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Cognitive performance after facial botulinum toxin treatment in a cohort of

neurological patients — an exploratory study

Abstract

Objective: To investigate higher cognitive functions after changes of the mimicry by facial
botulinum toxin injections, we tested verbal and non-verbal reasoning in patients with
blepharospasm or hemifacial spasm before and after their long-term botulinum toxin
treatment. Design: Explorative, non-randomized, clinical trial. Setting: Patients: ambulatory
care. Healthy control: general community. Participants: Volunteer sample. Patients: 21
patients with blepharospasm or hemifacial spasm — facial botulinum toxin injections.
Controls: 30 patients with cervical dystonia — cervical botulinum toxin injections - and 33
healthy subjects. Intervention: The two groups receiving injections were tested before and
three weeks after their treatment. Healthy subjects received no injections. Main Outcome
Measures: Verbal and non-verbal reasoning scores. Results: The key unexpected finding is
that patients who receive facial BTX injections perform significantly worse in non-verbal
reasoning tasks, when compared to healthy control (p=0.022). There was no significant
difference in the baseline reasoning scores and at follow up for verbal reasoning between the
three groups. There was no correlation between toxin dose and reasoning scores (verbal:
p=0.132, non-verbal: p=0.294). Conclusion: Because of potential confounders, the results do

not allow any conclusion on causality yet. Further research is needed to confirm our findings.

Keywords: Cognition, botulinum toxin, facial muscles
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Abbreviations

ANCOVA  analyses of covariance

ANOVA analyses of variance

BEB blepharospasm

BEB/HS blepharospasm or hemifacial spasm

BTX botulinum toxin

Cl confidence interval

CD cervical dystonia

df degrees of freedom

HS hemifacial spasm

IBM International Business Machines Corporation
rsfMRI resting state functional MRI

SPSS Statistical Package for the Social Sciences

There is a well-established link between the mechanics of one’s own facial expressions and the
ability to perceive the emotions of others. * This link includes facial ‘mimicry’, or the automatic
response of analogous muscles when observing the facial expressions of others. One strand of
this research is that aesthetic botulinum toxin (BTX) therapy of the corresponding facial
muscles leads to a delayed processing of emotions, either positive or negative. > This effect is

typically explained by the well investigated “facial feedback hypothesis™: that emotions are not
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3
only expressed by activation of certain facial muscles, but also that activation of certain facial
muscles induces the corresponding emotion.! The underlying mechanism remains unclear, but
functional MRI data suggest a range of neural circuits, such as emotion-linked activation of the
amygdala # and insula ®, and facial motor-linked activations of the inferior frontal gyrus. The
reports also give further evidence that emotion and cognition may often be closely intertwined.®
" Areas of activation include perception-linked systems such as the primary visual cortex and
the inferior temporal cortex, memory-related regions such as the hippocampus, and the

orbitofrontal cortex and prefrontal cortex.’

BTX has a large spectrum of applications in the rehabilitation of acute and chronic diseases.®
Amongst others, it is the first line therapy in BEB (blepharospasm) and HS (hemifacial spasm).
Here, small doses are injected into facial muscles, such as the orbicularis oculi, corrugator and
procerus muscle.® The botulinum effect is reversible, and the therapy is typically repeated every
three to four months. Since the increasing public awareness of the link between facial palsy and
emotion, neurological patients receiving long-term botulinum toxin treatment were concerned
about a probable affection of their cognitive function. To date, there has been no systematic
study of cognition after BTX induced facial palsy. However, BTX induced plasticity of brain
structures, namely the motor cortex in primary dystonia, has been described previously.'° Thus,
the extension to unaffected motor-cortical areas in cervical dystonia, i.e. the hand region, has
also been reported.!* By analogy, we assume, that apart from emotional processing, also
cognitive domains could be affected by BTX induced facial palsy. Given the fact that
experiencing emotion and understanding emotion in language use the same neural systems?,

this might include networks, which are part of the reading process.*?
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4
The purpose of the present, exploratory study was to assess cognitive function in neurological
patients receiving long-term facial BTX therapy (BEB and HS), before and after BTX
treatment. As screening tests, we chose a verbal reasoning task to cover the language domain
and added a non-verbal reasoning task to extend the spectrum of cognitive domains. As one
form of control, we assessed healthy subjects, who received no injections. We also investigated
patients with cervical dystonia, who generally receive higher doses. Their injections are limited

to cervical muscles, with no effect on the facial musculature.r®

Materials and Methods

Participants

Patients with the clinical diagnosis of BEB, HS or CD were recruited from the BTX outpatient
clinic for movement disorders at a Clinical Department of Neurology of a University Hospital.
All patients included in this study were pre-treated with all common BTX preparations and
reported good treatment response. To evaluate a potential correlation of BTX dose and
reasoning scores, the equivalent unit ratio of the preparations ona-/inco-BTX : abo-BTX was

calculated 1: 3.1

Healthy control subjects were recruited amongst patient companions, from geriatric facilities
and through public announcements. Participants aged 18 to 85 were eligible. Participants with

known neurological or psychiatric comorbidities were excluded.
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Procedure

We investigated two groups:

o Patients with blepharospasm or hemifacial spasm (BEB/HS) - BTX treatment of facial

muscles;

. patients with cervical dystonia (CD) - BTX treatment of cervical muscles, no treatment

of facial muscles:

o healthy subjects — no BTX treatment, to exclude effects of repeated testing.

All participants performed a baseline assessment of reasoning measures, which was conducted

by three investigators. Afterwards, all patients received their regular long-term BTX treatment.

BTX injections were applied by muscle palpation at the known anatomical landmarks without

further technical aids. Dose finding and all injection schemes were individualized (see

Tablelfor the list of included muscles).

Table 1. List of included muscles
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6
After three weeks, a different investigator, who was blinded to the baseline test results, repeated

the cognitive assessment of each participant.

Cognitive assessment

Verbal reasoning was assessed with the Verbal Analogies subtest of the Intelligence Structure

Test 2000-R.™ Here 20 tasks are presented, each task consisting of three words. In these tasks,
a relation exists between the first and the second word, and a similar relation can be applied

between the third word, and one of five alternatives.

