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ABSTRACT
Introduction. Daily oral beta-adrenoreceptor antagonist has been 
shown to be effective in preventing migraine headaches. Timolol 0.5% 
ophthalmic solution is a non-selective beta-adrenoreceptor antago-
nist, where the primary use is for glaucoma. There have been case 
reports that timolol is effective in aborting or improving an acute 
migraine headache. The objective of this study was to assess the 
efficacy (decrease of  ≥ 50% in pain scale at 120 minutes) of timolol 
0.5% ophthalmic solution compared to placebo in acute treatment of 
migraine headache.
Methods.xWe performed a randomized, double-blind, crossover, 
placebo-controlled, study. Study entry criteria required subjects to 
have one to eight migraine episodes per month. The primary outcome 
was comparison of the change in a visual analog pain scale (VAS) at 
120 minutes after taking the study medication. Study subjects were 
given a pain scale with a range of 1 (no pain) to 10 (most severe pain) 
to complete after onset of migraine but before administration of study 
drops and 120 minutes after administration of study drops. Improve-
ment was defined as a ≥ 50% decrease in pain scale.
Results. Nineteen subjects completed the study and were used for 
analysis. The primary outcome changes in pain scale, 120 minutes 
after dose, showed a similar decrease for placebo and drug with a 
slightly wider 95% CI for placebo. Six subjects in each arm experi-
enced a ≥ 50% decrease in pain scale.
Conclusion. These results support that timolol 0.5% ophthalmic 
solution is not an efficacious treatment for acute migraine headache. 
Kans J Med 2020;13(Suppl 2):2-5.

INTRODUCTION
Migraine is a common, disabling neurological disorder, affecting 10 

– 12% of the U.S. population; 18% women and 6% men.1 The treatment 
of migraine headache includes preventive therapies and abortive ther-
apies. There are several preventive therapies available with the goal to 
decrease the overall frequency and intensity of migraine attacks. The 
abortive medications are used during acute migraine episode. There 
are several methods that are used for migraine abortive therapy, such 
as triptans and NSAIDs. 

Despite the various migraine abortive therapies available, there is 
an ongoing need for novel therapies. Beta-blocker medications have

 been used for migraine prevention for decades. However, their use for 
migraine abortion has not been well-identified. 

Oral beta-blockers are a class of medications frequently used to 
control blood pressure, angina, and heart irregularities. Certain oral 
beta-blockers, such as propranolol, are used on a daily basis to prevent 
migraines. Both topical and oral timolol can be used daily prophylacti-
cally to decrease the frequency of migraine.2-5 However, propranolol 
and timolol tablets have not been shown to be effective as an acute 
treatment to stop attacks of migraine because of their longer onset 
of action.

In this study, we tested the use of topical beta-blocker eye drops 
for acute treatment of migraine headache. It was proposed that beta-
blocker eye drops, since they are quickly absorbed unlike tablets, can 
be beneficial and efficacious in the treatment of headache abortion. A 
prior case series of seven cases reported a substantial benefit of beta 
blocker eye drops in acute migraine in all patients.6 The case series 
was published with four editorials in the same journal recommending 
that further studies be done in the form of randomized-controlled 
trials.7-10 We now report a randomized, placebo-controlled, blinded-
controlled trial to test the use of timolol for acute migraine headache.

METHODS
Trial Design. We performed a randomized, double-blind, 

crossover, placebo-controlled, study containing a screening visit, a 
double-blind treatment phase, and an end-of-study visit. The Uni-
versity of Kansas Medical Center was the only site as part of the study 
that enrolled patients from April 2017 to February 2018. 

Standard Protocol Approvals, Registrations, and Patient Con-
sents. The trial was approved by the Institutional Review Board at the 
University of Kansas Medical Center. Written informed consent was 
obtained by all participants, in accordance with the Declaration of 
Helsinki and the principles of Good Clinical Practice. This study was 
registered at clinicaltrials.gov (NCT03836664). 

A total of 26 subjects were enrolled in a randomized, double-blind 
fashion. Participants ranged in age from 22 - 64 years; 25 female 
and one male. Subjects enrolled had a diagnosis of migraine with or 
without aura according to ICHD-2 criteria for at least one year prior 
to informed consent. Frequency of migraine episode was between 
one to eight migraines per month for inclusion. Women of childbear-
ing potential had to complete a negative pregnancy test and practice 
effective birth control methods throughout the duration of the study.

Patients were excluded if they were not able to distinguish between 
migraines and headaches; had headaches at a frequency greater than 
15 days per month; used chronic opioid therapy for headaches; had 
a history or signs and symptoms of ischemic cardiac syndromes; a 
history of glaucoma and/or current treatment with prescription eye 
drops; history of naso-lacrimal duct obstruction or surgery; treatment 
for any severe ophthalmic disease; physical problems or coordina-
tion difficulty or eye avoidance sensitivity that would preclude proper

2This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial No Derivatives (by-nc-nd) License. (CC-BY-NC-ND 4.0: https://creativecommons.
org/licenses/by-nc-nd/4.0/)
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installation of eye drops; history of uncontrolled asthma, COPD, dia-
betes mellitus, hyperthyroidism, or reversible airway disease; history 
of clinically symptomatic bradycardia, congestive heart failure, or 
hypotension; and a history of drug or alcohol abuse as defined by 
DSM-IV criteria. 

