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Purpose: To evaluate the efficacy and safety of topical tetracaine eye drops as a preemptive skin anesthetic during botulinum toxin 
type A injection in blepharospasm patients.
Patients and Methods: A double-blind, split-face randomized controlled trial was conducted in 17 participants diagnosed with 
benign essential blepharospasm between November 2023 and July 2024. Each patient received randomized treatment on opposite sides 
of the face: a cotton pad soaked with 5 mL of 0.5% tetracaine ophthalmic solution on one side and normal saline solution on the other, 
for 30 minutes. The cotton pad temperature, the injection dose, and the techniques were controlled on each side. A single neuro- 
ophthalmologist performed the injection. Pain scores were immediately rated after the injection, using a numeric rating scale from 0 to 
10. Jankovic rating scale and complications were assessed on the day of injection, then 1 month and 3 months after injection.
Results: The numeric rating scale on the side receiving topical 0.5% tetracaine eye drops was significantly lower than the side 
receiving topical normal saline solution (4.56 ± 2.63 vs 6.71 ± 2.54, p = 0.013). There were no significant differences in the Jankovic 
rating scale, cotton pad temperature, bleeding at the injection site, and other complications between the two groups.
Conclusion: The application of 0.5% tetracaine ophthalmic solution as a preemptive topical skin anesthesia can decrease pain during 
botulinum toxin type A injection for blepharospasm patients without affecting the efficacy or producing any significant complications.
Keywords: botulinum toxin, blepharospasm, pain, tetracaine, anesthesia

Introduction
Botulinum toxin type A (BoNT-A) is considered the first line and most effective treatment for blepharospasm.1 More 
than 95% of patients with blepharospasm experience significant symptom alleviation after BoNT-A injection.2 BoNT-A 
has also become a popular treatment for various medical and cosmetic purposes.3,4

Typically, the effects of BoNT-A injections last for several months before the gradual return of all muscle activity. 
The mean duration of the symptom-free period is approximately 3 months after injection.2 Repeated injections are 
usually necessary to maintain the desired therapeutic effect in blepharospasm. This treatment usually causes pain from 
the injection with needles, which possibly leads to anxiety and discomfort before and during the procedure. Several local 
complications, including pain, have been noted with the use of this drug.

Currently, there is no standard guideline for decreasing pain sensation during BoNT-A injections. Several techniques 
are used as a preemptive anesthesia, ie, to apply before the injection to minimize pain during BoNT-A injections. These 
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modalities include topical anesthetic creams such as topical lidocaine-prilocaine cream,5–7 topical amethocaine,8 and 
lidocaine-tetracaine cream,9,10 but the usage is limited due to the requirement of the application time of 30 to 60 minutes 
before the injection. Other methods that can also minimize pain include the application of ice,11,12 alkalinization of the 
local anesthetic agent with sodium bicarbonate,13–15 use of finer needles,16,17 and vibration.18,19

Most studies have focused on the efficacy of topical lidocaine or tetracaine cream as an anesthetic agent for 
dermatologic laser procedures and BoNT-A injection, which have proven to be safe and effective in producing local 
dermal anesthesia. However, applying topical lidocaine-prilocaine cream to the periocular area may cause ocular 
irritation and skin reactions at the application site, such as redness, swelling, and itching.

The application of tetracaine HCl ophthalmic solution in a specific area causes temporary numbness. The most 
significant impact occurs 10–20 seconds after administration, and its effect remains for 10–20 minutes. When eye drops 
are used, around 80% of the medication enters the bloodstream by crossing the highly vascularized mucous membrane in 
the nasopharynx. The routes of systemic absorption include the conjunctiva, lacrimal system, and aqueous humor, as well 
as the skin on the cheek and eyelids. The minimal transdermal absorption of topical eye drops through the epidermis also 
results in a minimal impact on systemic bioavailability.20,21

The primary objective of this study is to evaluate the efficacy of tetracaine eye drops as a preemptive topical skin 
anesthetic in reducing pain prior to BoNT-A injections. The secondary objective is to assess the safety of tetracaine eye 
drops as a topical skin anesthetic and its impact on the efficacy of BoNT-A.

