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Intraocular Pressure Changes in
Pseudoexfoliation Syndrome with Icare Tonometer in
Supine and Sitting Position
Psodoeksfoliasyon Sendromunda Icare Tonometre ile Oturur ve Yatar
Pozisyonda G0z I¢i Basinc1 Degisimleri*

Umut Duygu UZUNEL!, Murat Gokhan TOKAC?, Berna YUCE?, Tiimay ORSEL!, Tuncay KUSBECT*

ABSTRACT

Purpose: To compare intraocular pressure (IOP) changes between sitting and supine position in individuals with pseudoexfoliation syndrome
(PXS) and healthy volunteers.

Materials and Methods: Fifty five eyes with PXS and 49 eyes of healthy individuals were included in this prospective, controlled study. Slit
lamp examination, gonioscopy and IOP measurement with iCare tonometer (ICT) in sitting and supine positions were performed to all patients
in both groups.

Results: Mean age was 67.3 years in PXS group and 66.3 years in control group (p=0.432). Mean IOP in sitting position with ICT was 16.2+3.4
mmHg in PXS group and 16.7+2.9 mmHg in the control group (p=0.368). Mean IOP with GAT was 0.4 mmHg higher than ICT measurements
in PEX group (p=0.055). Mean IOP with GAT was 0.32 mmHg higher than ICT measurements in control group (p=0.207). Mean IOP measured
with ICT in supine position was 19.9+4.1 mmHg in PXS group and 19.0+3.2 mmHg in control eyes (p=0.348). We noticed that mean IOP rise
was 3.65 mmHg in PXS group and 2.25 mmHg in the control group in supine position (p<0.001, p<0.001; respectively). When compared with
the control group, IOP rise in supine position was statistically significant in PXS group (p<0.001).

Conclusion: IOP rises significantly in supine position both PXS and control groups, but this increase is more in PXS groups. IOP measurement
with ICT is reliable and practical for supine and sitting body positions.
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0Z

Amac: Saglikli ve psodoeksfoliasyon sendromlu (PXS) bireylerde oturur ve yatar pozisyondaki goz ici basinct (GIB) degisikliklerini
karsilagtirmak.

Gerec ve Yontem: Prospektif ve kontrol gruplu bu ¢alismaya PXS olan 55 goz, saglikli1 49 goz dahil edildi. Her iki gruba yarikli lamba muay-
enesi, gonyoskopi ve iCare tonometre (ICT) ile oturur ve yatar pozisyonda GIB ol¢uimleri yapildi.

Bulgular: Yas ortalamas1 PXS grubunda 67.3, kontrol grubunda 66.3 yil idi (p=0.432). ICT ile oturur pozisyondaki GIB ortalamasi PXS
grubunda 16.2+3.4 mmHg ve kontrol grubunda 16.7+2.9 mmHg idi (p=0.368). PXS grubunda GAT ile olculen GIB, ICT ile dl¢tilenden 0.4
mmHg daha yuksekti (p=0.055). Kontrol grubunda GAT ile ol¢ulen GIB, ICT ile dlculenden 0.32 mmHg daha yuksekti (p=0.207). ICT
ile yatar pozisyondaki GIB ortalamas1 PXS grubunda 19.9+4.1 mmHg ve kontrol grubunda 19.0+3.2 mmHg idi (p=0.348). Ortalama GIB
artisinin, PXS grubunda 3.65 mmHg ve kontrol grubunda 2.25 mmHg oldugunu saptadik (sirastyla p<0.001, p<0.001). Yatar pozisyondaki GIB
artis1 PXS grubunda, kontrol grubu ile kiyaslandiginda istatistik agidan anlamli derecede farkl: idi (p<0.001).

Sonug: GIB hem PXS grubunda hem de kontrol grubunda yatar pozisyonda anlamli sekilde artmaktaydi, ancak bu artig PXS grubunda daha
fazla idi. ICT ile GIB ol¢timleri, oturur ve yatar viicut pozisyonlari i¢in guivenilir ve pratiktir.

Anahtar Kelimeler: Psodoeksfoliasyon sendromu, yatar pozisyon, i-Care, goz i¢i basinci.

*Bu ¢alisma 11" Europian Glaucoma Society Congress, (Nice, France. 2014) sunulmugtur.

1-  M.D. Bozyaka Training and Reseach Hospital, Eye Clinic, Izmir/TURKEY Gelis Tarihi - Received: 23.11.2015
UZUNEL U.D., druzunel78 @yahoo.com Kabul Tarihi - Accepted: 31.12.2015
ORSEL T., tumay62@yahoo.co.uk Glo-Kat 2016,11: 216-220

2-  M.D. Kirkagac State Hospital, Eye Clinic, Manisa/TURKEY
TOKAC M.G., gokhatokac@hotmail.com Yazisma Adresi / Correspondence Adress:

3- M.D. Tepecik Training and Reseach Hospital, Eye Clinic, Izmit/TURKEY M.D. Umut Duygu UZUNEL

YUCE B., brnuce@yahoo.com Bozyaka Training and Reseach Hospital, Eye Clinic, Izmir/TURKEY

