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ABSTRACT

Background Patients with glaucoma on topical
glaucoma medication are often affected by dry eye
symptoms and thus likely to rub or squeeze their eyelids.
Here, we telemetrically measure peak intraocular
pressure (IOP) during eyelid manoeuvres and eyelid
rubbing.

Methods Eleven patients with primary open-angle
glaucoma (POAG) previously implanted with a telemetric
IOP sensor (Eyemate-10) were instructed to look straight
ahead for 1 min as a baseline measurement. Next, 6
repeats of blinking on instruction with 10 s intervals

in between were performed. In addition, 5 repeats of
eyelid closure (n=9), eyelid squeezing and eyelid rubbing
(n=7) were performed with 15 s intervals in between.
IOP was recorded via an external antenna placed around
the study eye. Average peak IOP increases from baseline
were analysed and tested against zero (no change) with
one-sample t-tests.

Results For eyelid rubbing, the average peak A I10P
increase (mean+SEM) was 59.1+9.6 mm Hg (p<0.001)
from baseline. It was 42.2+5.8 mm Hg (p<0.0001)

for eyelid squeezing, 3.8+0.6 mm Hg (n=9, p<0.01)

for eyelid closure and 11.6+2.4 mm Hg (p<0.001) for
voluntary blinking. No IOP change except for a short
irregularity in the ocular pulse was observed during
involuntary blinking.

Conclusion Eyelid manoeuvres in patients with POAG
elicited brief increases in 10P that were particularly large
with squeezing and rubbing. Further investigation of
the potential implications for glaucoma progression is
warranted.

INTRODUCTION

The only modifiable risk factor for the treatment
of glaucoma is intraocular pressure (IOP)." The
gold standard to measure IOP is by infrequent and
brief measurements with Goldmann Applanation
Tonometry (GAT).> However, GAT is prone to
measurement errors,” and therefore less than ideal
to accurately study the physiological variations of
10p**

The infrequent measurements are in particular
inadequate to study short-term IOP variations on a
time scale of less than a second, including the ocular
pulse, blinking and eye movements.” In addition, it
is not possible to measure IOP conventionally with
closed eyes, and eyelid movements are also likely to
affect the readout.® Hence, conventional methods

.2 Vincenzo Pennisi,' Kaweh Mansouri,>*

8 Lars Choritz!

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Data on short-term intraocular pressure (IOP)
fluctuations during eyelid manoeuvres in
humans are very limited.

WHAT THIS STUDY ADDS

= This is the first study to present continual IOP
readings during eyelid manoeuvres in patients
with glaucoma.

= Eyelid squeezing and moderate eyelid rubbing
temporarily increased 10P by over 40, voluntary
blinks by 12, eyelid closure by 4 mm Hg.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= As eyelid blinking, squeezing and rubbing occur
throughout the day, frequently in response to
prolonged use of eye drops, the presence of
short-term pressure fluctuations during these
manoeuvres as observed in the present study
may be relevant in diseases such as glaucoma.

are not suitable to study IOP variations due to
blinking, eyelid closure, squeezing and rubbing.

Consequently, there is not much previous litera-
ture about short-term IOP fluctuations in humans
or their relevance to glaucoma. The most detailed
investigations of short-term IOP spikes have
been performed in non-human primates using an
implantable wireless telemetry system.”'? Eyelid
blinks induced IOP spikes of several mm Hg in
rhesus macaques. Turner et al also reported impres-
sive IOP increases up to 310 mm Hg due to eye
rubbing in these monkeys.'* The same study group
found that small transient IOP fluctuations even
appear to exhibit a cyclic pattern over several
weeks, which has been hypothesised to be induced
by hormonal changes."