Nonverbal reasoning was measured using the Matrices subtest of the Intelligence Structure Test

2000-R.* This subtest consists of 20 tasks, each showing a two-by-two matrix with three
different figures, which are located based on a rule. The task is to detect the rule, and choose
the correct missing figure from five alternatives. Overall scores were built by aggregating the

correct answers for Verbal Analogies and Matrices.

Standard protocol approval and patient consents

The study was approved by the local ethical committee and has been registered at

ClinicalTrials.gov. All participants gave their informed consent for inclusion before they
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7
participated in the study. The study was conducted in accordance with the Declaration of

Helsinki, and the protocol was approved by the local ethical committee.

Statistical analysis

Statistical analyses were performed with SPSS (Statistical Package for the Social Sciences)
software (IBM, International Business Machines Corporation, SPSS Statistics, Version 20).1
The desired number of at least 30 patients was based on the central limit theorem.!” Equivalence
of basic sample characteristics (age, gender, educational level) between patients (i.e. BEB/HS
and CD) and healthy controls was analysed using an ANOVA (analyses of variance) and Chi
square tests. Furthermore, analyses of variance were conducted to compare nonverbal as well
as verbal reasoning scores of patients with CD, BEB/HS and healthy controls at baseline. The
analyzed variables were normally distributed (verbal reasoning - baseline: ¥2=3.10, df=2,
p=0.213; non-verbal reasoning - baseline: y2=2.29, df=2, p=0.319; verbal reasoning — follow-
up: x2=0.615, df=2, p=0.735; non-verbal reasoning — follow up: y2=1.78, df=2, p=0.411).
Differences in verbal and nonverbal reasoning before and after BT X-treatment, as well as the
presence of a potential learning effect, was analysed using two-way mixed ANCOVA (analyses
of covariance) with the three groups (CD, BEB/HS and the healthy controls) as the between-
subjects factor, time (pre- and post-treatment) as the within-subjects factor, overall treatment
time and dose as covariates. Relationships between dose and verbal or nonverbal reasoning was
analysed using Pearson correlation. The significance level was set at p<0.05. Post hoc power
analyses for the used within-between factorial design (f = 0.25, o = 0.05, sample size = 84,

groups 3, measurements = 2) revealed a power of 0.99.
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Results

Participants

In the injection groups, a total of 169 patients were screened for participation, 88 patients
were eligible and willing to participate. Thirty-seven patients did not complete baseline

and were excluded from further analyses (see Table 2 for details of drop out).

Table 2. Details of drop out

Finally, a total of 84 subjects participated in the present study. Fifty-one (60.7%) received
BTX injections — 21 (41.2%; BEB: n=14, HS: n=7) patients with BEB/HS and 30
(58.8%) patients with CD - and 33 (39.3%) were healthy subjects. The desired number of
at least 30 patients in the BEB/HS group could not be recruited, as some of those patients
refused to perform a neuropsychological test, for example when they realized that they
would be tested in their cognitive, reading and/or arithmetic competence, or when they
realized that some more study-related appointments were necessary. Participants that
refused to perform neuropsychological tests were not included in the present study. For

clinical details of all participants at baseline assessment, see Table 3.

Table 3. Clinical details of all participants at baseline assessment
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The patient group (i.e. BEB/HS and CD) consisted of 30 women (59%) and 21 men (41%). The
age of patients ranged from 26 to 78 years (mean=59.7, SD=12.24). 34 of the patients (66.7%)
had terminated their education at the end of compulsory schooling. 17 of the patients (33.3%)

held a college or university degree.

The healthy controls consisted of 22 women (67%) and 11 men (33%), ranging in age from 29

to 81 years (mean=61.3, SD=11.90). Sixteen of the controls (49%) had compulsory schooling

as their highest educational level, with 17 (51%) with college or university degrees.

There were no significant differences between the three groups regarding age (F(2.81)=1.865,
p=0.161), gender (x2=1.454, df=2, p=0.483) and educational level (¥2=3.085, df=2, p=0.214).
In addition, the number of subjects per group (¥2=2.79, df=2, p=0.248), BT X treatment duration
(x2=7.57, df=3, p=0.056), and the applied BTX preparations (¥2=5.84, df=3, p=0.119) were
equally distributed in all three groups. BTX equivalent dosage was not equally distributed
(x2=37,63, df=4, p<0.0001), but the dosage did not correlate with verbal and non-verbal

reasoning scores (see below).

Baseline assessment of non-verbal and verbal reasoning

There were no statistically significant differences in scores of nonverbal as well as verbal
reasoning before BTX-treatment. An analysis of variance showed no significant differences

(F(2,81)=2.14, p=0.124) between CD (mean=7.77, SD=3.52, 95%CI|=5.82-9.82), BEB/HS
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10
(mean=6.26, SD=2.72, 95%CI=4.67-7.78) and control subjects (mean=7.83, SD=2.85,
95%CI=6.1-9.52) with respect to scores of nonverbal reasoning at baseline. There were also no
statistically significant differences at baseline with respect to scores of verbal reasoning
(F(2,80)=2.92, p=0.060) between CD (mean=7.7, SD=3.15, 95%CI=6.03-10.17), BEB/HS
(mean=6.32, SD=3.11, 95%CI=4.6-7.85) and control subjects (mean=8.66, SD=3.42,

95%CI=6.5-10.11).

Differences in reasoning scores: pre- and post-treatment

Non-verbal reasoning (Fig 1)

The scores of control subjects improved (mean=9.23, SD=3.62, 95%CI=7.1-11.17), those of
CD slightly improved (mean=8.07, SD=3.97, 95%CI=5.86-10.62). and those of BEB/HS

slightly decreased (BEB/HS: mean=6.21, SD=3.36, 95%CI1=4.25-7.95).

Figure 1. Non-verbal reasoning scores.

A mixed design ANCOVA revealed no significant main effect of time [F(1,74)=0.86, p=0.357,
n2=0.011], but a significant main effect of group [F(2,74)=3.34, p=0.041, n2=0.083] with
respect to nonverbal reasoning, indicating no differences between pre-and post-treatment

evaluation but differences between the three groups. The covariates dose [F(1,74)=0.12,
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11
p=0.731, n2=0.002] and overall treatment time [F(1,74)=0.22, p=0.641, n2=0.003] showed no

significant impact.

Pairwise comparisons showed a significant difference between healthy controls and BEB/HS
(p=0.022), with the lowest mean difference in non-verbal abilities regarding pre- and post-
treatment evaluation in BEB/HS. No difference was shown between healthy controls and CD

(p=0.794) and between the two patient groups (p=0.197).

