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Prospective study of swallowing function in
patients with cervical dystonia undergoing
selective peripheral denervation

A Minchau, C D Good, S McGowan, N P Quinn, ] D Palmer, K P Bhatia

Abstract

Objective—To characterise swallowing
function in patients with cervical dystonia
with botulinum toxin treatment failure,
before and after selective peripheral den-
ervation surgery.

Methods—Twelve patients with cervical
dystonia had a thorough examination
including standardised assessment for
cervical dystonia, scoring of subjective
dysphagia, and videofluoroscopic swallow.
Videofluoroscopy was scored by consen-
sus opinion between a speech and lan-
guage therapist and an independent
blinded radiologist using a validated scor-
ing system.

Results—Seven patients with cervical dys-
tonia experienced no subjective dysphagia
either before or after surgery, although in
all these patients there was objective
videofluoroscopic evidence of underlying
mild to moderate oropharyngeal dys-
phagia preoperatively and postopera-
tively. The most common finding was
delayed initiation of swallow. Three other
patients, also without subjective dys-
phagia before surgery, developed postop-
erative dysphagia. In these patients,
videofluoroscopy showed a delayed swal-
low reflex before surgery, which was worse
postoperatively in two. The remaining two
patients had mild subjective dysphagia
before surgery that improved postopera-
tively in one and deteriorated in the other.
In the first, videofluoroscopy was normal
preoperatively and postoperatively, and in
the second, oral bolus preparation was
moderately abnormal preoperatively and
swallow initiation was delayed postopera-
tively. Mean subjective dysphagia scores
did not change significantly. Apart from a
significant improvement of tongue base
retraction, videofluoroscopic scores were
not significantly different after surgery.
Postoperatively there was significant im-
provement of overall cervical dystonia
severity and abnormal head rotation in
the group as a whole. There was no corre-
lation between age, duration of symptoms
of cervical dystonia, preoperative or
postoperative cervical dystonia severity,
subjective dysphagia scores, or vid-
eofluoroscopic scores. However, in the five
patients with persisting anterior sagittal
head shift as part of the torticollis, tongue
base retraction was less likely to improve
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after surgery compared with those with-
out head shift.

Conclusion—Surgical denervation of dys-
tonic neck muscles, leading to improved
neck posture, can also improve tongue
base retraction, which is a key component
of normal bolus propagation. However,
delayed swallow initiation, a common fea-
ture in patients with cervical dystonia, can
be further compromised by surgery, lead-
ing to subjective dysphagia. In general,
selective peripheral denervation seems to
be a safe procedure with no major com-
promise of swallowing function.

(¥ Neurol Neurosurg Psychiatry 2001;71:67-72)
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Cervical dystonia is characterised by abnormal
head and neck postures brought about by
involuntary sustained or repetitive neck muscle
contractions." Medical treatment is helpful in
only 20%-30% of cases and side effects are
common.” Botulinum toxin injections given
locally into active muscles causing abnormal
head postures have been used with great
success.” It is becoming clear, however, that
about 5%-10% of patients with cervical dysto-
nia do not respond sufficiently to botulinum
toxin injections. For these patients surgery
becomes an option.

Before the advent of botulinum toxin various
operations had been tried.” The McKenzie
operation, developed in the 1920s," involved
bilateral C1 to C3 rhizotomies, but was associ-
ated with significant morbidity and mortality,’
without evidence of lasting benefit," and is
therefore no longer recommended. The cur-
rent operation of choice is selective peripheral
denervation, which aims to denervate muscles
causing abnormal movements, while preserv-
ing innervation to those not participating in the
dystonia.”™"

Although cervical dystonia causes distress
and social stigmatisation,” it is not a life
threatening condition itself. In view of the
many potential candidates for surgery, opera-
tive hazards become an important issue.
Dysphagia impairing the quality of life, inter-
fering with nutrition, and possibly causing
aspiration, is probably the most troublesome
potential adverse effect of surgery. In a review
of different surgical procedures including
selective peripheral denervation and rhizo-
tomy, the incidence of dysphagia has been
reported to be as high as 30% postoperatively.”'
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Videofluoroscopy before and after rhizotomy
has shown moderate or severe swallowing dys-
function postoperatively in a third of the
patients.”” Selective peripheral denervation
seems to be safer in this respect, but as yet no
systematic study of swallowing function in
patients undergoing this procedure has been
carried out.

