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ARTICLE INFO ABSTRACT

Keywords: Essential blepharospasm (EB) causes difficulty in eyelid opening because of involuntary movements of the or-
Blepharospasm bicularis oculi muscle. Patients with EB have functional visual loss due to sustained eyelid closure. We examined
Brain H_letabOHSIn cerebral glucose metabolism in 39 patients with EB (12 men and 27 women; mean age, 52.1 years) by using
Dystonia positron emission tomography with '®F-fluorodeoxyglucose. Forty-eight eye open healthy subjects and 48 eye

Extrastriate cortex

Striat . close healthy subjects served as controls. We analyzed and compared the data between the patients and controls
riate cortex

by using both statistical parametric mapping (SPM) and regions of interest (ROIs). We defined ROIs on both sides
of the posterior striate cortex, anterior striate cortex, extrastriate cortex, and thalamus. In SPM analysis, glucose
hypometabolism were observed in both sides of the extrastriate cortex compared to eye open controls but not to
eye close controls. We also observed a significant negative correlation between the Jankovic Rating Scale (JRS)
sum score and relative glucose metabolism level in the striate cortex of these patients. ROI analysis, a significant
correlation was observed between the JRS sum score and glucose metabolism level in the posterior (right:
r = —0.53, P = .0005; left: r = —0.65, P = .00001) and anterior (right: r = —0.33, P = .04; left: r = —0.37,
P = .02) striate cortices of patients with EB. We surmise that the interruption of visual input cause glucose
hypometabolism in the visual cortex of patients with EB.

1. Introduction

Essential blepharospasm (EB) is a form of focal dystonia of unknown
cause characterized by involuntary spasms of the musculature of the
upper face. EB causes difficulty in eyelid opening because of in-
voluntary movements of the orbicularis oculi muscle. Most patients
with EB have clinical symptoms of sustained eyelid closure, and pa-
tients with severe EB cannot independently open their eyes. In our
previous study using positron emission tomography (PET) and °F-
fluorodeoxyglucose (FDG), we observed glucose hypermetabolism in
the thalamus of patients with EB (Suzuki et al., 2007) and suggested
that hyperactivity in the thalamus may be the cause of EB. Patients with
EB have been known to have functional visual loss, and many patients
have various difficulties in their life (Egan and LaFrance Jr, 2015; Pula,
2012). However, no study has examined the influence of the interrup-
tion of visual inputs on the visual cortex of patients with EB. In the

current study, we hypothesized that the activity in the visual cortex of
patients with EB decreases because of the interruption of visual inputs;
therefore, we studied regional cerebral glucose metabolism in patients
with EB by using FDG-PET.

2. Materials and methods
2.1. Participants

We studied 39 patients with EB (12 men and 27 women; mean age,
52.1 years). Each patient had bilateral blepharospasm, and the degree
of blepharospasm was equal in the right and left eyelids. The duration
of disease was 4.9 + 5.0years. The control subjects were 96 healthy
volunteers (33 men and 63 women; mean age, 55.5 years). None of the
participants had other neurologist-diagnosed neuro-psychiatric diseases
or a family history of dystonic disorders. Neither the control subjects

* This work originated in the Positron Medical Center, Tokyo Metropolitan Institute of Gerontology.
* Corresponding author at: Department of Ophthalmology and Visual Science, Tokyo Medical and Dental University, Graduate School, Yushima 1 chome-5-45,

Bunkyo-ku, Tokyo 113-8519, Japan.
E-mail address: suzuki@f8.dion.ne.jp (Y. Suzuki).

https://doi.org/10.1016/j.nicl.2019.101995

Received 7 April 2019; Received in revised form 25 July 2019; Accepted 25 August 2019

Available online 26 August 2019

2213-1582/ © 2019 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/BY-NC-ND/4.0/).


http://www.sciencedirect.com/science/journal/22131582
https://www.elsevier.com/locate/ynicl
https://doi.org/10.1016/j.nicl.2019.101995
https://doi.org/10.1016/j.nicl.2019.101995
mailto:suzuki@f8.dion.ne.jp
https://doi.org/10.1016/j.nicl.2019.101995
http://crossmark.crossref.org/dialog/?doi=10.1016/j.nicl.2019.101995&domain=pdf

Y. Suzuki, et al.

nor the patients with EB had taken any neuro-psychiatric drugs. The
control subjects divided into two groups (eye open control group (48
subjects) and eye close control group (48 subjects) so that the sex ratio
and the mean age were almost equal. We instructed the eye open
control group and patients with EB to open their eyelids from FDG
injection to PET scanning. On the other hand, we instructed the eye
close control group to close their eyelids from FDG injection to PET
scanning.

