Effect of Topical Dexmedetomidine (0.0055%) on

Intraocular Pressure in Healthy Eyes: A Randomized
Controlled Trial

Henry Fakhoury?, Youssef Abdelmassih?, Sylvain El-Khoury®, Mazen Amro?, Karen Zaarour®, Carole Cherfan®, Karim Tomey’,
Ziad Khoueir®

ABSTRACT

Aim and objective: Evaluate the short-term safety and efficacy of dexmedetomidine (0.0055%) drops on intraocular pressure (IOP) in healthy
eyes.

Materials and methods: In this randomized controlled trial, patients with normal eye exams were randomly assigned to receive, in a randomly
selected eye, one drop of either balanced salt solution (BSS) or dexmedetomidine (0.0055%). Goldmann applanation tonometry was performed
at baseline and then 30 minutes, 4 hours, and 24 hours after drop instillation.

Results: Forty-nine eyes of 49 normal volunteers were enrolled in the study, with 21 eyes (group I) receiving BSS and 28 (group Il) dexmedetomidine.
Both groups were comparable at baseline as far as age and IOP (p = 0.55 for both parameters). Intraocular pressure significantly decreased
from baseline in group Il at 30 minutes and 4 hours (p = 0.001 and 0.05, respectively). Maximum IOP decrease was obtained at 30 minutes after
dexmedetomidine instillation, with a 9% decrease from baseline (mean decrease: 1.15 mm Hg). The percentage of IOP decrease was significantly
higher in group Il at 30 minutes compared with group | (9 vs 1.1%; p = 0.05). No side effects were recorded.

Conclusion: In this pilot study, dexmedetomidine 0.0055% drops have shown good safety and efficacy in lowering IOP in normal healthy volunteers
with no history of glaucoma. This medication has a short onset of action, with a 10% reduction of IOP occurring 30 minutes post-instillation.

Trial registration number: NCT03690622.
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INTRODUCTION

Glaucomaiis the second leading cause of blindness and the leading
cause of irreversible blindness worldwide.! It is estimated that
glaucoma will be affecting almost 80 million people worldwide by
the year 2020.2 To date, the only available option to treat glaucoma
is through an intraocular pressure (IOP) lowering by medical, laser,
or surgical treatment, with topical medical treatment being usually
the first-line therapy.

Several drug groups with different mechanisms of action have
been proposed to serve this purpose.> However, as the disease
advances, medical treatment may become insufficient. Additionally,
drug resistance and side effects, such as redness, ocular surface
disease, and allergy, are common and may limit the use of some
drugs.*® These restraints often force the physician to keep changing
medications, which emphasizes the clinical importance of having
a wide armamentarium of drugs available for the treatment of
glaucoma.

Dexmedetomidine (Precedex, Pfizer, New York, USA) is a
selective a-2 agonist with a 1,500x greater affinity to a-2 adrenergic
receptors than to a-1 receptors.® It is commonly used as an
anesthetic drug due to its sedative and analgesic effects. However,
the activation of a-2 receptors is also known to lead to a decrease in
IOP. This effect is due to a reduction in aqueous humor production
and increased uveoscleral outflow,”° and was noted in cases where
dexmedetomidine was injected intravenously.'®"" In addition, the
activation of a-2 receptors is known to have a vasoconstricting
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effect, which reduces hyperemia, a common side-effect of anti-
glaucoma treatment.'?

A study performed on rabbits demonstrated a promising effect
of dexmedetomidine eye drops as far as lowering IOP.”* A more
recent study using dexmedetomidine (50 pg) with the peribulbar
block before cataract surgery demonstrated an IOP decrease
similar to IV dexmedetomidine administration and greater than a
peribulbar block without dexmedetomidine."

Topical 0.0055% dexmedetomidine has been reported to cause
an IOP reduction of 20-44% in four healthy subjects.”

The purpose of this double-masked randomized controlled
trial study is to evaluate the effect of topical dexmedetomidine eye
drops on the IOP of healthy eyes.

MATERIALS AND METHODS

In this prospective double-masked randomized controlled trial,
we included healthy volunteers with no history of glaucoma.
Subjects were examined at the Beirut Eye and ENT Specialist
Hospital between December 2017 and January 2018. The use of
topical dexmedetomidine was off-label. The protocol of the study
was reviewed and approved by the institutional review board and
complied with the tenets of Helsinki. The study is registered with
Clinicaltrials.gov (identifier, NCT03690622).'6

Volunteers were recruited among hospital staff and patients.
Subject exclusion criteria were a history of glaucoma, IOP >24 mm
Hg at baseline, an abnormal optic nerve on fundus examination,
keratoconus, corneal graft, corneal edema, or a history of refractive
surgery. All volunteers were required to sign an informed consent
explaining the nature of the study as well as the potential side
effects of the drug used.

