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Usefulness of '°F-Fluorodeoxyglucose Positron
Emission Tomography/Computed Tomography
in Management of Cervical Dystonia
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Objective To evaluate the usefulness of '°F-fluorodeoxyglucose positron emission tomography/computed
tomography (**F-FDG PET/CT) in the management of cervical dystonia (CD) with botulinum toxin type A (BoNT-A)
injection.

Method Thirty two subjects with CD were included. A BoNT-A injection was provided either by clinically targeting
method (group 1) or by '’F-FDG PET/CT-assisted, clinically targeting method (group 2). In group 2, selection of
target muscles and dosage of BONT-A were determined according to the increased *F-FDG uptake, in addition
to physical examination and functional anatomy. The outcomes of BONT-A injection was compared between the
two groups, in terms of the number of subjects who had reinjection before and after 6 months, the number of
reinjections, the interval of reinjections, the duration to the minimal Toronto Western Spasmodic Torticollis Rating
Scale (TWSTRS), the number of adverse events, the reduction rate of TWSTRS at 1-3 months and 3-6 months after
injection, and the probability of reinjection-free living.

Results The number of subjects who had reinjection within 6 months was significantly lower in group 2 than in
group 1 (10 in group 1 vs. 3 in group 2). The reduction rate of TWSTRS after 3-6 months (37.8+15.7% of group 1 vs.
63.3+28.0% of group 2) and the probability of reinjection-free living were significantly higher in group 2 than in
group 1.

Conclusion These findings suggest that '°F-FDG PET/CT study could be useful in management of CD in terms of
the identification of dystonic muscles if there is an increase in the '*’F-FDG uptake in the cervical muscle of the
images.
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INTRODUCTION

Cervical dystonia (CD) is the most common form of
adult focal dystonia. The symptoms of CD include abnor-
mal posture of the head and neck, neck pain and tremor,
which are caused by involuntary and repetitive contrac-
tion of neck muscles.'* The prevalence of CD has been
reported as 0.006-0.39% overseas,”® but that of South Ko-
rea has not yet been reported. A botulinum toxin (BoNT)
injection has been known as the most effective treatment
for CD.”” Other than BoNT injection, oral medication,
including an anticholinergic drug, physiotherapy and
relaxation techniques are used adjunctively for CD treat-

ment.>”?

Deep brain stimulation can be considered if
these methods are not effective.*”® In 1986, Tsui et al.’
reported successful cases after the injection of BONT
into the cervical muscles to treat CD. The injection has
become an innovative method for the treatment of CD.
Thereafter, the United States Food and Drug Administra-
tion (US FDA) approved the use of BoNT for the treat-
ment of CD in 1989. Kim et al."’ reported the efficacy of
BoNT injection in the treatment of 2 Korean subjects with
CD in 1991, and Lee et al."’ reported the clinical effective-
ness after the injection of 26 subjects in 1997. Between
70-80% of subjects with CD have expressed a satisfactory
therapeutic effect after BONT injection, and the effect has
been reported to continue for 3-6 months.*'*"*

To maximize the efficacy of BoNT injection in the treat-
ment of CD, it is important to identify dystonic muscles
and to inject a sufficient amount of BoNT into those mus-
cles.’ Identification of dystonic muscles has been done by
a clinical decision based on the functional anatomy and
physical examination, such as inspection and palpation.
Further, the dystonic activity of the identified muscles is
verified by electromyography (EMG). The muscles that
have been selected through these processes become the
target muscles for BoNT injection.'* "

Based on the fact that contraction of skeletal muscle
leads to an increase in intramuscular glucose metabo-
lism, Sung et al."” (2007) injected "°F-fluorodeoxyglucose
(**F-FDG) to the subjects with CD and confirmed that
dystonic muscles led to an increase in glucose metabo-
lism and ""F-FDG uptake through "“F-FDG positron emis-
sion tomography/computed tomography (‘°F-FDG PET/
CT). There were also 2 studies reporting that the deep
cervical muscles, such as longus colli and obliquus capi-
tis inferior, into which BoNT have not been frequently in-
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jected, were found to be involved in CD through *F-FDG
PET/CT. Hence, these deep cervical muscles were includ-
ed into target muscles for BoNT injection and improve-
ment of the symptoms were reported in those studies.'”"
In 2010, Choi et al."” found that there was increased "*F-
FDG uptake in the deep cervical muscles, such as semi-
spinalis capitis, longissimus capitis and multifidi through
"F-FDG PET/CT of a subject with CD. Right torticollis of
that subject had continued even after both BoNT injec-
tion and selective denervation of the branch of left acces-
sory nerve to sternocleidomastoid (SCM). They included
those 3 muscles for BoNT injection and the symptom had
improved. From the result, they reported that *F-FDG
PET/CT made more accurate selection of the dystonic
muscles and improved the therapeutic outcome of BONT
injection.