Informed consent was obtained from each subject before study
participation, and the study protocol was approved by the Institutional
Ethics Committee of Tokyo Metropolitan Institute of Gerontology. All
the procedures conformed to the tenets of the Declaration of Helsinki.

Blepharospasm severity and frequency were assessed using scales
ranging from O to 4 (severity: O = absent, 4 = most severe; frequency:
0 = none, 4 = persistent eye closure) in accordance with the Jankovic
Rating Scale (JRS) (Jankovic and Orman, 1987) in each patient just
before the PET examination. The average blepharospasm severity and
frequency were 2.85 and 2.69, respectively. We hypothesized that the
glucose metabolism level may be related to the strength (se-
verity + frequency), i.e., the JRS sum score (Roggenkdmper et al.,
2006). We surmised that visual input during the period from FDG in-
jection to PET scan is reflected in glucose metabolism in the visual
cortex.

Among our patients, 19 with EB were conscious of photophobia that
patients with blepharospasm frequently experienced dazzling or eye
pain (Hallett, 2002).

2.2. Magnetic resonance imaging

Magnetic resonance imaging (MRI) scans were performed on each
subject to screen for organic brain disorders by using a 1.5-T Signa
Horizon scanner (General Electric, Milwaukee, WI). Trans-axial images
with T1-weighted contrast (3DSPGR; TR = 9.2 ms, TE = 2.0 ms, matrix
size = 256 X 256 X 124, and voxel size = 0.94 X 0.94 X 1.3 mm),
and T2-weighted contrast (first spin echo; TR = 3000 ms, TE = 100 ms,
matrix size = 256 X 256 X 20, and voxel size = 0.7 X 0.7 X 6.5 mm)
were acquired. None of the subjects showed any abnormalities in brain
morphology or contrast intensity.

2.3. PET data acquisition

PET scans were performed using the SET 2400W scanner
(Shimadzu, Kyoto, Japan) at the Positron Medical Center, Tokyo
Metropolitan Institute of Gerontology. A bolus of 2.5MBgq/kg (body
weight) FDG was injected intravenously (Suzuki et al., 2007). All sub-
jects remained supine position on the bed in a ready room separated by
white walls and curtains. The room was bright at 200 Ix. Patients with
EB and eye open healthy subjects were instructed to fix white and solid
ceiling from FDG injection to PET scanning. A 6-min emission scan in
the three-dimensional acquisition mode was initiated 45 min after the
FDG injection, and 50 trans-axial images with an inter-slice interval of
3.125 mm were acquired (matrix size = 128 x 128 x 63, and voxel
size = 2.0 X 2.0 X 3.125mm) in the scanning room at a brightness of
20 Ix. We monitored the subjects by using a video camera during the
scans and observed no extra movements in their face or other body
parts (Suzuki et al., 2007). The tomographic images were reconstructed
with the filtered back-projection method using a Butterworth filter (cut-
off frequency, 1.25 cycles/cm; order, 2). Attenuation was corrected by
performing a transmission scan by using a ®®Ga/°®Ge rotating source.

2.4. Data processing and statistical analysis

The PET images were processed using the statistical parametric
mapping (SPM8) software (Friston et al., 1991) which was im-
plemented in MATLAB (MathWorks, Sherborn, MA). Statistical para-
metric maps combine the general linear model and theoretical Gaussian
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fields to make statistical inferences about regional effects. All PET
images were spatially normalized to a standard template produced by
the Montreal Neurological Institute using an in house template of FDG-
PET images and smoothed with a Gaussian filter for 16 mm at full width
and half maximum (Suzuki et al., 2007) to increase the signal-to-noise
ratio before statistical processing.