Previous attempts to measure IOP during
eyelid movements in humans include the work of
Coleman and Trockel,® who measured IOP mano-
metrically in a cannulated eye just before enucle-
ation surgery. They registered increases of about 6
mm Hg during instructed eyelid closure, and off-
scale values during squeezing (exceeding 70 mm
Hg). More recently, telemetric measurements with
the help of a contact lens sensor (CLS) have shown
distinct spikes in the readout during blinking, that
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Table 1 Patient characteristics
Fellow eye

Characteristic Study eye (n=11) (n=11)
Age (years) 7245
Gender Male 6 (55)

Female 5 (45)
Glaucoma stage™ Early 8 (73) 11 (100)

Moderate 2(18) -

Severe 19 -
Sensor in the right eye 8(73) 3(27)
BCVA (ETDRS letter score) 83 (79, 86) 82+4
MD (dB) -3 (-6,-1) —2+2
VFI (dB) 95 (90, 99) 97 (92,99)
PSD (dB) 2.5(1.5-6.5) 2.0(1.7-3.9)
CCT (pm) 568+49 566+44
Glaucoma surgeriest 0 9(82) 9(82)

1 1(9) 2(18)

2 1(9) -
Glaucoma medicationsf 0 4 (36) 3(27)

1 1(9) 2(18)

2 3(27) 3(27)

3 3(27) 3(27)

Normal distributed continuous data presented as mean=SD, non-normal distributed
data presented as median (IQR) and counts presented as number (%).

*One female patient of 77 years was staged with severe glaucoma in the study eye
(BCVA=58, MD=-21.46 and PSD=13.23 dB, left eye). Two patients were staged with
moderate glaucoma in the study eye, one male of 78 years (BCVA=88, MD=-10.29,
PSD=8.81, left eye) and one female of 76 years (BCVA=86, MD=-6.98, PSD=6.4,
right eye). The other eight patients were staged with mild glaucoma in the study
eye.

tOne patient had previously undergone selective laser treatment in the study eye.
Another patient had trabeculectomy and selective laser trabeculoplasty in the

study eye. The filtering bleb in the latter patient was not functional (being flat and
scarred), and pressure-lowering medication was necessary at the time.

tFour patients did not use medication at the time of experiments. Lack of
compliance was the main reason for not using antiglaucomatous medication in two
patients. In two other patients, I0OP stabilised within an acceptable range without
medication after cataract surgery with implantation of the Eyemate IOP sensor.
BCVA, best-corrected visual acuity (using ETDRS letters); CCT, central corneal
thickness; MD, mean defect in visual field; PSD, visual field—pattern SD; VFI, visual
field index (Humphrey Field Analyzer IIl).

may, however, not fully reflect IOP increases due to the working
principle of the CLS.*

As short-term pressure fluctuations such as eyelid blinking
and rubbing occur throughout the day, the presence of such high
IOP amplitudes might be relevant in diseases such as glaucoma.
In the current study, we investigated IOP fluctuations during
eyelid blinking, careful eyelid closure, eyelid squeezing and
eyelid rubbing using a novel telemetric implantable IOP sensor
approved for use in humans (Eyemate-10) in a group of patients
with primary open-angle glaucoma (POAG).

METHODS

Methods parts Telemetric IOP measurements, Participants, Proce-
dures and table 1 are as per van den Bosch et al”® and repeated
below for clarity.

Telemetric IOP measurements

The present study is a follow-up study to the ARGOS-02 study,
which assessed the safety and performance of a novel, telemetric
IOP sensor (Eyemate-IO, Implandata Ophthalmic Products,
Hannover, Germany) that was implanted in the ciliary sulcus at

the time of cataract surgery in patients with POAG. The system
has received CE certification. A detailed description of the study
and validation of IOP readings are given elsewhere.'® In brief,
the Eyemate-10 system comprises a pressure sensor and a hand-
held reader device. In the present study, continuous communica-
tion between sensor and reader device was established by means
of an external antenna attached to the reader and placed around
the patient’s sensor eye, not touching the eyelids. A figure of the
antenna placement around the eye has been published by Al-No-
sairy et al."” In this configuration, data acquisition was possible
for a maximum of 2 hours at a sampling rate of approximately
9 Hz.