Therefore, it is postulated that additional use of '°F-
FDG PET/CT, along with a clinical decision for the selec-
tion of target muscles, could result in better therapeutic
outcome of BoNT injection for CD. However, there has
not been relevant research yet, to the best of our litera-
ture review. Therefore, the purpose of this research is to
compare the outcome of botulinum toxin type A (BoNT-
A) injection for CD between one group whose dystonic
muscles were selected based on *F-FDG PET/CT along
with a clinical decision and the other group where dys-
tonic muscles were selected only by a clinical decision.

MATERIALS AND METHODS

This study is a retrospective study that analyzed the
medical records of the subjects with CD, which had
BoNT-A injection at the Center for Torticollis in Ajou Uni-
versity Medical Center from November 2009 to November
2011. This research had been approved by the Institu-
tional Review Board at Ajou University Medical Center.

Subjects and acquisition of clinical data

CD was diagnosed if subjects had abnormal posture of
the head and neck caused by involuntary contraction,
which was concurrent with morning benefit, sensory
trick or aggravation of symptoms by a physical or emo-
tional stress.

The subjects were included when they met all of the fol-
lowing criteria: 1) Those who were 18 years old or older;
2) those who had a BoNT-A injection at the Center for
Torticollis from November 2009 to November 2011; 3)
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those who had no previous BoNT injection or the ones
whose latest botulinum toxin injection were done at least
4 months or more ago; 4) those with a Toronto Western
Spasmodic Torticollis Rating Scale (TWSTRS) measured
before and after the injection; and 5) those with 20 or
more of the initial total TWSTRS score. We excluded
subjects who had one or more of the following criteria:
1) Those who had a surgical history, such as myotomy or
denervation for CD; 2) those who were suspicious of neu-
tralizing antibody against BoNT-A as a result of the pre-
vious injections; 3) those who had cervical muscle con-
tracture or had spondyloarthropathy that could affect the
cervical range of motion; 4) those who had brain lesions
demonstrated in magnetic resonance imaging (MRI) or
CT; 5) those who had generalized dystonia; and 6) those
who did not have cervical muscles with increased '°F-
FDG uptake on *F-FDG PET/CT.

BoNT-A injections were done only based on a clinical
decision from November 2009 to December 2010, and
these were called as the clinically targeting group (group
1). BoNT-A injections, based on both clinical decision
and ""F-FDG PET/CT, were done from December 2010 to
November 2011, and these were defined as *F-FDG PET/
CT- assisted, clinically targeting group (group 2) (Fig. 1).

Age, gender, duration of CD and the number of the sub-
jects who had previous BoNT injections were collected.
The severity of CD was measured before and after BONT-
A injection, using TWSTRS, which had 3 subscales, such
as the severity scale (maximum value 35), disability scale
(maximum value 30) and pain scale (maximum value
20).”° The dosage of BoNT-A, duration of follow-up, the
number of visits, and visiting interval were reviewed, as
well as the number of subjects who had reinjections, the
number of reinjections for the subjects who had reinjec-
tions, the interval of reinjections for the subjects who had
reinjections, the duration to the minimal TWSTRS, ad-
verse events after BONT-A injection and the probability of
reinjection-free living.

The reduction rate of TWSTRS at 1-3 months or

November 2009 >

December 2010 ——»

3-6 months was calculated as follows: Reduction
rate=(Baseline score—The follow-up score at 1-3 months
or 3-6 months)/Baseline score X 100.

The duration to the minimal TWSTRS was defined as
the duration from the initial BONT-A injection to the
minimal TWSTRS. The probability of reinjection-free liv-
ing was defined as the probability of living without rein-
jection.

