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Abstract

Background: Cervical dystonia (CD) is characterized by sustained, involuntary contraction of head and neck muscles. Botulinum toxin injections are established

as safe and effective, but unfortunately 15–25% of patients fail to respond. The aim of this study was to examine whether multichannel electromyogaphic mapping

improved outcomes in a cohort of antibody-negative onabotulinumtoxinA non-responders by more precisely identifying which muscles were involved in the

dystonia.

Methods: Patients with cervical dystonia who had ‘‘failed chemodenervation therapy’’ administered by an outside provider were enrolled in a single-blind,

randomized, crossover design study. Patients received either a multichannel electromyographic mapping study prior to the first botulinum toxin injection, which was

followed by use of only a single-lead injection 16 weeks later (injected by an alternate and blinded movement disorders specialist) or vice versa. The primary

outcome measure was change in total Toronto Western Spasmodic Torticollis Rating Scale score 4 weeks after each injection compared with each pre-injection

baseline score.

Results: Nine subjects completed this study. Mean percentage improvement in Total Toronto Western Spasmodic Torticollis Rating Scale was 23.5% using

multichannel electromyography compared with 9% using the single-channel technique (p50.11).

Discussion: This pilot study suggests that multichannel electromyographic mapping may result in improved efficacy in the treatment of antibody-negative

onabotulinumtoxinA refractory CD.
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Introduction

Cervical dystonia (CD), also known as spasmodic torticollis, is a

focal dystonia characterized by sustained, involuntary contractions of

the muscles of the neck and shoulders resulting in abnormal and

painful posturing of the head, neck, and shoulders.1 Intermittent

spasms and tremors can be superimposed upon longer muscle

contractions. Pain is present in up to 60% of patients, and is

sometimes the most disabling feature.2 It is typically a life-long disease

that may wax and wane in severity and represents the most common

form of focal dystonia seen in neurological practice, with a prevalence

of 89 per 1 million people.3

A variety of oral medications have been used to treat CD, including

benzodiazepines, anticholinergics and baclofen, but side effects usually

limit their benefit.

Botulinum toxin injections are currently established as safe and effective

in the treatment of CD4 and can provide relief for up to 85% of patients.5
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Unfortunately, a significant minority of patients (between 15% and

25%) have a suboptimal response to chemodenervation therapy with

botulinum toxin. Patients who develop symptoms refractory to

treatment after multiple rounds of toxin injections may have developed

neutralizing antibodies, although the incidence of such antibodies is

approximately 0.5–1.2 % with the newer botulinum toxin A

preparations.6,7 It is possible that in some patients the correct cervical

muscles are not targeted, or that the dystonic muscle pattern changes

over time. Some investigators feel that most patients with CD have one

predominant abnormal head posture vector, thus indicating predict-

able patterns of dystonic muscle involvement.8 Others feel that CD is

produced by a variety of vectors in multiple planes,9 which highlights

the need for more sophisticated muscle targeting.

The primary reason cited in favor of electromyography (EMG)-

assisted injections is the ability to identify abnormally contracting

muscles that contribute to the dystonic posture of the head and neck.

Although more than 26 muscle pairs control head and neck

movements,10 only six pairs of muscles are routinely injected with

botulinum toxin in the treatment of CD. Of these, three are easily

palpable from the surface (sternocleidomastoid, trapezius, splenius

capitis) whereas three are largely concealed by more superficial

muscles (scalene complex, levator scapulae, cervical paraspinals). Most

practices currently use single-lead electromyography at the time of

injection to confirm accurate muscle selection. Unfortunately, this may

represent an inadequate way of determining if a muscle is involved in

the dystonia, as the pain and discomfort associated with the needle

insertion often makes interpretation of the muscle activity difficult.

Further, lack of symmetric evaluation of a muscle results in difficulty in

differentiating compensatory muscle activity from dystonic activity.

Clinical electrodiagnostic expertise also tends to be limited among

many neurologists, thus often making EMG needle techniques as well

as EMG interference pattern recognition suboptimal.

Electromyographic ‘‘mapping’’ involves symmetric insertion of

multiple small EMG recording needles into all major muscles of the

neck, and simultaneous recording of dystonic muscle activity, thus

overcoming these shortfalls. Previous electromyographic ‘‘mapping’’

studies have shown that clinical examination alone is insufficient in

determining which muscles contribute to the abnormal head move-

ment. Based on clinical examination, experienced movement disorder

neurologists correctly identified only 59% of the active and involved

muscles, as well as falsely identified 25% of muscles found to be

inactive via mapping as involved in dystonic movements.11

The objective of the current study was to determine if patients with

CD who have failed to respond adequately to standard treatment with

onabotulinumtoxinA may have a better response after receiving a

multichannel electromyographic mapping study of 12 cervical muscles

prior to toxin injection for improved muscle targeting.