The current study was conducted at the Department of
Ophthalmology of Magdeburg University Hospitals.

Participants

Participants were a subset of the 22 patients with POAG orig-
inally implanted with the IOP sensor during the ARGOS-02
study at least 3 years ago, with relatively strict inclusion and
exclusion criteria.'® Eleven patients were willing and able to take
part in the present study.

Inclusion criteria

1. Mentally competent and willing to provide written informed
consent.

2. Male or female aged 50-85 years.

3. Functional Eyemate-1O sensor.

Exclusion criteria

1. Non-functioning Eyemate-10 sensor.

2. Severe general diseases which make the participation in most
of the examinations impossible in the investigator’s opinion.

3. Ocular diseases, which preclude comparative conventional
IOP measurements (eg, corneal ulcer, corneal scar, keratoco-
nus, severe irregular astigmatism).

4. Paralysis of the outer ocular and eyelid muscles, which pre-
clude the IOP measurements in different viewing conditions.

All 11 patients (aged 61-78 years; 5 female), who were diag-

nosed with POAG for up to 34 years, were eligible and thus

included in the present study. The Eyemate-IO system was func-

tional in all patients and calibrated to within 2mm Hg of GAT

measurements. Data on demographics and other patient details

are given in table 1. Individual biometrical data are provided in

online supplemental table 1. There were no other eye diseases

apart from POAG.

Procedures

All patients underwent a comprehensive ophthalmological exam
prior to study procedures, including best-corrected visual acuity
(BCVA) by ETDRS letter charts, visual fields (Humphrey Field
Analyzer III), corneal pachymetry, slit-lamp biomicroscopy and
funduscopy. Glaucoma was staged according to the Hodapp
classification.?

Experimental procedure

Patients were seated in front of a tangent wall (Tangententafel
nach Harms, Heuser Medizintechnik, Germany) with a fixation
target at 1.29 m height, at a distance of 2.50 m, in a standard
chin rest with a head strap and the centre of the wall (primary
position) at eye height. One investigator instructed the patients
to perform specific eyelid movements, while a second investi-
gator video-recorded the experiment and reminded patients to
maintain a stable head position throughout the experiment.
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Table 2 Procedure of eyelid manoeuvres

Time

Eyelid manoeuvre Intervention Baseline Repeats Instruction

Instructed blinking  Punctual 10s 6 Brief but without
squeezing

Closure 10s 15s 5 Without force

Squeezing 5s 155 5 Maximum force

Rubbing 3s 15s 5 Normal intensity and hand

position

Overview of performed eyelid manoeuvres, the timing of the experimental
procedures, number of repeats and the instruction given to the patients.

The present study started with an initial baseline recording
in primary position lasting 1 min, during which patients’ invol-
untary blinks were recorded. Next, patients were instructed to
perform and repeat eyelid movements as indicated in table 2 and
elaborated below.

To mark the start of each experiment, patients started with
a brief eyelid squeeze. Between each repeat, patients returned
their gaze to the primary position as a baseline measurement for
10 or 15s depending on the eyelid manoeuvre. For instructed
blinking, patients maintained in primary position with a base-
line measurement of 10 s between each blink. Patients were
instructed to blink shortly but without force for a total of 6
times. The other eyelid manoeuvres were repeated 5 times. For
eyelid closure, patients closed their eyes carefully on instruction
and kept them closed (10 s), with a baseline period in between
each eyelid closure (15 s). For eyelid squeezing, patients squeezed
the eyelids with maximum force (5 s) with a baseline period in
between each eyelid squeeze (15 s). Patients were coached to
squeeze their eyelids as much as possible during each manoeuvre
of 5 s. For eyelid rubbing, patients rubbed the eyelid of the sensor
eye (3 s) with a baseline period in between each eyelid rub (15 s).
Patients were instructed to place their hand in such a way as they
would normally do and to rub with normal intensity. In prac-
tice, rubbing had to be performed with caution in some cases in
order to not displace the antenna around the eyelid. During the
baseline period of eyelid rubbing, patients rested their elbow on
a table and/or cushion if needed, and placed their hand several
cm away from the eyelid.