"®F-FDG PET/CT study and analysis

Group 2 had fasted more than 4 hours before taking '°F-
FDG PET/CT and had 370 MBq of "°F-FDG intravenous
injection. The images were obtained by a Discovery ST
Scanner (GE Healthcare, Milwaukee, USA), an hour after
the injection. The CT images (120 kV, 60 mA, 7.5 mm per
rotation) were obtained for attenuation-correction from
head to chest and the subjects were fixed not to move to
obtain an emission scan within the same range with a
CT image every 3 minutes per frame. The reorganization
of PET data and the attenuation-correction by utilizing
CT data were performed. Reorganized PET images, CT
images for attenuation-correction and fusion images of
PET and CT images were utilized for analysis. The stan-
dardized uptake value (SUV) was obtained by setting the
globular-shaped volume of interest (VOI, 1.51 cm®) on
the uptake part of each muscle, where SUV means the
amount of radioactivity released per 1g of tissue divided
by the amount of radioactivity administered per 1 kg of
body weight. The muscles with increased '°F-FDG uptake
and their maximal SUV were identified by the second au-
thor (a nuclear medicine specialist) for group 2.

Selection methods of target muscles for BoNT-A injec-
tion

Physical examinations were carried out with the sub-
jects sitting in a chair. Abnormal posture of the head and
neck was analyzed based on the following definition.
Torticollis was defined as when the head was turned,
which means that the chin is rotated to the right or left

November 2011

Fig. 1. The picture showing the
clinically targeting group or '°F-

Group 1: cllnlc(:gﬂy;é?rgetlng group  —

Group 2: "°F-FDG PET/CT-assisted,
clinically targeting group —>]
(n=16)

FDG PET/CT-assisted, clinically
targeting group in chronologic or-
der.
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side on the horizontal plane. Laterocollis was defined as
when the head was tilted, which means that the face is
tilted to the right or left side on the coronal plane. There-
fore, the ear comes closer to the ipsilateral shoulder on
the coronal plane in laterocollis. Anterocollis was defined
as when the head is tilted forward and the chin is lowered
on the sagittal plane. Retrocollis was defined as when the
head is tilted backward and the chin is elevated on the
sagittal plane.”'

The dystonic muscles were selected for BoNT-A injec-
tion through functional anatomy based on the subjects’
abnormal posture of head and neck, as well as the in-
spection and palpation in group 1. From the perspective
of functional anatomy of the head and neck, the ipsilat-
eral splenius capitis, ipsilateral semispinalis capitis and
contralateral SCM were considered as the target muscles
if torticollis was the main symptom, while ipsilateral
SCM, splenius capitis, semispinalis capitis, scalene com-
plex and levator scapulae were considered as the target
muscles if laterocollis was the main symptom. Bilateral
SCM and bilateral scalene complex were selected for
anterocollis, while the bilateral splenius capitis, semi-
spinalis capitis and upper trapezius were selected for
retrocollis. If there was shoulder elevation for unilateral
shoulder, ipsilateral levator scapulae and upper trape-
zius were considered as the target muscles.”””> EMG was
done for all candidate muscles based on the above analy-
sis. BONT-A was injected only to the muscles where the
dystonic activity was ascertained on EMG. If the subject
complained of discomfort or pain over the deep cervi-
cal muscles, such as obliquus capitis inferior and rectus
capitis posterior major, the BoNT-A was injected into
the muscles after the dystonic activity was ascertained
by EMG. In group 2, along with the above decision of the
dystonic muscles, the cervical muscles with increased
"*E-FDG uptake were additionally injected.

Methods of BoNT-A injection

Informed consents were taken for all subjects. Botox"
(Allergan, Inc., Irvine, USA) or Dysport® (Ipsen Bio-
pharm, Ltd., Wrexham, UK) was used. Medelec Sapphire
4ME (Vickers Healthcare Co., Woking, UK) and TECA
Disposable MyoJect LuerLock needle (CareFusion, Mid-
dleton, USA) were used for the EMG-guided BoNT-A in-
jection. The injections were done with the subjects sitting
in a chair. A needle electrode was inserted into the target
muscles to ascertain the dystonic activity. Dystonic activ-
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ity was ascertained when there was significant increase in
the interference pattern on EMG due to abnormal move-
ment of the head and neck. The dosage of BONT-A was
determined according to the body weight and the sever-
ity of CD. In group 2, high dose of BoNT-A was injected
into the muscles with increased '"F-FDG uptake in the
"F-FDG PET/CT.

