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Abstract

We evaluated whether the pupillary light reflex is altered in benign essential blepharospasm

patients. Twenty-three patients with benign essential blepharospasm, 47 with reflex blepha-

rospasm, and 29 dry eye disease controls were included. Pupillary light reflex-related

parameters were measured under mesopic (10 lux) and photopic illuminance (200 lux)

using an infrared pupillometer. Additionally, we assessed photophobia grade, eyelid func-

tion, and dry eye disease-related parameters. There were no differences in age, sex pre-

dominance, or dry eye disease-related parameters among the three groups, or in

photophobia grade and eyelid function between benign essential blepharospasm and reflex

groups. Constriction velocity and maximum constriction velocity in the mesopic condition

were significantly greater in the benign essential blepharospasm group (3.26 ± 0.56 and

5.27 ± 0.90 mm/s) than in reflex (2.86 ± 0.62 and 4.59 ± 1.00 mm/s) or dry eye disease

groups (2.96 ± 0.46 and 4.72 ± 0.67 mm/s). Constriction velocity and maximum constriction

velocity in the mesopic condition positively correlated with photophobia grade (r = 0.525 and

0.617, P = 0.025 and 0.006) in the benign essential blepharospasm group. Pupillary light

reflex may be related to the pathophysiology of benign essential blepharospasm with photo-

phobia. Further studies are required to reveal connections among pupillary light reflex, pho-

tophobia, and focal dystonia in benign essential blepharospasm patients with photophobia.

Introduction

Benign Essential Blepharospasm (BEB) is a form of focal dystonia that manifests as involuntary

bilateral contraction or spasm of the eyelids without neurological causes. It is predominant in

females and mostly affects people over 50 years old.[1] Starting with mild twitches, it usually

progresses to excessive blinking, forceful bilateral spasm of eyelids, and in advanced cases, to

involuntary eye closure or functional blindness.[2] Its etiologies are unclear and multifactorial.

BEB is clinically diagnosed by exclusion diagnosis and must be distinguished from secondary

blepharospasm, which can occur in association with underlying neurologic diseases, or a spe-

cific ocular disease such as in reflex blepharospasm secondary to ocular irritation.[3] Research
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using animal models has proposed that possible pathophysiologic mechanisms of BEB may

include basal ganglia dysfunction, ion channelopathy, sensitization of the trigeminal system,

and a predisposing genetic background.[1, 4]

Although there is no consensus regarding its definition, photophobia is generally referred

to as a sensory response in which light causes ocular pain, periocular pain, or headache; other-

wise, it may cause avoidance behavior without manifest pain.[5] According to previous studies,

photophobia is present in up to 94% of BEB patients.[6–8] In BEB, photophobia may be the

non-motor phenomenon of disorder or result from comorbid ocular diseases such as dry eye

disease, blepharitis, and intraocular inflammation. Although the pathophysiological mecha-

nism of photophobia remains elusive, several studies have suggested that intrinsic photosensi-

tive retinal ganglionic cells (ipRGCs), a subtype of retinal photoreceptors, play a critical role in

photophobia.[9–11] ipRGCs are well-known to contribute to non-image-forming visual func-

tions, such as circadian rhythm and pupillary light reflex.[12] These cells send excitatory sig-

nals to the Edinger-Westphal nucleus via the olivary pretectal nucleus, which controls

pupillary constriction,[13] rather than to the primary visual cortex via the lateral geniculate

nucleus.

Therefore, we expected that pupillary light reflex may be altered in BEB patients with pho-

tophobia, because ipRGCs are involved in both photophobia and pupillary light reflex. In this

study, we assessed the pupillary light reflex by using a pupillometer in the BEB, reflex blepha-

rospasm, and the dry eye disease (DED; control) groups to determine whether pupillary light

reflex is altered in conjunction with photophobia in BEB patients.

Materials and methods

Subjects

This cross-sectional observational study was conducted at St. Mary’s Hospital, Catholic Uni-

versity of Korea with the approval of Institutional Review Board/Ethics Committee of