Missing and excluded measurements

Two patients (patient numbers 4 and 10) did not perform eyelid
closure. Patient 9 had missing measurements during peak IOP
for eyelid squeezing and rubbing. Four patients did not do eyelid
rubbing (1, 4, 7 and 10), and in 2 patients (2 and 9) missing
measurements occurred during peak IOR potentially due to
exceeding the measurement range of the sensor (absolute record-
able pressure range 800-1150 hPa, corresponding to approxi-
mately 120 mm Hg at normal atmospheric pressure).

Data analysis and statistics

For each eyelid manoeuvre, peak A IOP was calculated by
subtracting the mean IOP during the preceding baseline period
from the maximum IOP value during the eyelid manoeuvre. The
eyelid manoeuvres were repeated 5 to 6 times to minimise the
effect of artefacts such as irregular breathing and small body
movements. The average peak A IOP was used for statistical
analysis. Data were assessed for normality. One-sample t-tests
of the A-values compared with a test value zero were performed
and a Bonferroni-Holm correction for multiple testing was

applied.'® The statistical analysis was performed using Jupy-
terLab (V.3.0.11).

RESULTS

Data on patient characteristics are shown in table 1. In total,
11 patients took part, of which, however, only 9 performed the
manoeuvre of eyelid closure and 7 of eyelid rubbing. Example
IOP recordings in one test subject are shown in figure 1. Calcu-
lations on group data are depicted in figure 2.

For eyelid rubbing, average peak A IOP (ie, peak increase over
baseline) (mean=SD) was 59.1+9.6 mm Hg (p<0.001, corrected
as well as uncorrected). For eyelid squeezing, average peak A IOP
was 42.2+5.8 mm Hg (p<0.0001 and p<0.001 Bonferroni-
Holm corrected). For eyelid closure, average initial peak A IOP
was 3.820.6 mm Hg (p<0.001 and p<0.01 Bonferroni-Holm
corrected), followed by the previously reported decrease in IOP.
For instructed blinking, average peak A IOP (mean=SD) was
11.6+2.4 mm Hg (p<0.001, corrected as well as uncorrected).
No IOP change was visually observed for involuntary blinking
except for irregularities in the ocular pulse, and therefore left
out of the quantitative analysis.

DISCUSSION

Summary

This is the first study that provides continual IOP readings
during eyelid manoeuvres in patients with glaucoma. Both eyelid
squeezing and moderate eyelid rubbing elicited IOP increases
that exceeded 40 mm Hg above baseline. While voluntary blinks
elicited brief increases of 12 mm Hg, we observed peaks of
only 4 mm Hg during the act of eyelid closure, which was then
followed by a decrease in IOP compared with baseline.

Addition to previous investigations

Rubbing

Our results show temporary IOP elevations during eyelid
rubbing of approximately 60 mm Hg over baseline. While these
values are not as high as those previously reported by Turner
et al,'”* who measured IOP increases of up to 310 mm Hg in
rhesus macaques, our data confirm that eyelid rubbing leads to
substantial IOP increases, that may potentially be detrimental,
especially in patients with glaucoma. Notably, in monkeys the
rubbing action was elicited with an ophthalmic ointment suffi-
cient to blur vision. The highest IOPs were observed when the
back of the hand or wrist was used. We did not use ophthalmic
ointments and for safety reasons deliberately instructed patients
with glaucoma to rub cautiously and to avoid values that would
exceed normal situations. Thus, lower values are to be expected
in the present study. Also, the placement of the antenna did not
allow patients to use a large area of the backhand or wrist. In
addition, as at least two patients had missing measurements
during the expected IOP peaks, we assume that the highest IOP
values were not captured in those patients due to the limitations
in the measurement range of the sensor. These data may be rele-
vant to glaucoma treatment as it is possible that the burning
sensation reported by many patients with glaucoma on instil-
lation of topical glaucoma medications may cause them to rub
their eyes more vigorously than in the present study.