Statistical analysis

IBM SPSS Statistics version 20.0 (IBM, Co., Armonk,
USA) was employed for statistical analysis. The Mann-
Whitney U-test and Fisher’s exact test were used to com-
pare the characteristics and outcomes of BoNT-A injec-
tion between group 1 and 2. The Kaplan-Meier plot and
Log-rank test were used to ascertain the changes for the
probability of reinjection-free living, according to the du-
ration of the follow-up in both groups. A Cox regression
was used for a multivariate analysis of the probability of
rejection-free living. Statistical significance was set as a
p-value of <0.05.

RESULTS

The characteristics of the subjects

Sixteen subjects were recruited in group 1 and 2, re-
spectively. Thirty-one out of 32 subjects were diagnosed
with idiopathic CD. The remaining 1 subject was diag-
nosed as tardive dystonia because the subject had been
diagnosed with schizophrenia, taking resperidone for 5
years. The characteristics of the subjects were presented
in Table 1. There were no significant differences in age,
gender, duration of CD, the number of the subjects who
had previous BoNT injection, baseline TWSTRS, duration
of follow-up, number of visits and visiting interval be-
tween the groups (Table 1). Seven subjects in group 1 and
2 subjects in group 2 had Botox” injection. The remain-
ing subjects in both groups had Dysport® injection. There
was no significant difference in the dosage of BONT-A
between group 1 and group 2 (p=0.813) (Table 1).

Findings of *F-FDG PET/CT imaging in group 2
Supplement Table S1 shows the muscles with increased
'"“F-FDG uptake in group 2, along with their symptoms.
Fig. 2 shows the ""F-FDG PET/CT images of 2 indepen-
dent subjects with main symptoms of left torticollis. One
subject shows that there was increased '*F-FDG uptake
in the left splenius capitis, semispinalis capitis, longus
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Table 1. Characteristics of Subjects

Characteristics Group 1* (n=16) Group 2" (n=16) p-value

Age (year-old) 45.1+12.3 (20-61) 38.1+12.2 (20-64) 0.126
Men : Women 6:10 8:8 0.772
Duration of cervical dystonia (months) 37.3+50.8 (0.7-156) 28.3+39.0 (1-120) 0.582
No. of the subjects who had previous 11 11 1.000

botulinum toxin injection
Baseline TWSTRS 40.0+6.7 (29-52) 38.6+9.0 (22-54) 0.730
Dosage of botulinum toxin Botox” 139.3+49.7 (100-200) 125.0+35.4 (100-150)

type A (IU) Dysport” 583.3+176.8 (500-1000) 585.7+173.7 (500-1000) 0.813
Duration of follow-up (days) 240.6+205.1 (91-659) 237+88.9 (127-379) 0.918
Number of visits 4.5+2.3 (3-11) 4.742.0 (2-9) 0.703
Visiting interval (days) 52.0+33.3 (21.5+164.8) 53.3+15.2 (29.4+90.7) 0.896

All values are expressed as meanststandard deviation or numbers
*Group 1: Clinically targeting group, ‘Group 2: '’F-FDG PET/CT-assisted, clinically targeting group

Fig. 2. The "*F-FDG PET/CT images of 2 independent subjects with left torticollis. 1. A 20-year-old man with cervical
dystonia whose main symptom was left torticollis (A-D). The "*F-FDG uptake is increased at the anterior and posterior
neck muscles on the left side at the level of the C2 vertebral body. The hot uptake of '’F-FDG was seen in the left LC/Lc
(black arrow head), left SPC (thick black arrow) and left SSC (thin black arrow) (B-D). 2. A 38-year-old man with cervi-
cal dystonia whose main symptom was left torticollis (E-H). The '°F-FDG uptake is increased at the anterior and poste-
rior neck muscles at the levels of foramen magnum (FM; E), C2 vertebral body (F) and C3 vertebral body (G). The hot
uptake of '’F-FDG was seen in the right OCS (thick white arrow), left LC (black arrow head) and left SPC (thick black
arrow) (E). Increased ""F-FDG uptake was also seen in the right SCM (white arrow head), left LC (black arrow head),
left SPC (thick black arrow) and left RCPM (thin black arrow) (F). The hot uptake of '’F-FDG was showed in the right
SCM (white arrow head), right uTz (thin white arrow), left LC (black arrow head) and left SPC (thick black arrow) (G).
LC: Longus capitis, Lc: Longus colli, SPC: Splenius capitis, SSC: Semispinalis capitis, OCS: Obliquus capitis superior,
SCM: Sternocleidomastoid, RCPM: Rectus capitis posterior major, uTz: Upper trapezius.
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capitis and longus colli, and the other subject shows that
there was increased '’F-FDG uptake in the right SCM,
obliquus capitis superior, upper trapezius, left longus
capitis, splenius capitis and rectus capitis posterior major
(Fig. 2). According to Supplement Table S1 and Fig. 2 we
found that there was increased "F-FDG uptake in differ-
ent muscles although the subjects had the same abnor-
mal posture of head and neck.

