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A B S T R A C T   

Purpose: Individuals receiving botulinum toxin A (BoNT-A) injections in the head and neck for migraine treat-
ment have reported decreases in photophobia and sensations of dryness, independent of ocular surface param-
eters. We hypothesized that patients without migraine but with similar ocular neuropathic-like symptoms would 
also experience symptomatic improvement with periocular BoNT-A injections, independent of ocular surface 
changes. 
Observations: We identified four individuals without a history of migraine but with neuropathic ocular pain 
(symptoms of dryness, burning, and photophobia that were out of proportion to ocular surface findings and 
unresponsive to ongoing dry eye (DE) therapies). Individuals underwent 1 session of periocular BoNT-A in-
jections. Validated questionnaires (Visual Light Sensitivity Questionnaire-8, Dry Eye Questionnaire-5) assessed 
photophobia and DE symptoms pre- and 1-month post-injections. All four reported improvements in frequency 
and severity of photophobia and eye discomfort following BoNT-A injections. Tear film parameters (phenol red 
thread test, tear break-up time, corneal staining, and Schirmer test) and eyelid (palpebral fissure height and 
levator palpebrae superioris function) and eyebrow (position) anatomy were also evaluated before and after 
injections. Despite a unanimous improvement in symptoms, there were no consistent changes in ocular surface 
parameters with BoNT-A injections across individuals. 
Conclusions: Periocular BoNT-A shows promise in reducing photophobia and sensations of dryness in individuals 
with neuropathic-like DE symptoms without a history of migraine, independent of tear film, eyelid, or eyebrow 
parameters.   

1. Introduction 

Within the umbrella of dry eye (DE), there is a subset of individuals 
in whom the degree of ocular pain surpasses what might be expected 
based on objective exam findings.1,2 In this group, neuropathic mecha-
nisms are presumed to underlie symptoms. Neuropathic ocular pain 
(NOP) is caused by pathogenic mechanisms in the peripheral and central 
nervous system.3 Various ocular surface insults, including trauma, tear 

hyperosmolarity and environmental toxins, can damage trigeminal 
nerve endings, potentially leading to maladaptive neuronal plasticity 
with resultant atypical neuronal activity and hyper-responsiveness to 
stimuli. Chronic peripheral nerve stimulation can alter higher-order 
signaling neuronal pathways, a process known as central sensitiza-
tion,4 whereby altered pain sensations, such as hyperalgesia (increased 
perception of pain) and allodynia (painful response to non-painful 
stimuli), become common features in both somatic and ocular 
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pain.3,5,6 Risk factors for NOP include comorbid pain conditions such as 
fibromyalgia and migraine, as well as depression and anxiety, with 
central sensitization likely serving as the link between these various 
conditions.3 

Treatment of NOP remains an active topic of research. Therapies first 
attempt to target nociceptive sources of pain (e.g. inflammation). 
Secondarily, treatments that affect neuronal function have been used 
such as autologous serum tears,7 alpha 2 delta ligands (gabapentin and 
pregabalin),8 stimulation therapies,9,10 and nerve blocks,8,11 with 
varying degrees of success. An emerging therapy for NOP is botulinum 
toxin, which has been used to treat post-herpetic neuralgia, trigeminal 
neuralgia, posttraumatic neuralgia, and painful diabetic neuropa-
thy.12,13 Regarding the eye, a case series reported that botulinum toxin A 
(BoNT-A) injections in the head and neck were effective in reducing 
refractory photophobia in individuals with traumatic brain injury.14 

Similarly, individuals receiving BoNT-A injections for chronic migraine 
reported a significant improvement in photophobia and DE symptoms 
with BoNT-A treatment that was independent of improvements in tear 
volume.15,16 

Given potentially shared mechanisms between migraine and NOP, 
we hypothesized that individuals with NOP but without migraine may 
experience similar symptomatic improvement with periocular BoNT-A 
injections, independent of ocular surface changes. We identified four 
individuals with presumed NOP who received 1 session of periocular 
BoNT-A. All four reported improvements in frequency and severity of 
photophobia and eye discomfort with varying ocular surface changes 1 
month after injections. 

