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Purpose: The aim of this study was to investigate the effects of the glaucoma drugs
latanoprost, brimonidine, and the combination of both on the central corneal
temperature (CT) of healthy subjects by means of infrared thermography. Changes of
the central CT may reflect changes of ocular blood flow.
Methods: Before application and during 2 hours after the application of latanoprost,
brimonidine, or the combination of both in one eye, the CT in both eyes of 40 healthy
subjects was measured repeatedly.
Results: Brimonidine reduced CT by approximately 0.58C. This effect was statistically
significant (P , 0.0001). Latanoprost, however, had a very small and insignificant
influence (P ¼ 0.47). Accordingly, the combination of brimonidine and latanoprost
also reduced CT up to 0.58C, and this effect was statistically significant (P , 0.0001).
Conclusions: Brimonidine, but not latanoprost, had a significant effect on central CT.
This cooling effect of brimonidine is most probably due to a drug-induced reduction
of blood circulation in the ciliary body and iris and to a certain extent also to a
reduction of blood flow in the fundus of the eye.
Translational Relevance: This study shows evidence that thermography of the
cornea provides indirect information on the influence of drugs on the blood flow to
the anterior segment of the patient’s eye.

Introduction
Topically applied glaucoma drugs, besides reducing intraocular pressure (IOP), might have other
effects, such as changing blood flow, particularly in
the ciliary body1 or in other parts of the eye.2,3 Blood
flow in the ciliary body can be measured reliably in
experimental animals.1,4 However, for human clinical
studies, we rely on surrogates, such as corneal
temperature (CT). CT can be measured easily and
reliably in human.5–14 CT depends on many parameters, such as core and environmental temperatures.
However, an intraindividual relative short-term
change in central CT may serve as a surrogate for
changes in blood flow, particularly the blood flow in
the ciliary body. Therefore, central CT changes within
1

minutes or hours after a single application of a drug
yield indirect information about the influence of the
corresponding drug on blood flow in the anterior part
of the eye.
We tested the influence of the IOP-lowering drugs
brimonidine and latanoprost on central CT. Brimonidine is a selective alpha-2-adrenergic receptor
agonist that is up to 30-fold more selective for
alpha-2 than for alpha-1 receptors.15 After topical
installation, brimonidine reduces IOP within 1 hour,
and the peak effect occurs at 2 to 3 hours.16
Brimonidine has a dual mechanism of IOP lowering:
It reduces aqueous humor production and stimulates
aqueous humor outflow through the uveoscleral
pathway.17 It is primarily absorbed through the
cornea and conjunctiva. Upon its rapid absorption,
brimonidine is also distributed throughout the iris,
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ciliary body, vitreous body, choroid, retina, and optic
Ethical approval for the study project was
nerve.18
obtained from the local medical ethics committee,
Latanoprost is a prostaglandin F2a analogue and ‘‘Ethikkommission beider Basel/EKBB’’ (EK-Nr. 53/
a highly selective agonist of endogenous prostanoid 10), before participants were entered into the study.
FP receptors. It reduces IOP by increasing the The prospective clinical trial was registered in Clinical
uveoscleral outflow of aqueous humor.19 The early Trial Register (NCT01201551). The study was deeffect of prostaglandins on uveoscleral outflow may signed and conducted in accordance with the tenets of
be mediated by a relaxation of the ciliary muscle.20 the Declaration of Helsinki.
The main effect of latanoprost is an increase in the
gene expression of metalloproteinases, which then CT Measurements
degrade the extracellular matrix. This remodeling of
CT measurements were performed using the
the ciliary muscle leads to an increased space for contactless infrared Ocular Surface Thermographer
outflow.21,22 Latanoprost is an isopropyl ester pro- TG-1000 (Tomey Corporation, Nagoya, Japan). The
drug that becomes biologically active after hydrolysis instrument has two cameras: one for regular pictures
to the acid form during passage through the cornea. (sensitive to visible light) and one for thermography
The release from the cornea into the anterior segment (sensitive to infrared light). With the help of the
of the eye is slow.23 The maximal effect in lowering infrared light camera, the instrument quantifies
IOP is achieved within 8 to 12 hours.23
surface temperatures by measuring emitted thermal
The aim of this study was to investigate the effect energy within an electromagnetic spectrum of 8 to 17
of topical latanoprost, brimonidine, and the combilm wavelengths and a topographic resolution of 240
nation of both latanoprost and brimonidine on
3 320. The outcome is then presented in the form of
central CT of healthy subjects, by means of infrared
false-color images. All CT measurements were perthermography. Changes in CT could potentially serve
formed under a constant room temperature of 248C
as an indicator of changes in blood flow.
and a humidity of 50%. The examination room had
no windows, and the door was kept closed to avoid
Methods
air flow.24 The room was illuminated with neon light.
The subjects first rested for 10 minutes in the
Study Participants
examination room in order to adapt to the environment. At the start of each recording session, the
Forty healthy subjects, 20 men and 20 women aged
subjects were asked to blink normally, then to keep
between 19 and 47 years, were recruited in public
both eyes closed for about 5 seconds. For the
places and included in this study in the Department of
recordings, the subjects were asked to put their chin
Ophthalmology of the University of Basel, Switzeron the chin rest, to look at the fixation target, and to
land. After explanation of the nature and possible
consequences of the study, written informed consent try to keep their eyes open widely for 10 seconds. The
was obtained from all subjects before admission to the pupils were not dilated. The eye drops have been
stored in a refrigerator at the temperature of
study.
The inclusion criteria were as follows: normal approximately þ48C. One hour before they were
findings in a routine ophthalmological examination, applied to the individual subjects, we took them out
including slit-lamp examination and fundoscopy, a of the refrigerator and stored them at room temperrefractive error between þ3.0 and 3.0 diopters of ature.
spherical equivalent, corrected visual acuity of 0.8 or
higher, IOP not higher than 21 mm Hg, and blood
pressure (BP) not higher than 140 mm Hg systolic and
90 mm Hg diastolic. The exclusion criteria were as
follows: chronic or current systemic or ocular disease
(including dry eyes), medication use (except contraceptives), pregnancy or lactation, recreational drug
consumption, alcohol abuse, and allergy against
latanoprost or brimonidine. Subjects were asked to
refrain from alcohol and caffeine for at least 12 hours
before the trial measurements.
2