St. Mary’s Hospital (KC17RCSI0644). All patients provided informed consent after being

briefed about the purpose of the study and tests. The study protocol complied with the tenets

of the Declaration of Helsinki. Twenty-three patients with BEB (BEB group) and 47 patients

with reflex blepharospasm (reflex group) caused by DED were included. The diagnoses of BEB

and reflex blepharospasm were made following complete neurological and ophthalmological

examinations. Anesthetic eyedrops (Alcaine, proparacaine hydrochloride 0.5%, Alcon Labora-

tories, Inc., Fort Worth, TX, USA) were used to distinguish the two types of blepharospasm in

cases that could not be diagnosed solely on the basis of clinical features and past history. If the

blepharospastic condition improves with anesthetic-induced ocular numbness, BEB is less

likely to occur. All patients with blepharospasm were those who visited the hospital for regular

injection of botulinum toxin after the drug effect had ended, or those who had no previous his-

tory of botulinum toxin injection. The control group consisted of 29 DED patients without

signs of dystonia, such as excessive or abnormal blinking. The exclusion criteria were as fol-

lows: any ocular surgeries within 1 year; any optical abnormalities that could cause light scat-

tering; acute inflammatory conditions including conjunctivitis, keratitis, or uveitis; retinal or

optic disc abnormalities strongly suspected to cause photophobia; and topical or systemic

medications that affect the pupillary response.

Clinical assessment and pupillary measurement

DED was diagnosed if typical symptoms and at least one sign of low Schirmer I value (< 10

mm), reduced tear breakup time (TBUT < 10 sec) and positive staining were present.[14] The

DED-related parameters including TBUT,[15] Schirmer I test score (with anesthesia), corneal
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staining score (0 to 3),[16] and the ocular surface disease index (OSDI) questionnaire[17] were

evaluated. The photophobia grade was evaluated according to the scale previously reported

[18]: Grade 0, no photophobia or discomfort; Grade 1, slight difficulty with light causing occa-

sional eye blinking; Grade 2, slight difficulty with light causing regular eye blinking; Grade 3,

moderate difficulty with light requiring the wearing of sunglasses; Grade 4, severe difficulty

with light requiring the wearing of sunglasses in a quasipermanent manner; Grade 5, extreme

difficulty with light requiring the patient to remain inside and an inability to bear natural light

even with sunglasses.

Eyelid function was assessed using the modified grading scheme for the severity of spasm

(0 = no spasm; 1 = mild spasm at stimulation only; 2 = visible spasm without impairment of

daily life; 3 = visible spasm with impairment of daily life; 4 = severe spasm with impairment of

daily life), eyelid closing force (1 = flaccid; 2 = overcome with minimum resistance; 3 = over-

come with moderate resistance; 4 = normal strength), and functional visual status (1 = func-

tional blindness; 2 = dependent: unable to go out alone; 3 = poor function: unable to watch

TV, read or drive; 4 = moderate function: unable to read but able to work; 5 = inconvenience:

intermittent discomfort but able to drive and work; 6 = normal) by oculoplastic specialists

(S-. W. Y., H-. J. Y., S-. E. K.).[19]

Pupillary light reflex was examined using an infrared pupilometer (NPi-100, NeurOptics

Inc. Irvine, CA, USA). A pupilometer was placed on each eye after 5-minute adaptation in a

dark room with mesopic illumination (approximately 10 lux). The dynamic change of the

pupil was detected after the integrated LED light flashed. The same procedure was repeated in

a lighted room (approximately 200 lux). The device automatically calculated the maximum

diameter (MAX), minimum diameter (MIN), %change of pupil diameter (%CH), latency of

constriction (LAT), constriction velocity (CV), maximum CV (MCV), and dilation velocity

(DV) of the pupil during the pupillary light reflex.

Statistical analysis

We analyzed data from one eye of each patient (the eye in which the pupillary light reflex was

first measured). The normality of the data was determined using the D’Agostino–Pearson

omnibus test. Then, the Mann–Whitney U test was used to compare the photophobia grade

and lid function-related parameters between the BEB group and reflex group; the Kruskal–

Wallis one-way analysis of variance with Dunn’s post hoc comparison test was used to com-

pare DED-related parameters and pupillary light reflex-related parameters among three

groups. The Spearman correlation test was used to analyze correlations between photophobia

grade and pupillary light reflex-related parameters. Statistical analyses and graph construction

were conducted by using GraphPad Prism 5 (GraphPad software, San Diego, CA, USA). A

two-sided P-value< 0.05 was considered statistically significant.

Results

There were no differences in age and sex predominance among the BEB, reflex, and DED

groups; all patients of the BEB and reflex groups exhibited photophobia and dry eye symptoms

(Table 1).