We therefore conducted a prospective study
of swallowing function in patients with cervical
dystonia undergoing selective peripheral den-
ervation using standardised preoperative and
postoperative clinical and videofluoroscopic
assessment.

Methods

The study was approved by the joint medical
ethics committee of the Institute of Neurology
and the National Hospital of Neurology and
Neurosurgery.

PATIENTS

We studied 12 patients with cervical dystonia
with failure of botulinum toxin injection treat-
ment who were referred for surgery.”® The
interval between the last botulinum toxin
injection and the assessment was at least 4
months in all patients. Treatment failure was
defined as no or only marginal benefit after at
least three consecutive sets of botulinum toxin
injection. Two patients never had any signifi-
cant benefit after botulinum toxin injections
(primary treatment failure), and the remaining
10 had lost their initial favourable response to
botulinum toxin after a mean of 6.4 years (SD
1.4) (secondary treatment failure). The male/
female ratio was 2:10, mean age 51 years (SD
15.7), mean age of onset 42.7 years (SD 13.7),
and mean duration of symptoms 8.3 years (SD
2.1).

Four patients were not on any medication
before or after surgery, four patients were
taking oral benzodiazepines, two with un-
changed regimens before and after surgery, and
one each had reduced or terminated regimens
after surgery. One patient was taking oral
amitriptyline before and after surgery and one
was taking amitriptyline, diazepam, and ben-
zhexol before and amitriptyline and diazepam
after surgery. One patient who was on ben-
zhexol before surgery continued this medi-
cation, another continued to take voltarol.

ASSESSMENT OF PATIENTS

All patients were assessed clinically and
videofluoroscopically before surgery and then
again 3—6 months (mean 5 (SD 1.7)) after sur-
gery. We did not study patients immediately
after surgery to avoid non-specific peri-
operative impairment of swallow—for exam-
ple, caused by intubation. The rationale for
studying patients within 6 months after surgery
was to avoid confounding effects of possible
reinnervation of neck muscles, which is not
expected to be of functional importance before
6 months. The interval between postoperative
clinical and videofluoroscopic assessments was
not greater than 2 weeks in any case.
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CLINICAL ASSESSMENT
Cervical dystonia
On clinical examination the predominant type
of cervical dystonia (torticollis, laterocollis, ret-
rocollis, or anterocollis) was determined taking
into account primarily the degree of restriction
of head movements and the primary dystonic
head position. For instance, a patient with
rotation of the head to the right and tilt to the
left was labelled right torticollis when left rota-
tion was more restricted than right tilt, and vice
versa. The degree of dystonic head rotation and
head tilt was measured using a goniometer.
The severity was determined using the
Toronto western spasmodic torticollis rating
scale (TWSTRS),” which includes assessment
of the dystonic position of the head, neck, and
shoulder, effectiveness of any sensory gesze, how
long the patient can keep the head in a straight
position, and range of head and neck move-
ment. The maximum severity score on this
scale is 35.

Dysphagia

The severity of subjective symptoms of dys-
phagia was rated according to Comella ez al.**
Patients were instructed to indicate which of
the following statements applied to them
(ratings in parentheses): “I don’t have swallow-
ing problems” (0); “Occasionally bringing
down the food is difficult, particularly with cer-
tain food, but I don’t choke or cough” (1); “I
often have difficulties with swallowing. I had to
change my diet slightly, avoiding certain foods,
and have occasionally choked or coughed” (2);
I have difficulties with swallowing all the time
and had to make major changes in my diet; I
have lost weight and/or I choke and cough a lot
while eating” (3). After completion of this
questionnaire patients were additionally spe-
cifically asked whether they paid attention to
cutting their food into small pieces and
whether they habitually washed down foods
with sips of fluids.

