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Purpose: To assess the impact of botulinum toxin type A (BTX-A) on signs and symptoms
of dry eye (DE) in affected eye of hemifacial spasm (HFS) patients and to compare the
prevalence of DE between affected and non-affected eye in HFS patients.

Patients and Methods: This prospective study included participants with unilateral HFS,
who received BTX-A injection as a treatment. The eyes ipsilateral to the spasm side were used
as studied eyes and the contralateral eyes were used as controls. The Ocular Surface Disease
Index (OSDI) score, tear break-up time (TBUT), corneal fluorescein staining, and Schirmer
I test were measured at baseline, 1 and 3 months after BTX-A injection. Fluorescein clearance
test (FCT) was evaluated at baseline and at 1 month after BTX-A injection.

Results: Thirty-one participants (6 males and 25 females; mean age 61£10 years) were
included. The prevalence of DE according to the Asia Dry Eye Society was not significantly
different between affected (37.93%) and non-affected eyes (27.6%); P=0.083. At baseline,
there was no significant difference in TBUT, Schirmer test, basal tear secretion, presence of
delayed tear clearance, and presence of reflex tear secretion between affected and non-
affected eyes, while significant difference in Oxford scheme grade was observed
(P=0.031). OSDI score, TBUT, Oxford scheme grade, and Schirmer test at 1 month
(P=0.817, 0.796, 0.534, 0.556), and 3 months (P=0.803, 0.904, 0.936, 0.684) after BTX-A
injection did not significantly change from baseline in affected eyes. FCT results were not
significantly different between baseline and at 1-month follow-up in both groups. All
findings were corresponding in both naive and long-term botulinum toxin injection groups.
Conclusion: We found no significant effect of BTX-A on signs and symptoms of DE in
patients with HFS. Moreover, there was no significant association between HFS and DE.
However, we found significant corneal surface damage in the affected eyes, which empha-
sized importance of ocular surface evaluation and prompt treatment in HFS patients.
Keywords: hemifacial spasm, botulinum toxin, dry eye, fluorescein clearance test,

prevalence of dry eye

Introduction

Hemifacial spasm (HFS) is one of the most common craniofacial movement
disorders, which is characterized by irregular, and involuntary clonic and/or tonic
movements of muscles innervated by the ipsilateral facial nerve. The etiologies are
usually related with aberrant regeneration after facial palsy; and compression of
facial nerve at the root exit zone (REZ) by ectatic vessels. HFS is typically
unilateral, is more common in females, and occurs in late adulthood. The symptoms
of HFS begin in the periorbital musculature and progress to other muscles of facial

expression, resulting in functional blindness and reduced quality of life.'
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Several treatment options for HFS include oral phar-
macotherapy, injections of botulinum toxin (BTX) and
microvascular decompression. Botulinum toxin injection
is currently the mainstay treatment of hemifacial spasm,
whereas oral pharmacotherapy or microvascular decom-
pression are beneficial in selected patients.

Botulinum toxin is derived from Clostridium botuli-
num. The toxin paralyses the injected muscles by irrever-
sible
neuromuscular junction. Injection of botulinum toxin
type A (BTX-A) has been used worldwide and proved
efficacious and safe for treatment of HFS.">* Side effects,

blockage releasing of acetylcholine at the

including ptosis, tearing, dry eye and diplopia have been
reported.””’

Although the efficacy and side effects of BTX injection
for HFS treatment have been well established, the effect of
BTX-A on dry eye still
controversial.>®"!” Furthermore, there are some studies

signs and symptoms is
that investigated the association between dry eye and
facial dystonia.'®?' Only limited studies compared dry
eye between affected eye and contralateral non-affected
eye in the hemifacial spasm patients.'" This study aimed to
evaluate the dry eye (DE) in affected and non-affected
eyes of HFS patients prior to BTX-A treatment, at 1
month, and 3 months after treated with BTX-A by asses-
sing subjective dry eye symptoms, ocular surface and tear
function parameters, and to compare the prevalence of DE
between affected and non-affected eyes in HFS patients.

