ORIGINAL ARTICLE/KLINIK CALISMA

Continuous Intraocular Pressure Fluctuation in
Glaucoma and Glaucoma Suspect

Glokom ve Glokom Suphesinde Surekli Goz I¢i Basin¢ Dalgalanmasi

Oya TEKELI', Pinar Bingol KIZILTUNC?

ABSTRACT

Purpose: The aim was to evaluate the circadian rhythm of intraocular pressure in glaucoma patients and patients with glaucoma suspect using
the Sensimed Triggerfish® system.

Materials and Methods: The Sensimed Triggerfish® system was applied to nine patients. Before the application, a full ophthalmic examina-
tion was performed in all patients. Patient graphics were evaluated for diurnal variation and peak intraocular pressure.

Results: The patient diagnoses were pseudoexfoliation glaucoma (4 patients/44.4%), glaucoma suspect with pseudoexfoliation (3 pa-
tients/33.4%), primary open angle glaucoma (1 patient/11.1%), and pigmentary glaucoma (1 patient /11.1%). Two patients (22.2%) could not
complete the 24-h measurement. After the application, the treatment modalities of four (44.4%) patients were changed. All had a diagnosis of
pseudoexfoliation glaucoma. In addition, medical treatment was prescribed to two (22.2%) glaucoma suspect with pseudoexfoliation patients.
All curves of patients with pseudoexfoliation showed an elevation during the nocturnal period and the peak intraocular pressure curves were
observed between 01:00-09:00.

Conclusion: A 24-h intraocular pressure measurement is important for the diagnosis of glaucoma, the selection of treatment modality, and the
evaluation of treatment efficacy.

Key Words: Diurnal variation, glaucoma, sensimed triggerfish system.

0Z

Amagc: Sensimed Triggerfish® sistemi ile glokom stiphesi olan hastalarda ve glokom hastalarinda goz i¢i basincinin sirkadyen ritminin deger-
lendirmesi.

Gereg ve Yontem: Sensimed Triggerfish® sistemi 9 hastaya uygulandi. Islem oncesi hastalarin hepsine detayli oftalmolojik muayene yapildi.
Hastalara ait grafikler; diurnal degisiklikler ve maksimum goz i¢i basinci degerleri acisindan degerlendirildi.

Bulgular: Hastalarmn tanilari; psodoeksfoliatif glokom (4 hasta/%44.4), psodoeksfoliasyonun eslik ettigi glokom siiphesi (3 hasta/%33.4),
primer acik acili glokom (1 hasta/%11.1) ve pigmenter glokomdu (1 hasta/%11.1). Iki (%22.2) hasta 24 saatlik 6l¢iimii tamamlayamadi. Uy-
gulamanin sonuglarina gore 4 (%44.4) hastanin tedavisi degistirildi. Tedavisi degistirilen hastalarin hepsinin tanis1 psodoeksfoliatif glokomdu.
Ayrica glokom suiphesi olan psodoeksfoliasyonlu 2 (%22.2) hastaya medikal tedavi baglandi. Psodoeksfoliasyonu olan hastalarin hepsinin
grafiklerinde gece peryodunda yiikselme izlendi ve bu hastalarin maksimum goz i¢i basing degerleri 01:00-09:00 arasinda ol¢uldii.

Tartisma: Yirmi dort saatlik goz ici basing 0lcimit glokom tanisinin konulmasi, tedavi modalitelerinin belirlenmesi ve tedavi etkinliginin
degerlendirilmesi ag¢isindan 6bnem tagimaktadir.

Anahtar Kelimeler: Diurnal degisiklik, glokom, sensimed triggerfish sistemi.
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INTRODUCTION

Glaucoma is a chronic neurodegenerative disease that af-
fects 70 million people worldwide' and it is one of the main
causes of irreversible blindness. Elevated intraocular pres-
sure (IOP) is one of the risk factors for the development and
progression of glaucoma.**

Lowering IOP is the only evidence-based treatment for pre-
venting the development and progression of glaucoma. There-
fore, the main target of glaucoma treatment should be reduc-
ing IOP. IOP has a diurnal fluctuation and the values change
between 3-6 mmHg in normal eyes, though it can be 10
mmHg and higher in glaucoma patients.>” Most studies have
shown IOP values are higher in the morning and decrease in
the evening in patients with different glaucoma types.®* As
well, studies that evaluate 24-h IOP showed the highest IOP
values are most frequently during the nocturnal period.'®!
Therefore, a single measurement is not enough for the diag-
nosis of glaucoma, the selection of treatment modality, and
the evaluation of treatment efficacy.

In this study, the aim was to evaluate the circadian rhythm of
IOP in glaucoma patients and patients with glaucoma suspect
using the Sensimed Triggerfish® system, which monitors con-
tinuous IOP for 24h.

