztekin
Ankara Numune Training and Research Hospital, Clinic of Clinical Neurophysiology, Ankara, Turkey

Abstract

Objective: The aim of this study is to evaluate the neuromuscular junction functions of toxin-treated and non-administered muscles in patients who received
botulinum toxin therapy.

Materials and Methods: Patients treated with botulinum toxin in our hospital’s movement disorders outpatient clinic were examined in this study. With a
25 mm concentric needle and a lower cut filter 1 kHz, the average and the individual jitter values were recorded during the voluntary muscle contraction in the
frontalis and extensor digitorum (ED) muscles. The relation between the demographic characteristics of the patients, dose of botulinum toxin, the duration of
treatment, and the jitter values was researched.

Results: Including 14 patients with hemifacial spasm (HFS) and seven patients with cervical dystonia (SD), 21 patients treated with botulinum toxin (female/
male: 12/9) were examined. The mean age was 52.19+10.2 years; there was no difference between the disease groups in terms of age (p=0.714). The mean follow-
up time was 3.2+ 1.3 years; there was no difference between the disease groups in terms of follow-up time (p=0.188). The average jitter value of toxin injected to
frontalis muscle in the HFS group was 55.6+10.6 microns, and the average high jitter value was 8.4=3.1. The average jitter value of ED muscle without toxin
injection was 23.5+3.2 ps and no individual high jitter was detected. In the SD group, the average jitter values in the frontalis and ED muscles were 22.7+2.8
and 27x1.7 ps, respectively. The individual high jitter value was 42 microns only in one patient. However, the only individual high jitter value detected in one
patient was not considered pathologic.

Conclusion: In patients treated with botulinum toxin, neuromuscular junction defects were not detected in the muscles in which the toxin was not injected
directly.
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Amagc: Bu calismanin amact botulinum toksin tedavisi almis hastalarda toksin uygulanmig ve uygulanmamis kaslarda néromuskiiler kavsak islevlerini
degerlendirmektir.

Gereg¢ ve Yontem: Hastanemiz hareket hastaliklari polikliniinde botulinum toksini tedavisi uygulanmig hastalar ¢aligmaya alindi. Frontalis ve ekstensor
digitorum (ED) kaslarinda istemli kasi sirasinda 25 mm konsantrik igne ile alt kesim filtresi 1 kHz olacak sekilde yirmiser tek lif benzeri potansiyel giftinin
ortalama ve bireysel jitter deZerleri kaydedildi. Hastalarin demografik 6zellikleri, uygulanan botulinum toksin dozlari, tedavi siireleri ve jitter degerleri arasindaki
iligki incelendi.

Bulgular: Botulinum toksin tedavisi uygulanmig 14 hemifasiyal spazm (HFS), 7 servikal distoni (SD) olmak iizere 21 hasta (kadin/erkek: 12/9) incelemeye alindi.
Ortalama yag 52,19+10,2 idi ve hastalik gruplari arasinda farklilik géstermiyordu (p=0,714). Ortalama takip siiresi 3,2+1,3 yild, hastalik gruplari arasinda fark
yoktu (p=0,188). HFS grubunda toksin uygulamasi yapilmis frontalis kasindan elde edilen ortalama jitter degeri 55,6=10,6 mikrosan, bireysel yiiksek jitter sayist
ortalama 8,4+3,1 iken; toksin uygulamasi yapilmamig ED kasinda ortalama jitter 23,5+3,2 ps idi ve bireysel yiiksek jitter saptanmadi. SD grubunda botulinum
toksini uygulanmamus frontalis ve ED kaslarinda sirasiyla ortalama jitter 22,7+2,8 ve 27+1,7ps idi. Bireysel yiiksek jitter bir hastada ED kasinda 42 mikrosan
olarak saptandi. Ancak saptanan tek bireysel yiiksek jitter deZeri patolojik olarak kabul edilmedi.