2. Findings 

Demographics for each patient are displayed in Table 1. None had 
histories of migraine, BoNT-A treatment for migraine, or cataract or 
refractive surgery. All individuals were advised to continue current DE 
treatment regimen. 

A modified migraine protocol using onabotulinumtoxinA was 
administered to all individuals (total 35 units, 7 injection sites: 5 units in 
procerus, 10 units in corrugators, 20 units in frontalis muscles), as 
shown in Fig. 1. Tables 2 and 3 display patient responses to validated 
questionnaires, Visual Light Sensitivity Questionnaire-8 (VLSQ-8)17 and 
Dry Eye Questionnaire-5 (DEQ-5)18, which assessed photophobia and 
DE symptoms pre- and 1-month post- BoNT-A injections. Tear film pa-
rameters (phenol red thread test, tear break-up time (TBUT), corneal 
staining according to the National Eye Institute’s (NEI) scale, and 
Schirmer test) and eyelid (palpebral fissure height and levator palpebrae 
superioris function) and eyebrow (position as determined by two ocu-
loplastic specialists) anatomy were also captured pre- and 1-month 
post-injection. One month was chosen as the follow-up timepoint as a 
previous study had detected significant reductions in photophobia and 
DE symptoms in individuals with chronic migraine about 1 month after 
injection with onabotulinumtoxinA.16 

2.1. Case 1 

The first patient presented to clinic with complaints of severe “dry-
ness” in both eyes for two years. Six months of preservative-free artificial 

tears and cyclosporine drops provided only minimal improvement. 
Ocular history was remarkable for exudative age-related macular 
degeneration in the left eye, for which he received regular intravitreal 
injections, and he had no relevant medical history other than a 60-pack 
year smoking history. 

Prior to injections, VLSQ-8 and DEQ-5 questionnaires revealed a 
main complaint of light sensitivity and eye discomfort with mild 

Table 1 
Basic demographics.   

Patient 1 Patient 2 Patient 3 Patient 4 

Age 69 55 35 57 
Gender Male Male Male Female 
Race White White White White 
Ethnicity Non-Hispanic Hispanic Non-Hispanic Hispanic 
Current smoker No Yes No No 
Ever smoker Yes Yes No No  

Fig. 1. Injection Sites for Botulinum Toxin A Using a Modified Migraine 
Protocol. A total of 35 units were used, with 5 units at each injection site: (1) 5 
units in procerus muscle, (2) 10 units in corrugator muscles, (3) 20 units in 
frontalis muscle. One of the authors is featured as the representative model. 

Table 2 
Comparison of visual light sensitivity Questionnaire-8 (VLSQ-8) pre/post botu-
linum toxin A injection.   

Patient 
1 

Patient 
2 

Patient 
3 

Patient 
4 

Q1. In the past month, how 
often did you have visual 
light sensitivity outdoors 
during daylight? 

Pre 5 5 4 4 
Post 3 3 3 2 

Q2. In the past month, how 
often did you have a sense 
of glare in your eyes? 

Pre 5 5 4 3 
Post 2 3 3 2 

Q3. In the past month, how 
often did you have visual 
light sensitivity from 
flickering lights or bright 
colors? 

Pre 3 5 4 4 
Post 2 3 4 2 

Q4. Please rate the severity 
of the worst visual light 
sensitivity you 
experienced in the past 
month. 

Pre 5 5 5 4 
Post 3 3 4 3 

Q5. When you have 
sensitivity to light, do you 
also experience headache? 

Pre 1 5 3 3 
Post 1 3 3 2 

Q6. When you have 
sensitivity to light, how 
often is your vision 
blurry? 

Pre 1 5 2 2 
Post 1 2 1 2 

Q7. How often does 
sensitivity to light limit 
your ability to read, watch 
TV, or use the computer? 

Pre 5 5 4 4 
Post 5 3 2 3 

Q8. In the past month, how 
often did you need to wear 
dark glasses on cloudy 
days or indoors? 