Study Plan
The CT measurements took place during four
visits within two consecutive weeks: Visits 1 and 2
took place during two consecutive days of the first
study week (week 1), and visits 3 and 4 during two
consecutive days of the second study week (week 2).
The visits and readings always took place at the same
time of day because ocular surface temperature has
been shown to vary throughout the day.25
Each visit consisted of seven central CT recording
TVST j 2019 j Vol. 8 j No. 3 j Article 47
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Data Recording and Data Processing

Figure 1.

Study plan. Right, the right eye; left, the left eye.

sessions. First, two baseline recording sessions (15
minutes apart) took place. Then eye drops were
applied:








At visit 1, one drop of latanoprost was applied in
the right eye and one drop of 0.9% NaCl in the
left eye;
at visit 2, one drop of latanoprost and one drop
of brimonidine (45 minutes apart) were applied in
the right eye, and two drops of 0.9% NaCl (45
minutes apart) were applied in the left eye;
at visit 3, one drop of 0.9% NaCl was applied in
the right eye, and one drop of brimonidine in the
left eye;
at visit 4, two drops of 0.9% NaCl were applied in
the right eye (45 minutes apart), and one drop of
brimonidine and one drop of latanoprost were
applied (45 minutes apart) in the left eye.

The examiner, but not the patient, knew which drop
was a drug and which was just 0.9% NaCl.
The central CT measurements of both eyes took
place twice before application of the eye drops, and
15, 30, 60, 90, and 120 minutes after the last drug
application. In total, 28 recording sessions took place
for each eye, and 80 eyes were investigated.
IOP was measured twice during each visit: before
the first CT measurement and 105 minutes after
application of the eye drops. BP was also measured
twice during each visit: before the first CT measurement and 45 minutes after application of the eye
drops. The study plan is depicted in Figure 1.
3