There were no differences in eyelid functions (severity of spasm, eyelid closing force, or

functional visual status) or photophobia grade between the BEB and reflex groups, whereas, of

the DED-related parameters, only OSDI score showed a significant difference among the three

groups (Table 2). Post hoc comparisons with Dunn’s test revealed that the OSDI score was sig-

nificantly higher in the BEB and reflex groups than in the DED control (P< 0.05 for both).
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Of the pupillary light reflex-related parameters, CV and MCV measured under mesopic

illuminance significantly differed among the three groups (P = 0.0047 and 0.0027, respectively,

Table 3). Mesopic CV and MCV in the BEB group (3.26 ± 0.56 and 5.27 ± 0.90 mm/s) were sig-

nificantly greater than in the reflex group (2.86 ± 0.62 and 4.59 ± 1.00 mm/s) or the DED con-

trol (2.96 ± 0.46 and 4.72 ± 0.67 mm/s) by Dunn’s post hoc comparison (P< 0.05 for both).

Additionally, mesopic CV and MCV significantly correlated with photophobia grade in the

BEB group (r = 0.525 and 0.617, P = 0.025 and 0.006, respectively; Table 4). Fig 1 demonstrates

the correlation between these values and photophobia grade in the BEB group.

Discussion

Our study showed that pupillary CV and MCV under mesopic illuminance were significantly

greater in the BEB group than in the reflex group and the DED control, and that these parame-

ters positively correlated with photophobia grade in the BEB group. Thus far, there has been

no study regarding pupillary responses and photophobia in BEB patients. These results suggest

the presence of alterations related to the pathway of pupillary light reflex in patients who

exhibit BEB with photophobia.

Table 1. Demographic characteristics of patients with benign essential blepharospasm and reflex blepharospasm and dry eye disease control.

BEB group Reflex group DED group P value a

Number of patients 23 47 29 -

Age (mean ± SD) 66.26 ± 9.19 66.70 ± 9.07 61.79 ± 7.34 0.0902

Female (number, [%]) 20 (87.0%) 43 (91.5%) 25 (86.2%) -

Dry eye symptoms (number, [%]) 23 (100%) 47 (100%) 29 (100%) -

Photophobia (number, [%]) 23 (100%) 47 (100%) 0 (0%)

BEB, benign essential blepharospasm; DED, dry eye disease; SD, standard deviation
a P value was calculated using the Kruskal–Wallis one-way analysis of variance test

https://doi.org/10.1371/journal.pone.0217924.t001

Table 2. The lid function, dry eye disease-related parameters, and photophobia grade in patients with benign essential blepharospasm and reflex blepharospasm.

Mean ± SD (range) P value

BEB group Reflex group DED group

Photophobia grade 2.09 ± 1.24 (1 to 4) 2.62 ± 0.90 (1 to 4) - 0.4757a

Lid function

Severity of spasm 2.79 ± 0.97 (1 to 4) 2.62 ± 0.90 (1 to 4) - 0.4757a

Eyelid closing force 3.56 ± 0.89 (1 to 4) 3.64 ± 0.56 (2 to 4) - 0.8071a

Functional visual status 3.87 ± 1.13 (2 to 5) 3.88 ± 0.99 (2 to 5) - 0.9878a

DED-related parameters

TBUT (sec) 5.22 ± 2.68 (0 to 10) 5.94 ± 2.36 (2 to 10) 5.00 ± 1.78 (2 to 8) 0.1904b

Schirmer I value 6.30 ± 3.10 (2 to 15) 5.81 ± 2.75 (2 to 15) 5.90 ± 3.21 (2 to 15) 0.7091b

Corneal staining score 0.44 ± 0.84 (0 to 3) 0.55 ± 0.72 (0 to 3) 0.77 ± 0.82 (0 to 3) 0.1502b

OSDI score 37.4 ± 20.6 (2.1 to 77.3) 45.4 ± 18.7 (2.8 to 83.3) 24.0 ± 13.2 (2.1 to 55.5) 0.0001c

SD, standard deviation; BEB, benign essential blepharospasm; DED, dry eye disease; TBUT, tear breakup time; MGD, Meibomian gland dysfunction; MG, Meibomian

gland; OSDI, ocular surface disease index
aP values were calculated by the Mann-Whitney U test between two groups
bP values were analyzed by the Kruskal–Wallis one-way analysis of variance among three groups
cP value was calculated by the Kruskal–Wallis one-way analysis of variance among three groups. Post hoc comparison with Dunn’s test showed significant differences

between the DED and other groups.

https://doi.org/10.1371/journal.pone.0217924.t002
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First, the alterations may comprise increased activity of ipRGCs, which are a major source

of retinal input to pupillary light reflex pathway[13]; thus, increased activity of these cells may

lead to an increased pupillary constriction response. ipRGCs directly or indirectly connect to

thalamic nuclei, which are associated with somatic sensation and pain.[11] Therefore, it is rea-

sonable to speculate that increased activity of ipRGCs may be related to greater photophobia.