Methods

The study was approved by the University of California San

Francisco Institutional Review Board and Committee on Human

Research. Written informed consent was obtained from all subjects.

Patients without satisfactory response to onabotulinumtoxinA

administration at an outside facility were enrolled. Patient enrollment

commenced September 17, 2008, with the end of study procedures on

October 28, 2010. Inclusion criteria included suboptimal response by

patient history to two previous botulinum toxin injections at an outside

facility, no chemodenervation for 16 weeks prior to enrollment, and at

least moderate severity of CD with a baseline rating of 30 or more on

the total Toronto Western Spasmodic Torticollis Scale (TWSTRS).

The TWSTRS is a rating scale frequently used in clinical trials to

measure the impact of cervical dystonia.

It includes a severity, disability, and a pain scale. Patients were

selected from outside referrals, as we felt this more accurately reflected

common injection techniques used in the community, rather than a

tertiary dystonia treatment clinic. Patients with cervical muscle

contractures, spinal deformities as well as post-traumatic CD were

excluded. One patient was excluded due to lack of response to

onabotulinumtoxinA on frontalis testing. Patient demographics were

also collected. A baseline battery of rating scales including the

TWSTRS, the Global Clinical Impression Scale (GCIS), and the

Visual Analog Scale (VAS) for pain were obtained. Patients received

either a multichannel electromyographic mapping study prior to the

first botulinum toxin injection followed by use of only a single-lead

injection 16 weeks later (injected by an alternate and blinded

movement disorders specialist) or injection with the single-lead EMG

first, followed by injection with the use of a multichannel EMG study.

Four weeks after each injection, the TWSTRS, GCIS, and VAS were

repeated. Multichannel EMG activity was rated on a scale of 0–4, and

this information was used to help guide the choice of muscles.

Medication regimens remained unchanged throughout the study to

avoid confounding the clinical response to the toxin. The number of

neurotoxin units injected was left to the discretion of each movement

disorder neurologist and were recorded. The following muscles were

targeted during the mapping study: bilateral sternocleidomastoids,

splenius capitii, levator scapulae, cervical paraspinals (semispinalis),

posterior scalenes, and trapezii. Adverse events were also collected.

The data were analyzed using the statistical package STATA (Stata

Corp., College Station, Texas) The Wilcoxon Rank Sum test (non-

parametric) was used to compare these two related samples to assess

whether the population means differed significantly from each other. A

p-value of 0.05 or lower was set as statistically significant.

The primary outcome was percentage change in total TWSTRS

score 4 weeks after each injection compared with each pre-injection

baseline score. Secondary outcomes included mean percentage change

in the TWSTRS severity, disability, and pain scores. The amount of

neurotoxin injected was also compared between injection techniques.

Results

Ten patients with CD were initially enrolled; however, one patient

was excluded due to lack of response to the frontalis test. Nine subjects

(five females) completed this single-blind, randomized, crossover design

study. The mean age of disease onset was 52.3 years (range 28–65

years) and the mean disease duration was 9.4 years (range 1–23 years)
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at the time of study entry. The mean baseline total TWSTRS was

47.4. There were no adverse events reported. All nine patients

presented with predominantly rotational torticollis and/or laterocollis.

The mean change in total TWSTRS score was 13.44 points (range

1.5–28.25) or 23.5% (range 3.8–52.8%) using the multichannel EMG

information compared with a mean of 5.1 points (range 29 to 24.25)

or 9% (range 225.7% to 46.9%) when using only single-channel EMG

(p50.11) (Table 1). There was a trend for improved outcomes in the

multichannel EMG group in all subscales, although more notable in

the severity and disability subscales. The mean improvement in the

severity subscale was 5.33 points (range 1–15) or 24.7 % (range 0–

37.5%) in the multichannel EMG arm compared with 2.33 points

(range 22 to 7 points) or 11.9% (range 215.4% to 20.8%) in the

single-channel EMG arm (p50.06). The disability subscore was

improved by a mean of 2.77 points (range 21 to 7) or 16.1 % (range

27% to 36.8%) in the multichannel arm compared with 1.33 points

(range 25 to 12) or 4.9% (range 235.7 to 18.8 %) in the single-

channel arm (p50.04). This result reached statistical significance.

Interestingly there was less difference in outcome in pain subscales

between the two injection techniques, with a mean percentage

improvement of 19.7 % (range 240% to 52.8%) using multichannel

EMG compared with 15.5% in the single-channel arm (range 212.5

to 35.6%) (p50.26) (Table 1) (Figures 1 and 2).