Methods
The double-blind, split-face design, randomized control trial (protocol registered in the Thai Clinical Trials Registry, 
TCTR20230530007) was conducted at the Ophthalmology Department, King Chulalongkorn Memorial Hospital, 
Bangkok, Thailand. The study was approved by the Faculty of Medicine, Chulalongkorn University’s Institutional 
Review Board (Certificate of Approval No. 1184/2023) and adhered to the tenets of the Declaration of Helsinki. 
Written informed consent was obtained from all participants before enrollment, including the subject’s consent to publish 
the image in Figure 1. This study was carried out from November 2023 to July 2024.

Participants
We recruited patients with a confirmed diagnosis of benign essential blepharospasm who underwent BoNT-A 
(OnabotulinumtoxinA: Botox®, Allergan Pharmaceuticals Ireland, Westport, Ireland) treatment in the botulinum toxin 
clinic, Ophthalmology Department, King Chulalongkorn Memorial Hospital, Bangkok, Thailand. Inclusion criteria were 
patients aged 18 years or older diagnosed with benign essential blepharospasm in both eyes by experienced neuro- 
ophthalmologists who had received their last BoNT-A injection more than 3 months prior or had never received a BoNT- 
A injection. Exclusion criteria were patients with a history of an allergic reaction to BoNT-A or tetracaine HCl eye drops 

Figure 1 Participants randomly received a U-shaped cotton pad soaked with 5 mL of 0.5% tetracaine hydrochloride ophthalmic solution on one side, while the opposite side 
was applied with 5 mL of 0.9% sodium chloride as a control. Both applications were covered with plastic wrap and applied to the skin 30 minutes prior to the botulinum 
toxin type A injection. Published with permission from the participant.
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(Alcon Laboratories, Fort Worth, TX, USA), neuromuscular diseases, any active infection in the treatment area, antic
oagulant use, bleeding disorders, previous facial cosmetic surgical procedures such as eyebrow lifts and other periorbital 
surgery, psychological disease, and different blepharospasm severity between both eyes.

After the informed consent process, a neuro-ophthalmologist (P.H.) evaluated clinical characteristics of participants 
including spasm severity, lagophthalmos, extraocular muscle action, lid position, and ptosis before the experiment.

Study Protocol
Each participant was randomly assigned to receive different interventions on each side of the face. The randomization 
process was conducted to designate the intervention side allocation (left or right) using blocks of four using a random 
sequence computer generator by one investigator (N.P). Allocation concealment using sealed opaque envelopes was then 
performed. The BoNT-A injection was prescribed to each participant as indicated. Before starting the procedure, an 
investigator cut the 2×2.5-inch cotton pad into a U-shape with a 3.5 cm diameter. A cotton pad soaked with 5 mL of 0.5% 
tetracaine HCl eye drops was applied to the intervention side of the face, while the control face side received a cotton pad 
soaked with 5 mL of normal saline solution (NSS). The cotton pads were then covered with a plastic wrap, as shown in 
Figure 1, for 30 minutes.22 The temperature of the soaked cotton pads was measured before the skin application to ensure 
similar temperatures on both sides. After the 30-minute skin application, the plastic wrap and cotton pads were removed. 
Then, an investigator evaluated the complications after application of the tetracaine eye drops as a topical skin anesthesia. 
A single researcher (C.O.) who was masked to the intervention side allocation evaluated the signs and symptoms of 
complications such as skin erythema, edema, irritation, blanching, contact urticaria, or allergic contact dermatitis before 
injection. The onabotulinumtoxinA injection was immediately performed.