Baseline characteristics include the location, symptom, and char-
acter of migraines experienced by enrolled subjects. Frontal was the 
most common location migraines were experienced at 42% of study 
population. The different characters associated with migraines expe-
rienced by the study population were throbbing, pulsating, sharp, 
stabbing, and pressure. Symptoms associated with migraines were 
also recorded. Symptoms recorded were photophobia, nausea, pho-
nophobia, and visual.

Outcomes and Measures. Baseline characteristics included 
gender, age, and ethnicity. Migraine history was also collected 
including frequency, location, character, and associated symptoms. 
Subject-reported pain scales, satisfaction questionnaires, adverse 
events, and concomitant medications were assessed at visit two and 
visit three. 

The primary end point of the study is to compare differences in 
headache severity at 120 minutes between study medication and 
placebo. Study subjects were given a visual analog pain scale (VAS) 
with a range of 0 (no pain) to 10 (most severe pain) to complete at 
two different time points:  at onset of migraine and before admin-
istration of study drops, and at 120 minutes after administration of 
study drops. To account for the crossover design, the mean difference 
in the change in headache severity following placebo compared to 
timolol for each patient along with its 95% confidence interval was 
calculated.

The secondary end points were to assess subject satisfaction with 
treatment, proportion of subjects with at least a 50% decreased in 
pain severity at two hours, and safety. Patients were given a Treatment 
Satisfaction Scale to be completed 120 minutes after administra-
tion of study drops. The Treatment Satisfaction Scale contained five 
items: not satisfied at all, somewhat not satisfied, neutral, somewhat 
satisfied, and very satisfied. Adverse events were recorded at two 
timepoints throughout the study for safety.

Randomization and Blinding. Patients were randomly assigned 
to timolol 0.5% solution or placebo based on their subject number at 
the baseline visit. Subjects were assigned study IDs in the numeri-
cal order they were enrolled. Consistent with the design of the 
crossover study, patients that did not receive timolol 0.5% solution 
at the baseline visit were given timolol at visit two and vice versa. 
The investigator, study staff, and subjects were blinded to treatment 
assignment.

Sample Size and Calculation. A total of 26 subjects were enrolled 
in the study. Twenty subjects were needed to have an 80% chance of 
detecting a one-point difference in the change in pain scores between 
the two arms, at an alpha of 0.05.

RESULTS
Twenty-eight patients were screened for eligibility; 26 were 

enrolled. Reasons for screen failure included headache frequency 
greater than 15 episodes per month and not experiencing a migraine 
within a month after being enrolled. One patient dropped out of the 
study and six patients did not complete the study. Nineteen total par-
ticipants completed the study and were used for analysis.

Out of the 26 subjects enrolled, participants were nearly exclu-
sively female (96%) and an average age of 41 years (range 21 - 63). 
Participants averaged three migraine episodes per month with a 
range of one to eight episodes per month. The most common charac-
ter of migraines was throbbing (96%) and nausea (77%) was the most 
common symptom (Table 1).

Table 1. Baseline characteristics of migraines.
Symptom Number %
Photophobia 25 96
Nausea 20 77
Phonophobia 13 50
Visual 2 8
Location Number %
Frontal 11 42
Occipital 8 31
Holocephalic 8 31
Temporal 4 15
Character Number %
Throbbing 25 96
Pulsating 6 23
Sharp 4 15
Stabbing 3 12
Pressure 1 4

 
Table 2 shows the raw data.  Pain reductions were not significantly 

different following placebo or timolol treatment. Table 3 shows the 
mean difference of differences in change in pain, 0.1 (SD 2.6) VAS 
points favoring placebo, 95% CI -1.1 to 1.3. Similarly, there were no 
significant differences in the number of patients reporting 50% or 
more reduction in pain severity (six for each treatment) or for satis-
faction with treatment (timolol = 3, placebo = 6).

One adverse event was experienced throughout the study, which 
was a mild stinging/burning sensation in the eye shortly after admin-
istration of eye drops. Each was graded mild, related, and all subjects 
recovered. Four of 19 study completers experienced this adverse 
event.
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Table 2. Summary of subject responses while using timolol and placebo.
Drug

Subject number Pain scale before drug Pain scale 120 min. after drug Delta Percent decrease ≥ 50%a Satisfieda