The interaction effect of time and group was not significant [F(2,74)=1.23, p=0.297, n2=0.032]
indicating no differences in the mean change in nonverbal reasoning scores between patient
groups and healthy controls and no learning effect occurred regarding non-verbal reasoning.
There were also no significant interaction effects of time and dose [F(1,74)=0.11, p=0.743,

n2=0.001] as well as time and overall treatment time [F(1,74)=0.15, p=0.696, n2=0.002].

Verbal reasoning (Fig 2)

The scores of CD improved (mean=8.77, SD=4.01, 95%CI|=7.13-11.76), those of controls
(mean=8.34, SD=3.38, 95%CI|=5.74-9.8) and BEB/HS (mean=6.0, SD=3.38, 95%C|=3.98-

7.63) slightly decreased.

Fig 2. Verbal reasoning scores.
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12
With respect to verbal reasoning a mixed design ANCOVA revealed no significant main effect
of time [F(1,73)=0.37, p=0.546, 12=0.005] but a significant main effect of group [F(2,73)=3.37,
p=0.040, n2=0.084], indicating no differences between pre-and post- treatment evaluation but
differences between the three groups. The covariates dose [F(1,73)=0.07, p=0.793, n2=0.001]

and overall treatment time [F(1,73)=0.85, p=0.359, n2=0.012] did not have a significant impact.

Pairwise comparisons showed a borderline significance suggesting a noticeable difference
between healthy controls and BEB/HS (p=0.051) as well as borderline significant differences
between the two patient groups (p=0.067), with the lowest mean difference in verbal abilities
regarding pre- and post- treatment evaluation in BEB/HS. No difference was shown between

healthy controls and CD (p=0.669).

The interaction effect of time and group was not significant [F(2,73)=1.12, p=0.331, n2=0.030],
indicating that the mean changes in verbal reasoning scores did not differ between both patient
groups and healthy controls and no learning effect occurred regarding verbal reasoning.
Furthermore, there are no significant interactions between time and dose [F(2,73)=0.13,

p=0.718, n2=0.002] as well as overall treatment time [F(2,73)=0.02, p=0.893, 2=0.000].

Relationship between BT X dose und verbal or nonverbal reasoning

There was no significant correlation between BTX dose and verbal reasoning (Pearson
correlation, r(49)=0.22, p=0.132) as well as nonverbal reasoning scores (Pearson correlation,

r(49)=0.153, p=0.294) after treatment.
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Discussion

The main finding of this exploratory study was a significant difference of non-verbal reasoning
scores in the patient group who received BTX treatment of their facial muscles (BEB/HS),
when compared to healthy controls. In passing, we note that there was also a noticeable
difference of the post-treatment verbal reasoning scores, but they failed to reach significance

(p=0.051).

These preliminary results are in several respects surprising, given that the treatment might have
been predicted to address potential physical impairments, and thus improve test scores. For
example, an improvement of the visual sustained attention span might have been expected, after
clinical improvement of the BEB symptoms (as has been described previously).*® A related
issue would be an expected improvement in the performance of written tests, given that patients
report difficulties reading, which also tends to improve after their botulinum treatment. Indeed,
when the effect of the BTX treatment wears off, patients tend to again complain about those
difficulties. This was also reflected in the higher number of patients who refused to participate
in this study, as a result of these impairments. Cognitive impairment after facial BT X injections
in the treatment of neurological disorders has never been reported.'® 2° However, discrete
impairment of cognitive performance has been described as a non-motor syndrome of BEB.%!
Two-thirds of patients in the facial injection group suffered from BEB. We cannot exclude that
the pathophysiological alterations due to the non-motor syndrome might be a potential

confounding factor. However, cognitive disturbances as non-motor symptoms have also been
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described in cervical dystonia.?? Therefore, one might expect a similar performance. But in the
case of verbal scores, the cervical injection cohort improved with a borderline significance

(p=0.067), when compared to the facial injection group.

There is little data referring to neural correlates of the two specific aspects of reasoning, which
were investigated in the present study.?® Verbal analytic reasoning has been correlated with
rsfMRI (resting state fMRI) data and has been related with brain regions for integration (i.e. the
angular and supramarginal gyrus), hypothesis testing, cognitive control (i.e. inferior frontal
gyrus) and response selection (i.e. dorsal anterior cingulate cortex). Non-verbal reasoning
scores were non-significantly associated with the left occipital- and right anterior temporal lobe,

and right frontoinsular cortex, respectively.?

One account might be a more direct link between facial muscles and these cognitive networks.
In this context, the role of the corrugator muscle in several emotional and non-emotional facial
expressions has been reported.?* Amongst others, the corrugator muscle is activated during
concentration, and plays an important role in communication and interaction, including when
accompanying or emphasizing elements of speech.?® A recent investigation measured motor
activity of grip strength during verbal processing, and found a context sensitive increase during

processing of “action words”.?

An alternative approach might be that the BTX induced facial palsy leads to a delay in emotion-
related responses, which is well-established.? There is an increasing awareness of the ways that
emotion might interact with cognitive processes — such as perception, attention, memory and

decision making. * However, emotion-linked domains like memory -i.e. emotion based learning
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2 or planning and decision-making’ were not covered by the present reasoning tasks. Further

investigations might profit from additional objective tests of these cognitive domains.

Regardless of cause, our unexpected findings illustrate the importance of careful monitoring
during a regular rehabilitative treatment of chronic diseases, even though this treatment is well-
established. In addition, further research might consider tests of the cognitive performance

during the rehabilitation of facial palsies of other origin, e.g., Bell’s palsy.

Notably, we found no indications for a dose dependent effect on the reasoning scores. It is also
notable that performance of the control patients with cervical muscle injections (CD) did not
differ from healthy controls at any time point, even though those patients received high
cumulative doses (Table 3). This might be a relevant issue for other BT X applications with high
cumulative doses in neurological rehabilitation, namely spasticity. These data also support the
assumption that there is no direct effect of BTX due to a questionable retrograde transport or

systemic distribution.?® 2

Study limitations

At this point, - and as the major limitation of this study- these preliminary results do not allow
a causality of facial palsy and cognitive performance; thus, the interpretation of the present data
remains highly speculative and cannot be generalized. The data needs to be confirmed by trials
involving a larger sample size and additional control groups to adjust for confounding factors,

such as a selection bias.
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Here, we did not perform sham-injections as placebo control. One reason for this were ethical
considerations, as BTX is the first line therapy and very effective in dystonia.® 3 Furthermore,
unblinding appears highly probable. We suggest the additional investigation of subjects

receiving cosmetic facial BTX injections.