Table 3. The pupillary light reflex-related parameters in patients with benign essential blepharospasm and reflex blepharospasm.

Illuminance Parameters Mean ± SD (range) P value

BEB group Reflex group DED group

Mesopic MAX (mm) 5.08 ± 0.76 (3.56 to 6.52) 4.79 ± 0.65 (3.58 to 6.49) 4.96 ± 0.73 (3.49 to 6.34) 0.2172

MIN (mm) 3.00 ± 0.47 (2.24 to 3.62) 2.96 ± 0.50 (2.00 to 4.27) 2.88 ± 0.49 (2.07 to 3.93) 0.5058

%CH 40.78 ± 4.70 (33.0 to 49.0) 38.15 ± 6.90 (13.0 to 47.0) 41.24 ± 5.47 (27.0 to 48.0) 0.0707

LAT (s) 0.24 ± 0.03 (0.15 to 0.28) 0.25 ± 0.03 (0.19 to 0.31) 0.24 ± 0.03 (0.19 to 0.31) 0.1912

CV (mm/s) 3.26 ± 0.56 (1.83 to 4.09) 2.86 ± 0.62 (1.10 to 3.94) 2.96 ± 0.46 (1.87 to 3.90) 0.0047a

MCV (mm/s) 5.27 ± 0.90 (3.09 to 6.47) 4.59 ± 1.00 (1.79 to 7.15) 4.72 ± 0.67 (3.20 to 5.85) 0.0027a

DV (mm/s) 1.26 ± 0.22 (0.72 to 1.54) 1.18 ± 0.26 (0.64 to 2.10) 1.17 ± 0.27 (0.14 to 1.50) 0.0941

Photopic MAX (mm) 3.47 ± 0.76 (2.00 to 4.93) 3.34 ± 0.58 (2.01 to 4.40) 3.15 ± 0.48 (2.38 to 4.07) 0.1672

MIN (mm) 2.55 ± 0.49 (1.53 to 3.37) 2.48 ± 0.42 (1.62 to 3.46) 2.33 ± 0.31 (1.82 to 2.97) 0.1293

%CH 26.04 ± 7.07 (7.0 to 37.0) 25.33 ± 5.62 (14.0 to 36.0) 25.48 ± 5.42 (13.0 to 37.0) 0.7457

LAT (s) 0.25 ± 0.05 (0.12 to 0.37) 0.25 ± 0.03 (0.19 to 0.31) 0.25 ± 0.03 (0.19 to 0.28) 0.8466

CV (mm/s) 1.80 ± 0.67 (0.58 to 2.87) 1.77 ± 0.61 (0.52 to 3.58) 1.80 ± 0.59 (0.68 to 3.27) 0.9618

MCV (mm/s) 2.83 ± 1.02 (1.06 to 4.68) 2.66 ± 0.84 (0.90 to 4.84) 2.61 ± 0.81 (0.90 to 4.63) 0.6554

DV (mm/s) 0.97 ± 0.29 (0.37 to 1.53) 0.96 ± 0.30 (0.33 to 1.53) 0.97 ± 0.29 (0.39 to 1.73) 0.9591

SD, standard deviation; BEB, benign essential blepharospasm; DED, dry eye disease; MAX, maximum diameter; MIN, minimum diameter; %CH, %change of pupil

diameter; LAT, latency of constriction; CV, constriction velocity; MCV, maximum constriction velocity; DV, dilation velocity
aPost hoc comparison with Dunn’s test showed significant differences between the benign essential blepharospasm group and other groups.

https://doi.org/10.1371/journal.pone.0217924.t003

Table 4. The spearman’s correlation coefficients between the photophobia grade and the pupillary light reflex-

related parameters in 23 patients with benign essential blepharospasm.

Illuminance Parameters Rhoa P value

Mesopic MAX (mm) 0.161 0.523

MIN (mm) 0.045 0.858

%CH 0.424 0.080

LAT (s) -0.073 0.774

CV (mm/s) 0.525 0.025

MCV (mm/s) 0.617 0.006

DV (mm/s) 0.385 0.114

Photopic MAX (mm) -0.079 0.614

MIN (mm) -0.173 0.268

%CH 0.232 0.134

LAT (s) -0.152 0.329

CV (mm/s) -0.023 0.882

MCV (mm/s) 0.008 0.961

DV (mm/s) 0.093 0.554

MAX, maximum diameter; MIN, minimum diameter; %CH, %change of pupil diameter; LAT, latency of

constriction; CV, constriction velocity; MCV, maximum constriction velocity; DV, dilation velocity
aSpearman rank correlation coefficient.