VIDEOFLUOROSCOPY
Videofluoroscopy was conducted using a Sie-
mens Siremobil 2000 mobile C arm image
intensifier. Patients were examined seated and
the head position noted. Liquid barium was
added to foodstuffs to make four barium
textures which were presented to all patients:
thin liquid, thick liquid, paste, and muffin.
These were given to the patient in controlled
volumes of between 5-15 ml. These boluses
were given while the patient’s head remained in
the dystonic position—that is, patients were
asked not to oppose dystonic neck muscle con-
tractions and not to use their sensory geste. This
was done because we were interested in study-
ing the impact of surgery on swallowing
function in the patients’ “natural”, dystonic
neck position, in which they remain most of the
time, rather than in a transiently corrected neck
position. Both lateral and anterior-posterior
views were taken. Preoperative and postopera-
tive videofluoroscopy was performed and
scored jointly by a speech and language thera-
pist and a radiologist. Videos were presented in
random order to a second, independent
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Table 1  Characteristics of patients with normal preoperative and postoperative subjective
swallowing function (patients 1-7) and patients in whom subjective swallowing function
changed after surgery (patients 8—12)

Subjective Oral bolus Tongue base Initiation of
dysphagia preparation retraction swallowing reflex
Patient Pre Post Pre Post Pre Post Pre Post
1 0 0 0 0 1 0 2 2
2 0 0 0 0 1 1 2 2
3 0 0 1 1 2 1 2 3
4 0 0 0 0 3 1 3 3
5 0 0 3 1 3 1 3 2
6 0 0 0 0 3 0 2 2
7 0 0 0 0 1 1 2 2
8 0 3 0 3 4 1 2 3
9 0 1 0 1 0 1 3 2
10 0 1 0 1 1 1 1 3
11 1 0 0 0 0 0 0 0
12 1 2 3 1 3 1 0 2

Numbers represent scores as defined in the text. Higher scores indicate worse function.

blinded radiologist. Each scorer used a set
scoring system (see appendix). Where there
were any differences in scoring, a consensus
opinion was reached with the speech and
language therapist/first radiologist and the sec-
ond, independent blinded radiologist.

The examination also received a global
rating of “mild”, “moderate”, “marked”, or
“severe” if one or more dimensions was rated
as 1, 2, 3, or 4 respectively.

SURGICAL PROCEDURE
A modified Bertrand operation was carried
out.””™ ' Surgical options are a selective
denervation of the sternocleidomastoid muscle
and levator scapulae muscle (by sectioning
branches of the accessory nerve supplying the
sternocleidomastoid and the dorsoscapular
nerve, respectively) and/or sectioning posterior
rami of the C1-C5/6 roots. The second is
referred to as a posterior ramisectomy and
results in a complete motor and sensory dener-
vation of the corresponding posterior neck seg-
ments.

STATISTICAL ANALYSIS

For comparison of two related samples (before
and after surgery) a paired samples ¢ test was
used for normally distributed interval data and
Wilcoxon signed ranks test for ordinal data. To
measure a possible correlation between differ-
ent variables, Spearman’s rank order correla-
tion coefficient was used. Comparison of
nominal data was performed with a % test
(Fisher’s exact test for small sample sizes). For
all statistical analyses an adjusted p value<0.05
was considered to be significant.

Results
Of the 12 patients, seven reported no symp-
toms of swallowing dysfunction either before or
after surgery (table 1). However, four of these
patients, when asked about their eating habits,
said they were used to cutting their food into
small pieces and/or had a drink with their meal.
Videofluoroscopy disclosed abnormalities, es-
pecially delayed swallowing initiation, before
and after surgery in all these seven patients
(table 1).

Three patients (8-10) who did not report
subjective dysphagia before surgery reported
worsening of their swallowing function postop-
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eratively (table 1). One of these patients already
had to cut his food into small pieces to avoid
swallowing difficulties before surgery and this
became a necessity in the other two patients
after surgery. All three had videofluoroscopic
abnormalities of swallowing in the form of
delayed initiation of the swallowing reflex
(n=3) or abnormal tongue base retraction
(n=2) before surgery (table 1). The delayed
swallow initiation deteriorated postoperatively
in two of them and improved in one.
Pre-existing abnormal retraction of the tongue
base improved in one patient and remained
unchanged in the other. In the third patient it
became mildly abnormal. Oral bolus prepara-
tion deteriorated in all three patients.