The number of units of onabotulinumtoxinA injected was more

dependent on injector than technique. The mean units of neurotoxin

injected using the multichannel technique was 231 compared with 216

using the single-channel technique (p50.9).

Discussion

A previous study by Comella et al.12 examined the effect of EMG

guidance prior to botulinum toxin injection for treatment of cervical

dystonia. Patients who underwent both a clinical and electromyo-

graphic examination prior to single-channel EMG botulinum toxin

injection (n528) had a significantly more robust response than those

Table 1. Mean and Median Point Change and Mean Percentage Improvement in Total TWSTRS and TWSTRS Subscores in Patients Treated with Both

Multichannel and Single-Channel Electromyography

Multichannel

EMG: Mean Point

Change¡SD

(mean percentage

change)

Multichannel

EMG: Median

Point Change

(¡IQR)

Single-channel EMG:

Mean Point Change¡SD

(mean percentage

change)

Single-channel

EMG: Median

Point

Change¡IQR

p-Value

Total TWSTRS 13.44¡9.95

(23.5%)

8.5 (¡16.25) 5.1 ¡9.73

(9%)

3.5 (¡12) p50.11

TWSTRS severity 5.33¡4.79

(24.7%)

4 (¡5) 2.33 (¡2.87)

(11.9%)

1 (¡4) p50.06

TWSTRS disability 2.77¡2.38

(16.1%)

3 (¡2) 1.33 (¡4.82)

(4.9%)

1(¡ 4) p50.04

TWSTRS pain 2.88¡3.67

(19.7%)

2.25 (¡5.25) 1.41 (¡3.48)

(15.5%)

1.5(¡1.75) p50.26

Mean number of

neurotoxin units

injected

231 216 p50.90

Abbreviations: EMG, electromyography; IQR, interquartile range; SD, standard deviation; TWSTRS, Toronto Western Spasmodic Torticollis Scale.

Figure 1. Mean Percentage Change in Total Toronto Western
Spasmodic Torticollis Scale (TWSTRS) and Subscores in Patients
Treated with Multichannel and Single-Channel Electromyographic
Botulinum Toxin Injections. Multichannel electromyographic mapping was

associated with improved outcome in all subscales and total TWSTRS scores,

although it only reached statistical significance in the disability susbcale.
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whose muscles were selected for injection based solely on clinical

examination and injected without EMG assistance (n524). The

percentage of patients achieving benefit was similar in both groups;

however, the magnitude of improvement and the number of patients

able to achieve marked improvement was significantly higher in the

EMG-assisted group.

In particular, patients with retrocollis, head tilt, and shoulder

elevation demonstrated additional benefit with EMG-assisted botuli-

num toxin injection. The authors postulated that EMG assistance was

more effective because the technique increases the ability to effectively

identify and treat the deep cervical muscles.12 Van Gerpen et al.11

examined the accuracy of experienced movement disorder neurologists

in predicting dystonic involvement of individual muscles compared

with an EMG mapping study in 20 untreated cases of CD. The

sensitivity of the clinical examination was 59% and the specificity 75%.

Almost half of the patients (45%) studied had a single dystonic head

vector, thus making muscle targeting theoretically easier. In the five

patients with pure rotational torticollis, all had dystonia of the expected

contralateral sternocleidomastoid and four of the ipsilateral splenius

capitis. Interestingly three patients also had dystonia of the ipsilateral

semispinalis, levator scapulae, or the contralateral posterior scalene,

and two had involvement of the contralateral splenius capitis,

semispinalis or ipsilateral posterior scalene, or trapezius.11 This

highlights the fact that clinical examination alone may not be sufficient

in correctly identifying muscles involved in even single-vector cervical

dystonia.

In our cohort of previously onabotulinumtoxinA non-responsive

patients, the mean percentage improvement in total TWSTRS score

when electromyographic mapping was used was 23.5% versus 9%

when only a single-lead EMG technique was performed. A larger

improvement was also seen across all TWSTRS subscores in the

multichannel EMG group than in single-channel mapping. Although a

small pilot study is in no way conclusive, the results are consistent with

previous data that highlight the role of more extensive mapping

procedures to properly identify the appropriate muscles to target,

especially in challenging cases. As this type of study certainly is time

consuming, adds costs, and also causes some additional patient

discomfort, we suggest using this technique for refractory cases where

the frontalis test shows continued sensitivity to neurotoxins.

In summary, this pilot study does suggest that multichannel

electromyographic mapping may result in improved efficacy in the

treatment of antibody negative onabotulinumtoxinA refractory CD

patients.
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