Patients and Methods

This prospective observational study was approved by the
Faculty of Medicine, Chulalongkorn University’s institu-
tional review board and adhered to the tenets of the
Declaration of Helsinki. Informed consent was obtained
from all patients.

Data were collected from June 2013 to July 2015 at
Botulinum Toxin Clinic, King Chulalongkorn Memorial
Hospital. Inclusion criteria included participants who
were at least 18 years of age with the diagnosis of HFS
by experienced neuro-ophthalmologists or neurologists.
Exclusion criteria included patients with history of any
neurologic abnormalities other than HFS, or with eyelid
problems or ocular surface diseases, patients who used any
topical medication other than artificial tears within the past
3 months, patients with previous ocular surgery or used
contact lens within the past 6 months, patients being
treated with neuroleptic or other drugs interfering with
eyelid function or neuromuscular transmission, or patients

having a contraindication to BTX-A injection. The eyes on
the same side of HFS were observed as homolateral eyes,
whilst the contralateral non-affected eyes acted as controls.
The severity of spasm was graded according to the
Jankovic rating scale.”

The ophthalmologist, SJ, administered BTX-A injec-
tion to all participants soon after ocular surface assessment
at baseline. Botulinum toxin type A (Botox; Allergan, Inc.,
Irvine, CA, USA) was diluted with sterile normal saline to
5 units per 0.1 mL and applied 2.5 units per site into the
preseptal orbicularis oculi muscle of the affected hemiface.
Injections were performed in 5 sites (2 sites at upper eyelid
and 3 sites at lower eyelid) (Figure 1). The other regions of
the face were injected with various doses depending on the
severity of contraction.

Subjective symptoms of dry eye were evaluated using
the Ocular Surface Disease Index (OSDI) questionnaire.
After completing the questionnaire, all participants were
evaluated tear break-up time (TBUT) and examined the
ocular surface by performing fluorescein staining.
Consequently, Schirmer I test without anesthesia and fluor-
escein clearance test (FCT) were performed. All assess-
ments were carried out in both eyes at baseline, 1-month,
and 3-month follow-up except for FCT, which were mea-
sured at baseline and at 1-month follow-up.

@ Injection site

Figure | Dosage and injection sites of botulinum toxin (Image courtesy of Supanut
Apinyawasisuk, MD).
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OSDI scores were elicited from the 12-item question-
naire designed to provide a rapid assessment of ocular
irritation symptoms consistent with dry eye disease, and
the impact on vision-related functioning®® was obtained by
asking every participant at each visit by a research assis-
tant. To evaluate the stability of tear film, TBUT was
measured in seconds (s) and evaluated three times per
visit through the use of fluorescence strips and one drop
of 0.9% normal saline. The average TBUT of three mea-
surements was recorded. Also, Oxford scheme grades
were obtained under cobalt-blue light after fluorescein
staining. The severity of staining was quantified using
a chart comprising a series of six panels. In each panel,
fluorescein staining is represented by punctate dots. The
severity designation from keratoconjunctival staining was
rated as stage 0, 1, 2, 3, 4 and 5.2% Schirmer’s test without
anesthetic eye drop was performed by placing Schirmer
MARK BLU Tear Test”
Allahabad, India) at inferior fornix of participants for 5

strips  (Optitech Eyecare,

minutes. After 5 minutes, the wetness of the filter paper
was measured in millimeter (mm) from the initial fold.
FCT determined tear dynamic functions, i.e. basal tear
secretion, reflex tear secretion under nasal stimulation
and tear clearance at the same time.”> One minute after
instillation of 0.5% tetracaine hydrochloride topical anes-
thetic drops (Alcon Laboratories, Inc., Fort Worth, Texas),
5 microliters of 0.25% fluorescein sodium with 0.4%
solution (OCuSOFT,
Richmond, TX) was applied to the inferior fornix of each

benoxinate hydrochloride Inc.,
eye through an Eppendorf® micropipette (Eppendorf, San
Diego, CA) without touching conjunctival tissue with the
pipette tip. The participants were asked to blink normally.
After a lapse of 10 minutes, a Schirmer strip was placed
into inferior fornix at the lateral one-third of the eyelid for
1 minute while the eye was closed. This maneuver was
repeated for a total of 3 times every 10 minutes. At the last
test at 30 minutes, Schirmer strip was placed after nasal
stimulation by using Q-tip put along the lower medial wall
inside a nostril. Fluorescence was evaluated by unaided
visual inspection under cobalt-blue light.