M001 7 3 4 57 1 0

M003 3 0 3 100 1 1

M004 9 8 1 11 0 0

M006 8 6 2 25 0 0

M007 8 8 0 0 0 0

M009 8 8 0 0 0 0

M010 4 6 -2 -50 0 0

M011 6 6 0 0 0 0

M012 8 3 5 63 1 0

M013 9 4 5 56 1 0

M014 10 4 6 60 1 1

M016 9 7 2 22 0 0

M017 7 7 0 0 0 0

M019 7 6 1 14 0 0

M021 8 5 3 38 0 0

M022 5 4 1 20 0 0

M023 8 4 4 50 1 1

M024 7 5 2 29 0 0

M025 7 6 1 14 0 0

Placebo

M001 7 3 4 57 1 1

M003 2 2 0 0 0 0

M004 7 4 3 43 0 0

M006 9 3 6 67 1 1

M007 7 4 3 43 0 1

M009 8 8 0 0 0 0

M010 5 7 -2 -40 0 0

M011 5 4 1 20 0 0

M012 7 1 6 86 1 1

M013 9 5 4 44 0 0

M014 8 9 -1 -13 0 0

M016 9 4 5 56 1 1

M017 6 7 -1 -17 0 0

M019 6 7 -1 -17 0 0

M021 7 5 2 29 0 0

M022 6 6 0 0 0 0

M023 4 2 2 50 1 0

M024 7 2 5 71 1 1

M025 7 7 0 0 0 0
a ≥ 50% decrease and satisfaction coded 0 = no, 1 = yes.

Table 3. Change in VAS.*
Timolol Placebo

Onset Two hours Delta Onset Two hours Delta
7.3 (1.7) 5.3 (2.0) 2 (2.1) 6.63 (1.7) 4.7 (2.2) 1.9 (2.5)

*Mean (SD)
4
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DISCUSSION
Migraine and other benign recurrent headache disorders are a 

major public health problem, particularly among reproductive-aged 
women.  They are associated with substantial personal suffering, dis-
ability, and societal expense. The impact of migraine is substantial 
because of its high prevalence, accompanying significant disability, 
and risk for other comorbidities. Data from the National Ambulatory 
Medical Care Survey (NAMCS), and the National Hospital Ambu-
latory Medical Care Survey (NHAMCS) indicate that headache is 
among the top 20 reasons for outpatient medical visits and among the 
top five reasons for emergency department visits. Several preventive 
and abortive medications are available for the treatment of migraine 
headaches. Despite of various treatments available, there seem to be 
an ongoing need for novel therapies. 

Certain beta-blockers medications like propranolol and timolol 
have been used as a preventive therapy for migraine headaches. Their 
safety and efficacy in the prevention of migraines has been well estab-
lished. In this study we used topical beta-blocker eye drops for acute 
treatment of migraine attack. Topical and local application beta-
blocker eye drops are directly absorbed through the ophthalmic and 
nasolacrimal mucosa and enters the blood stream within minutes. 

Timolol is a non-selective beta-adrenoreceptor antagonist. Oral 
timolol (20 - 30 mg daily) has been studied in three randomized con-
trolled trials and have been found to reduce headache frequency by 
more than 50% when compared to placebo.3-5 It has been approved 
by FDA for prophylactic use in migraine patients and had Level A 
evidence to support this indication. The prophylactic benefit of beta-
blockers in migraine treatment is not completely understood. It may 
be related to the effect of beta-blockers on central autonomic vascular 
tone center, which in turn modulate the cerebrovascular reactivity to 
sensory stimulation.11-12 Propranolol, a beta-adrenergic blocker modu-
lates serotoninergic transmission, regulates periaqueductal pathway 
activation and prevents central sensitization, normalizes neuronal 
excitability in the CNS, and blocks cortical spreading depression. 
Topical ocular beta blockers when used daily have been reported to 
prevent migraine attacks.13-14

The specific aims in this study were to 1) assess the efficacy (head-
ache freedom at 120 minutes) of timolol 0.5% ophthalmic solution 
compared to placebo in acute treatment of migraine headache; and 2) 
assess the safety and tolerability of timolol 0.5% ophthalmic solution 
in treatment of acute migraine headache.

The results of this randomized-controlled trial support that timolol 
0.5% ophthalmic solution is not an efficacious treatment for acute 
migraine headache in this group of patients.

Our results are similar to a recent report by Cossack et al.15 They 
reported a randomized-controlled study of timolol in acute migraine. 
Ten patients participated that reported one to eight migraine attacks 
per month. In this series, the average percentage of headaches with a 
severity of none or mild at 120 minutes was 57% with placebo com-
pared with 78% with timolol. This was not statistically significant (p 

= 0.26). In an exit survey, four patients found timolol highly effective 
compared to placebo and one patient reported placebo highly effec-
tive compared to timolol. The other five subjects did not report major 
differences between the two. 

Therefore, while there is a good rationale for the use of topical 
ophthalmic beta-blocker medication for acute migraine, and prior 
case reports suggested such a benefit, we now have two randomized-
controlled trials that did not demonstrate a marked effect of the drug 
compared to placebo. This is not to say that physicians may encoun-
ter individual patients who could report a beneficial effect of beta 
blocker eyedrops for acute migraine headaches. However, we could 
not demonstrate in a randomized-controlled trial the superiority of 
beta blocker eyedrops over placebo. Also, perhaps other formula-
tions of beta blocker medications might be effective for treating acute 
migraine such as sublingual or intranasal. Finally, perhaps trials with 
a larger number of subjects with more power to detect a difference 
might show different results. Such a trial would require an external 
sponsor, either a pharmaceutical industry or the NIH.
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