With a power of 85%, an estimated difference of 20% between
dexmedetomidine and placebo, and a standard deviation of 2.6 mm
Hgfor IOP in the normal population, the number of eyes needed to
beincluded in the trial was calculated to be 40 for a two-sided test.)”

The eye drops were prepared on the morning of each
recruitment day, and the bottles were stored in a refrigerator
for a maximum time of 24 hours. Every day, two bottles labeled
“1" and “2" were handed to the investigators. One of the bottles
contained a balanced saline solution while the other one contained
a solution of 0.0055% of dexmedetomidine-hydrochloride. For
every examination day, the labeling of the bottles was carried outin
arandomized fashion, and the pharmacist noted the corresponding
content on a sheet of paper, which was not accessible to the
investigator.

Furthermore, subjects were randomly assigned to receive, in
a randomly selected eye, either a drop of bottle “1” or a drop of
bottle “2". Patients and investigators were therefore blinded to the
content of the eye drop bottles.

All recruited volunteers were examined by slit-lamp, with a
non-dilated fundus examination of both eyes before being included
in the study. Goldmann applanation tonometry of both eyes was
performed at presentation, 30 minutes, 4 hours, and 24 hours after
instillation of the eye drop as well as evaluation of conjunctival
hyperemia. Heart rate and blood pressure were measured for all
patients at the same follow-up times and patients were asked about
nausea, vomiting, lypothemia, syncope, dry mouth, and palpitation.

Preparation of Eye Drops

One milliliter of dexmedetomidine-HCI (Precedex 0.01% Pfizer, New
York, USA) was diluted in 0.8 mL of balanced salt solution (BSS) to
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obtain 1.8 mL of 0.0055% dexmedetomidine. The solution was
then poured into a sterile eye drop container. The placebo bottle
contained 2 mL of BSS and was stored in an identical container.'®

Statistical Analysis

Data were collected and statistically analyzed using SPSS (version
22.0, Inc., Chicago, IL, USA). Descriptive statistics were reported as
mean =+ standard deviation for continuous variables. Independent
and paired sample t-test was used to compare the different
continuous parameters. A p value of <0.05 or less was considered
to be statistically significant.

REesuLTs

Atotal of 49 volunteers were included in the study, with 21 receiving
placebo (group I) and 28 receiving dexmedetomidine 0.0055%
solution (group Il) (Flowchart 1). Mean age was similar in both
groups, with 60.4 + 18.2 years (range: 24-80) in group | and 64 +
19.8 years (range: 18-90) in group Il (p = 0.55). Baseline IOP was 14.2
+3.5mmHg (range: 9-23) in the eyes receiving the placebo solution
and 13.6 + 3.6 mm Hg (range: 6-19) in the dexmedetomidine group
(p =0.55) (Table 1).

Eyes Receiving Drops

For group |, IOP did not significantly change in comparison to
baseline and was measured to be 14.1 + 4.3 at 30 minutes (p =
0.84),14.4 + 3.2 mm Hg at 4 hours (p =0.13),and 13.5 + 3.6 mm Hg
(p =0.26) at 1 day (Table 2 and Fig. 1). Intraocular pressure change
was —1.1% at 30 minutes, +4.7% at 4 hours, and —2.5% at 24 hours
(Table 3).

In group I, however, at 30 minutes, 4 hours, and 24 hours, IOP
decreasedto 12.4 +£3.9,12.5 +3.9,and 12.8 + 3.5, respectively, with
the difference from baseline being statistically significant only at
30 minutes (p =0.001) and at 4 hours (p = 0.05), but not at 24 hours
(p = 0.09) (Table 2 and Fig. 1). Intraocular pressure, in comparison
to baseline, decreased by 9% at 30 minutes, 8.2% at 4 hours, and
4.6% at 24 hours (Table 3). An average decrease in IOP of 1.15 mm Hg
was noted at the 30 minutes measurement (range: —1to 5 mm Hg).

Intraocular pressure difference between both groups increased
from baseline over time without reaching statistical significance.
The mean difference was 0.6 mm Hg at baseline, 1.7 mm Hg at
30 minutes (p = 0.17), 1.9 mm Hg at 4 hours (p = 0.15) and 0.7 mm
Hg at 24 hours (p = 0.57) (Table 1). A significant difference in the
percentage of IOP change between groups was present only at
30 minutes (9% for group Il vs 1.1% for group |, p = 0.05) (Table 3).
Figure 2 represents a scatter plot comparing IOP in mm Hg at
baseline to IOP at the 30-minute follow-up using BSS eye drop and
dexmedetomidine eye drop, respectively.

Fellow Eyes

While comparing the effect of drops between the eye receiving
the drop and the fellow eye, the difference was not statistically
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significant in group | at all measurement times. In group II,
however, the IOP was significantly lower at 4 hours in eyes receiving
dexmedetomidine compared with fellow eyes (12.5 + 3.85 vs
14.5 + 3.38 mm Hg, p = 0.009) (Table 1).