https://doi.org/10.1371/journal.pone.0217924.t004
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Additionally, susceptibility to short wavelength light has been demonstrated, both in the pupil-

lary light reflex and photophobia. It is known that the pupillary constriction response to blue

light is greater than the response to red light.[20] Patients with BEB are more susceptible to

short-wavelength light; the FL-41 chromatic tint, which blocks short-wavelength light trans-

mission, reduced blinking frequency and photophobia in these patients.[21] These findings

are consistent with preferential activation of ipRGCs by short-wavelength light, because these

cells have a peak spectral sensitivity at approximately 480 nm wavelength.[13]

Second, the parasympathetic efferent arm of pupillary light reflex pathway projecting to iris

sphincter muscle may be involved in greater pupillary CV in patients that exhibit BEB with

photophobia. McCann et al.[22] reported that 13 of 19 BEB patients showed improvement in

eyelid spasm, ocular irritation, and photophobia after cervical sympathetic blockade; they

speculated that BEB may be a form of sympathetically maintained pain syndrome, more

recently termed complex regional pain syndrome (CRPS) type I. Although the pathogenic

mechanism of CRPS has not been fully elucidated, its main cause may be inappropriate cross-

talk between sensory and motor fibers at the affected site.[23] In contrast to previous specula-

tion (indicated by the name), sympathetic tone is reduced in the affected region, although

sympatho-afferent coupling may occur.[23] The iris may be a site where inappropriate sym-

patho-afferent coupling occurs because of its abundant muscles, vessels, autonomic efferent

nerves, and sensory afferent nerves. In this case, the parasympathetic-driven pupillary con-

striction is suspected to oppose the weakened sympathetic pupil dilation system, resulting in

greater pupillary CV. Therefore, the pathogenic mechanism of CRPS may partly explain the

correlation between pupillary CV and photophobia grade in BEB.

In contrast to mesopic illuminance, CV and MCV under photopic illuminance did not

show intergroup differences. It is difficult to explain the disparity in findings between mesopic

and photopic conditions, because no studies have been reported regarding background illumi-

nation intensity and the pupillary light reflex. Therefore, additional efforts should be made to

develop a standard method for assessment of dynamic and static pupillary responses, in order

to clarify the relationship between pupillary light reflex and photophobia in BEB patients.

In this study, the BEB and reflex groups showed no differences in TBUT, Schirmer’s test, or

corneal staining scores, compared with the DED group; however, the OSDI (indicative of sub-

jective symptoms) was significantly higher in the BEB and reflex groups than in the DED

group. This suggests that the ocular discomfort was more severe than observed DED-related

Fig 1. Scatter graphs illustrating the correlations between photophobia grade and both mesopic constriction velocity (CV) and

maximum constriction velocity (MCV) in patients with benign essential blepharospasm.

https://doi.org/10.1371/journal.pone.0217924.g001
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signs in blepharospasm patients with DED, and that blinking abnormality or eyelid spasm

itself contributed significantly to subjective symptoms in these patients. Additionally, the BEB

and reflex groups showed no differences in photophobia grade, as well as DED-related param-

eters and eyelid functions, which can both affect and be affected by photophobia. A previous

study by Grandas and colleagues reported that 55.3% of patients complained of ocular irrita-

tion before or at the onset of BEB.[24] Inadequate blinking can also deteriorate tear produc-

tion, distribution, drainage, and ocular surface inflammation in patients with BEB.[25, 26]

Therefore, clinical indicators of DED and sensory symptoms are not beneficial in discriminat-

ing BEB and reflex blepharospasm. Instead, characteristic features of eyelid dystonia and care-

ful history taking are important to discriminate between BEB and reflex blepharospasm; the

development of additional diagnostic tools will be beneficial for differential diagnosis of BEB.

In this respect, measurement of the pupillary constriction response may facilitate differentia-

tion of patients with BEB from patients with photophobia and traits of dystonia.