number of subjects who received reinjection within 6
months since the initial injection between the two groups
(p=0.029) (Table 3). Additional 3 independent sub-
jects were given a reinjection after 6 months in group 1.
Therefore, a total of 13 subjects were given a reinjection
in group 1. There were no significant differences in the
number and interval of reinjection for the subjects who
had reinjection, the duration of minimal TWSTRS and

the number of adverse events between the two groups

Comparison of the outcomes of BoNT-A injection
between group 1and 2

The injected muscles were presented in Table 2 accord-
ing to the two groups. While 10 out of 16 subjects in group

(Table 3). Regarding the adverse events, there were 3
cases of neck muscle weakness and 1 case of dysphagia
in group 1. Group 2 had 1 case of dizziness and 1 case of
dysphagia. However, all the symptoms disappeared over

1 had reinjection within 6 months since the initial injec- time.
tion (62.5%), and 3 out of 16 subjects (18.8%) in group 2
had reinjection. This shows significant difference in the
Table 2. The Injected Muscles according to the Groups
Group 1* Group 2'
Subject Gender/ Symptoms Injected muscles Subject Gender/ Symptoms Injected muscles
number Age Right Left Right Left number Age Right Left Right Left
1 F/20 L T SCM SPC 1 M/31 T SCM, MF SPC, SSc, SPc,
SSC, LG, LS,
ScM
2 M/34 T L SPC SCM, uTz 2 F/28 T SPC, SSc, LC, SCM, SSC
ScM, LS, MF
3 M/48 T L SCM, SPC, 3 F/55 T L SCM, ScM, LS,
LGC, LS, SPC
SPc, uTz R
4 M/39 T SPC,SPc  SCM 4 M/43 R ME SPC, SSC, SPC, SSC, SSc
SSc
5 M/53 L T SCM,LS SPC, LS 5 M/38 T SCM, 0CS, RCPM,SPC,LS,
ME uTz, LS LC, SA, SCM,
OCI, ScM
6 F/61 T SCM,LS SPC 6 F/64 T L SPC,OCI SPC, SSc, SCM
7 M/37 T SCM SPC 7 M/26 T LC, SPC, OCI, SCM, SSC
L R RCPM, OCI
8 F/36 T SCM SPC 8 M/20 T Lc,SSC,SSc, LG, Lc, SPC,
LS, OCI SSC, SSc, ME,
LS, RCPM
9 F/44 T SPC SCM, SPC 9 F/40 T L 0CI, Lc, SSc, SSc, ME 0CI,
R ME ScM, SCM
SPC
10 F/49 T SPC,uTz SCM 10 M/31 T SSc, SPC, LS, SCM, Lc
Lc, ME ScM,
OCI, RCPM,
SSC
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Table 2. Continued

Group 1* Group 2'
Subject Gender/ Symptoms Injected muscles Subject Gender/ Symptoms Injected muscles
number Age Right Left Right Left number Age Right Left Right Left
11 F/59 T SPC, LS, SCM 11 F/49 T T SPC, Lc, SCM,
ulz OCI, RCPM,
ScM
12 F/51 T SPC SCM 12 F/38 T OCI, SPC RCPM, SCM,
L LS
13 F/61 T SPC, SCM 13 M/36 T OCS, SCM OCI, SPC, SSC
L ScM, L
LS
14 M/46 L T SCM, SCM, SPC 14 M/30 T SCM, LC, SSc, OCI, MF, SSc
SPC IL, ME OCI,
A A RCPM
15 F/26 T SCM SPC 15 F/54 T LC, ScM, SPC, SCM
SPc, OCI,
RCPM, SSC,
SSc, LS
16 F/57 T SCM SPC 16 F/27 T OCS, SCM SPC, Lc, uTz,
IL SSc, MF,
RCPM, LS,
OCI, ScM,
LGC