These appear to be conventional clinical samples, with normal baseline intelligence
measurements of the patient and control groups. Novelty does not seem to be a relevant
confounding variable, as there were no BTX “naive” patients included, and both patient groups

have a mean treatment duration of almost six years, as part of a regular cycle of treatments.

We did not perform a follow up evaluation to clarify if the reduced performance is temporary
and completely reversible. Therefore, future research should address the sustainability of the

results after the paralysis of facial muscles wears off.

Conclusions

The unexpected key finding is that patients who receive facial BTX injections appear to
perform significantly worse in non-verbal (and as a trend, verbal) reasoning tasks. However,
these are preliminary results of an exploratory study with potential confounders. Thus, at this
point, BTX induced facial palsy and cognitive performance cannot be related, and therefore

the interpretation of these results remains highly speculative. It is clear that the findings
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should be backed by further controlled investigations and illustrate the importance of careful

monitoring during a well-established, rehabilitative treatment of chronic diseases.
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Figure legends

Fig 1. Non-verbal reasoning scores. Estimated marginal mean scores and 95% CI of
non-verbal reasoning tests absolved by patients and controls at baseline and three weeks
after BT X-treatment (controls received no injections). Abbreviation: BEB:

blepharospasm; BoNT: botulinum neurotoxin; HS: hemifacial spasm.
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Figure 2. Verbal reasoning scores. Estimated marginal mean scores and 95% CI of
verbal reasoning tests absolved by patients and controls at baseline and three weeks after
BTX-treatment (controls received no injections). Abbreviation: BEB: blepharospasm;

BoONT: botulinum neurotoxin; HS: hemifacial spasm.
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Cognitive performance after facial botulinum toxin treatment in a cohort of

neurological patients — an exploratory study

Abstract

Objective: To investigate higher cognitive functions after changes of the mimicry by facial
botulinum toxin injections, we tested verbal and non-verbal reasoning in patients with
blepharospasm or hemifacial spasm before and after their long-term botulinum toxin
treatment. Design: Explorative, non-randomized, clinical trial. Setting: Patients: ambulatory
care. Healthy control: general community. Participants: Volunteer sample. Patients: 21 ef38
ehigible patients with blepharospasm or hemifacial spasm — facial botulinum toxin injections.
Controls: 30 ef50-ehgible patients with cervical dystonia — cervical botulinum toxin
injections - and 33 healthy subjects. Intervention: The two groups receiving injections were
tested before and three weeks after their treatment. Healthy subjects received no injections.
Main Outcome Measures: Verbal and non-verbal reasoning scores. Results: The key
unexpected finding is that patients who receive facial BTX injections perform significantly
worse in non-verbal reasoning tasks, when compared to healthy control (p=0.022). There was
no significant difference in the baseline reasoning scores and at follow up for verbal reasoning
between the three groups. There was no correlation between toxin dose and reasoning scores
(verbal: p=0.132, non-verbal: p=0.294). Conclusion: Because of potential confounders, the
results do not allow any ¥ebust-conclusion on causality yet. Further research is needed to

confirm our findings.
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Abbreviations

ANCOVA  analyses of covariance

ANOVA analyses of variance

BEB blepharospasm

BEB/HS blepharospasm or hemifacial spasm

BTX botulinum toxin

Cl confidence interval

CD cervical dystonia

df degrees of freedom

HS hemifacial spasm

IBM International Business Machines Corporation
rsfMRI resting state functional MRI

SPSS Statistical Package for the Social Sciences

There is a well-established link between the mechanics of one’s own facial expressions and the
ability to perceive the emotions of others.  This link includes facial ‘mimicry’, or the automatic
response of analogous muscles when observing the facial expressions of others. One strand of
this research is that aesthetic botulinum toxin (BTX) therapy of the corresponding facial

muscles leads to a delayed processing of emotions, either positive or negative. > This effect is



51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

3
typically explained by the well investigated “facial feedback hypothesis”: that emotions are not
only expressed by activation of certain facial muscles, but also that activation of certain facial
muscles induces the corresponding emotion.! The underlying mechanism remains unclear, but
functional MRI data suggest a range of neural circuits, such as emotion-linked activation of the
amygdala # and insula ®, and facial motor-linked activations of the inferior frontal gyrus. The
reports also give further evidence that emotion and cognition may often be closely intertwined.®
" Areas of activation include perception-linked systems such as the primary visual cortex and
the inferior temporal cortex, memory-related regions such as the hippocampus, and the

orbitofrontal cortex and prefrontal cortex.’

BTX has a large spectrum of applications in the rehabilitation of acute and chronic diseases.®
Amongst others, it is the first line therapy in BEB (blepharospasm) and HS (hemifacial spasm).
Here, small doses are injected into facial muscles, such as the orbicularis oculi, corrugator and
procerus muscle.® The botulinum effect is reversible, and the therapy is typically repeated every
three to four months. Since the increasing public awareness of the link between facial palsy and
emotion, neurological patients receiving long-term botulinum toxin treatment were concerned
about a probable affection of their cognitive function. To date, there has been no systematic
study ef-the—effeet of cognition after BTX induced facial palsy. However, BTX induced
plasticity of brain structures, namely the motor cortex in primary dystonia, has been described
previously.'® Thus, the extension to unaffected motor-cortical areas in cervical dystonia, i.e. the
hand region, has also been reported.!! By analogy, we assume, that apart from emotional
processing, also cognitive domains could be affected by BTX induced facial palsy. Given the
fact that experiencing emotion and understanding emotion in language use the same neural

systems?, this might include networks, which are part of the reading process.*?
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The purpose of the present, exploratory study was to assess cognitive function in neurological
patients receiving long-term facial BTX therapy (BEB and HS), before and after BTX
treatment. As screening tests, we chose a verbal reasoning task to cover the language domain
and added a non-verbal reasoning task to extend the spectrum of cognitive domains. As one
form of control, we alse-assessed healthy subjects, who received no injections. We also
investigated patients with cervical dystonia, who generally receive higher doses. Their

injections are limited to cervical muscles, with no effect on the facial musculature.®

Materials and Methods

Participants

Patients with the clinical diagnosis of BEB, HS or CD were recruited from the BTX outpatient
clinic for movement disorders at a Clinical Department of Neurology of a University Hospital.
All patients included in this study were pre-treated with all common BTX preparations and
reported good treatment response. To evaluate a potential correlation of BTX dose and
reasoning scores, the equivalent unit ratio of the preparations ona-/inco-BTX : abo-BTX was

calculated 1: 3.1
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5
Healthy control subjects were recruited amongst patient companions, from geriatric facilities
and through public announcements. Participants aged 18 to 85 were eligible. Participants with

known neurological or psychiatric comorbidities were excluded.