Dry eye diagnosis was determined following the Asia
Dry Eye Society (ADES)*® criteria, which included
unstable tears film evaluated by TBUT and dry eye symp-
toms evaluated by relevant dry eye questionnaires, such as
OSDI, McMonnies questionnaire, Women’s Health Study
questionnaire or the dry eye-related QOL score (DEQS).
We employed OSDI scores more than 12 and TBUT less
than 5 seconds as the ADES criteria for the diagnosis of

dry eye. Preservative-free artificial tears were instructed to
use at the same frequency in both eyes throughout the
study in all participants.

Statistical Analysis

Demographics and baseline clinical characteristics were
reported in mean (standard deviation, SD) and median
(first quartile, third quartile). The categorical data was
depicted in frequency and percentage.

Paired samples #-test, Wilcoxon signed-rank test, and
McNemar’s test were used to compare data between
homolateral and contralateral eyes at baseline. Wilcoxon
signed-rank test and McNemar’s test were also used to
compare between FCT results at baseline and at 1-month
follow-up for both homolateral and contralateral eyes.
Random intercept linear mixed model analysis was used
to analyze OSDI score, TBUT, Oxford scheme grade, and
Schirmer’s test in between homolateral and contralateral
eyes, and results were presented in adjusted means and
95% confidence intervals (CI).

Subgroup analysis between homolateral and contralat-
eral eyes by naive and previous BTX-A experience groups
on prevalence of DE, and signs of DE including TBUT,
Oxford scheme grade, Schirmer’s test, basal tear secretion,
presence of delayed tear clearance and the presence of
reflex tear secretion at baseline was conducted.

For all analyses, an alpha level of 0.05 was adopted for
statistical significance, and Stata version 15.1 were used
(StataCorp. 2017. Stata Statistical Software: Release 15.
College Station, TX: StataCorp LLC).

Results

A total of 62 eyes; 31 affected eyes with hemifacial spasm
(homolateral eye), 31 non-affected eyes (contralateral eye)
of 31 participants with unilateral hemifacial spasm were
included in the study. Seventeen participants completed
a 3-month study period and 14 participants lost to follow-
up at 3-month because of inconvenience and they were out
of concern about dry eye status due to progressed HFS
disease. There was one participant who did not have FCT
result on baseline examination due to incorporation.
Moreover, there were no FCT results of four participants
at 1-month follow-up because of inconvenience in FCT
examination. The baseline clinical parameters and charac-
teristics of participants are reported in Table 1. Eleven out
of 31 participants never had any injection of BTX-A as
a treatment whereas the rest had at least one injection up to
23 prior injections.
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Table | Baseline Demographics and Clinical Characteristics

Table 2 Comparison of Prevalence and Clinical Parameters

Abbreviations: SD, standard deviation; QI, first quartile; Q3, third quartile; OSDI
score, Ocular Surface Disease Index score (0—100).

Comparison of prevalence and clinical parameters of
dry eye at baseline between homolateral and contralateral
eyes are shown in Table 2. There were no statistically
significant differences between homolateral and contralat-
eral eyes with respect to prevalence of dry eye defined by
ADES criteria, and signs involved with dry eye including
TBUT, Schirmer’s test, basal tear secretion, delayed tear
clearance, and the presence of reflex tear secretion. Only
the Oxford scheme grade (median [min, max]) showed
statistically significant difference between homolateral
eye (0 [0,3] and contralateral eye (0 [0,1]; P=0.031).
Moreover, results from subgroup analysis comparing
between homolateral and contralateral eyes by naive and
previous BTX-A experience groups showed no statistically
significant difference at baseline. In the naive group, pre-
valence of dry eye in homolateral eye was 44.44% and
33.33% in contralateral eye, which also showed no statis-
tically significant difference (p=0.564).