T: Toricollis, L: Laterocollis, A: Anterocollis, R: Retrocollis, SCM: Sternocleidomastoid, SPC: Splenius capitis, MF: Mul-
tifidi, SSc: Semispinalis cervicis, SPc: Splenius cervicis, SSC: Semispinalis capitis, LC: Longus capitis, LS: Levator scap-
ulae, ScM: Scalenus medius, uTz: Upper trapezius, LGC: Longissimus capitis, OCS: Obliquus capitis superior, RCPM:
Rectus capitis posterior major, SA: Serratus anterior, OCI: Obliquus capitis inferior, Lc: Longus colli

*Group 1: Clinically targeting group, ‘Group 2: '’F-FDG PET/CT-assisted, clinically targeting group

Table 3. Comparison of the Outcomes of BONT-A Injection between Group 1 and 2

Outcomes Group 1* (n=16) Group 2" (n=16) p-value

No. of subjects who had reinjection (%) Within 6 months 10 (62.5) 3(18.8) 0.029*
After 6 months 3(18.8) 0(0) 0.226
No. of reinjection for the subjects who had reinjection 2.21.2 1.7+0.6 0.704
The interval of reinjection (months) for the subjects who had 6.912.6 5.3%1.7 0.364

reinjection

Duration to the minimal TWSTRS?® (days) 54.2+28.4 66.5+32.7 0.180
No. of adverse events (%) 4(25) 2 (12.5) 0.654

All values are expressed as meanststandard deviation or numbers (%)

BoNT-A: Botulinum toxin type A, TWSTRS: Toronto Western Spasmodic Torticollis Rating Scale

*Group 1: Clinically targeting group, '‘Group 2: "°F-FDG PET/CT-assisted, clinically targeting group, 'p<0.05, The dura-
tion from the initial BONT-A injection to the minimal TWSTRS

Comparison of reduction rate of TWSTRS ac cording A injection between the groups (Table 4). However, the
to groups in reference to the duration since the initial reduction rate of both the total and disability score of
BoNT-A Injection TWSTRS at 3-6 months since the initial injection was sig-

There was no significant difference in the reduction nificantly higher in group 2 than those of group 1 (Table
rate of the TWSTRS at 1-3 months after the initial BONT-  4).
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Table 4. Comparison of Reduction Rate of TWSTRS according to Groups in Reference to Duration since the Initial

BoNT-A Injection
Reduction rate at 1-3 months* Reduction rate at 3-6 months'
TWSTRS after the initial BoONT-A injection p-value after the initial BoONT-A injection p-value
Group 17 Group 2° Group 17 Group 2°

Total 65.8+£26.5 72.3£17.1 0.504 37.8£15.7 63.3£28.0 0.019"
Severity 61.7+£33.2 65.6+22.3 0.829 41.0+25.9 57.4+35.5 0.113
Disability 60.2+£32.2 75.1£21.7 0.193 33.5£19.9 68.0+£33.3 0.018"
Pain 74.1+£37.3 77.8+26.9 0.921 33.1+80.8 76.3+32.8 0.145

All values are expressed as meanststandard deviation

TWSTRS: Toronto Western Spasmodic Torticollis Rating Scale, BONT-A: Botulinum toxin type A

*Reduction rate at 1-3 months: Reduction rate of the TWSTRS score=(Baseline score—The follow-up score at 1-3
months)/Baseline score X 100, "/Reduction rate at 3-6 months: Reduction rate of the TWSTRS score=(Baseline score—
The follow-up score at 3-6 months)/Baseline score x 100, ‘Group 1: Clinically targeting group, *Group 2: '°F-FDG PET/

CT-assisted, clinically targeting group, "p<0.05

*p=0.001

N
o

o
[ee]
1

——1 Group 1

(o]
£
=
[0]
g
<
i<l
g 061 -+~ Group 2
c05f---------- —— Group 1-censored
S04+ ! --~- Group 2-censored
o 1
2 i
5 0.2 1 *
3 i |_()
o 1
0 0.0 i
© '\b‘b\'\q’g ‘bQDQ 6“9 /\’1/Q

Duration of follow-up (days)

Fig. 3. The Kaplan-Meier plot showing the probability of
reinjection-free living after BONT-A injection in clinically
targeting group (group 1) and the "’F-FDG PET/CT-assist-
ed, clinically targeting group (group 2). The probability
of reinjection-free living is 0.8 in group 2, while the rate
is 0.19 in group 1 when the duration of follow up is one
year (365 days). The duration of follow-up for group 1 was
144 days (95% confidence interval: 134.2-153.8) when the
reinjection-free living rate had come to 50%.