MATERIAL AND METHODS

Nine patients who were followed with a diagnosis of glau-
coma or glaucoma suspect at Ankara University School of
Medicine, Department of Ophthalmology were included in
this study. The Sensimed Triggerfish® system was applied
to evaluate the 24-h IOP profiles. All patients had suspicion
of inadequate treatment. Ethics committee approval was ob-
tained [Health Ministry/Drug and Medical Device Founda-
tion, acception date: 28.06.2013, acception number: 71146310
(2013-AC-CE-25)] and all patients obtained informed consent
before the application. This study was supported by Ankara
University Scientific Research Support Department (Project
Number: 13H3330001).

All patients underwent a complete ophthalmic examination.
The IOPs were measured with Goldmann applanation tonom-
etry (GAT). Gonioscopy and a dilated fundus examination
were performed. Central corneal thickness (CCT) was mea-
sured by ultrasonic pachymetry (Alcon, OcuScan RxP). The
optic nerve was evaluated by spectral domain optical coher-
ence tomography (Cirrus high-definition OCT; Carl Zeiss,
Meditec, Dublin, CA, USA).

The visual field examination was performed with the Hum-
phrey 750i Visual Field Analyzer (SITA-Standard, Carl Zeiss,
Meditec, Dublin, CA, USA).

Pseudoexfoliation glaucoma was diagnosed by the presence of
pseudoexfoliation in the anterior segment, elevated IOP (>21
mmHg), typical glaucomatous optic nerve changes (notch-
ing, thinner neuroretinal rim, and increased cup-to-disc (c/d)
ratio), and glaucomatous visual field defects. Primary open
angle glaucoma was diagnosed by elevated IOP (>21 mmHg),

open angle at gonioscopy, typical glaucomatous optic nerve
changes, and glaucomatous visual field defects. The diagnos-
tic criteria of pigmentary glaucoma was trabecular meshwork
pigmentation, the presence of a Krukenberg spindle and mid-
peripheral iris transillumination, elevated IOP (>21 mmHg),
open angle at gonioscopy, typical glaucomatous optic nerve
changes, and glaucomatous visual field defects.

The Sensimed Triggerfish® system is the first commercially
available continuous 24-h IOP monitoring system that contains
a telemetric contact lens sensor, an antenna, and a portable re-
corder. The contact lens is made of a disposable, soft hydro-
philic silicone material with two embedded platinum—titanium
strain gauges. These gauges detect the circumferential changes
in the area of the corneo-scleral junction. When the IOP increas-
es, the circumference of the cornea increases and this change is
detected by the strain gauges. Then, the signals acquired from
the contact lens are perceived by a flexible adhesive antenna
worn around the eye. The data is transmitted through a thin
flexible cable from the antenna to the portable recorder device
worn around the patient’s waist, and then recorded profiles are
visualized graphically on a computer interface.

Before the application of the Sensimed Triggerfish® system,
IOP measurements with GAT were taken three times at 5-min
intervals and then the contact lens system was fitted to the eye.
Patients were informed about the recording of their daily ac-
tivities during the application time. Then, 24 h later, the con-
tact lens was removed and 5 min later, GAT IOP was measured
three times at 5-min intervals again. Data from the portable re-
corder were transferred to a computer. The IOP profiles were
evaluated along with the other findings, such as visual field and
retinal nerve fiber layer changes. Treatment modalities were
organized according to the ophthalmic examination findings,
ancillary test results, and 24-h IOP profiles together.

RESULTS

The Sensimed Triggerfish® system was fitted to nine patients
(4 female, 5 male). The mean age was 62.4 (52-71) years.
The diagnoses of patients were pseudoexfoliation glaucoma
(4 patients/44.4%), glaucoma suspect with pseudoexfolia-
tion (3 patients/33.4%), primary open angle glaucoma (1 pa-
tient/11.1%), and pigmentary glaucoma (1 patient/11.1%). All
patients except those with glaucoma suspect with pseudoex-
foliation were under medical treatment.

None of the patients had dry eye before the contact lens system
application and all of them tolerated the contact lens system eas-
ily with a minor complication of superficial punctate keratitis and
conjunctival hyperemia. These findings resolved within 24 h.

Two patients (22.2%) could not complete the 24-h measure-
ment due to battery insufficiency and technical device mal-
function. The recording times for these patients were nine and
20 h. One was glaucoma suspect with pseudoexfoliation and
the other was pseudoexfoliation glaucoma.
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After the contact lens system application, treatment modalities
of four (44.4%) patients were changed. All had a diagnosis of
pseudoexfoliation glaucoma. Although one patient with pseu-
doexfoliation glaucoma could not complete the 24-h measure-
ment, medical treatment was changed because of the elevation
of the IOP curve in the recording period. In addition, medi-
cal treatment was prescribed to two (22.2%) glaucoma suspect
with pseudoexfoliation patients. IOP curves of all pseudoexfo-
liation patients showed an elevation during the nocturnal period
and the peak IOP curves were observed between 01:00-09:00.