Comparisons between baseline and 1-month values of
FCT showed no significant difference for each eye (Table 3).
According to linear mixed model, pairwise comparisons
showed no significant difference in OSDI scores among 3

. . . Between Affected Eyes (Homolateral Eye) and Non-Affected
Demographic and Clinical Characteristic Value (N,%) .
Eyes (Contralateral Eye) at Baseline
Agei SD 61 (10
ge in years (mean (SD)) (19) Homolateral | Contralateral P
Sex Eye (n = 31) Eye (n = 31)
Male (% 6 (19.4%
ale (%) (194%) Prevalence of dry eyes 37.93% 27.59% 0.083
Female (%) 25 (80.6%) o
(%)
Side of affected
de of afiected eye TBUT (s), mean (SD)* |  5.03 (0.56) 477 (047) | 0511
Right (%) 17 (54.8%)
Left (%) 14 (45.2%) Oxford scheme grade 0(,1) 0(0,1) 0.031
0-5), median (QI,
Jankovic Rating Scale (JRS) ( ]L) (
Q)
2 8
3 18 Schirmer’s test (mm), Il (515) 9.5 (5,15) 0.424
4 5 median (Q1,Q3)"
Number of previous injections of botulinum toxin Fluorescein clearance
type A (n) test (FCT)
0 (naive) I Basal tear secretion 3.5 (2,6) 2.75 (1,7) 0.210
1-5 10 (mm), median (Ql,
6-10 6 Q3)f
>10 4 Delayed tear 24 out of 20 out of 0.157
Durati ‘ ] g | 03 3023 clearance (%)* 30 (80%) 30 (66.67%)
uration of treatment in years (median (Q1,Q3)) @3) Reflex tear (%)" 21 out of 00utof | 0.706
Usage of tear substitutes (%) 17 (54.8%) 30 (70%) 30 (66.67%)
OSDI score (median (Q1,Q3)) 15.9 (4.50,29.54) Notest:t P value by the Wilc'oxon signed-rank test; *P value by the Paired samples
t-test; “P value by McNemar's test.

Abbreviations: TBUT, tear break-up time; SD, standard deviation.

time periods (OSDI scores at baseline: 17.61; CI=12.51,
22.71, at 1-month follow-up: 16.24; CI=11.10, 21.38, and at
3-month follow-up: 15.85; CI=9.86, 21.83). Adjusted mean of
TBUT, Oxford scheme grade, and Schirmer test at baseline, 1-
and 3-month follow-ups are shown in Figure 2. Pairwise
comparison showed no significant difference in TBUT
among 3 time periods in both homolateral (TBUT at baseline:
5.04 seconds (s); CI=4.02, 6.06, at 1-month follow-up: 5.48s;
CI=4.45, 6.52, and at 3-month follow-up: 5.39s; CI=4.06,
6.72) and contralateral group (TBUT at baseline: 4.77s;
CI=3.85, 5.69, at 1-month follow-up: 6.28s; CI=5.34, 7.21,
and at 3-month follow-up: 5.53s; CI=4.31, 6.75). In addition,
pairwise comparisons also showed insignificant difference of
Oxford scheme grade among 3 time periods in both homo-
lateral (Oxford scheme grade at baseline: 0.55; CI=0.18, 0.92,
at 1-month follow-up: 0.83; CI=0.46, 1.21, and at 3-month
follow-up: 0.66; CI=0.18, 1.13) and contralateral group
(Oxford scheme grade at baseline: 0.36; CI=—0.06, 0.78, at
1-month follow-up: 1.15; CI=0.74, 1.57, and at 3-month fol-
low-up: 0.40; CI=—0.14, 0.94) except Oxford scheme grade at
1-month follow-up was significantly different from that at
baseline (P=0.005) and at 3-month follow-up (P=0.043) in
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Table 3 Comparison of Fluorescein Clearance Test (FCT) Between FCT at Baseline and FCT at | Month After BTX-A Injection in