The present study had several limitations. We assessed the severity of eyelid spasm using a

simple grading system; we could not exclude the clinical heterogeneity of BEB patients based

on traits of dystonia. Recent studies have emphasized possible pathophysiological differences

based on clinical features of orbicularis oculi muscle spasms.[27, 28] Additionally, some vari-

ables could be affected by botulinum toxin (BoNT) treatment, which is known to modulate

blinking rate; its effect may depend on the clinical heterogeneity of BEB.[29] However, all

patients in the BEB and reflex groups in this study either had no previous BoNT treatment, or

had visited for additional BoNT injection after the drug effect had ended. The proportions of

patients who had undergone treatment with botulinum toxin (BoNT) were 73.9% (17 of 23)

and 63.8% (30 of 47) in the BEB and reflex groups; these proportions were not significantly dif-

ferent (P = 0.4023 by Chi-squared test). Therefore, we suspect that the BoNT factor might have

minimal effect on the variables in this study. In further studies, the detailed assessment of the

traits of dystonia, such as blinking frequency, duration, and force, as well as phenotypic

changes over time and information regarding BoNT treatment, should be considered to dis-

cern possible connections between pupillary light reflex and photophobia, as well as blinking

abnormality in BEB.

In conclusion, our study revealed that BEB patients with photophobia showed a greater

pupillary constriction response in the mesopic condition, which positively correlated with the

subjective severity of photophobia. The pupillary constriction response may be of clinical sig-

nificance as a manifest response reflecting sensory phenomenon in BEB with photophobia,

although it is not known whether these results are pathogenic consequences of BEB or are sug-

gestive of the involvement of the pupillary constriction response in BEB pathogenesis. In the

future, the increased activity of the pupillary light reflex pathway, which is a possible mecha-

nism for these findings, should be clarified through additional studies.

Author Contributions

Conceptualization: Yong-Soo Byun.

Data curation: Sung-Eun Kim, Ji-Sun Paik.

Formal analysis: Yong-Soo Byun, Ji-Sun Paik.

Funding acquisition: Yong-Soo Byun.

Investigation: Yong-Soo Byun.

Methodology: Yong-Soo Byun, Sung-Eun Kim.

Project administration: Suk-Woo Yang.

Pupillary light reflex in benign essential blepharospasm

PLOS ONE | https://doi.org/10.1371/journal.pone.0217924 June 4, 2019 7 / 9

https://doi.org/10.1371/journal.pone.0217924


Supervision: Suk-Woo Yang.

Validation: Yong-Soo Byun, Sung-Eun Kim, Ji-Sun Paik.

Writing – original draft: Yong-Soo Byun.

Writing – review & editing: Yong-Soo Byun, Ji-Sun Paik.

References
1. Valls-Sole J, Defazio G. Blepharospasm: Update on Epidemiology, Clinical Aspects, and Pathophysiol-

ogy. Frontiers in neurology. 2016; 7:45. https://doi.org/10.3389/fneur.2016.00045 PMID: 27064462

2. Coscarelli JM. Essential blepharospasm. Seminars in ophthalmology. 2010; 25:104–8. https://doi.org/

10.3109/08820538.2010.488564 PMID: 20590421

3. Fisher CM. Reflex blepharospasm. Neurology. 1963; 13:77–8. https://doi.org/10.1212/wnl.13.1.77

PMID: 13945269

4. Hallett M. Blepharospasm: recent advances. Neurology. 2002; 59:1306–12. https://doi.org/10.1212/01.

wnl.0000027361.73814.0e PMID: 12434791

5. Digre KB, Brennan KC. Shedding light on photophobia. Journal of neuro-ophthalmology: the official

journal of the North American Neuro-Ophthalmology Society. 2012; 32:68–81.

6. Peckham EL, Lopez G, Shamim EA, Richardson SP, Sanku S, Malkani R, et al. Clinical features of

patients with blepharospasm: a report of 240 patients. European journal of neurology. 2011; 18:382–6.

https://doi.org/10.1111/j.1468-1331.2010.03161.x PMID: 20649903

7. Anderson RL, Patel BC, Holds JB, Jordan DR. Blepharospasm: past, present, and future. Ophthalmic

Plast Reconstr Surg. 1998; 14:305–17. PMID: 9783280

8. Judd RA, Digre KB, Warner JEA, Schulman SF, Katz BJ. Shedding Light on Blepharospasm: A

Patient–Researcher Partnership Approach to Assessment of Photophobia and Impact on Activities of

Daily Living. Neuro-Ophthalmology. 2009; 31:49–54.

9. Johnson J, Wu V, Donovan M, Majumdar S, Renteria RC, Porco T, et al. Melanopsin-dependent light

avoidance in neonatal mice. Proceedings of the National Academy of Sciences of the United States of

America. 2010; 107:17374–8. https://doi.org/10.1073/pnas.1008533107 PMID: 20855606

10. Matynia A, Parikh S, Chen B, Kim P, McNeill DS, Nusinowitz S, et al. Intrinsically photosensitive retinal

ganglion cells are the primary but not exclusive circuit for light aversion. Experimental eye research.