Procedure

We investigated two groups:

o Patients with blepharospasm or hemifacial spasm (BEB/HS) - BTX treatment of facial

muscles;

. patients with cervical dystonia (CD) - BTX treatment of cervical muscles, no treatment

of facial muscles:

o healthy subjects — no BTX treatment, to exclude effects of repeated testing.

All participants performed a baseline assessment of reasoning measures, which was conducted

by three investigators. Afterwards, all patients received their regular long-term BTX treatment.

BTX injections were applied by muscle palpation at the known anatomical landmarks without
further technical aids. Dose finding and all injection schemes were individualized (see

Tablelfor the list of included muscles).
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Table 1. List of included muscles

After three weeks, a different investigator, who was blinded to the baseline test results, repeated

the cognitive assessment of each participant.

Cognitive assessment

Verbal reasoning was assessed with the Verbal Analogies subtest of the Intelligence Structure

Test 2000-R.™ Here 20 tasks are presented, each task consisting of three words. In these tasks,
a relation exists between the first and the second word, and a similar relation can be applied

between the third word, and one of five alternatives.

Nonverbal reasoning was measured using the Matrices subtest of the Intelligence Structure Test

2000-R.* This subtest consists of 20 tasks, each showing a two-by-two matrix with three
different figures, which are located based on a rule. The task is to detect the rule, and choose
the correct missing figure from five alternatives. Overall scores were built by aggregating the

correct answers for Verbal Analogies and Matrices.
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Standard protocol approval and patient consents

The study was approved by the local ethical committee and has been registered at
ClinicalTrials.gov. All participants gave their informed consent for inclusion before they
participated in the study. The study was conducted in accordance with the Declaration of

Helsinki, and the protocol was approved by the local ethical committee.

Statistical analysis

Statistical analyses were performed with SPSS (Statistical Package for the Social Sciences)
software (IBM, International Business Machines Corporation, SPSS Statistics, Version 20).1
The desired number of at least 30 patients was based on the central limit theorem.!” Equivalence
of basic sample characteristics (age, gender, educational level) between patients (i.e. BEB/HS
and CD) and healthy controls was analysed using an ANOVA (analyses of variance) and Chi
square tests. Furthermore, analyses of variance were conducted to compare nonverbal as well
as verbal reasoning scores of patients with CD, BEB/HS and healthy controls at baseline. The
analyzed variables were normally distributed (verbal reasoning - baseline: ¥2=3.10, df=2,
p=0.213; non-verbal reasoning - baseline: ¥2=2.29, df=2, p=0.319; verbal reasoning — follow-
up: x2=0.615, df=2, p=0.735; non-verbal reasoning — follow up: ¥2=1.78, df=2, p=0.411).
Differences in verbal and nonverbal reasoning before and after BT X-treatment, as well as the

presence of a potential learning effect, was analysed using two-way mixed ANCOVA (analyses



174

175

176

177

178

179

180

181

182

183

184

185

186

187

188

189

190

191

192

193

194

195

196

197

198

8
of covariance) with the three groups (CD, BEB/HS and the healthy controls) as the between-
subjects factor, time (pre- and post-treatment) as the within-subjects factor, overall treatment
time and dose as covariates. Relationships between dose and verbal or nonverbal reasoning was
analysed using Pearson correlation. The significance level was set at p<0.05. Post hoc power
analyses for the used within-between factorial design (f = 0.25, o = 0.05, sample size = 84,

groups 3, measurements = 2) revealed a power of 0.99.

Results

Participants

In the injection groups, a total of 169 patients were screened for participation, 88 patients
were eligible and willing to participate. Thirty-seven patients did not complete baseline

and were excluded from further analyses (see Table 2 for details of drop out). BEB:

Table 2. Details of drop out
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Finally, a total of 84 subjects participated in the present study. Fifty-one (60.7%) received
BTX injections — 21 (41.2%; BEB: n=14, HS: n=7) patients with BEB/HS and 30
(58.8%) patients with CD - and 33 (39.3%) were healthy subjects. The desired number of
at least 30 patients in the BEB/HS group could not be recruited, as some of those patients
refused to perform a neuropsychological test, for example when they realized that they
would be tested in their cognitive, reading and/or arithmetic competence, or when they
realized that some more study-related appointments were necessary. Participants that
refused to perform neuropsychological tests were not included in the present study. For

clinical details of all participants at baseline assessment, see Table 3.

Table 3. Clinical details of all participants at baseline assessment

The patient group (i.e. BEB/HS and CD) consisted of 30 women (59%) and 21 men (41%). The

age of patients ranged from 26 to 78 years (mean=59.7, SD=12.24). 34 of the patients (66.7%)

had terminated their education at the end of compulsory schooling. 17 of the patients (33.3%)

held a college or university degree.

The healthy controls consisted of 22 women (67%) and 11 men (33%), ranging in age from 29

to 81 years (mean=61.3, SD=11.90). Sixteen of the controls (49%) had compulsory schooling

as their highest educational level, with 17 (51%) with college or university degrees.

There were no significant differences between the three groups regarding age (F(2.81)=1.865,
p=0.161), gender (y2=1.454, df=2, p=0.483) and educational level (¥2=3.085, df=2, p=0.214).
In addition, the number of subjects per group (¥2=2.79, df=2, p=0.248), BTX treatment duration

(x2=7.57, df=3, p=0.056), and the applied BTX preparations (¥2=5.84, df=3, p=0.119) were
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equally distributed in all three groups. BTX equivalent dosage was not equally distributed
(x2=37,63, df=4, p<0.0001), but the dosage did not correlate with verbal and non-verbal

reasoning scores (see below).