Two patients reported mild dysphagia before
surgery (table 1). Both were used to eating
their food in small chunks and needed a drink
to wash down the food. In one (patient 11)
preoperative videofluoroscopy was normal, in
the other (patient 12) there were abnormalities
in oral bolus preparation and tongue base
retraction. Subjective swallowing function nor-
malised and videofluoroscopy remained nor-
mal after surgery in patient 11. In patient 12
the subjective score deteriorated, which can be
explained by the postoperative development of
a delayed swallowing initiation evident on vid-
eofluoroscopy in this patient.

The four patients with postoperative subjec-
tive dysphagia (patients 8-10, and 12) had
more difficulty swallowing solid food than
liquids. Chunks of meat and bread produced
the greatest difficulties, often requiring several
volitional swallows to clear the throat. The
most severely affected patient (patient 8)
required a change to a liquid diet for 6 weeks,
without weight loss.

In one patient pharyngeal-oesophageal seg-
ment opening was mildly abnormal before but
not after surgery. In another patient it was nor-
mal before but became mildly abnormal after
surgery. In all the other patients it was normal
preoperatively and postoperatively. Laryngeal
penetration of the bolus was not found in any
patients before and in one patient after surgery
(score of 1).

Mean scores of all patients for severity of
cervical dystonia, subjective dysphagia, and
videofluoroscopy scores for the oral and
pharyngeal phase of the swallowing before and
after surgery are given in table 2. Postopera-
tively there was a significant improvement of
overall severity of cervical dystonia and abnor-
mal head rotation, and a non-significant
improvement of head tilt. Subjective dysphagia
scores did not change significantly. Apart from
a significant improvement of tongue base
retraction, videofluoroscopic scores, including
the global rating, were not significantly
changed after surgery.

We did not find an overall correlation
between subjective dysphagia scores and global
videofluoroscopic rating or any other vid-
eofluoroscopic subscore before or after surgery.
Also, changes in subjective and objective
dysphagia scores were not correlated with each
other. There was no correlation between age,
duration of symptoms, preoperatively or post-
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Table 2 Severity of CD and dysphagia before and after
surgery

Before surgery  After surgery

Overall severity* 20.7(5.8)t 14.8 (5.1)
Head rotation 50.4 (31)§ 26.5 (22.6)
Head tilt 19.2 (12.2) 14.5 (6.9)
Subjective dysphagia score 0.2 (0.4) 0.6 (1)
Videofluoroscopy:
Global rating 2.3 (1.1) 2.5 (0.5)
Oral bolus preparation 0.7 (1.2) 1.1 (1.1)
Tongue base retraction 2.5 (1.6)% 1.4 (0.9)
Initiation of swallowing 1.8 (1) 2.2 (0.8)
reflex
Hyoid elevation 1.9 (1.7) 1.3 (1.7)
Residue 1.4 (1) 1.2 (1.2)
Symmetric swallow 7 8
Asymmetric swallow 5 4

Apart from symmetry of swallowing all values are means (SD).
*Determined by the TWSTRS; for dysphagia scores higher
numbers indicate worse function.

1p=0.017; $p=0.027 (Wilcoxon signed rank test).

§p=0.034 (paired samples ¢ test).

Significant improvements are indicated by bold numbers.

Table 3 Relation berween postoperative improvement of
tongue base retraction and postoperative head shift

Sagittal head shift

Present  Absent

Tongue base retraction
Improved after surgery 1 6
Unchanged or deteriorated after surgery 4 1

p=0.045 (Fisher’s exact test).

operative TWSTRS scores (or change of
TWSTRS scores), degree of abnormal head
rotation or tilt (or change in degrees), and
preoperative or postoperative videofluoro-
scopic scores (or change of these scores).