Sonug: Calisgmamizda botulinum toksin tedavisi uygulanmis hastalarda toksinin dogrudan uygulanmadigi kaslarda néromuskiiler kavsak islev kusuru
saptanmamistir.
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Introduction

Botulinum toxin disrupts nerve conduction by inhibiting
the release of acetylcholine at the presynaptic terminal at the
neuromuscular junction (1). Botulinum toxin type A (BtxA)
received international approval for treatment of blepharospasm
and strabismus in 1989, for symptomatic treatment of cervical
dystonia (SD) in 2000, and cosmetic use in 2002 (2,3). Many
adverse effects have been reported since its introduction. Rapidly
self-limiting adverse effects can be listed as pain, edema, erythema,
itching, hyperesthesia, and headache. Adverse effects associated
with the spread of the toxin include dysphagia associated with its
spread to neighboring areas, and fatigue, rash, cold-like symptoms,
and pseudobotulism associated with its systemic spread. Findings
of pseudobotulism are asthenia, ptosis, weakness, dysphagia,
dysarthria, and diplopia (4). Flu-like symptoms due to systemic
spread were reported at a frequency of 1.7-20% (5). More severe
adverse effects, such as pseudobotulism or botulismus, have been
reported fairly rarely. In patients treated with botulinum toxin, there
are different opinions on the distant effects of the toxin when there
are no clinical systemic adverse effects (4). There are studies that
report a widespread defect in neuromuscular junction even when no
botulismus is clinically observed (6,7,8). In contrast, studies have
shown that there may be no significant defects in neuromuscular
junction functions in patients without clinical muscle weakness (4).

Botulinum toxin binds irreversibly to the presynaptic site
within an average of 2 weeks, resulting in a clinical effect. The
clinical effect of the toxin is eliminated within 3-6 months by
regeneration of acetylcholine vesicles (9).

The most easily applicable, precise and reliable way of
evaluating neuromuscular junction functions in striated muscle is
single-fiber electromyography (EMG) using a concentric needle
(10,11,12). Single-fiber EMG is used in the diagnosis of food-
related or iatrogenic botulismus, as well as in the diagnosis of
other neuromuscular diseases (12).

The aim of our study was to evaluate the functions of
neuromuscular junctions in muscles that were injected botulinum
toxin and in muscles that were not injected botulinum toxin
after the expected duration of effect of botulinum toxin passed in
patients who received botulinum toxin therapy.

Materials and Methods

Patient Selection

Patients with hemifacial spasm (HFS) and SD treated with
onaBtxA in our hospital’s movement disorders and botulinum
toxin applications outpatient clinic between January 2019 and
March 2019 were included.

Patients with known polyneuropathy syndrome, cervical
radiculopathy, diabetes mellitus, hypothyroidism, those who
were diagnosed as having chronic obstructive pulmonary, had
peripheral facial paralysis in their history, patients aged over 65
years, those with known bleeding diathesis, and those who received
anticoagulant therapy were excluded.

Patients who received BtxA treatment for at least 1 year were
examined on the same day following the last treatment session.

Botulinum Toxin Application

Every 100 U onaBtxA content was diluted with 2.0 ml of
saline containing 0.9% NaCl solution. Its concentration was set
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as 5 U/0.1 ml. The drug was administered within the first 15
minutes following dilution. Injections to the facial area were
performed with a 30 gauge needle tip and 1 ml injectors.

Muscles injected in patients with hemifacial spasm: orbicularis
oculi (to preseptal and pretarsal regions), zygomaticus major,
risorius, mentalis, levator labii superior alaa nasi, frontalis, and
glabellar muscles. Into each area, 2.5-5 U BtxA was injected. A
half dose was also administered to the opposite side and compared
with the affected side.

For the treatment of SD, BtxA was injected to hyperactive
muscles using 26 gauge, 50 mm-long needles accompanied by the
Intronix model 8008 myoguide system™ EMG device. Muscles
injected: sternocloidomastoid, semispinalis capitis, splenius
capitis, levator scapula, trapezius, and scalenus. The choice of
muscles was made under the guidance of an EMG device for each
patient.

Single-fiber EMG Examination

Twenty single-fiber potential pairs were recorded from right
frontalis and extensor digitorum (ED) muscles in all patients
using 25 mm (30 G) concentric needles and 1 kHz lower cut filter,
with a Synergy 2-channel EMG device during voluntary muscle
contraction. Individual and average jitter values were examined.
The upper limit of normal individual and mean jitter were
considered as 28 and 38 ps in the frontalis muscle and 30 and 43
ps in ED muscle, respectively (13). Individual examinations were
considered pathologic when the high individual jitter number
detected was 22 or when the average jitter value was high while
the individual high jitter number was 1.