Side Effects

No ocular side effects were noted in any patient. No systemic side
effects such as bradycardia, hypotension, or syncope occurred in
any patient.

Flowchart 1: Flow diagram for subjects included in the study

Discussion

This prospective randomized controlled trial studied the effect
of instilling one drop of dexmedetomidine 0.0055% (off-label
use) on the IOP in eyes with no history of glaucoma or elevated
IOP and compared it to sham treatment. Intraocular pressure
significantly decreased from baseline at 30 minutes and 4 hours
in the dexmedetomidine group. However, while comparing both
groups, the only significant difference was found at 30 minutes,
where the IOP in group Il decreased by 9 vs 1.1% in group | (p = 0.05).

Enrollment

Assessed for eligibility (n = 59)

—

v

Excluded (n = 9)

Not meeting inclusion criteria (n = 8)
Declined to participate (n = 1)

Other reasons (n = 0)

’ Randomized (n = 49) ‘

|

i Allocation l

Allocated to precedex drops (n = 28)
* Received allocated intervention (n = 28)
* Did not receive allocated intervention (n = 0)

Lost to follow-up (n = 0)
Discontinued intervention (n = 0) ‘

Analyzed (n = 28)
* Excluded from analysis (n = 0) ‘

l Analysis l

Allocated to BSS drops (n = 21)
* Received allocated intervention (n = 21)
* Did not receive allocated intervention (n = 0)

i Follow-up l

Lost to follow-up (n = 0)
‘ Discontinued intervention (n = 0)

Analyzed (n = 21)
‘ * Excluded from analysis (n = 0)

Table 1: Comparison between treated eyes and fellow eyes. Baseline characteristics of all enrolled patients and I0P
measurements at different times for eyes receiving drops and fellow eyes. p values for IOP differences between the two
groups and between eyes receiving the drop and fellow eye are also reported

60

Baseline characteristics BSS Dexmedetomidine p value

Number of patients 21 28

Mean age =+ SD (range) 60.4 + 18.2 (24-80) 64.0 + 19.8 (18-90) 0.55

Mean IOP at baseline + SD (range)
Eyes with drops 14.2 + 3.47 (9-23) 13.6 +3.58 (6-19) 0.55
Fellow eye 14.1 + 4.86 (8-23) 13.6 +3.65 (4-19) 0.71
p value 0.83 0.72

Mean IOP at 30 minutes + SD (range)
Eyes with drops 14.1 +£4.3(9-23) 124 +3.9(5-19) 0.17
Fellow eye 13.9 +5.08 (5-23) 13.4+4.2(2-19) 0.75
p value 0.74 0.17

Mean IOP at 4 hours + SD (range)
Eyes with drops 14.4 +3.20 (9-20) 12.5+3.85(6-19) 0.15
Fellow eye 15.0 + 6.36 (8-25) 14.5 +3.38(8-19) 0.82
p value 0.53 0.009*

Mean IOP at 24 hours + SD (range)
Eyes with drops 13.5 +3.64 (10-23) 12.8 +3.50(5-18) 0.57
Fellow eye 14.3 +5.22 (8-25) 133+ 2.75(7-18) 0.53
p value 0.44 0.12

*Statistical significance p < 0.05

BSS, balanced salt solution; IOP, intraocular pressure; SD, standard deviation
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Table 2: Comparison of IOP for the same eye at different follow-up times. All the values were compared to baseline IOP

Baseline 30 minutes 4 hours 24 hours
BSS
Eyes with drops 14.2 +3.47 14.1 +4.32(0.84) 14.4 +3.20(0.13) 13.5 + 3.64 (0.26)
Fellow eye 14.1 +4.86 13.9 + 5.08 (0.70) 15.0 + 6.36 (0.45) 14.3 +5.22 (0.80)
Dexmedetomidine
Eyes with drops 13.6 +3.58 12.4 +3.88 (0.001)* 12.5 +3.85(0.049)* 12.8 +3.50(0.09)
Fellow eye 13.6 + 3.65 13.4 +4.19(0.75) 14.5 + 3.38 (0.44) 13.3+2.75(0.20)

*Statistical significance p < 0.05

BSS, balanced salt solution; IOP, intraocular pressure. IOP variation at different follow-ups
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Figs 1A and B: (A) Mean IOP in mm Hg (+1 SD) progression curve using BSS over the consecutive follow-up periods; (B) Mean IOP in mm Hg (+1
SD) progression curve using dexmedetomidine eye drop over the consecutive follow-up periods. BSS, balanced salt solution; IOP, Intraocular

pressure; SD, standard deviation

Table 3: Percentage of IOP change from baseline. p values for a percentage of IOP change difference
between the two groups and between the eye receiving the drop and the fellow eye are also reported