Baseline assessment of non-verbal and verbal reasoning

There were no statistically significant differences in scores of nonverbal as well as verbal
reasoning before BTX-treatment. An analysis of variance showed no significant differences
(F(2,81)=2.14, p=0.124) between CD (mean=7.77, SD=3.52, 95%CI|=5.82-9.82), BEB/HS
(mean=6.26, SD=2.72, 95%CI=4.67-7.78) and control subjects (mean=7.83, SD=2.85,
95%CI=6.1-9.52) with respect to scores of nonverbal reasoning at baseline. There were also no
statistically significant differences at baseline with respect to scores of verbal reasoning
(F(2,80)=2.92, p=0.060) between CD (mean=7.7, SD=3.15, 95%CI=6.03-10.17), BEB/HS
(mean=6.32, SD=3.11, 95%CI=4.6-7.85) and control subjects (mean=8.66, SD=3.42,

95%CI=6.5-10.11).

Differences in reasoning scores: pre- and post-treatment

Non-verbal reasoning (Fig 1)
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11
The scores of control subjects improved (mean=9.23, SD=3.62, 95%CI=7.1-11.17), those of
CD slightly improved (mean=8.07, SD=3.97, 95%CI=5.86-10.62). and those of BEB/HS

slightly decreased (BEB/HS: mean=6.21, SD=3.36, 95%CI1=4.25-7.95).

Figure 1. Non-verbal reasoning scores.

A mixed design ANCOVA revealed no significant main effect of time [F(1,74)=0.86, p=0.357,
n2=0.011], but a significant main effect of group [F(2,74)=3.34, p=0.041, n2=0.083] with
respect to nonverbal reasoning, indicating no differences between pre-and post-treatment
evaluation but differences between the three groups. The covariates dose [F(1,74)=0.12,
p=0.731, n2=0.002] and overall treatment time [F(1,74)=0.22, p=0.641, n2=0.003] showed no

significant impact.

Pairwise comparisons showed a significant difference between healthy controls and BEB/HS
(p=0.022), with the lowest mean difference in non-verbal abilities regarding pre- and post-
treatment evaluation in BEB/HS. No difference was shown between healthy controls and CD

(p=0.794) and between the two patient groups (p=0.197).

The interaction effect of time and group was not significant [F(2,74)=1.23, p=0.297, 12=0.032]
indicating no differences in the mean change in nonverbal reasoning scores between patient
groups and healthy controls and no learning effect occurred regarding non-verbal reasoning.
There were also no significant interaction effects of time and dose [F(1,74)=0.11, p=0.743,

n2=0.001] as well as time and overall treatment time [F(1,74)=0.15, p=0.696, n2=0.002].
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Verbal reasoning (Fig 2)

The scores of CD improved (mean=8.77, SD=4.01, 95%CI|=7.13-11.76), those of controls
(mean=8.34, SD=3.38, 95%CI|=5.74-9.8) and BEB/HS (mean=6.0, SD=3.38, 95%CI|=3.98-

7.63) slightly decreased.

Fig 2. Verbal reasoning scores.

With respect to verbal reasoning a mixed design ANCOVA revealed no significant main effect
of time [F(1,73)=0.37, p=0.546, 2=0.005] but a significant main effect of group [F(2,73)=3.37,
p=0.040, n2=0.084], indicating no differences between pre-and post- treatment evaluation but
differences between the three groups. The covariates dose [F(1,73)=0.07, p=0.793, n2=0.001]

and overall treatment time [F(1,73)=0.85, p=0.359, 12=0.012] did not have a significant impact.

Pairwise comparisons showed a borderline significance suggesting a noticeable difference
between healthy controls and BEB/HS (p=0.051) as well as borderline significant differences
between the two patient groups (p=0.067), with the lowest mean difference in verbal abilities
regarding pre- and post- treatment evaluation in BEB/HS. No difference was shown between

healthy controls and CD (p=0.669).

The interaction effect of time and group was not significant [F(2,73)=1.12, p=0.331, n2=0.030],
indicating that the mean changes in verbal reasoning scores did not differ between both patient

groups and healthy controls and no learning effect occurred regarding verbal reasoning.
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Furthermore, there are no significant interactions between time and dose [F(2,73)=0.13,

p=0.718, n2=0.002] as well as overall treatment time [F(2,73)=0.02, p=0.893, n2=0.000].

Relationship between BT X dose und verbal or nonverbal reasoning

There was no significant correlation between BTX dose and verbal reasoning (Pearson
correlation, r(49)=0.22, p=0.132) as well as nonverbal reasoning scores (Pearson correlation,

r(49)=0.153, p=0.294) after treatment.

Discussion

The main finding of this exploratory study was a significant difference of non-verbal reasoning
scores in the patient group who received BTX treatment of their facial muscles (BEB/HS),
when compared to healthy controls. In passing, we note that there was also a noticeable
difference of the post-treatment verbal reasoning scores, but they failed to reach significance

(p=0.051).

These preliminary results are in several respects surprising, given that the treatment might have
been predicted to address potential physical impairments, and thus improve test scores. For
example, an improvement of the visual sustained attention span might have been expected, after

clinical improvement of the BEB symptoms (as has been described previously).*® A related
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issue would be an expected improvement in the performance of written tests, given that patients
report difficulties reading, which also tends to improve after their botulinum treatment. Indeed,
when the effect of the BTX treatment wears off, patients tend to again complain about those
difficulties. This was also reflected in the higher number of patients who refused to participate
in this study, as a result of these impairments. Cognitive impairment after facial BT X injections
in the treatment of neurological disorders has never been reported.'® 2° However, discrete
impairment of cognitive performance has been described as a non-motor syndrome of BEB.!
Two-thirds of patients in the facial injection group suffered from BEB. We cannot exclude that
the pathophysiological alterations due to the non-motor syndrome might be a potential
confounding factor. However, cognitive disturbances as non-motor symptoms have also been
described in cervical dystonia.?? Therefore, one might expect a similar performance. But in the
case of verbal scores, the cervical injection cohort improved with a borderline significance

(p=0.067), when compared to the facial injection group.