2012; 105:60–9. https://doi.org/10.1016/j.exer.2012.09.012 PMID: 23078956

11. Noseda R, Kainz V, Jakubowski M, Gooley JJ, Saper CB, Digre K, et al. A neural mechanism for

exacerbation of headache by light. Nat Neurosci. 2010; 13:239–45. https://doi.org/10.1038/nn.2475

PMID: 20062053

12. Hattar S, Liao HW, Takao M, Berson DM, Yau KW. Melanopsin-containing retinal ganglion cells: archi-

tecture, projections, and intrinsic photosensitivity. Science. 2002; 295:1065–70. https://doi.org/10.1126/

science.1069609 PMID: 11834834

13. Gamlin PD, McDougal DH, Pokorny J, Smith VC, Yau KW, Dacey DM. Human and macaque pupil

responses driven by melanopsin-containing retinal ganglion cells. Vision research. 2007; 47:946–54.

https://doi.org/10.1016/j.visres.2006.12.015 PMID: 17320141

14. Hyon JY, Kim HM, Lee D, Chung ES, Song JS, Choi CY, et al. Korean guidelines for the diagnosis and

management of dry eye: development and validation of clinical efficacy. Korean journal of ophthalmol-

ogy: KJO. 2014; 28:197–206. https://doi.org/10.3341/kjo.2014.28.3.197 PMID: 24882952

15. Lemp MA, Holly FJ, Iwata S, Dohlman CH. The precorneal tear film. I. Factors in spreading and main-

taining a continuous tear film over the corneal surface. Archives of ophthalmology. 1970; 83:89–94.

PMID: 5411693

16. van Bijsterveld OP. Diagnostic tests in the Sicca syndrome. Archives of ophthalmology. 1969; 82:10–4.

PMID: 4183019

17. Schiffman RM, Christianson MD, Jacobsen G, Hirsch JD, Reis BL. Reliability and validity of the Ocular

Surface Disease Index. Archives of ophthalmology. 2000; 118:615–21. PMID: 10815152

18. Liang H, Baudouin C, Tahiri Joutei Hassani R, Brignole-Baudouin F, Labbe A. Photophobia and corneal

crystal density in nephropathic cystinosis: an in vivo confocal microscopy and anterior-segment optical

coherence tomography study. Investigative ophthalmology & visual science. 2015; 56:3218–25.

19. Yoon JS, Kim JC, Lee SY. Double-blind, randomized, comparative study of Meditoxin versus Botox in

the treatment of essential blepharospasm. Korean journal of ophthalmology: KJO. 2009; 23:137–41.

https://doi.org/10.3341/kjo.2009.23.3.137 PMID: 19794937

Pupillary light reflex in benign essential blepharospasm

PLOS ONE | https://doi.org/10.1371/journal.pone.0217924 June 4, 2019 8 / 9

https://doi.org/10.3389/fneur.2016.00045
http://www.ncbi.nlm.nih.gov/pubmed/27064462
https://doi.org/10.3109/08820538.2010.488564
https://doi.org/10.3109/08820538.2010.488564
http://www.ncbi.nlm.nih.gov/pubmed/20590421
https://doi.org/10.1212/wnl.13.1.77
http://www.ncbi.nlm.nih.gov/pubmed/13945269
https://doi.org/10.1212/01.wnl.0000027361.73814.0e
https://doi.org/10.1212/01.wnl.0000027361.73814.0e
http://www.ncbi.nlm.nih.gov/pubmed/12434791
https://doi.org/10.1111/j.1468-1331.2010.03161.x
http://www.ncbi.nlm.nih.gov/pubmed/20649903
http://www.ncbi.nlm.nih.gov/pubmed/9783280
https://doi.org/10.1073/pnas.1008533107
http://www.ncbi.nlm.nih.gov/pubmed/20855606
https://doi.org/10.1016/j.exer.2012.09.012
http://www.ncbi.nlm.nih.gov/pubmed/23078956
https://doi.org/10.1038/nn.2475
http://www.ncbi.nlm.nih.gov/pubmed/20062053
https://doi.org/10.1126/science.1069609
https://doi.org/10.1126/science.1069609
http://www.ncbi.nlm.nih.gov/pubmed/11834834
https://doi.org/10.1016/j.visres.2006.12.015
http://www.ncbi.nlm.nih.gov/pubmed/17320141
https://doi.org/10.3341/kjo.2014.28.3.197
http://www.ncbi.nlm.nih.gov/pubmed/24882952
http://www.ncbi.nlm.nih.gov/pubmed/5411693
http://www.ncbi.nlm.nih.gov/pubmed/4183019
http://www.ncbi.nlm.nih.gov/pubmed/10815152
https://doi.org/10.3341/kjo.2009.23.3.137
http://www.ncbi.nlm.nih.gov/pubmed/19794937
https://doi.org/10.1371/journal.pone.0217924