The probability of reinjection-free living in both groups

Fig. 3 shows that the probability of reinjection-free liv-
ing was significantly higher in group 2 than in group 1
(p=0.001 by Log-rank test). Fifty percent of the probability
of reinjection free living had come on 144 days after the
initial BoNT-A injection in group 1 (Fig. 3). Meanwhile,
the probability of reinjection-free living of group 2 still re-
mained at 80%. Therefore, the probability of reinjection-
free living of group 2 did not come to 50%. On 1 year of
follow up, the probability of group 2 was 80%, which was
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4 times higher than that of group 1, where the probability
was 19% (Fig. 3).

A multivariate analysis for the probability of reinjection-
free living was performed for two groups, using the Cox
regression, which shows that the difference between the
two groups significantly affected the probability of rein-
jection-free living (p=0.03). The hazard ratio of reinjection
in group 2 was 0.231 (confidence interval: 0.062-0.864),
which means that the protective effect against reinjection
was 4.3 times higher in group 2 than in group 1.

DISCUSSION

The muscles with increased '*F-FDG uptake were se-
lected as the target muscles and were given a BoNT-A
injection, along with a clinically targeting method in
group 2. There was a significant decrease in the num-
ber of subjects who had reinjection within 6 months of
group 2 compared to that of group 1. This result could be
interpreted as the result from the enhanced accuracy of
muscle selection because clinically targeting and "*F-FDG
PET/CT supplemented each other for the selection of tar-
get muscles.

Thirteen out of the total 16 subjects in group 2 main-
tained the symptom improvement even after 6 months,
which had been known as the maximal duration of the
BoNT response. To explain the mechanism of the effect,
Giladi, in 1997, argued that BoNT blocks the o and y mo-
tor neuron, which are connected to dystonic muscles,
and this leads to changes in the afferent input, which is
connected from cervical muscle spindle to the central
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nervous system. The afferent pathway, which has been
changed by BoNT for a long time, plays a role as continu-
ous sensory trick and finally reorganization occurs in
the basal ganglia then the pathological process of CD is
changed into a normal state maintaining symptom im-
provement.”

In group 2, in contrast to group 1, not only first consid-
ered the cervical muscles by a clinical decision but the
muscles with increased "°F-FDG uptake in '°F-FDG PET/
CT, were also selected as the target muscles. The muscles
with increased "’F-FDG uptake were given a relatively
high amount of BoNT-A injection. Therefore, the results
of this research could be interpreted that the muscles,
which were not selected based on clinical decision
among the muscles with increased '*F-FDG uptake, could
play a main role of aggravating the symptoms of CD.

The reduction rate of the follow-up TWSTRS at 1-3
months did not reveal significant differences between
the two groups. However, the reduction rate in group 2
was higher than that in group 1 for the disability score by
14.9% (75.1+21.7% of group 2 vs 60.2+32.2% of group 1;
Table 4). If such difference is to continue in further com-
parative researches with more subjects, there could be a
significant difference in the reduction rate of the follow-
up TWSTRS at 1-3 months. Furthermore, there were sig-
nificant increases in the reduction rate of the total scores
and the disability score for group 2, compared to that of
group 1, after 3-6 months (Table 4). These results implies
that the TWSTRS score of group 1 has increased dur-
ing the period due to recurrence of CD and back up the
higher number of subjects who had reinjection within 6
months in group 1.

This study has some limitations. The sample size was
small. The two groups consisted of 32 subjects, of which,
each group included 16 subjects. In addition, there could
have been a selection bias as this research was retrospec-
tive. All the subjects who participated in this research
were from one clinical facility. Further, 2 products, in-
cluding Botox” or Dysport” were used as BONT-A.

There were some cases with duration of follow-up of
less than 1 year and interval censoring, which occurs
after 6 months in group 2. Accordingly, a comparison
which had been carried out within 180 days could have
been significant, but there needs to be follow-up to as-
certain the comparative results after 180 days. Further-
more, the two groups were set at different times and there

had been efforts to put forth to find target muscles after
December 2010, as more knowledge on CD has thereaf-
ter accumulated. Therefore, the other muscles without
increased *F-FDG uptake had been found to be dystonic
muscles by the use of a physical examination and EMG in
group 2, hence BoNT-A had been injected into more tar-
get muscles of group 2, compared to those of group 1. In
conclusion, the time differences in the setting of the two
groups could have considerably affected the results.