After the appropriate design matrix was specified, the subject and
group effects were estimated according to the general linear model at
each voxel. We examined the difference in cerebral glucose metabolism
between each pair of groups (eye open controls minus patients with EB,
eye close controls minus patients with EB, patients with EB minus eye
open controls, patients with EB minus eye close controls, eye open
controls minus eye close controls, and eye close controls minus eye
open controls) by using two-sample t-tests and global normalization
(Friston et al., 1991). Statistical inference on the SPM (Z) was corrected
using the theory of Gaussian fields. To test the hypotheses regarding the
region-specific group effects, the estimated group effects based on the
general linear model were compared using linear contrasts between
groups. This enabled us to test the null hypothesis that the contrast or
linear mixture (subtraction) of the estimates is zero by using SPM {t}.
We chose a height threshold of P < .05, family-wise error-corrected
and excluded small areas that showed changes in cerebral glucose
metabolism; the extent threshold was 150 voxels. To evaluate whether
the identified changes in glucose metabolism correlated with disease
severity, we performed regression analyses between glucose metabo-
lism and the JRS sum score. We thresholded our results at P < .05,
family-wise error-corrected for the cluster-level (Emoto et al., 2010)
and small areas that showed glucose metabolism changes were ex-
cluded; the extent threshold was 150 voxels.

We also defined regions of interest (ROIs) interactively on normal-
ized PET images by visual inspection with reference to the corre-
sponding MR images. ROIs were placed over both sides of the posterior
striate cortex, anterior striate cortex, extrastriate cortex, and thalamus,
and we measured the cerebral glucose metabolism levels of each sub-
ject. The cerebral glucose metabolism level of each part was normalized
to the mean level of the whole brain. We examined the difference in
relative glucose metabolism level in each region between patients with
EB and healthy subjects by using two-sample t-tests with Bonferroni's
correction for multiple comparison (P < .006). Moreover, in patients
with EB, regression analysis was performed between the relative glu-
cose metabolism level in each region and the JRS sum score.

Nineteen of the 39 patients with EB complained of photophobia,
such as dazzling or eye pain (Hallett, 2002) (Table 1). The average
scores of severity and frequency in patients with EB and photophobia
were 2.85 and 2.65, respectively, and the average scores of those
without photophobia were 2.79 and 2.79, respectively. No difference
was observed in the JRS sum scores between patients with photophobia
and patients without photophobia. Difference in glucose metabolism
level in each region between patients with photophobia and patients
without photophobia was tested using Mann-Whitney U tests with
Bonferroni's correction for multiple comparisons (P < .006).

3. Results
3.1. SPM analysis

In the SPM analysis, cerebral glucose hypometabolism was observed
in both sides of the extrastriate cortex of patients with EB compared to
eye open controls but not to eye close controls (Table 1 and Fig. 1). In
contrast, cerebral glucose hypermetabolism was detected in both sides
of the thalamus of patients with EB compared to both eye open and eye
close controls. We observed a significant negative correlation between
the JRS sum score and relative glucose metabolism level in the striate
cortex of patients with EB (Table 1 and Fig. 2).
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Table 1

Areas and coordinates for the maxima of regional glucose hypometabolism and
negative correlation between glucose metabolism and disease severity in pa-
tients with essential blepharospasm.

Area X y Z Z score
A. Eye open controls minus essential blepharospasm

Extrastriate cortex (L) —24 —88 -8 6.39
Extrastriate cortex (R) 28 -86 -10 6.32
B. Essential blepharospasm minus eye open controls

Thalamus (R) 8 —28 6 6.03
Thalamus (L) -6 —28 8 5.56
C. Eye close controls minus essential blepharospasm

None

D. Essential blepharospasm minus eye close controls

Thalamus (R) 6 —24 6 5.41
Thalamus (L) -6 —24 6 5.04
E. Eye open controls minus Eye close controls