Pre 5 5 4 2 
Post 5 3 1 2 

Total VLSQ-8 (scale 8–40) Pre 30 40 30 26 
Post 22 23 21 18 

All questions except Question 4 were answered as 1 (never), 2 (rarely), 3 
(sometimes), 4 (often), or 5 (always). Question 4 was answered from 1 to 5 with 
1 as none, 3 as moderate, and 5 as severe. 
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sensations of dryness. Light sensitivity was rated as severe, necessitating 
the use of sunglasses on cloudy days and indoors and limiting the pa-
tient’s ability to read, watch television, and use the computer. All tear 
film parameters were normal except for minimal corneal staining (both 
eyes: NEI total score 1). 

One month following periocular BoNT-A injections, the patient re-
ported that his photophobia and dry eye symptoms were “better” 
without any adverse side effects from treatment. VLSQ-8 on follow-up 
demonstrated notable improvement in frequency of light sensitivity to 
outdoor daylight, flickering lights, and bright colors. Frequency in 
functional limitation (wearing sunglasses on cloudy days or indoors; 
limitations in reading, watching television, using the computer) did not 
change, however, severity of light sensitivity improved from severe to 
moderate. DEQ-5 responses improved concerning frequency and 
severity of eye discomfort and dryness. Interestingly, follow-up exami-
nation demonstrated lower TBUT (right eye: 3 seconds, left eye: 5 sec-
onds) and Schirmer tests (right eye: 9 mm, left eye: 6 mm) despite 
symptomatic improvement. The patient developed minimal brow ptosis 
with corresponding decrease in palpebral fissure height by 2 mm. All 
other examination parameters remained unchanged. 

2.2. Case 2 

The second patient presented with severe “dryness” and “light 
sensitivity” in both eyes for 1 year with persistence after using artificial 
tears for two months. The patient had no significant ocular history and 
was not using other drops. Medical history was significant for HIV 
infection, which was well-controlled with antiretroviral therapy. In 
addition, the patient reported a history of depression and anxiety, for 
which he took antidepressant and anxiolytic medication including 
gabapentin. 

Prior to injections, the patient scored the maximum on the VLSQ-8, 
reporting highest severity and frequency of light sensitivity with 
resulting functional limitation (wearing sunglasses on cloudy days or 
indoors; limitations in reading, watching television, using the computer) 
and associated debilitating symptoms (headache, blurry vision, glare). 

The DEQ-5 also reflected maximal severity and frequency of eye 
discomfort and dryness. Discordant with the severity of these symptoms, 
ophthalmic examination was normal except for low TBUT (right eye: 5 
seconds, left eye: 3 seconds). Brow ptosis was present prior to injections. 

One month following periocular BoNT-A injections, the patient re-
ported a “significant” improvement in visual health and reported that 
photophobia and DE symptoms were “better”. He denied any adverse 
effects from the injections. All VLSQ-8 responses improved in severity 
from “severe” to “moderate” and frequency of light sensitivity, func-
tional impairment, and debilitating symptoms from “always” to 
“sometimes” or “rarely”. Similarly, all DEQ-5 questions pertaining to eye 
discomfort and dryness improved from severe to mild intensity and from 
constant frequency to intermittent or rare. All tear and eyelid parame-
ters were normal on follow-up, with the only change from baseline being 
increased TBUT (right eye: 9 seconds, left eye: 12 seconds). Brow ptosis 
was unchanged. 

2.3. Case 3 

The third patient reported severe, bilateral, “burning pain” and “light 
sensitivity” for 1 year that started after a contact lens associated eye 
infection in the left eye. He had tried artificial tears, cyclosporine drops, 
lifitegrast drops, autologous serum tears, and punctal plugs with no 
improvement in pain. Additionally, he was treated for mild blepharitis 
and meibomian gland dysfunction with lid hygiene and warm com-
presses, both at home and with in-office procedures. He had no other 
significant ocular and medical history, and testing for Sjogren’s anti-
bodies was negative. 

Prior to injections, the VLSQ-8 quantified light sensitivity of highest 
severity, resulting in frequent sunglass use on cloudy days and indoors 
and limitation in reading, watching television, and using the computer. 
Eye discomfort and dryness reported by the DEQ-5 was of moderate 
intensity and frequency. On clinical exam, TBUT (right eye: 8 seconds, 
left eye: 7 seconds) and Schirmer tests (right eye: 4 mm, left eye: 6 mm) 
were low with minimal corneal staining (both eyes: NEI total score 1), 
but all other tear film, eyelid, and eyebrow parameters were normal. 