In addition, 6 subjects among those who had "’F-FDG
PET/CT at our center were excluded from this study,
as they did not have cervical muscles with increased
'"“F-FDG uptake. If the 6 subjects had been included in
this research, the results could have been affected. Six
subjects were 2 men and 4 women, who consisted of 1
subject in their 20 s, 2 in their 30 s, 1 in their 40 s and 2 in
their 50 s. The duration of CD was 46.4+38.1 (range: 12-
120) months and 5 out of 6 subjects appeared to have a
history of previous BoNT injections before the ’F-FDG
PET/CT. It was hard to check if the other one subject had
experienced a previous BoNT injection. Two out of 6 sub-
jects had taken trihexyphenidyl and clonazepam. Past
medical history was not found for all 6 subjects. Accord-
ing to these results, it is possible that the *F-FDG uptake
could have been inhibited by the effect of the previous
BoNT injections in these cases. The Initial TWSTRS was
30.7+5.3 (range: 25-39), which tended to be lower than
the TWSTRS of subjects for this research. Therefore,
further studies are needed on the association between
TWSTRS scores and the increase in *F-FDG uptake.

CONCLUSION

This seems to be the first report that compared the
outcome of BoNT-A injection between '’F-FDG PET/CT-
assisted, clinically targeting group and clinically targeting
group. The number of subjects who had reinjection with-
in 6 months was significantly lower in group 2 than group
1. The reduction rate of TWSTRS after 3-6 months and
the probability of reinjection-free living were significantly
higher in group 2 than in group 1. These findings suggest
that "*F-FDG PET/CT study could be useful in manage-
ment of CD in terms of identification of dystonic muscles
if there is an increase in the "’F-FDG uptake in cervical
muscle of the images. There needs to be prospective
studies to compare the results of BONT-A injection for the
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two groups with more subjects, and over a longer follow
up.
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Supplement Table S1. The Muscles with Increased '’F-FDG Uptake in Group 2*

Subject Gender/ Symptoms

The Muscles with increased '°’F-FDG uptake (maximal SUV)

number Age  Right Left Right Left

1 M/31 T MF (20.8) SPC (88.5), LC (34.9)
2 F/28 T SPC (19.6), SSc (30.6), LC (36.3), SCM (18.4), SSC (36.7)

ScM (26.2), MF (31)
3 F/55 T L SCM (7.6), ScM (7.1),

LS (6.0), SPC (5.2)

4 M/43 MF (13.1), SSC (13.4), SSc (10.3)
5 M/38 T SCM (60.5), OCS (63.0), MF (31.9), RCPM (47.2), SPC (69.9), LS (16.8),

uTz (35.3) LC (68), SA (46.8)
6 F/64 T L SPC (33.4)
7 M/26 T LC (6.8), SPC (54.6), RCPM (78.8) SCM (26.3), SSC (46.1)
8 M/20 T LC (45.3), Lc (32.5), SPC (71.3),

SSC (35.2), SSc (64), MF (31.1)

9 F/40 T L Lc (38.2), SSc (33.1), MF (21.7) SSc (23.7), MF (20.6)
10 M/31 T SSc (72.5), SPC (44.7), LS (38.7), SCM (29.7), Lc (59.1)

Lc (81.7), MF (58.1)
11 F/49 T T SPC (19.7), Lc (15.7), SCM (12.8)
12 F/38 T 0OCI (18.4), SPC (25.1)
13 M/36 T 0OCS (80.1), SCM (49.8) OCI (78.8), SPC (38.3)

L
14 M/30 T SCM (62.5), LC (55.1), SSc (27), MF (65.5), SSc (70.9)
L MF (21)
15 F/54 T LC (25.3), ScM (22.3), SPC (18)
16 F/27 T 0CS (37.9) SPC (16.4), Lc (30.4), uTz (11.5),
L SSc (20.7), MF (21.9)

*Group 2: *F-FDG PET/CT-assisted, clinically targeting group
SUV: Standardized uptake value, T: Toricollis, L: Laterocollis, R: Retrocollis, A: Anterocollis, MF: Multifidi, SPC: Sple-
nius capitis, LC: Longus capitis, SSc: Semispinalis cervicis, ScM: Scalenus medius, SCM: Sternocleidomastoid, SSC:
Semispinalis capitis, LS: Levator scapulae, OCS: Obliquus capitis superior, uTz: Upper trapezius, RCPM: Rectus capitis
posterior major, SA: Serratus anterior, Lc: Longus colli, OCI: Obliquus capitis inferior
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