Extrastriate cortex (R) 22 —92 2 5.14
Extrastriate cortex (L) —20 -94 -2 4.96

F. Eye close controls minus Eye open controls
None

G. Negative correlation between glucose metabolism and disease severity
Striate cortex (L) —-14 —-86 0 4.07
Striate cortex (R) 12 —88 -10 3.79

3.2. ROI analysis

In the ROI analysis, glucose hypometabolism was observed in both
sides of the posterior striate cortex (right, P = .01; left, P = .001) and
both sides of the extrastriate cortex (right, P = .000007; left,
P = .000006) of patients with EB compared with eye open controls but
not with eye close controls (Table 2). No significant change was ob-
served in both sides of the anterior striate cortex. Glucose hypermeta-
bolism was observed in both sides of the thalamus of patients with EB
compared with both eye open controls (right, P = 6.6 x 103 left,
P=6.6 x10%) and eye close controls (right, P = 8.4 x 10 '°; left,
P =7.1%10"7) (Table 2).

We observed a significant negative correlation between the JRS sum
score and relative glucose metabolism level in the posterior (right:
r= —0.53, P =.0005; left: r= —0.65, P=.00001) and anterior
(right: r = —0.33, P = .04; left: r = —0.37, P = .02) striate cortices of
patients with EB; however, no significant correlation was observed
between the JRS sum score and relative glucose metabolism level in the
extrastriate cortex (right: r = —0.23, P = .26; left: r = —0.28, P = .14)
(Fig. 3). We also observed a significant positive correlation between the
JRS sum score and relative glucose metabolism level in the thalamus
(right: r = —0.37, P = .02; left: r = —0.42, P = .008) of patients with
EB (Fig. 3). No significant correlation was observed between the JRS
sum score and cerebral glucose metabolism level in the right or left
thalamus. In contrast, relative glucose metabolism level in both sides of
the thalamus was higher in patients with photophobia than in patients
without photophobia (Table 3).

4. Discussion
4.1. Cerebral glucose metabolism in the visual cortex of patients with EB

We observed glucose hypometabolism in both sides of the posterior
striate cortex and extrastriate cortex of patients with EB compared to
eye open controls. However, there was no difference in glucose meta-
bolism distribution between patients with EB and eye close controls in
the visual cortex. Moreover, a negative correlation was observed be-
tween the intensity of disease and the relative glucose metabolism level
in the striate cortex but not in the extrastriate cortex. Studies have
shown that the interruption of visual input decreases activity in the
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B. EB minus Eye open controls
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P < 0.05, family-wise error-corrected.

C. Eye close controls minus EB D. EB minus Eye close controls

-

P < 0.05, family-wise error-corrected.

E. Eye open controls minus Eye
close controls

F. Eye close controls minus
Eye open controls

P <0.05, family-wise error-corrected.

Fig. 1. Areas of relative cerebral glucose metabolism in (A) eye open controls
minus patients with essential blepharospasm (EB), (B) patients with EB minus
eye open controls, (C) eye close controls minus patients with EB, (D) patients
with EB minus eye close controls, (E) eye open controls minus eye close con-
trols, and (F) eye close controls minus minus eye open controls (P < .05, fa-
mily-wise error corrected) are shown.

Sagittal, transverse, and frontal views of a statistical parametric map rendered
into a standard stereotactic space and projected onto a glass brain. Extent
threshold: k = 150 voxels.

visual cortex. Veraart et al. (1990) observed glucose hypometabolism in
the visual cortex of patients with late-onset blindness than in healthy
subjects; however, they observed glucose hypermetabolism in the visual
cortex of patients with early onset blindness by using PET. Several
studies (Ried! et al., 2014; Mortensen et al., 2018) performed FDG-PET
in the with eyes-closed and eyes-open resting-state conditions in
healthy subjects, and they observed relative glucose metabolism in the
both striate cortex and extrastriate cortex in the eyes-open minus eyes-
closed contrast. The extrastriate cortex is divided into several areas
according to functions, such as the V3, V4 (V8), and MT (+) (Zeki
etal., 1991), and these areas are activated by visual stimuli that include
specific factors, such as shape, color, and motion, respectively (Chawla
et al., 1999; Suzuki et al., 2004). However, each part is hardly activated
by other types of visual stimuli (Suzuki et al., 2004). These observations
suggest that activity of the striate cortex is activated by increase in
visual inputs, while activity of the extrastriate cortex is hardly depen-
dent on the quantity of visual inputs.