Statistical Analysis

Statistical analysis was performed using the SPSS 21 package
program. The chi-square test and student’s t-test were used for
comparisons in groups with normal distribution. A p value <0.05
was accepted statistically significant. The Mann-Whitney U
test was used in groups without normal distribution. Individual
high jitter numbers, average jitter values, and doses of BtxA
administered were compared between muscles injected and
muscles that were not injected in all individuals according to the
disease groups. Multiple linear regression analysis was performed
while investigating factors affecting mean jitter value in disease
groups.

Prior to the study, written informed consent was obtained
from all patients. This study was approved by the Ankara City
Hospital’s Ethics Committee 1 (number: E-19-002).

Results

In our study, 21 patients were evaluated, including 14 patients
with HFS and seven patients with SD. In total, there were 12 female
and nine male patients. The mean age was 52.19+10.2 years (Table
1). The patients had been receiving BtxA treatment for a mean of
3.2+1.3 years. There were no patients who reported any adverse
effects of systemic spread during this time. The period from the
previous BtxA application session to the time of examination was
4.3+1.9 (minimum 3-maximum 12) months.

In the HFS group, the mean jitter was 55.6+10.6 ps, the
mean individual high jitter percentage was 40.71+15.54%, the
number of neuromuscular type blocks was 1.69+0.63 (minimum
I-maximum 3) in the frontalis muscle with toxin injection. The
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Table 1. Demographics and other characteristics of disease groups

Disease Mean Standard deviation P

HES 52.43 12.011

Age (year) 0.885
SD 51.71 6.075

. . HFS 3.00 1.569

Duration of disease (years) 0.188
SD 3.86 0.690
HFS 60.71 34.744

BtxA dose (U) 0.000
SD 174.29 11.339
HFS 55.64 10.616

MCD frontalis 0.000
SD 22.71 2.812
HFS 23.5 3.252

MCD ED 0.065
SD 27.00 1.732
HFS 40.71 15.54

Pathological fibers in M. Frontalis (%) 0.00
SD 0.00 0
HFS 0.00 0.00

Pathologic fibers in M. ED (%) 0.356
SD 0.71 1.88

BtxA: Botulinum toxin type A, MCD: Mean consecutive differences=jitter, ED: Extensor digitorum, HFS: Hemifacial spasm, SD: Cervical dystonia

mean jitter was 23.5+3.2 ps in the ED muscle without toxin
injection. Individual high jitter was not detected.

The factors affecting the mean jitter value in the frontalis and
ED muscles in the HES group were examined and there was no
correlation between the mean jitter value and age (p=0.75; p=0.1),
the time of injection of the previous BtxA (p=0.36; p=0.69), toxin
dose (p=0.41; p=0.79), and duration of illness (p=0.94; p=0.96).

In the SD group, the mean jitter was 22.7 =2.8 pis in the frontalis
muscle without toxin injection and individual high jitter was not
detected. The mean jitter was 27+1.7 ps in the ED muscle and
individual high jitter (42 ps) was detected in one patient. When
the factors affecting the mean jitter value in the frontalis and ED
muscles were examined, no statistically significant correlation was
found between the mean jitter value and age (p=0.44; p=0.7), the
time of injection of the previous BtxA (p=0.16; p=0.78), toxin
dose (p=0.85; p=0.92), and disease duration (p=0.999; p=0.999).

Discussion

In our study, neuromuscular junction functions were found
to be significantly impaired in the muscles treated with BtxA.
However, neuromuscular junction functions were found to be
normal in muscles that were not administered BtxA. In patients
with SD, a higher dose of the toxin than in patients with HFS did
not cause systemic adverse effects.