All injections were done using insulin syringes with 30-gauge needles and always started with the right side. The 
injection dose and injection technique completed on both sides of the face were identical. All injections were performed 
by a single experienced neuro-ophthalmologist (P.H). Outcome measurements were performed on the day of BoNT-A 
injection and then 1 month (4–6 weeks) and 3 months (12–14 weeks) after injection.

Pain score was assessed immediately after injection using a numeric rating scale (NRS). The NRS was rated from 10 
for the most unbearable pain to 0 for no pain and recorded by a trained research assistant who was masked to the 
treatment allocation. Bleeding at the injection site was evaluated after injection by a single researcher (C.O).

At 1 month after injection, participant follow-up was performed through a hospital’s telemedicine application to 
evaluate gradings of spasm severity and spasm frequency according to the Jankovic rating scale (JRS). BoNT-A-related 
complications, including lagophthalmos, extraocular muscle limitation, facial palsy, ptosis, or any other adverse reactions 
resulting from the injection, were also recorded.

At 3 months after injection, the patients were assessed at the botulinum toxin clinic for the severity and frequency of 
spasm, complications of BoNT-A injection, and the efficacy of BoNT-A injections. Subjects reported spasm recurrence 
using diaries given on the day of injection to record the first date of sensing the spasm (spasm recurrence) and the first 
date of having limited ability to perform daily life activities (spasm symptoms affecting daily life). The duration was then 
calculated from the date of injection and reported in weeks. Subsequently, the neuro-ophthalmologist provided treatment 
based on standard guidelines, which included regular BoNT-A injections.

Blinding
All those involved in the study including the subjects, injecting physician (P.H)., and outcome assessors were unaware of 
the intervention arms throughout the study.

Statistical Analysis
The sample size was calculated using two dependent means (pair-matched) according to a previous study regarding the 
effect of cold compression as a pain-relieving for BoNT-A injection.23 The mean pain score was 6.5 (Standard deviation 
(SD) = 1.5) in the control group. The pain score in the cold compression group was significantly lower than that of the 
control group (p < 0.001). The minimal clinically important difference (MCID) was determined as a 20% reduction in 
pain from the mean score of 6.5, resulting in a ∆ (Delta) value of 1.3.
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Fourteen subjects (14 sides of injected face per group) were required to achieve a power of 90% and a 5% 
significance to detect the mean difference. A total of 17 participants were included, allowing for a 20% dropout rate.

We used the IBM SPSS Statistics for Macintosh, Version 29.0.2.0, Armonk, NY: IBM Corp for all analyses. Baseline 
characteristics were described using counts (percentage), median (interquartile range), and mean with SD. The normality 
of data was determined by histogram plots and Shapiro–Wilk tests. A paired t-test was used to compare the mean 
difference of the NRS pain score between the experimental and control sides. The Wilcoxon signed-rank test was used to 
compare the medians of spasm severity and frequency, complications of BoNT-A injection, and efficacy of BoNT-A 
injections between 2-sided sample. All reported p-values were 2-sided, with a p-value less than 0.05 considered 
statistically significant.

Results
Seventeen patients with benign essential blepharospasm were enrolled between November 2023 and July 2024. There 
were no dropouts or exclusions after randomization (Figure 2).

Their ages ranged from 33 to 68 years (mean, 58 ± 10.82 years). Seven were male (41.17%), and 10 (58.82%) were 
female. Nine patients had an underlying disease of hypertension, diabetes mellitus, or dyslipidemia. The median Jankovic 
spasm severity and spasm frequency were 4 [IQR 3,4]. Baseline characteristics and demographic data are shown in 
Table 1.