Squeezing

Similar to eyelid rubbing, many patients with glaucoma react to
eye drops by briefly squeezing their eyelids shut. In our exper-
iments, we saw an average increase of IOP by 42 mm Hg over
baseline during eyelid squeezing, which is similar in range to

van den Bosch JJON, et al. Br J Ophthalmol 2023;107:1425-1431. doi:10.1136/bjophthalmol-2021-320508 1427
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Figure 1  Example intraocular pressure (IOP) timeseries during all eyelid manoeuvres. Timeseries of 0P recordings for one representative test
patient (number 5) for the performed eyelid manoeuvres. Panel (A) depicts an I0P recording while the patient looks straight ahead for 1 min without
further instruction. Arrows depict the blinks recorded on video. No IOP changes apart from irregularities in the ocular pulse were observed on visual
inspection. This is clearer in the extra panel in the upper right with an enlarged selected 0P trace of 15 s that covers two involuntary blinks. The
ocular pulse is interrupted slightly before the registered blinks in this example, possibly due to a slight difference in time synchronisation, but no clear
IOP drops or peaks can be identified. Panel (B) depicts IOP changes on 6 times of blinking on instruction (every 10 s). Arrows depict the moments of
a blink registered during each instruction except for the last two arrows. Instead, an enlarged 15 s IOP trace in the extra panel is shown, covering the
last two voluntary blinks. Panel (C) depicts IOP changes on two of a total of five repeats of eyelid closure. The bar depicts the period during which
the eyelids were closed the first time (10 s). The second repeat of eyelid closure is not indicated with a bar. Instead, the extra panel with the enlarged
15 s I0P trace covers the I0P changes occurring during the second eyelid closure. A peak on closing the eyes can be observed followed by a gradual
drop in IOP. Panel (D) depicts IOP changes on two of a total of five repeats of eyelid squeezing. Bars depict the period during which the eyelids were
squeezed (5 s). Panel (E) depicts IOP changes on three of a total of five repeats of eyelid rubbing. Bars depict the period during which eyelid rubbing
was performed (3 s).
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Figure 2 Average peak intraocular pressure (IOP) for the tested
eyelid manoeuvres. Eyelid manoeuvres are depicted on the x-axis, IOP
values (mm Hg) on the y-axis. Box plots indicate the median (line) and
the mean (interrupted line) of the average A-peak 10P values over

test participants (instructed eyelid blinking: n=11, eyelid closure: n=9,
eyelid squeezing: n=11, eyelid rubbing: n=7), lower and upper quartile
values (box) and data range (whiskers). Individual data points are also
indicated in the figure (grey dots). Peak 0P values were compared with
a preceding 5 s baseline period. Although generally higher IOP values
were observed throughout the time course in all conditions, IOP tended
to drop during eyelid closure directly after the initial IOP peak related to
the act of closing the eyelids (see figure 1), which entered the analysis
of the present figure. All conditions were significantly different from a
baseline of zero (eyelid closure: p<0.01, all other conditions: p<0.001,
Bonferroni-Holm corrected, see ‘Results’ section).

IOP values reported by Miller et al. Using a scleral contact lens/
balloon combination, they indirectly estimated an average IOP
increase of 54 mm Hg in 10 healthy volunteers."” Coleman
and Trockel® reported increases of 90 mm Hg during eyelid
squeezing in a single young patient during intracameral measure-
ments prior to enucleation of the eye. While they took great care
to avoid measurement artefacts due to movement of the cannula
probing the eye, the difference in method as well as the nature
of the eye disease and the youth of the patient may account for
the larger IOP difference in their experiment.