The basic methods for data recording and processing have already been described in another recent
publication.26 The most important aspects are repeated here.
One recording session (lasting 10 seconds) consisted of 21 repeated measurements with time intervals of
0.5 seconds. The central CT values were then exported
as a comma-separated value (CSV) file. This export
tool, which stores individual temperature readings in
a suitable data format, was not implemented by the
device; it was provided by the manufacturer on
request.
The Ocular Surface Thermographer TG-1000
quantifies the temperature of the eye and its
surroundings. In this study, we focused on the central
cornea. The test grid was slightly but constantly
shifted toward the lower part of the cornea to avoid
the unwanted influence of the upper lid. All CSV files
were arranged in 21 rectangular blocks, each with 320
3 240 pixels corresponding to the visual display on the
device screen. For further evaluations, data were
imported into the statistical software R. We focused
on 7 3 4 ¼ 28 equidistant test locations, each
representing the mean of nine neighboring pixels.
The grid constant (the distance between adjacent test
locations) was 20 pixels, corresponding to approximately 1.8 mm on the cornea. The chosen field of
interest covered a region only marginally affected by
the eyebrows and eyelids. Because the CSV files do
not take the eye side into account, the coordinates of
the left eyes had to be turned around the vertical axis.
In order to achieve stable values unaffected by
blinking and brow artifacts, the median of each test
location (CTm) was calculated across the 21 repetitions. Finally, the CTms of the 28 test locations of
each eye were used for further statistical evaluations.

Statistical Analysis
The basic methods for evaluating and processing
row data have already been described in another
recent publication.26 To simplify calculations, the
median of the CTm values across the 28 test locations
was calculated for each subject and timepoint (CTM).
In order to analyze the influence of medication on
the time course of CTM, linear mixed-effect models
were performed. Mixed-effect models are suitable for
modeling repeated measures data. The results are
presented as differences in relation to the baseline.
Accordingly, the calculation of P-values is also based
on the comparison of drug effects in relation to the
TVST j 2019 j Vol. 8 j No. 3 j Article 47
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Figure 3. Effect of latanoprost on CT. Y-axis, mean change from
baseline (8C); balks, SEM.
Figure 2. Effects of one drop and two drops of 0.9% NaCl on CT.
X-axis, time in minutes; Y-axis, mean change from baseline (8C);
balks, SEM.

baseline. Additionally, the time courses of CTM are
displayed as line plots with error bars.
In order to assess the association of IOP change
from baseline and CTM change from baseline, a
linear mixed-effect model was applied. In addition,
the association was visualized with a scattergram.
A P-value of ,0.05 was considered significant. All
evaluations were conducted using the statistical
software R version 3.2.1.27

Results
Effect of 0.9% NaCl on CT
Treatment with 0.9% NaCl had a statistically
insignificant influence on central CT (P ¼ 0.10),
whether it was given once or twice (45 minutes apart)
(Fig. 2).

Effect of Brimonidine on CT
Brimonidine induced a significant (P , 0.0001)
and rather consistent reduction of central CT. During
the 2 hours of observation, the effect was maximal at
around 1 hour after drug application (shown in Fig.
4).

Comparison of the Effect of Latanoprost,
Brimonidine, and the Combination of Both
on CT
We compared the pooled data of latanoprost, of
brimonidine, and of the combination of both.
Treatment with latanoprost had no significant influence on central CT, whereas both brimonidine alone
and the combination of latanoprost and brimonidine
cooled the central cornea by approximately 0.58C (P
, 0.0001) (Fig. 5).

Effect of Latanoprost on CT

Effect of the Sequence of the Application of
the Combination of Latanoprost and
Brimonidine on CT

Latanoprost had nearly no effect on central CT (P
¼ 0.4718); see Figure 3.

The effect of the sequence of the drug application
is presented in Figure 6. The difference in the time

4
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Figure 4. Effect of brimonidine on CT. Y-axis, mean change from
baseline (8C); balks, SEM.

Figure 6. Effect of the sequence of the application of the
combination of latanoprost and brimonidine on CT. Y-axis, mean
change from baseline (8C); balks, SEM.

course can be explained by the 45-minute interval
between application of the two drugs.

Effect of Latanoprost and Brimonidine on
IOP
One hundred five minutes after the application of a
single drop of latanoprost or brimonidine, the IOP
decreased by 1.00 and 1.98 mm Hg, respectively.
These effects were significantly different (P ¼ 0.0334).

Relationship Between CT Changes and IOP
Changes
After pooling all treatment effects together,
changes in central CT correlated positively and
significantly (P ¼ 0.0053) with changes in IOP (Fig.
7), but the slope of the regression line is very flat,
indicating a very weak influence.

Effect of Latanoprost and Brimonidine on BP

Figure 5. Effects of latanoprost, brimonidine, and the
combination of both on CT. Y-axis, mean change from baseline
(8C); balks, SEM.