Percentage of IOP change in % + SD

BSS Dexmedetomidine p value
30 minutes
Eyes with drops 1.1+144 9.0+124 0.05*
Fellow eye 09+ 151 1.5+ 20.1 0.90
p value 0.90 0.16
4 hours
Eyes with drops 4.7 £14.1 82+17.6 0.55
Fellow eye -86+31.8 —-34+143 0.58
p value 0.098 0.048*
24 hours
Eyes with drops 25+13.2 46+139 0.65
Fellow eye 1.0+18.8 42+226 0.67
p value 0.65 0.89

*Statistical significance p < 0.05

BSS, balanced salt solution; IOP, intraocular pressure

In our study, 30 minutes was chosen to detect an early effect of
one drop of dexmedetomidine and 4 hours represented the time at
which maximum effect was reported in the patent.”” In the patent, a
small experiment on four healthy subjects was performed, resulting
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in an IOP peak reduction of 40-44% within 2-5 hours and a 20% IOP
reduction still present 24 hours after instillation. Side effects, such
as dry mouth and sedation, were not reported for concentrations
<0.013%. The onset of action was found to be within 1 hour after
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Figs 2A and B: (A) Scatter plot comparing IOP in mm Hg at baseline to IOP at the 30-minute follow-up using BSS eye drop; (B) Scatter plot comparing
IOP in mm Hg at baseline to IOP at the 30-minute follow-up using dexmedetomidine eye drop. The X-axis represents baseline IOP and Y-axis
represents |OP at the 30-minute follow-up. Eyes on or below the cutoff line had a decrease in IOP of at least 10% and were considered a success.

BSS, balanced salt solution; IOP, intraocular pressure

instillation of the eye drop and the half-life was found to be around
2-3 hours, with a maximum effect occurring after around 5 hours.
In our study, the decrease in |IOP after one dexmedetomidine drop
peaked in the early phase after instillation with a maximum decrease
of almost 10% (Table 3 and Fig. 1). This decrease was found to be
statistically significant but it was lower than the 40% that was
described in the patent."” It is noteworthy that we used the same
concentration in our study like the one that was investigated in
the patent. Therefore, it would be possible to think that a higher
concentration of dexmedetomidine might be necessary to achieve
a stronger decrease of IOP. Another explanation could be that the
solvent used for dexmedetomidine dissolution in our study was BSS
in an attempt to produce less irritation on the eyes. The solvent and
even the pH of the solution may influence the efficacy of the drug
and itsintraocular penetration. For example, it has been shown that
by adding benzalkonium chloride as a preservative or changing the
solution pH drug penetration and efficacy could be improved.'-2

The effect of dexmedetomidine drop is evaluated in normal
patients with normal IOP and no history of glaucoma. The effect
of dexmedetomidine, or any glaucoma medication, might be more
pronounced if it were to be used on patients with an elevated
IOP.2"22 Furthermore, the study consisted only of the instillation
of one drop of dexmedetomidine rather than initiating a full
treatment. The IOP-lowering effect of dexmedetomidine eye drop
might be more pronounced if used as a chronic treatment, as all
known glaucoma drugs usually require at least 1-2 weeks before
they reach their full potency.?

The relatively short onset of action of dexmedetomidine as
shown in our results highlights its potential use to prevent IOP
spikes after laser procedures, such as selective laser trabeculoplasty,
YAG laser capsulotomy, and peripheral iridotomy. Similar results
and IOP curves were obtained in studies that reported the effects
of anti-glaucoma drugs, especially a-2 agonists, on IOP after laser
treatment.?*?’ Barnes et al., who reviewed 56 eyes of 41 patients
undergoing anterior segment laser, reported a maximum |OP
decrease of around 2.3 mm Hg up to 4 hours after instillation of
either brimonidine 0.2% or apraclonidine 1.0%.%6

No systemic side effects of the drug were reported after the
instillation of only one drop of dexmedetomidine, an observation
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that was also confirmed by the absence of any effect on the fellow
eye of patients in group Il. Our study illustrates the effect of the
instillation of only one drop of 0.0055% dexmedetomidine in
normal eyes. Further studies that include uncontrolled glaucoma
patients who are treated for longer periods of time and at
concentrations higher than 0.0055% may be in order, especially
that the patent did not show side effects at a concentration lower
than 0.013%.

In conclusion, dexmedetomidine 0.0055% is a safe drug for
topical use with no systemic or ocular side effects recorded.
It has a fast onset of action with a maximum effect occurring
before 4 hours after use and reaching a 10% decrease of IOP at
30 minutes in normal eyes without a history of glaucoma and
after only one eye drop. More studies are needed to evaluate
the effect of different solvents and concentrations, as well as
to investigate the long-term IOP lowering effect of this drug in
glaucoma patients.
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