There is little data referring to neural correlates of the two specific aspects of reasoning, which
were investigated in the present study.?® Verbal analytic reasoning has been correlated with
rsfMRI (resting state fMRI) data and has been related with brain regions for integration (i.e. the
angular and supramarginal gyrus), hypothesis testing, cognitive control (i.e. inferior frontal
gyrus) and response selection (i.e. dorsal anterior cingulate cortex). Non-verbal reasoning
scores were non-significantly associated with the left occipital- and right anterior temporal lobe,

and right frontoinsular cortex, respectively.?

One account might be a more direct link between facial muscles and these cognitive networks.
In this context, the role of the corrugator muscle in several emotional and non-emotional facial

expressions has been reported.?* Amongst others, the corrugator muscle is activated during
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concentration, and plays an important role in communication and interaction, including when
accompanying or emphasizing elements of speech.?® A recent investigation measured motor
activity of grip strength during verbal processing, and found a context sensitive increase during

processing of “action words”.2°

An alternative approach might be that the BT X induced facial palsy leads to a delay in emotion-
related responses, which is well-established.? There is an increasing awareness of the ways that
emotion might interact with cognitive processes — such as perception, attention, memory and
decision making. ” However, emotion-linked domains like memory -i.e. emotion based learning
27 or planning and decision-making’ were not covered by the present reasoning tasks. Further

investigations might profit from additional objective tests of these cognitive domains.

Regardless of cause, our unexpected findings illustrate the importance of careful monitoring
during a regular rehabilitative treatment of chronic diseases, even though this treatment is well-
established. In addition, further research might consider tests of the cognitive performance

during the rehabilitation of facial palsies of other origin, e.g., Bell’s palsy.

Notably, we found no indications for a dose dependent effect on the reasoning scores. It is also
notable that performance of the control patients with cervical muscle injections (CD) did not
differ from healthy controls at any time point, even though those patients received high
cumulative doses (Table 3). This might be a relevant issue for other BTX applications with high
cumulative doses in neurological rehabilitation, namely spasticity. These data also support the
assumption that there is no direct effect of BTX due to a questionable retrograde transport or

systemic distribution.?® 2
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Study limitations

At this point, - and as the major limitation of this study- these preliminary results do not allow
a causality of facial palsy and cognitive performance; thus, the interpretation of the present data
remains highly speculative and cannot be generalized. The data needs to be confirmed by trials
involving a larger sample size and additional control groups to adjust for confounding factors,

such as a selection bias.

Here, we did not perform sham-injections as placebo control. One reason for this were ethical
considerations, as BTX is the first line therapy and very effective in dystonia.® 3 Furthermore,
unblinding appears highly probable. We suggest the additional investigation of subjects

receiving cosmetic facial BTX injections.

These appear to be conventional clinical samples, with normal baseline intelligence
measurements of the patient and control groups. Novelty does not seem to be a relevant
confounding variable, as there were no BTX “naive” patients included, and both patient groups

have a mean treatment duration of almost six years, as part of a regular cycle of treatments.

We did not perform a follow up evaluation to clarify if the reduced performance is temporary
and completely reversible. Therefore, future research should address the sustainability of the

results after the paralysis of facial muscles wears off.
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Conclusions

The unexpected key finding is that patients who receive facial BTX injections appear to
perform significantly worse in non-verbal (and as a trend, verbal) reasoning tasks. However,
these are preliminary results of an exploratory study with potential confounders. Thus, at this
point, BTX induced facial palsy and cognitive performance cannot be related, and therefore
the interpretation of these results remains highly speculative. It is clear that the findings
should be backed by further controlled investigations and illustrate the importance of careful

monitoring during a well-established, rehabilitative treatment of chronic diseases.

References

1. Hennenlotter A, Dresel C, Castrop F, Ceballos-Baumann AO, Wohlschldger AM, Haslinger B.
The link between facial feedback and neural activity within central circuitries of emotion--new insights
from botulinum toxin-induced denervation of frown muscles. Cereb Cortex 2009;19(3):537-42.

2. Havas DA, Glenberg AM, Gutowski KA, Lucarelli MJ, Davidson R]. Cosmetic use of botulinum
toxin-a affects processing of emotional language. Psychol Sci 2010;21(7):895-900.

3. Lewis MB, Bowler PJ. Botulinum toxin cosmetic therapy correlates with a more positive mood.
J Cosmet Dermatol 2009;8(1):24-6.

4. Soderkvist S, Ohlén K, Dimberg U. How the Experience of Emotion is Modulated by Facial
Feedback. ] Nonverbal Behav 2018;42(1):129-51.

5. Rymarczyk K, Zurawski 1, Jankowiak-Siuda K, Szatkowska I. Neural Correlates of Facial

Mimicry: Simultaneous Measurements of EMG and BOLD Responses during Perception of Dynamic
Compared to Static Facial Expressions. Frontiers in Psychology 2018;9(52).

6. Pegwal N, Pal A, Sharma R. Deactivation of default-mode network and early suppression of
decision-making areas during retrieval period by high-arousing emotions improves performance in
verbal working memory task. Cogn Affect Behav Neurosci 2019;19(2):231-8.

7. Brosch T, Scherer KR, Grandjean D, Sander D. The impact of emotion on perception, attention,
memory, and decision-making. Swiss Med Wkly 2013;143:w13786.

8. Jankovic J. Botulinum toxin: State of the art. Mov Disord 2017;32(8):1131-8.

9. Karp BI, Alter K. Botulinum Toxin Treatment of Blepharospasm, Orofacial/Oromandibular

Dystonia, and Hemifacial Spasm. Semin Neurol 2016;36(1):84-91.



433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476

477

478

18

10. Kojovic M, Caronni A, Bologna M, Rothwell JC, Bhatia KP, Edwards MJ. Botulinum toxin
injections reduce associative plasticity in patients with primary dystonia. Mov Disord 2011;26(7):1282-
9.

11. Quartarone A, Morgante F, Sant'angelo A, Rizzo V, Bagnato S, Terranova C et al. Abnormal
plasticity of sensorimotor circuits extends beyond the affected body part in focal dystonia. ] Neurol
Neurosurg Psychiatry 2008;79(9):985-90.

12. Horowitz-Kraus T, Holland SK, Versace AL, Bertocci MA, Bebko G, Almeida JRC et al. Reading
related white matter structures in adolescents are influenced more by dysregulation of emotion than
behavior. Neuroimage Clin 2017;15:732-40.