One month following periocular BoNT-A injections, the patient noted 
that his photophobia and DE symptoms were overall “better” without 
any adverse effects from the treatment. VSLQ-8 responses showed lower 
severity and frequency of light sensitivity, with largest improvement in 
areas of functional limitation from “often” to “never” wearing sunglasses 
on cloudy days and indoors and from “often” to “rarely” for limitation in 
reading, watching television, and using the computer. Likewise, DEQ-5 
responses showed improvement in severity and frequency of eye 
discomfort and dryness. On exam, all tear film, eyelid and eyebrow 
parameters were normal, with increases in TBUT (both eyes: 20 seconds) 
and Schirmer tests (both eyes: 10 mm) and decreases in corneal staining 
(both eyes: NEI total score 0). 

2.4. Case 4 

The last patient had a history of receiving facial BoNT-A injections 
for cosmetic treatment of rhytids for five years, with the last treatment 
being 10 months prior. Interestingly, she noted that her DE symptoms 
seemed to improve with the injections. She was using artificial tears and 
cyclosporine drops with some improvement until symptoms signifi-
cantly worsened after contracting viral conjunctivitis in both eyes. 
Following resolution of the conjunctivitis, her symptoms persisted and 
became intolerable despite minimal signs on clinical exam. She was thus 
offered periocular BoNT-A injections as treatment for her ocular pain. 
She had no other significant ocular history, and relevant medical history 
included hepatitis C infection treated four years prior. 

Prior to injections, the patient reported moderate-to-severe intensity 
and frequency of light sensitivity via the VLSQ-8. She noted that the light 
sensitivity often limited her ability to read, watch television, and use the 
computer. Eye discomfort and dryness were reported with high severity 

Table 3 
Comparison of dry eye Questionnaire-5 (DEQ-5) pre/post botulinum toxin a 
injection.   

Patient 
1 

Patient 
2 

Patient 
3 

Patient 
4 

Q1a. During a typical day in 
the past month, how often 
did your eyes feel 
discomfort? 

Pre 4 4 3 4 
Post 2 1 2 1 

Q1b. When your eyes felt 
discomfort, how intense 
was this feeling of 
discomfort at the end of 
the day, within 2 h of 
going to bed? 

Pre 5 5 4 4 
Post 3 2 3 1 

Q2a. During a typical day in 
the past month, how often 
did your eyes feel dry? 

Pre 2 4 3 4 
Post 2 2 2 1 

Q2b. When your eyes felt 
dry, how intense was this 
feeling of dryness at the 
end of the day, within 2 h 
of going to bed? 

Pre 3 5 3 5 
Post 1 2 3 1 

Q3a. During a typical day in 
the past month, how often 
did your eyes look or feel 
excessively watery? 

Pre 1 1 0 0 
Post 0 1 1 1 

Total DEQ-5 (scale 0–22) Pre 15 19 13 17 
Post 8 8 11 5 

All “a” questions were answered as 0 (never), 1 (rarely), 2 (sometimes), 3 
(frequently), or 4 (constantly). All “b” questions were answered from 0 to 5 with 
0 as “never have it”, 1 as “not at all intense”, and 5 as “very intense”. 
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and frequency through the DEQ-5. All ophthalmic examinations were 
normal except for a low TBUT (right eye: 5 seconds, left eye: 6 seconds). 

One month following periocular BoNT-A injections, the patient noted 
a “significant” change to her visual health, with photophobia and dry 
eye symptoms being “much better”. She did not report any adverse ef-
fects. According to the VLSQ-8, light sensitivity improved to moderate 
severity and rare frequency, resulting in less functional limitations. 
Severity and frequency of eye discomfort and dryness as reported by the 
DEQ-5 also improved to mild intensity and rare occurrence. Despite the 
symptomatic improvement, clinical examination showed mostly un-
changed tear film, eyelid, and eyebrow parameters except for a slight 
increase in corneal staining (both eyes: NEI total score 1). 