However, there was a relation between head
shift and tongue base retraction scores (table
3). Five patients had an anterior sagittal shift of
the head that persisted or became more promi-
nent after surgery, but in the other seven
patients no such shift was present. In patients
with persisting anterior head shift, tongue base
retraction was less likely to improve after
surgery than in those without such a shift (table
3).

Discussion

In line with previous reports objective
videofluoroscopic abnormalities of swallowing
were frequent in this group of patients with
cervical dystonia, even before surgery. Com-
pared with the results of Comella ez al** and
Riski ez al,”” who found objective evidence of
dysphagia in 22% and 51% of patients with
cervical dystonia, respectively, the proportion
of patients with objective dysphagia in this
study (11/12) was high. The reason for this
high prevalence, albeit usually mild or moder-
ate, is not clear. Some of our patients were tak-
ing anticholinergic medication that may alter
peristaltic function®* but the proportion was
not higher than in the study of Comella et al.**
Previous botulinum toxin injection can com-
promise swallowing function due to local
spread of the toxin,”** but this is also an
unlikely explanation, as none of our patients
had received botulinum toxin injections during
the 4 months before the assessment. If
swallowing problems occur after botulinum

22 24 25
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toxin injections they usually start about 2 days
after the injection and last for 2-3 weeks but
not for months.’ * *°

Only two of the 11 patients with abnormal
preoperative videofluoroscopy complained of
difficulty in swallowing—that is, subclinical
dysphagia was common. Similar findings have
been reported by Riski ez al,” but the reason for
subclinical dysphagia is not clear. It is possible
that dysphagia was longstanding and patients
had become used to their symptoms or
adopted spontaneous compensatory strategies.
For instance, when asked about eating habits,
most patients with subclinical dysphagia re-
ported that they were used to cutting their food
into small pieces and taking a sip of fluid with
each swallow to avoid the food getting stuck in
the throat. Although this indicates disturbed
swallowing, the patients did not perceive it as
abnormal. Moreover, as all patients had botuli-
num toxin treatment failure and often had not
received effective treatment for more than a
year, their neck symptoms (mean score on the
TWSTRS scale) were more severe than in
patients with cervical dystonia still responding
to botulinum toxin treatment.”’ Neck symp-
toms may therefore have overshadowed the
relatively subtle alteration in oropharyngeal
function.”

Postoperatively none of the videofluoro-
scopic scores deteriorated significantly. How-
ever, three patients (8-10), who did not report
swallowing problems before surgery, com-
plained of mild to moderate dysphagia after
surgery. Additionally, in one patient (12) mild
pre-existing subjective dysphagia deteriorated
and became moderate (score change from 1 to
2). In these four patients there were parallel
postoperative changes on videofluoroscopy.
The main findings were deterioration in
swallow initiation in three patients (8,10, and
12) and worsening of oral bolus preparation
also in three (patients 8-10).

For the delayed swallow initiation it has to be
noted that such a delay was also found in 11
out of 12 patients before surgery, suggesting
that it might be an intrinsic abnormality in cer-
vical dystonia (see below). In patients with
postoperative worsening of swallow initiation
perhaps pulling of the anterior rami of cervical
roots C1-C5 during preparation of posterior
rami for denervation leads to disturbances of
the nerve supply to muscles involved in the
early stages of the automatic swallow. Although
intraoperative pulling of nerve fibres is ex-
pected to cause neurapraxis, that lasts only
days or a few weeks, subtle changes of sensori-
motor control, outlasting the phase of the acute
nerve damage, may nevertheless have oc-
curred.

All the four patients with postoperative dete-
rioration of swallowing function had subclini-
cal dysphagia before surgery. It is possible that
in these patients both a rapid change of
swallowing function, to which they could not
adequately adapt, and an improvement of neck
symptoms (table 2), potentially rendering them
more aware of their swallowing problems, con-
tributed to the dysphagia becoming noticeable.
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Similar observations have been made after
botulinum toxin injections.**

The preoperative videofluoroscopic data did
not predict which patients were likely to
develop subjective dysphagia after surgery.
Indeed, the four patients with postoperative
deterioration of subjective dysphagia had rela-
tively few abnormalities before surgery (table
1). Nor did we find a correlation between
change of subjective and objective dysphagia
scores, which might be explained by the few
patients (four) with subjective change of
swallowing function. There was also no corre-
lation between subjective and objective dys-
phagia preoperatively.