5

Forty-five minutes after the application of a single
drop of latanoprost or brimonidine, the systolic BP
decreased by 4.49 and 4.51 mm Hg, respectively, and
the diastolic BP by 0.97 and 2.10 mm Hg, respectively.
Neither the effects on systolic BP nor on diastolic BP
TVST j 2019 j Vol. 8 j No. 3 j Article 47
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Figure 7. Relationship between CT and IOP changes. The decrease of CT correlates positively with the decrease of IOP. X-axis, Delta IOP
(mm Hg); Y-axis, Delta CT (8C).

were significantly different (P ¼ 0.9866 and P ¼
The published effects of latanoprost on OBF are
0.3206, respectively).
also heterogeneous. Whereas some authors have
found a neutral effect on OBF in healthy subjects33
and in patients with primary open-angle glaucoDiscussion
ma,28,34–37 others have described an increase of OBF
38
and in patients with primary
The present study demonstrates that brimonidine, in heathy volunteers 33,39
In ex vivo studies, latanoopen-angle
glaucoma.
but not latanoprost, reduced central CT significantly.
vasoconstricAccordingly, the combination of brimonidine and prost reduced the endothelin-induced
40
and
in in vivo
tion
of
isolated
rabbit
ciliary
arteries
latanoprost also reduced central CT. As the cornea
studies
with
rabbits,
latanoprost
mitigated
the
endohas no blood vessels, its central temperature depends
thelin-induced
reduction
of
optic
nerve
head
blood
mainly on heat conduction and convection by the
40
aqueous humor. Short-term changes of the central flow. Latanoprost has also been observed to
of blood flow in the choroid
CT, under otherwise constant conditions, are there- improve the regulation
41
fore mainly influenced by changes of blood flow in the of healthy subjects.
As we applied IOP-lowering drugs, the question
ciliary body and the iris, and to some extent in the
arises
as to whether the induced changes in blood flow
back of the eye. The temperature of the peripheral
may
be
a secondary to the IOP drop, rather than a
cornea is additionally influenced by the blood flow in
the perilimbal vessels. This study does not allow any direct pharmacological effect. The effect on CT is
conclusion on to what extent blood flow in particular unlikely due to IOP changes for two reasons: First,
the IOP reduction (measured approximately 2 hours
parts of the eye is influenced by brimonidine.
The effects of glaucoma drugs such as brimonidine after drug application) was stronger after brimonidine
and latanoprost on ocular blood flow (OBF) are only than after latanoprost treatment; therefore, we would
partly known and may depend not only on the species rather expect a higher CT after brimonidine treatment
but also on the tissues in the eye, such as the ciliary than after latanoprost treatment. Second, when we
pooled all treatment effects together, delta central CT
body, retina, or choroid.
After application of brimonidine, reduced blood correlated positively with delta IOP. In other words, a
flow in the choroid was observed by Weigert et al.3 reduction of IOP was associated with a very slight
and in the ciliary body by Reitsamer et al.1 These cooling of the cornea, whereas we would expect a
findings are in accordance with our findings. Howev- warming due to an increase in blood flow at a lower
er, other authors found no significant effect on OBF, IOP.
Theoretically, the effect of brimonidine on CT
particularly at the back of the eye in glaucoma
patients.28–32
could also partly be due to BP changes. However, the
6
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BP changes were very small and similar in all
treatment events, and therefore a relevant effect of
BP on CT can be excluded.
Taken together, we can assume that brimonidine
has an IOP- and BP-independent direct effect on
blood flow.
We measured the temperature of the nonvascularized center of the cornea. It can be assumed that this
temperature is mainly influenced by the blood flow in
the ciliary body and iris, and to a lesser extent by
blood flow in the conjunctiva and at the back of the
eye.42
In our trial, brimonidine had a stronger IOPlowering effect than latanoprost. While this appears
to be inconsistent with previous studies,43 it can be
explained by the fact that we measured the IOP
approximately 2 hours after the drug application. At
this time point brimonidine has almost its peak
effect,16 while the peak effect of latanoprost is only
about 8 to 12 hours after drug application.23
Our study has some limitations: (1) We have
compared eye drops, as they are on the market, with
0.9% NaCl. It cannot be completely ruled out that the
galenics of the eye drops may also play a role. (2) The
ambient temperature can influence the CT. For this
reason, the volunteers had to adapt in the examination room for 10 minutes before starting the
experiment. However, we cannot rule out the
possibility that this adaptation time was too short.
Overall, we provided evidence that brimonidine,
but not latanoprost, reduced central CT. This cooling
effect is most probably due to a decrease in blood
flow, particularly in the ciliary body.
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