Homolateral and Contralateral Eye

Baseline (n= 30) 1-Month Follow-Up P
(n=27)
Homolateral eye
Basal tear secretion (mm), median (Q1,Q3)* 3.5 (2,6) 5(1,9) 0.424
Delayed tear clearance (%)* 20 out of 26 (76.92%) 24 out of 26 (92.31%) 0.103
Reflex tear (%)* 17 out of 26 (65.38%) I'l out of 26 (42.31%) 0.083
Contralateral eye
Basal tear secretion (mm), median (Q1,Q3)* 2.75 (1,7) 3 (1,6) 0.308
Delayed tear clearance (%)* 16 out of 26 (61.54%) 21 out of 26 (80.77%) 0.059
Reflex tear (%)* 16 out of 26 (61.54%) 17 out of 26 (65.38%) 0.706

Notes: TP value by the Wilcoxon signed-rank test; #P value by McNemar’s test.

contralateral eye. Pairwise comparisons of Schirmer’s test
among 3 time periods also showed no significance in both
homolateral (Schirmer test at baseline: 11.57mm; CI=8.38,
14.75, at 1-month follow-up: 9.43mm; CI=6.18, 12.67, and

at 3-month follow-up: 13.73mm; CI=9.34, 18.12) and contral-
ateral eyes (Schirmer test at baseline: 12.17mm; CI=8.57,
15.77, at 1-month follow-up: 9.54mm; CI=5.90, 13.18, and
at 3-month follow-up: 11.08mm; CI=6.51, 15.65).
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Figure 2 Dry eye parameters at baseline, |-month, and 3-month after injection of botulinum toxin type A in homolateral and contralateral eyes: (A) tear break-up time of
homolateral eyes; (B) tear break-up time of contralateral eyes; (C) Oxford scheme grade of homolateral eyes; (D) Oxford scheme grade of contralateral eyes; (E)

Schirmer’s test of homolateral eyes; (F) Schirmer’s test of contralateral eyes.
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Discussion

To the best of our knowledge, our study is the first to
compare the prevalence of DE between affected and non-
affected eyes in hemifacial spasm patients prior to BTX-A
treatment. Our observed prevalence of DE defined by
ADES criteria in homolateral eye (37.93%) was not sta-
tistically significantly higher than that in contralateral eye
(27.6%), resulting in approximately ten-percent difference
that could be deemed as a clinical importance. To remove
the effect of long-term botulinum toxin use, we investi-
gated DE in the naive group (11 patients, 35.5%) which
comprise of patients who had botulinum toxin injection for
the first time and found no statistical difference in preva-
lence of dry eye between homolateral eyes and contralat-
eral eye (44.44% and 33.33%, respectively). The observed
prevalence of DE among naive group is similar to that of
DE among HFS patients reported by Raj et al*® (47.06%)
and Pellegrini et al'' (42.3%) using TFOS DEWS II
criteria.

At baseline, TBUT and Schirmer test in homolateral
eyes were not significantly different from contralateral
eyes. Moreover, our study showed insignificant differences
of tear dynamic by using FCT including basal tear secre-
tion, presence of delayed tear clearance, and presence of
reflex tear secretion between two eyes. However, the
observed higher baseline Oxford scheme grade indicating
poorer health of corneal epithelial cells*” in homolateral
eye might be caused by HFS. We conceptualized that
spasm of affected eyes with forceful eyelid closure and
increase of blink rate contributed to microtrauma of ocular
surface damage. This was supported by Yamaguchi and
Shiraishi who found a significant correlation between high
eyelid pressure and ocular surface staining.”®