We here reported clinical findings and the Sensimed Trigger-
fish® system results of three patients.

Case 1

A 64-year-old male patient had a medical history of travo-
prost and timolol maleate fixed combination once a day for
the previous two years due to pseudoexfoliation glaucoma in
the right eye. The maximum IOP value in the follow-up pe-
riod was 22 mmHg and his central corneal thickness was 446
pm in the right eye. The c/d ratio was 0.3. The IOPs at the
baseline and at the end of monitoring were 19 mmHg and 21
mmHg, respectively. The IOP curve increased continuously
during the evening and nocturnal period (Figure 1). After the
contact lens system application, a new anti-glaucomatous
drug was added to the treatment.
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Figure 1: The IOP curve showed elevation after 22:00 (arrow).
Case 2

A 65-year-old woman with a diagnosis of pseudoexfoliation
glaucoma in the left eye had a treatment of latanoprost oph-
thalmic solution once a day. During follow-up, the maximum
IOP measurement was 28 mmHg, central corneal thickness
was 580 um, and the c/d ratio was 0.5. The IOP measure-
ments before and after the application of the contact lens sys-
tem were 24 and 27 mmHg, respectively. An elevation of the
IOP curve was seen between 00:00-02:00 (Figure 2, arrows)
and then the curve hit a plateau. Latanoprost medication was
stopped and a fixed combination was prescribed.

= »
-
»

Vi (tm)

Figure 2: The IOP curve showed elevation between 00:00-02:00 (ar-
rows), had a plateau until 10:30 (star) and then started to decrease.

Case 3

A 56-year-old female patient had glaucoma suspect in her
right eye. On slit lamp exam, the pseudoexfoliative material
was seen in the iris margins. The iridocorneal angle was grade
4 open. The maximum IOP measurement during the follow-
up period was 22 mmHg. Central corneal thickness was 590
um. There was a c/d asymmetry with the values of 0.5/0.3
in the right/left eye. In the right eye, borderline retinal nerve
fiber layer thickness at one clock hour quadrant was detected
by optic cube OCT. Because of these findings, a contact lens
was fitted to the right eye. The IOPs at the baseline and at
the end of monitoring were 22 mmHg and 24 mmHg, respec-
tively. The IOP curve increased after 00:00 (Figure 4, arrow)
and hit a plateau until 08:00 (Figure 3, star). Because of the
elevation of the IOP curve in the nocturnal period, medical
treatment was prescribed.
B

Time (tmm)

Figure 3: The IOP curve showed elevation after 00:00 (arrow) and
had peak curve during the nocturnal period (star).

DISCUSSION

Intraocular pressure is a dynamic parameter with a circadian
rhythm in healthy eyes. The elevation of IOP is more promi-
nent in glaucoma patients. IOP measurements can increase
up to 15 mmHg in patients with pseudoexfoliation glaucoma.
These patients have a higher mean IOP range, as well as a
higher maximum and minimum IOP than primary open-angle
glaucoma.'>"® Occasionally, the peak-level IOP of these pa-
tients could not be established during office hours and this
could be the reason for the poor response to medical treat-
ment. A 24-h IOP measurement is necessary, especially for
pseudoexfoliation syndrome or glaucoma.

Hughes et al.,' showed that the treatment modality of most
glaucoma patients changes due to the diurnal IOP variations.
In addition, IOP fluctuation is a risk factor for glaucoma pro-
gression.'® Therefore, diurnal IOP measurement should be a
routine procedure in clinical practice.

Today, GATisthe goldstandard proceduretoevaluate IOP. How-
ever, the mostimportant limitation of this method isnottoevalu-
ate IOP changes permanently. From 1957 until today, different
recording methods were created for monitoring 24-h IOP.'62!
However, none was able to bring a product to the market.
Today, the most common method to evaluate the 24-h IOP
is diurnal IOP measurements. In this method, multiple IOP
measurements at different times are taken, but the patient
should be hospitalized and for nocturnal measurements, the
patient should be awake. One of the limitations of this method
is to wake up the patient and change his or her body position.
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To wake up the patient is a stress factor that can affect the
measurement and cause artefacts.”? In addition, IOP varies
during the 24-h period in body positions. Malihi and Sit
evaluated the effect of different head and body positions on
IOP in non-glaucomatous individuals, and they showed the
IOP is higher in recumbent (supine, right and left lateral de-
cubitis) positions compared to sitting (with neck flexed, ex-
tended and neutral) positions.? In addition, in other studies,
the average nocturnal IOP in supine position was found to be
significantly higher than the average awake IOP in a sitting
position in untreated glaucoma patients.''** Another mecha-
nism for the higher IOP measurements during the nocturnal
period is thought to be increased episcleral venous pressure
and redistribution of body fluid.*