3. Discussion 

Botulinum toxin A (BoNT-A) is a neurotoxin derived from Clostridium 
botulinum that has been used therapeutically for a wide variety of dis-
orders including cervical dystonia, chronic migraine, hyperhidrosis, 
urinary incontinence, strabismus, and blepharospasm, as well as for 
cosmetic purposes.19,20 This neurotoxin inhibits acetylcholine neuro-
transmitter release at presynaptic nerve terminals by interfering with 
vesicle fusion, thereby reducing muscle fiber activity.21–23 In addition, 
BoNT-A may dampen neurogenic inflammation and peripheral sensiti-
zation by inhibiting release of local nociceptive neuropeptides, such as 
substance P, calcitonin gene-related peptide (cGRP) and glutamate and 
decreasing expression of transient receptor potential vanilloid 1 
(TRPV1).22,24,25 Given these effects, BoNT-A has increasingly been used 
to treat a variety of neuropathic pain disorders, including post-herpetic 
neuralgia, diabetic neuropathy, post-traumatic neuralgia, complex 
regional pain syndrome, trigeminal neuralgia, and occipital 
neuralgia.13,26 

In the arena of neuropathic-like DE symptoms, prior studies have 
shown that BoNT-A injections improved photophobia and DE symptoms 
in individuals with underlying chronic migraine, independent of an 
improvement in tear film volume.15,16 These improvements were thus 
hypothesized to be driven by modulation of vascular and neural path-
ways shared by migraine pain, photophobia, and DE symptoms. 

We hypothesized that BoNT-A could also improve photophobia and 
DE symptoms in individuals without a history of chronic migraine by 
similar mechanisms. First, BoNT-A can decrease the release of several 
inflammatory mediators, including cGRP, from pathologically altered 
peripheral corneal nociceptors.21,24,30–35 With time, dampening of pe-
ripheral nerve activation can stabilize the afferent system and can 
potentially reverse changes in peripheral and central sensitiza-
tion.25,30,31 Second, BoNT-A can reduce facial muscle contractions 
through its action at the neuromuscular junction, which may decrease 
signaling through primary trigeminal afferents. Previous studies have 
demonstrated that persistent muscle fiber activation leads to mechanical 
hyperalgesia and cGRP mediated central sensitization, an effect that is 
alleviated by BoNT-A.32,36,37 

For chronic migraine, standard Food and Drug Administration on- 
label protocols include 155–195 unit BoNT-A injections across 31 to 
39 sites representing 7 head and neck muscle groups including the 
corrugators, procerus, frontalis, temporalis, occipitalis, cervical para-
spinal and trapezius muscle groups.23 In this study, BoNT-A was injected 
using a modified migraine protocol, targeting only muscles in the peri-
ocular area (procerus, corrugators, and frontalis muscles) for chemo-
denervation, as it was felt that these muscles were closest in proximity to 
trigeminal afferents on the corneal surface, to allow for more directed 
therapy. 

Limitations of this case series include the inability to objectively 
determine the placebo effect of receiving BoNT-A injections, as all in-
dividuals knew that BoNT-A injections were being administered as off- 
label treatment for neuropathic-like DE symptoms and this could have 
subconsciously influenced their perceived symptoms and responses to 
questionnaires. As all individuals were followed 1-month post-injection, 

long-term response is unknown, but similar to other indications, repeat 
injections would likely be needed to maintain effect. Future larger and, 
ultimately, masked, placebo-controlled studies will be warranted to 
better elucidate the effects of BoNT-A injections for the treatment of 
neuropathic-like DE symptoms. In addition, studies evaluating the effect 
of BoNT-A injections on individuals with other DE sub-types may pro-
vide interesting insights as well. 

4. Conclusions 

In this case series, we found that periocular BoNT-A injections 
appeared to improve neuropathic-like DE symptoms in individuals 
without a history of migraine independent of eyelid, eyebrow and tear 
parameters. Results of the VLSQ-8 and DEQ-5 demonstrated noticeable 
reductions in photophobia and DE symptoms, suggesting that the 
symptomatic improvement seen in this series is not attributable to post- 
injection anatomic or tear film changes that may have provided addi-
tional corneal protection. This case series demonstrates that periocular 
BoNT-A injections shows promise in the treatment of NOP in individuals 
without a history of migraine. 
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