Our findings showed no significant association between
HFS and DE, which was supported by Price and O’Day
reporting no significant difference in tear secretion
between HFS and control groups.?! We found no statisti-
cally significant difference in TBUT, Schirmer test and
FCT results between affected and non-affected eyes at
baseline in both naive and long-term botulinum toxin
injection groups. These were different from Pellegrini
et al, where TBUT, Schirmer’s test and corneal sensitivity
in homolateral eyes were significantly lower than contral-
ateral eyes. However, Pellegrini et al investigated among
subjects with a history of multiple botulinum toxin injec-
tions. One might suspect that ocular surface impairment
might relate to long-term effect of BTX-injection,

hemifacial spasm itself, or combined factors."' Our find-
ings on the HFS patients naive to botulinum toxin add
different aspect to the current knowledge and may clarify
the suspected insignificant association between DE
and HFS.

The impact of BTX-A on dry eye was still inconclusive
and controversial. Controlling for potential confounding
factors through comparisons with non-affected eyes, our
study showed that OSDI score was not significantly chan-
ged over 3-month follow-up and that signs of tear dynamic
including FCT, TBUT and Schirmer’s test were not sig-
nificantly changed in both eyes. Our results indicated that
BTX-A injection did not significantly cause tear film
change. Few studies investigating only affected eyes of
HFS patients showed that the injection of BTX-A caused
decreased tear film stability and decreased Schirmer test,
especially in patients received lateral injection sites.>’"'*
Mitigating effects including an increase in tear meniscus
height, reduction of mean blink output, an increase in lipid
tear thickness, and an increased TBUT following BTX-A
injection were also observed from the other studies with
similar design.””'* To the best of our knowledge, only
a study by Pellegrini et al had non-affected eye as
a comparison and found a significant lower of TBUT at
1 month after injection of BTX-A in affected eye, but no
significant change in non-affected eye among HFS patients
who received long-term BTX-A injections.'' Our insignif-
icant observations on tear dynamic with a unique design
including naive and long-term BTX-A injection of HFS
patients added to the pool of conflicting evidence of the
BTX-A effect on tear dynamic.>’'*'* We suspect that
BTX-A may play a role in tear dynamic and present its
effects through changes in tear secretion from lacrimal
gland, lipid layer thickness, amount of tear on ocular sur-
face, or tear film. The discernable BTX-A effects would
depend on BTX-A dosage and concentration, injection
technique, injection sites, and size of diffusion area of
BTX-A to surrounding tissue. The future investigations
should consider these issues to further identify the specific
effects of BTX-A on DE.

In addition, our study strength includes the control of
other confounding factors through having non-affected
eyes as a control. Other potential confounding factors
affecting DE such as age, gender, race, smoking, environ-
mental stimuli or computer use®’ were controlled for in
our current study since non-affected eyes were used as

control.
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There were some limitations in this study. Non-
preservative artificial tears were used by some patients;
however, the effects may be minimal even with different
compositions in various types of artificial tears. The fre-
quency of applying tear substitutes was not restricted to
a specific time per day due to personal preference; how-
ever, each participant used the same preferred frequency
throughout the study and on both homolateral and con-
tralateral eyes equally. The similarity of change in dry eye
parameters and trends in both eyes (Figure 2) might be
partially result from various frequency in tear substitute
use and equal application on both eyes. The other potential
limitations consisted of small sample size and high rate of
loss-to-follow-up. The majority of missing data of the
loss-to-follow-up patients was at 3 months (45.2%),
where, at the point in time, a comparison of dry eye
between both eyes was deemed to be less important due
to the wean-off effect of BTX-A. In contrast, BTX-A
effects at 1 month was concerning and considered to be
the peak effect of the medication. Nevertheless, future
study with a larger number of subjects might be beneficial
to investigate the association between dry eye and hemi-
facial spasm.

Conclusion

To conclude, we presumed that there was insignificant asso-
ciation between HFS and dry eye, which was corresponding
in both naive and long-term botulinum toxin injection
groups. The botulinum toxin injection did not significantly
affect signs of tear film change over time in HFS patients.
However, we found significant corneal surface damage in
the affected eye of HFS patients. This damage raised the
importance of an ocular surface evaluation and a prompt
treatment in patients with hemifacial spasm.
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