The central visual field is represented at the posterior striate cortex,
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G. Negative correlation between glucose metabolism and disease
severity in EB

-

v.

- .

P < 0.05, family-wise error-corrected for the cluster-level.

Fig. 2. Areas of regression analysis of the correlation between glucose meta-
bolism level and Jankovic Rating Scale sum score in patients with essential
blepharospasm (P < .05, family-wise error-corrected for the cluster level).
Sagittal, transverse, and frontal views of a statistical parametric map rendered
into a standard stereotactic space and projected onto a glass brain. Extent
threshold: k = 150 voxels.

and the peripheral visual field corresponds to the anterior parts of the
striate cortex (Horton, 2006). We observe objects by using the central
view when reading characters or driving a car. A decrease in glucose
metabolism in the visual cortex, especially the posterior striate cortex,
may reflect functional visual loss in patients with EB.

The glucose metabolism level in the visual cortex in patients with
EB was almost equal to that of eye close controls which visual input was
interrupted. Moreover, factors other than interruption of visual input
may influence glucose metabolism in the visual cortex in EB patients.
Gawne et al. observed firing neurons in the visual cortex during blink in
rhesus monkeys (Gawne and Martin, 2000; Gawne and Martin, 2002).
There are several reports that activation in the visual cortex was ob-
served during blink in darkness in human using fMRI and PET (Tsubota
et al,, 1999; Riedl et al., 2014). Generally in patients with EB, the
frequency of blink will increase (Conte et al., 2013), while blinking is
suppressed in severe cases because of excessive involuntary closure of
the eyelids (Kranz et al., 2013). Frequency of blink may also influence
glucose metabolism in the visual cortex. Recently, it has been reported
that functional connectivity (FC) between cerebellum and visual cortex
changes in dystonic diseases using resting-state functional MRI. Jochim
et al. (2017) observed FC decrease between cerebellum and visual
cortex in patients with EB/orofacial dystonia. And, Dresel et al. (2014)
demonstrated increased negative FC of the cerebellum with visual
cortex in patients with writer's cramp. Moreover, positive FC reduced
between the cerebellum and visual network were found in musicians
with embouchure dystonia (Haslinger et al., 2017). EB may markedly
impair vision up to a functional blindness, which might result in altered
feedback signals. These results may be an altered modulation of sen-
soric (i.e., visual) information and visuomotor integration, or may be
interpreted as cerebellar deficit of visuomotor and visuotactile in-
tegration. On the other hand, Baker et al. (2003) examined brain

Table 2
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activation in patients with EB during repeated blinking using fMRI, and
they observed greater activation during spontaneous and voluntary
blinking in EB patients compared with healthy subjects in the anterior
visual cortex. This may be related to that glucose hypometabolism in
the anterior striate cortex was not observed in the present study.

4.2. Cerebral glucose metabolism in the thalamus of patients with EB

We observed glucose hypermetabolism in both sides of the thalamus
of patients with EB compared with healthy subjects. The results of
functional imaging studies are often interpreted using the present
anatomical model of information flow in the basal ganglia-thalamo-
cortical motor circuit (Poston and Eidelberg, 2012; Tempel and
Perlmutter, 1993). In our previous PET study, we also observed sig-
nificant hypermetabolism in the thalamus (Suzuki et al., 2007). Other
studies have also shown cerebral glucose hypermetabolism in the
striatum and thalamus of patients with focal dystonia including ble-
pharospasm (Esmaeli-Gustein et al., 1999; Galardi et al., 1996).

Regional cerebral glucose metabolism in the thalamus showed a
significant positive correlation with the JRS sum score. Murai et al.
(2011) examined a patient with blepharospasm who had five times
higher cerebral glucose metabolism by using PET. The severity of ble-
pharospasm changed during observation, and the severity was posi-
tively correlated with thalamic glucose metabolism. The activity of the
thalamus may reflect the severity of blepharospasm.