In this study, diurnal IOP variations in patients were evaluated
with the Sensimed Triggerfish® system, the first commercial-
ly available continuous 24-h IOP monitoring system. Treat-
ment modalities of four (44.4%) patients were changed and
antiglaucomatous treatment was prescribed to two (22.2%)
patients after the application due to the diurnal variation,
especially seen in the nocturnal period. All patients whose
treatment modality changed had pseudoexfoliation glaucoma
and two patients that began antiglaucomatous treatment had
glaucoma suspect with pseudoexfoliation. It can be thought
that 24-h IOP monitoring can be more important in patients
with pseudoexfoliation. As well, Mansouri et al. performed
this system on 15 eyes suffering from progressive open angle
glaucoma with controlled IOPs during office hours and the
treatment modality was changed in 73% of eyes.?

De Moraes et al.,”” found that the peak IOP had a better pre-
dictor value of glaucomatous progression than the mean IOP
or fluctuation. Therefore, 24-h monitoring of IOP should be
an important parameter for disease management. Rao found
that patients with pseudoexfoliation syndrome had higher IOP
values during the latter part of the day, especially at 05:00.%
However, in this study, IOP values were measured at certain
times. Unlike this study, we evaluated 24-h IOP monitoring
and we found the peak IOP curves of patients with pseu-
doexfoliation during the nocturnal period. The interval time
of peak IOP curves was 01:00-09:00. This contact lens sys-
tem can be a suitable method for IOP monitoring during this
interval with the advantages of a stable body position and
keeping the patient asleep.

Diurnal IOP variation is not only important for treatment deci-
sions. It is also important for the selection of an antiglaucoma-
tous drug. IOP-lowering medications have different efficacies
during the nocturnal and waking periods. Although beta adren-
ergic blocking agents are effective during the diurnal period,
they have no nocturnal efficacy.”® Gulati et al. evaluated the
diurnal and nocturnal efficacy of timolol maleate twice daily,
dorzolamide hydrochloride twice daily, and latanoprost in the
evening. It was shown that latanoprost lowered nocturnal IOP,
while neither timolol nor dorzolamide affected the nocturnal
IOP measurements.* Therefore, the time of the peak IOP value
is important for the selection of adequate medication.

In our study, the 24-h IOP profile was not the only parameter for
the decision of treatment modalities. Maximum GAT IOP values,
central corneal thicknesses, glaucomatous visual field defects,
and retinal nerve fiber layer changes were evaluated together.

The safety and tolerability of this system had been evaluated
in different studies.?**** Lorenz et al.,*® found similar safety
and tolerability in healthy and glaucomatous eyes. Conjunc-
tival erythema, conjunctival edema, epithelial microdefects,
and lid edema were the main adverse effects. Results of the
other studies were similar and these studies suggest this sys-
tem demonstrates good safety and tolerability.?**"* In our
study, all patients tolerated this system and the only compli-
cation was superficial punctate keratitis and conjunctival hy-
peremia, which resolved within 24 h.

Although this system is important for monitoring a 24-h IOP
profile, the main limitation is does not give a numerical val-
ue in mmHg. It only provides an indirect IOP measurement
through changes in corneal curvature as mV (miliVolt). This
system records IOP related conformal ocular dimensional
changes at the corneoscleral junction. When IOP increases,
this pressure disperse to the eye’s external surface. A I mmHg
change of IOP, causes a 3 wm change in the corneal radius of
curvature. Therefore, direct comparisons to tonometry mea-
surements cannot be obtained and only diurnal fluctuation can
be evaluated. At the presence of a significant peak, the doctor
cannot estimate the IOP value in mmHg. Also non IOP relat-
ed corneoscleral junction changes (such as corneal shape and
thickness changes) can cause artifacts. Another factor causing
artifact is corneal biomechanical changes due to the barrier
effect of contact lens.

The other limitation is the successful completion of this appli-
cation. Patients must record their daily activity during the ap-
plication period and carry this device on their body carefully.
Hence, the patients for these applications should be chosen me-
ticulously. Although, the selection of a favorable patient, bat-
tery insufficiency, and technical device malfunction may cause
incomplete results, as we observed in two (22.2%) patients.

The Sensimed Triggerfish® system can provide significant
information about 24-h IOP variations of glaucoma patients,
especially with pseudoexfoliation, and these results can be
helpful in the decision of treatment modalities. Further stud-
ies with large study groups are needed to use this system more
commonly in clinical practice.
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