BtxA is an effective treatment method frequently preferred for
symptomatic treatment of dystonia and spasticity (14). There is
inhibition of acetylcholine release at the neuromuscular junction
under the influence of the toxin. The immature synapse, newly
formed by axonal sprouting, is responsible for elongation in the
jitter value (15). There are studies showing that the effect of
toxin can be widespread (8). The path of spread is not clearly
defined. Anterograde and retrograde transport, spread by blood
and lymphatic route (16,17), and secondary immune response are
theories that have been put forward for spread (5). Although the
toxin’s therapeutic effect is short-term and temporary, permanent
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dysfunction of the neuromuscular junction suggests that the toxin
may cause widespread functional defects in the chronic process.
However, BtxA administration has rarely been reported to cause
widespread weakness and this adverse effect is temporary (4).
When pseudobotulism and widespread botulism occur, intensive
care requirement of patients is rare (18,19). The incidence of
pseudobotulism has been reported as 1.4 in 1000 applications (4).

It is reported that the effect of BtxA on the neuromuscular
junction begins on average in 14 days. The duration of action of
treatment is expected to be 3-6 months (9). In our study, we aimed
to investigate the residual effect of BtxA on the neuromuscular
junction after the expected duration of action. For this reason, in
order to evaluate the functions of the neuromuscular junction in the
period after the end of treatment effect in patients, the examination
was conducted in the session in which BtxA treatment should be
repeated.

Neuromuscular junction functions in distant muscles
following administration of BtxA have been studied since the
1980s. There are different views on this issue. In recent studies,
neuromuscular junction defects has been reported in distant
muscles in which the toxin is not directly injected in patients
with widespread systemic adverse effects and weakness following
BtxA administration (4,5). On the other hand, assessments were
found to be normal in the majority of patients who did not report
systemic weakness (4). There was no significant difference in terms
of jitter measurements between patients with widespread, non-
unique fatigue symptoms and patients with no symptoms after
botulinum toxin administration (4). In our study, there were no
patients with adverse effects of systemic weakness. In patients
with no signs of systemic spread, such as widespread weakness, we
found normal neuromuscular junction functions in muscles that
were not directly exposed to the toxin.

Earlier studies found high jitter at a low firing rate using a
stimulated single-fiber method in the ED muscle without toxin
injection following high-dose BtxA treatment (7,8). The patients
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examined in these studies did not report widespread weakness.
However, the use of stimulated single-fiber EMG as an evaluation
method, which results in high jitter at slow stimulation frequency,
constitutes methodologic differences. We and other researchers
who have recently investigated this subject have performed single-
fiber EMG during voluntary muscle contraction (4,20,21). Our
results may be different because of the methodologic differences.
Ruet et al. (4) suggested that the use of botulinum toxin A with
the onaBtxA formula, which was created in 1997, in the recent
period might account for the difference between the old studies
and recent studies.

There are studies showing that jitter values increase compared
with their individual averages after BtxA treatment, but do not exceed
normal limits (15,21). It is stated that the most significant increase
in jitter is observed on the 14th day after injection, and this increase
in jitter decreases afterwards (21). In those studies using prospective
examination method which have dealt with the status before the
treatment and follow-up after the treatment, it has been shown that
the jitter values found within the normal limits but have been found
to be higher than the baseline have not exceeded the normal limits
during the follow-up. It has been reported that the average jitter has
returned to normal in most patients after 3 months of follow-up (22).
In our study, after the clinical effect of BtxA injection disappeared,
we evaluated the ongoing effect at the neuromuscular junction with
a cross-sectional analysis method. For this reason, we think that the
jitter values we obtained within the normal limits can be interpreted
similar to the findings in the literature.

Study Limitations

The fact that our study included relatively few patients
constituted a limitation. Our study aimed to show ongoing effects
during the period when the clinical effect of BtxA injection passed.
Therefore, no prospective patient follow-up was conducted.
Patients with pseudobotulsm or similar systemic adverse effects
were not included in the study because there were no patients
with pseudobotulism or similar systemic adverse effects followed
up in our outpatient clinic. Our study was designed to look for
subclinical neuromuscular function defects.

Conclusion

In our study, subclinical neuromuscular junction dysfunction
was not detected in muscles without toxin injections during the
period when the clinical effect of the toxin had passed in patients
treated with botulinum toxin therapy. Therefore, it is important to
keep in mind that neuromuscular junction dysfunction detected in
distant muscles that have not been directly injected BtxA may be
part of pseudobotulism.
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