4.3. Photophobia in patients with EB

The neuro-physiological cause of photophobia is not fully under-
stood; however, studies have reported that light sensitivity thresholds
in patients with blepharospasm are significantly lower than those in
normal individuals (Adams et al., 2006). Emoto et al. (2010) also re-
ported higher glucose hypermetabolism in the thalamus of patients
with EB and photophobia than in patients with EB without photophobia
by using PET. Recently, several “photophobia circuits” have been sug-
gested in order to explain the pathology of photophobia (Digre and
Brennan, 2012), and the thalamus is involved in these circuits (Noseda
et al., 2010; Okamoto et al., 2009). It has been proposed that the tha-
lamus is engaged in multisensory integration, and that the thalamus is a
state- and gain-setting region in the brain. Studies have also reported
that both the gain and precision of sensory signals are altered in the
thalamus (Hirata et al., 2006). These observations, suggested that the
thalamus may be activated by increased sensory inputs and processing
of sensory signals in patients with photophobia.

5. Conclusion

Glucose hypometabolism was observed in both sides of the posterior
striate cortex and extrastriate cortex in patients with EB. We observed a
significant correlation between the JRS sum score and relative glucose
metabolism level in the posterior and anterior striate cortices of

Average and standard deviation of glucose metabolism expressed as relative uptake.

EB Eye open controls Eye close controls
Posterior striate cortex (R) 1.229 = 0.050 1.266.. = 0.052 1.220 = 0.058
Posterior striate cortex (L) 1.227 = 0.049 1.270.. = 0.050 1.221 = 0.055
Anterior striate cortex (R) 1.178 + 0.051 1.169 + 0.055 1.148 = 0.045
Anterior striate cortex (L) 1.171 = 0.050 1.177 = 0.044 1.144 = 0.049
Extrastriate cortex (R) 1.006 = 0.035 1.049.. = 0.040 1.011 = 0.052
Extrastriate cortex (L) 0.996 + 0.040 1.040. = 0.035 0.997 + 0.048
Thalamus (R) 1.037 = 0.025 0.974” * 0.043 0.985" + 0.040
Thalamus (L) 1.021 * 0.029 0.9717 + 0.043 0.977" + 0.041

* Significant increase compared to EB (two-sample t-test with Bonferroni's correction for multiple comparison) (P < .05).
# Significant decrease compared to EB (Two-sample t-test with Bonferroni's correction for multiple comparison) (P < .05).
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Fig. 3. Regression analysis in the visual cortex.
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Regression analysis of the correlation between relative glucose metabolism and the Jankovic Rating Scale (JRS) sum score in the right posterior striate cortex (A), left
posterior striate cortex (B), right anterior striate cortex (C), left anterior striate cortex (D), right extrastriate cortex (E), left extrastriate cortex (F), right thalamus (G)
and left thalamus (H) are shown. Averages (1 standard deviation) of the healthy controls in each area are denoted by the thick line and the gray area.
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Table 3
Average and standard deviation of glucose metabolism expressed as relative
uptake of patients with photophobia and without photophobia.

Photophobia (+) Photophobia (—) P value
Posterior striate cortex (R) 1.236 = 0.053 1.223 = 0.047 2.25
Posterior striate cortex (L) 1.237 = 0.047 1.218 + 0.050 1.80
Anterior striate cortex (R) 1.170 = 0.031 1.186 + 0.064 2.74
Anterior striate cortex (L) 1.167 = 0.030 1.174 = 0.064 5.41
Extrastriate cortex (R) 1.002 = 0.032 1.010 = 0.038 3.69
Extrastriate cortex (L) 0.988 + 0.031 1.003 = 0.047 1.90
Thalamus (R) 1.061 = 0.018 1.037 = 0.051 0.03
Thalamus (L) 1.048 = 0.023 1.018 + 0.034 0.01

Mann-Whitney U test with Bonferroni's correction for multiple comparison.

patients with EB. It is surmised that interruption of the visual input is
decreasing activity in the visual cortex in patients with EB.
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