20. Kardon R, Anderson SC, Damarjian TG, Grace EM, Stone E, Kawasaki A. Chromatic pupil responses:

preferential activation of the melanopsin-mediated versus outer photoreceptor-mediated pupil light

reflex. Ophthalmology. 2009; 116:1564–73. https://doi.org/10.1016/j.ophtha.2009.02.007 PMID:

19501408

21. Blackburn MK, Lamb RD, Digre KB, Smith AG, Warner JE, McClane RW, et al. FL-41 tint improves

blink frequency, light sensitivity, and functional limitations in patients with benign essential blepha-

rospasm. Ophthalmology. 2009; 116:997–1001. https://doi.org/10.1016/j.ophtha.2008.12.031 PMID:

19410958

22. McCann JD, Gauthier M, Morschbacher R, Goldberg RA, Anderson RL, Fine PG, et al. A novel mecha-

nism for benign essential blepharospasm. Ophthalmic plastic and reconstructive surgery. 1999;

15:384–9. PMID: 10588244

23. Bussa M, Guttilla D, Lucia M, Mascaro A, Rinaldi S. Complex regional pain syndrome type I: a compre-

hensive review. Acta Anaesthesiol Scand. 2015; 59:685–97. https://doi.org/10.1111/aas.12489 PMID:

25903457

24. Grandas F, Elston J, Quinn N, Marsden CD. Blepharospasm: a review of 264 patients. Journal of neu-

rology, neurosurgery, and psychiatry. 1988; 51:767–72. https://doi.org/10.1136/jnnp.51.6.767 PMID:

3404184

25. Park DI, Shin HM, Lee SY, Lew H. Tear production and drainage after botulinum toxin A injection in

patients with essential blepharospasm. Acta Ophthalmol. 2013; 91:e108–12. https://doi.org/10.1111/

aos.12002 PMID: 23425111

26. Lu R, Huang R, Li K, Zhang X, Yang H, Quan Y, et al. The influence of benign essential blepharospasm

on dry eye disease and ocular inflammation. American journal of ophthalmology. 2014; 157:591–7 e1-

2.

27. Conte A, Ferrazzano G, Defazio G, Fabbrini G, Hallett M, Berardelli A. Increased Blinking May Be a Pre-

cursor of Blepharospasm: A Longitudinal Study. Mov Disord Clin Pract. 2017; 4:733–6. https://doi.org/

10.1002/mdc3.12499 PMID: 29082270

28. Defazio G, Conte A, Gigante AF, Ferrazzano G, Pellicciari R, Dagostino S, et al. Clinical heterogeneity

in patients with idiopathic blepharospasm: A cluster analysis. Parkinsonism & related disorders. 2017;

40:64–8.

29. Ferrazzano G, Conte A, Fabbrini G, Bologna M, Macerollo A, Defazio G, et al. Botulinum toxin and blink

rate in patients with blepharospasm and increased blinking. Journal of neurology, neurosurgery, and

psychiatry. 2015; 86:336–40. https://doi.org/10.1136/jnnp-2014-307821 PMID: 24963123

Pupillary light reflex in benign essential blepharospasm

PLOS ONE | https://doi.org/10.1371/journal.pone.0217924 June 4, 2019 9 / 9

https://doi.org/10.1016/j.ophtha.2009.02.007
http://www.ncbi.nlm.nih.gov/pubmed/19501408
https://doi.org/10.1016/j.ophtha.2008.12.031
http://www.ncbi.nlm.nih.gov/pubmed/19410958
http://www.ncbi.nlm.nih.gov/pubmed/10588244
https://doi.org/10.1111/aas.12489
http://www.ncbi.nlm.nih.gov/pubmed/25903457
https://doi.org/10.1136/jnnp.51.6.767
http://www.ncbi.nlm.nih.gov/pubmed/3404184
https://doi.org/10.1111/aos.12002
https://doi.org/10.1111/aos.12002
http://www.ncbi.nlm.nih.gov/pubmed/23425111
https://doi.org/10.1002/mdc3.12499
https://doi.org/10.1002/mdc3.12499
http://www.ncbi.nlm.nih.gov/pubmed/29082270
https://doi.org/10.1136/jnnp-2014-307821
http://www.ncbi.nlm.nih.gov/pubmed/24963123
https://doi.org/10.1371/journal.pone.0217924