Figure 2 CONSORT diagram shows the study flowchart.
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The mean ± SD of the immediate post-injection NRS pain score was 4.56 ± 2.63 in the experimental group and 6.71 ± 2.54 in 
the control group. The mean pain score of the experimental group was significantly lower than the control group (mean difference 
2.15; 95% confidence interval (95% CI) 0.522 to 3.772, p-value = 0.013). Eleven patients from 17 patients (64.7%) reported 20% 
reduction or more in pain scores. There was no difference in mean ± SD temperature in degrees Celsius between the cotton pads 
in the tetracaine HCl eye drop group and NSS group (22.32 ± 0.72 versus 22.21 ± 0.70; p-value = 0.319).

The secondary outcome showed no significant difference in bleeding at the injection site between the experimental group and 
the control group. Bleeding occurred in two participants of each group, indicating an equivalent incidence rate. The JRS of spasm 
severity and frequency was not significantly different between the two groups at any observed time points (p-value = 1.000).

Spasm recurrence was observed at a median of 7.5 [IQR 4.2, 9.0] weeks after injection on the experimental side and 
8.0 [IQR 4.2, 9.0] weeks on the control side (p-value = 1.000). Spasm symptoms affecting daily life were reported at 
a median of 10 [IQR 10, 11.0] weeks after injection in both groups (p-value = 1.000). A summary of the results for both 
groups is presented in Table 2.

No other complications were observed in both groups on the day of treatment, 1 month, and 3 months.

Table 1 Baseline Characteristics and Demographic Data (N = 17)

Gender

Male 7 (41.2%)
Female 10 (58.8%)

Age range in years (mean ± SD) 33-68 (58 ± 10.8)

Underlying

Yes (Diabetes mellitus, Hypertension, Dyslipidemia) 9 (52.9%)
No 8 (47.1%)

Jankovic severity rating scale (median [IQR]) 4 [3,4]
Jankovic frequency rating scale (median [IQR]) 4 [3,4]

Note: Table values are n (%). 
Abbreviations: SD, standard deviation; IQR, interquartile range.

Table 2 Outcome Variables of Topical 0.5% Tetracaine Hydrochloride Eye Drops versus Topical 0.9% Sodium Chloride (Day of 
Treatment, 1 Month, and 3 Month)

Day of Treatment 1 Month 3 Month

0.5% tetracaine 
HCL eye drops

0.9% sodium 
chloride

0.5% tetracaine 
HCL eye drops

0.9% sodium 
chloride

0.5% tetracaine 
HCL eye drops

0.9% sodium 
chloride

Numeric pain scale 

(mean ± SD)

4.56 ± 2.63* 6.71 ± 2.54*

Jankovic severity 

rating scale 

(median [IQR])

4 [3,4] 4 [3,4] 1 [0.2] 1 [0.2] 3 [2,3] 3 [2,3]

Jankovic frequency 

rating scale 

(Median [IQR])

4 [3,4] 4 [3,4] 1 [0.2] 1 [0.2] 3 [2,3] 3 [2,3]

Spasm recurrence 

(week) 

(Median [IQR])

7.5 [4.2,9.0] 8.0 [4.2,9.0]

Spasm impact on 

daily life (week) 

(Median [IQR])

10 [10,11] 10 [10,11]

Note: *Paired sample t-test: p-value=0.013. 
Abbreviations SD, standard deviation; IQR, interquartile range.
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Discussion
The study findings revealed that the application of 0.5% tetracaine ophthalmic solution as a topical skin anesthesia prior 
to BoNT-A injection could significantly reduce pain compared to NSS without affecting BoNT-A efficacy or causing any 
serious complications.

Although there are several methods for minimizing pain during BoNT-A injections, such as topical lidocaine- 
prilocaine cream, vibration, and cold compression, a major side effect limiting their utilization is ocular irritation. To 
address this need, we investigated the use of 0.5% tetracaine HCl ophthalmic solution as a topical skin anesthetic.