Eyelid closure

Coleman and Trockel® reported increases around 6 mm Hg
during eyelid closure. We have observed before, however, that
careful eyelid closure initially increases IOP on shutting the eyes,
followed by a more prolonged IOP decrease, which can occur
after a few seconds.” We believe that the initial peak in IOP
is due to the deliberate and thus potentially slightly ‘forceful’
eyelid closure, while the sustained decrease in IOP below base-
line occurs on subsequent relaxation of the eyelid muscles (see
also van den Bosch et al'%). The difference in IOP readings
during deliberate and involuntary blinking seems to support this
notion, as we only see IOP increases during the former, but not
the latter. We further suspect that the sustained decrease in IOP
on eyelid is due to a relief in pressure on top of the eye globe

caused by the retracted position of the upper eyelid during open
eyes. This remains speculative, however, until more detailed
MRI-based anatomical studies can be performed that estimate
volume, pressure and rigidity of the eyelids in different positions
and include volume and turgor of the orbital tissues as well as
changes in the position of the eye globe during eyelid move-
ments. In our study presented here, we instructed patients to
carefully close their eyes and keep them closed without force
to most closely mimic closed eyes during sleep and distinguish
eyelid closure from squeezing.

Eyelid blinking

Although we could sometimes observe an interruption in the
ocular pulse pattern within the IOP trace during the video
recorded involuntary blinks, we did not find statistically signif-
icant or biologically meaningful IOP differences during invol-
untary blinks. This is in contrast to Gisler et al,"* who observed
distinct readout spikes during involuntary blinks and even used
these to determine the circadian blink rate in over 200 patients.
Their contact lens sensor, however, is placed on the cornea and
may therefore be prone to mechanical deformation directly by
eyelid movement and thus potentially cause an increased readout
value without corresponding increase in IOR!* 2

Conversely, the relatively low sampling rate of 9.2 Hz of the
intraocular sensor in our study cannot fully capture IOP fluctu-
ations on a millisecond scale. The sensor also does not measure
fully continuously, but rather integrates the pressure signal for
only 20 ms every 100 ms, thus potentially missing a substan-
tial part of any pressure fluctuations on very short time scales.
Thus, we were likely limited in involuntary blink detection by
the relatively low temporal resolution of the measuring device.
This notion is supported by the results of Turner et al, who
found IOP spikes due to blinking of 2-11 mm Hg in three rhesus
macaques.'® Their measurement device works at a sampling
rate of 500 Hz and therefore is far more likely to capture even
extremely brief eyelid motions and blinks. Similarly, Miller,"
who used an analogue setup for truly continuous measurements,
found average peak IOPs of 7 mm Hg for light-stimulated blinks
and 11 mm Hg for touch-stimulated and sound-stimulated
blinks. Flower et al'' reported about 5 mm Hg increase in a
single rhesus macaque case study. Lastly, another possibility why
the present study did not register IOP spikes during involuntary
blinks may be due to viscoelastic damping of the IOP transient
by the implant coating.

Deliberate voluntary blinking in contrast did induce IOP
increases in the present study at values (12 mm Hg) comparable
to the case studies by Coleman and Trockel (5-10 mm Hg) and
by Miller (13 mm Hg).® " The voluntary blinks in the present
study might have been performed with slightly more force than
in Coleman and Trockel to explain our slightly higher observed
IOP increases.