13. Bledsoe 10, Comella CL. Botulinum Toxin Treatment of Cervical Dystonia. Semin Neurol
2016;36(1):47-53.

14. Wohlfarth K, Sycha T, Ranoux D, Naver H, Caird D. Dose equivalence of two commercial
preparations of botulinum neurotoxin type A: time for a reassessment? Curr Med Res Opin
2009;25(7):1573-84.

15. Amthauer R, Brocke, B, Liepmann, D., Beauducel, A. Intelligenz-Struktur-Test 2000R : I-S-T
2000 R. 2nd ed. Gottingen ; Bern ; Toronto ; Seattle: Hogrefe, Verl. fiir Psychologie; 2001.

16. IBM SPSS Statistics for Windows. Version 20.0. Armonk, NY: IBM Corp.; 2011.

17. Field AP, Field AP. Discovering statistics using IBM SPSS statistics. 2018.

18. Allam N, Frank JE, Pereira C, Tomaz C. Sustained attention in cranial dystonia patients treated
with botulinum toxin. Acta Neurol Scand 2007;116(3):196-200.

19. Setthawatcharawanich S, Sathirapanya P, Limapichat K, Phabphal K. Factors associated with
quality of life in hemifacial spasm and blepharospasm during long-term treatment with botulinum
toxin. Qual Life Res 2011;20(9):1519-23.

20. Ramirez-Castaneda J, Jankovic J. Long-term efficacy, safety, and side effect profile of botulinum
toxin in dystonia: a 20-year follow-up. Toxicon 2014;90:344-8.

21. Defazio G, Hallett M, Jinnah HA, Conte A, Berardelli A. Blepharospasm 40 years later. Mov
Disord 2017;32(4):498-509.

22. Ray S, Pal PK, Yadav R. Non-Motor Symptoms in Cervical Dystonia: A Review. Ann Indian
Acad Neurol 2020;23(4):449-57.

23. Takeuchi H, Taki Y, Nouchi R, Yokoyama R, Kotozaki Y, Nakagawa S et al. Global associations
between regional gray matter volume and diverse complex cognitive functions: evidence from a large
sample study. Sci Rep 2017;7(1):10014.

24. Stepper S, Strack F. Proprioceptive Determinants of Emotional and Nonemotional Feelings.
Journal of Personality and Social Psychology - PSP 1993;64:211-20.

25. Hall JA, Knapp ML. Nonverbal Communication. De Gruyter Mouton; 2013.

26. Aravena P, Delevoye-Turrell Y, Deprez V, Cheylus A, Paulignan Y, Frak V et al. Grip force
reveals the context sensitivity of language-induced motor activity during "action words" processing:
evidence from sentential negation. PLoS One 2012;7(12):e50287.

27. Turnbull OH, Bowman CH, Shanker S, Davies JL. Emotion-based learning: insights from the
Iowa Gambling Task. Front Psychol 2014;5:162.

28. Matak I, Riederer P, Lackovi¢ Z. Botulinum toxin's axonal transport from periphery to the spinal
cord. Neurochem Int 2012;61(2):236-9.
29. Antonucci F, Rossi C, Gianfranceschi L, Rossetto O, Caleo M. Long-distance retrograde effects

of botulinum neurotoxin A. ] Neurosci 2008;28(14):3689-96.



479

480

481

482

483

484

485

486

487

488

489

490

19

Figure legends

Fig 1. Non-verbal reasoning scores. Estimated marginal mean scores and 95% CI of
non-verbal reasoning tests absolved by patients and controls at baseline and three weeks
after BT X-treatment (controls received no injections). Abbreviation: BEB:

blepharospasm; BoNT: botulinum neurotoxin; HS: hemifacial spasm.

Figure 2. Verbal reasoning scores. Estimated marginal mean scores and 95% CI of
verbal reasoning tests absolved by patients and controls at baseline and three weeks after
BTX-treatment (controls received no injections). Abbreviation: BEB: blepharospasm;

BoNT: botulinum neurotoxin; HS: hemifacial spasm.
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Table 1

Table 1. List of included muscles

BEB/HS

CD

Orbicularis oculi

Sternocleidomastoid

Palpebral part of the
orbicularis oculi

Splenius capitis

Corrugator supercilii

Semispinalis capitis

Levator anguli oris

Trapezius

Depressor anguli
oris

Levator scapulae

Platysma
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Table 2. Details of drop out

BEB HS CD
Total number of 13/27 (48.1)* | 4/11 (36.4)* 20/50 (40)*
drop out
Physical handicap 3 (23.1)+ - 1(5)+
Fear of a bad test 1(7.7)+ - -
performance
Lack of time - - 3 (15)
Language barrier 1(7.7)+ - 1(5)+
No specific reason 8 (61.5) t 2 (50) + 14 (70)+

*Total number of drop out /number of eligible patients (% of number of eligible patients).
tNumber of patients (% of total number of drop out)
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Table 3. Clinical details of all participants at baseline assessment.

BEB/HS CD HC

Number of subjects 21 (25.0)* 30 (35.7)* 33 (39.39)*
Age 63.4a (11.9)+ 57.1a (12) 61.3a (11.9)
Male 7 (33.3)* 14 (46.7)* 11 (33.3)*
Female 14 (66.7)* 16 (53.3)* 22 (66.7)*
BTX treatment durationt 5.8a (5.96)+ 8a (6.7)t -

< 3 years 11 (52.4)* 6 (20)*

3to 5 years 7 (33.3)* 11 (36.7)*

6 to 8 years 1(4.8)* 2 (6.7)*

> 8 years 2 (9.5)* 11 (36.7)*
BTX preparation applied -

Abo-BTX A 7 (33.3)* 19 (63.4)*

Inco-BTX Ag 5 (23.8)* 4 (13.3)*

Ona-BTX A|| 9 (42.9)* 6 (20.0)*

Rima-BTX Bg - 1(3.3)*
BTX equivalent dosage 55.2MU (37.2)+ 236.5MU (94.3)+ -

<100 17 (81.0)* -

100 to 200 4 (19.0)* 17 (56.7)*

201 to 300 - 7 (23.3)*

301 to 400 - 5(16.7)*

> 400 - 1(3.3)*

*Number of subjects (%), +Mean (SD), +Dysport® (Ipsen), sXeomin® (Merz), ||Botox®
(Allergan), §NeuroBloc® (USWorldMed); Abbreviations: a=years, MU=Mouse Units
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