Two possible explanations have been pro-
posed for the causes of dysphagia in patients
with cervical dystonia: abnormal posture of the
neck leading to asymmetry of the swallowing,
and “neurogenic” causes leading to a delayed
swallow initiation.” *

The fact that tongue base retraction im-
proved after surgery, when there was also a sig-
nificantly improved head position, illustrates
the importance of head posture for normal
swallowing. Tongue base retraction occurs at
an early stage of the pharyngeal phase of the
swallowing, and is an important prerequisite
for an orderly propagation of the food bolus.”
It is easy to see how an abnormally rotated or
tilted head and dystonically overactive neck
muscles might mechanically impair the retrac-
tion of the tongue and thus compromise swal-
lowing. It is therefore not surprising that an
improved head position (and a decrease of dys-
tonic muscular activity) after surgical denerva-
tion also improved tongue base retraction. In
patients with a prominent anterior sagittal head
shift, tongue base retraction did not improve
(table 3), which is probably explained by the
fact that such a head shift is usually caused by
dystonic activity of deep anterior neck muscles
that are not denervated by posterior ramisec-
tomy.

The most consistent finding for “neuro-
genic” causes of dysphagia in patients with cer-
vical dystonia seems to be delayed initiation of
swallowing, which did not improve after
surgery. It was also not correlated with severity
or duration of symptoms or patients’ age, sug-
gesting that it is rather a primary abnormality
in cervical dystonia. The exact oropharyngeal
stimuli for the initiation of the pharyngeal or
automatic portion of the swallow are incom-
pletely understood.” These portions may be
triggered by contact of the bolus and the
tongue with the faucial arches, and also by deep
receptors in the tongue base that are stimulated
as the bolus and the tongue move posteriorly.**
In this respect it is interesting to note that
abnormal sensory processing, particularly ab-
normal proprioceptive input, has been de-
scribed in patients with dystonia.””® Although
evidence of abnormal spindle activity in
patients with dystonia as yet only comes from
studies of limbs, it is perhaps not unreasonable
to assume that similar abnormalities of sensory
processing also affect other body regions,
including the pharynx.
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We conclude that selective peripheral dener-
vation is a safe procedure in regard to swallow-
ing function. Surgical correction of an abnor-
mal head posture can improve tongue base
retraction. The delayed swallow initiation,
which is the most frequent abnormality in
patients with cervical dystonia, and is possibly
caused by abnormal sensory processing in dys-
tonia, sometimes deteriorates.

AM was supported by the Ernst-Jung Stiftung fur Wissenschaft
und Forschung in Hamburg, Germany and the Eugen Brehm
Bequest, UK. This study was supported by a grant from the
Dystonia Society, UK.

Appendix: Examples of the
videofluoroscopy assessment rating scale
(adapted from Logemann,”, Rosenbek ez
al,” and Scott")

BOLUS PREPARATION/MASTICATION

0=Normal; 1=slight weakness of tongue noticeable
during manipulation of bolus; 2=reduced fine control of
tongue and lateral tongue movement, slight weakness of
the muscles of mastication; 3=reduced range and coor-
dination of tongue movement and inability to lateralise
material with tongue, reduced tongue elevation to hard
palate, inability to align mandible for mastication and/or
reduced mandibular range of motion, weakness of mus-
cles of mastication; 4=inability to chew, mash or
manipulate bolus.

INITIATION OF SWALLOW

0=Swallow is triggered as the head of the bolus crosses
the ramus of the mandible; 2=slight delay in initiation of
swallow as the bolus passes tongue base and passes
ramus of mandible; 2=swallow delayed to the valleculae;
3=swallow initiated when bolus head passes laryngeal
vestibule or enters pyriform sinuses; 4=no swallow is
initiated.
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Data supplements

Limited space in printed journals means that interesting data and other material are often edited out of
articles; however, limitless cyberspace means that we can include this information online.

Look out for additional tables, references, illustrations.
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