Implications

In the present study, we observed brief, but substantial increases
during eyelid squeezing and rubbing. It is currently unknown,
however, whether these IOP changes are clinically relevant.
Eyelid rubbing-induced glaucoma has been suggested before.*' #
Also, one study observed that a group of healthy participants
who performed eyelid squeezing had lower IOP shortly after the
manoeuvre compared with a group of normotensive volunteers
with a positive glaucoma family history. The difference was even
greater compared with a group of ocular hypertensives, and a
group of patients with glaucoma, respectively.”® Transient IOP
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fluctuations have only been correlated with visual field progres-
sion of glaucoma using the Triggerfish contact lens sensor. As
it is assumed that the transient volume changes measured by
the contact lens sensor are related to IOP, De Moraes et al was
able to model the effect of specific components of transient
IOP fluctuations on visual field progression in patients with
POAG. Interestingly, the more prominent fluctuation peaks
while patients were awake, were associated with faster visual
field progression in patients with POAG.** Hence, it might be
of importance to advise patients with glaucoma to avoid eyelid
squeezing and rubbing. In addition, patients with glaucoma with
itchy eyes (ie, allergies, dry eyes) might have a greater risk to
progress. Of note, 52.6% of 20506 patients with glaucoma in
Germany suffered from dry eyes, most likely from the chronic
use of topical glaucoma medication.” Both a greater number of
glaucoma medications and longer duration of glaucoma disease
increased the reported prevalence of dry eyes in the glaucoma
group. In addition, significantly more local symptoms (mainly
foreign body sensation and red eyes) were reported in patients
with glaucoma with dry eyes compared with patients with glau-
coma without dry eyes (11-12 times more frequent). We infer
that patients with glaucoma with dry eyes might squeeze or rub
more often, consequently causing more frequent IOP increases.

Limitations

A major limitation to our study is due to the low number of
participants with the telemetric IOP sensor Eyemate-1O, the
small but heterogeneous patient group on various different
treatment regimens. Future studies should include other, larger
patient groups and ideally healthy volunteers.

Furthermore, the applied force of eyelid manoeuvres remains
problematic to standardise. An MRI study that investigates the
amount of tissue mass and the shape of the eyeball during the
manoeuvres may provide more insight in how the applied eyelid
force relates to mechanical stress and IOP variations.

Of note, as almost half of our patient group used prostaglandin
analogous on a daily basis, some may suffer from prostaglandin-
associated periorbitopathy (PAP), a condition that includes
sulcus deepening, eyelid tightening and periorbital fat loss.**2
Individual prostaglandin analogue usage is provided in online
supplemental table 2. PAP appears to be a common finding
in patients with glaucoma.”® The associated tight eyelids may
elevate IOP, as one study suggested that a ‘tight eyelid syndrome’
may lead to high IOP and progressive visual field loss despite
maximal treatment.”’ Unfortunately, we did not assess PAP in
the present study, nor the possible effects of PAP on IOP in a
systematic fashion, as there is currently no generally accepted
method of quantifying the condition. Retrospectively, two of the
patients on prostaglandin analogues showed clear sulcus deep-
ening (patients 1 and 8). Patient 1 showed very moderate IOP
increases during the eyelid experiments, but showed greater IOP
excursions during gaze experiments in a previous study.' Patient
8 showed high peak IOP values during the present experiments.
More research is needed to elucidate the effect of PAP on IOP.

In addition, it is possible that mechanical aspects and position
of the Eyemate in the eye may have affected the IOP measure-
ments during eyelid manoeuvres as presented. While no disloca-
tion or malpositioning of the sensor was noted during the study,
eyelid squeezing and rubbing could have briefly altered the posi-
tion of the Eyemate with possible additional mechanical effect
on the anterior chamber angle and the trabecular meshwork.
More studies are needed to elucidate whether and how the
implant could affect aqueous outflow during eyelid manoeuvres.

In conclusion, while both eyelid rubbing and squeezing elic-
ited IOP increases above 40 mm Hg, voluntary blinking elicited
increases of 12 mm Hg and eyelid closure a brief increase by
4 mm Hg, followed by a sustained decrease. More research is
needed to study whether the IOP increases during squeezing and
rubbing are contributing to glaucomatous damage.
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