The topical lidocaine-prilocaine cream can cause significant ocular side effects due to its alkaline pH and potential for 
chemical irritation. A previous case report demonstrated corneal abrasions and conjunctivitis resulting from accidental 
exposure to topical lidocaine-prilocaine cream during procedures involving the periocular region.24 Our results found no 
evidence of any side effects related to the application of 0.5% tetracaine HCl ophthalmic solution as a topical skin 
anesthetic, including no ocular irritation or skin adverse effects, suggesting the safety of this application.

Bleeding at the injection site following BoNT-A injection was comparable in both groups. This result differed from 
previous studies, which investigated the impact of cold compression on bleeding at the injection site and found 
a statistically significant difference in post-injection bleeding between the groups that applied a cold compress before 
the injection and the group with no intervention. This approach is considered safe for future use.23,25

Other complications after injection, such as lagophthalmos, extraocular muscle action, drooping corners of the mouth, 
ptosis, or any other adverse reactions resulting from the injection, did not occur in any groups. The findings could be 
explained by the fact that injections between the two sides were the same unit, the same injection technique, and a single 
injecting physician. It may imply that the tetracaine HCI anesthetic does not increase or decrease the efficacy of BoNT-A.

Our study investigated the efficacy of BoNT-A by assessing the time to recurrence of spasm and time to spasm 
affecting daily life, in contrast to previous studies that primarily evaluated efficacy based on the mean duration of 
effect.26,27 Our findings indicated no significant differences in the efficacy of BoNT-A, contrary to a previous study, 
which found that topical anesthetics could decrease the efficacy of BoNT-A, possibly due to their nerve-inactivation 
effect interfering with the nerve stimulation required for BoNT-A to be effective.28

This study comes with potential strengths, mostly stemming from the study design. A double-blind, randomized 
controlled trial, comparing the pain score, bleeding, and other complications between both sides of the face, was 
performed at the same time in each participant to avoid other possible confounders. In our study design, we minimized 
potential error related to the accuracy of participant recall by informing the participants before treatment that they were 
assigned to compare the outcome measures between both injection sides and by evaluating immediately post-treatment. 
The study design also reduced other possible biases by using sealed envelopes for allocation concealment and assessing 
all participants with all masked investigators. Moreover, the study findings enhance clinical applicability because of the 
widespread availability and routine use of topical anesthetic agents as standard medications in ophthalmologic practice.

The limitations of this study, including a small sample size, resulted in increased variability, which affected the wide 
range of confidence intervals and standard deviation. Although statistical significance was achieved, the 95% confidence 
interval for the mean difference in NRS between the two arms was rather wide, potentially limiting the ability to 
demonstrate the clinical significance of the NRS outcome. A larger sample size in future studies would better establish 
the clinical significance of this endpoint by increasing the precision of the comparison.

The first facial side receiving the injection was not randomized. Due to the proximity of the right facial side to the 
right-hand-dominant neuro-ophthalmologist injector, we performed all injections on the right side first to standardize the 
technique and minimize sequence effect bias. However, this may limit the generalizability to left-hand-dominant injectors 
or other injection sequences.

The NRS, used as the primary outcome measure, is practical for routine assessments but has limitations due to its 
discrete nature and lower sensitivity compared to the visual analog scale (VAS). The VAS would be preferred in further 
studies because it provides greater detail and more accurate results. Additionally, it may be useful to assess patient 
preferences regarding the use of 0.5% tetracaine HCl eye drops as a topical anesthetic for their next BoNT-A injection.
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In our study, at 1-month post-injection, BoNT-A efficacy was assessed using the JRS to evaluate spasm severity and 
frequency via telemedicine. However, this approach may compromise the grading accuracy, as the condition is episodic 
in nature and subtle muscle spasms may not be reliably detected through video-based assessment.

In conclusion, the application of 0.5% tetracaine HCl eye drops as a topical anesthesia before BoNT-A injections 
significantly reduced pain without affecting the efficacy of the BoNT-A or causing any complications. The findings of this 
study support this option to decrease pain in patients with blepharospasm who require treatment with BoNT-A injections.
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