4-  M.D. Associate Professor, Bozyaka Training and Reseach Hospital, Eye Clinic,
Izmir/TURKEY
KUSBECI T., tkusbeci@yahoo.com

Phone: +90 232 250 50 50
E-mail: druzunel78 @yahoo.com



Glo-Kat 2016,;11:216-220

Uzunel et al. 217

INTRODUCTION

Although glaucoma is a multifactorial disease, elevated intra-
ocular pressure (IOP) is still the most important known risk
factor.! The IOP level and its fluctuations seem to play a role
in the development and progression of disease, even in cases
with normal pressures.'? Different systemic and local factors
are thought to play a role on IOP fluctuations. Going from up-
right to horizontal or inverted body positions may cause sig-
nificant rise on IOP.*¢ Although there are significant personel
variabilities, the magnitude of the IOP change secondary to
body position is greater in glaucomatous eyes.”!' As patients
usually spend a significant portion of their lives in the hori-
zontal position, mainly during sleep, this is highly relevant.

Elevated IOP is a well-defined risk factor for glaucoma, and
we target to decrease IOP in all our treatment regimens, so
that reliable IOP measurement is crucial for both diagnosis
and management of glaucoma.'?> The iCare rebound tonometer
(RBT; iCare TAO1; Tiolat, Helsinki, Finland) is a hand-held,
lightweight, and contact tonometer which uses the impact re-
bound principle to measure IOP."* It consists of two coaxial
coils that project a magnetic probe towards the cornea and
detect the deceleration of the probe when it contacts with the
eye.'"* The deceleration speed correlates with IOP. For exam-
ple, the higher the IOP, the shorter is the duration of impact.
The main advantages of this tonometric method are that the
instrument is quick, easy to use, and economical; additionally
slit lamp, topical anesthesia, general anesthesia or sedation
are not required. It facilitates measuring IOP in noncompliant
or physically disabled individuals and children.

Pseudoexfoliation is a condition in which a whitish-grey
amiloid-like material of uncertain origin is deposited on sur-
faces within the anterior segment of the eye: lens, iris, zon-
ules, and cilliary processes. Pseudoexfoliation is recognised
by the typical appearance of these deposits on the anterior
surface of the pupil margin, corneal endothelium and anterior
chamber angle.'> PXS is an important ocular manifestation of
a systemic disorder, and the most identifiable cause of open-
angle glaucoma.'* Markedly elevated IOP and an open angle
is common in this syndrome. While not all patients with pseu-
doexfoliation will develop glaucoma, it is impossible to pre-
dict which patients with PXS will develop optic nerve damage
and vision loss.'"!®

It’s well known that chronic diseases and senility may restrict
mobility and disable them over 50 years of age.'"” Most of the
time our patients have additional systemic diseases such as
osteoporosis, stroke and obesity or some of our patients are
in pediatric age group who cannot cooperate to slit lamp ex-
amination. Because IOP is the only quantifiable parameter of
glaucoma we have to monitor IOP of these patients with any
of a reliable method, too. Devices which can measure IOP in
all body positions independent to a slit lamp may be an alter-
native for monitoring these patients.

We aimed to compare IOP changes between standard exami-
nation position “sitting position” and “supine position” in in-
dividuals with PXS and healthy volunteers in the same age
group in this study.

MATERIALS AND METHODS

This is a prospective and controlled study performed at [zmir
Bozyaka Education and Research Hospital. It was designed
in accordance with the principals of the Helsinki Declaration.
Approval for data collection and analysis was obtained from
the ethics committee of the hospital, all patients provided in-
formed consent. Fifty five eyes of 55 patients with PXS and
49 eyes of 49 healthy individuals were selected from patients
who attended to our ophthalmology outpatient department for
routine refraction correction. All patients in both groups un-
derwent anterior segment and fundus examination with slit
lamp biomicroscopy. Gonioscopy and IOP measurements
were performed with Goldmann applanation tonometer (GAT,
Haag-Streit AG, Bern, Switzerland) at 9 am. IOP measure-
ments were repeated in sitting and supine position with ICT in
both groups at between 9 o’clock and 10 o’clock in the morn-
ing. Patients with IOP lower than 22 mmHg and grade 3 or
4 iridocorneal angle according to Shaffer Classification were
included to the study. Optical coherence tomography (Cirrus
HD OCT; Carl Zeiss Meditec Inc, Dublin, CA.USA) was per-
formed to all patients. Visual field analyses (Humphrey Field
Analyzer 750i, Carl Zeiss Meditec Inc, Dublin, CA. USA)
were performed twice times to all patients. It was considered
anormal visual field analysis if mean deviation (MD), pattern
standard deviation (PSD) and glaucoma hemifield test (GHT)
values were in the 95% confidence range Exclusion criterions
were spherical refraction error higher than +5D, cylindrical
refraction error higher than £3D, previous intraocular surgery,
ocular inflammation, posterior synechia, phacodonesis, irido-
donesis, orthostatic hypotension, hypertension, overweight
(BMI>25) and cardiopulmonary disease blocking to lie in
supine position for 5 minutes, usage of topical medication ex-
cept artificial tear drops. IOP was measured by the same oph-
thalmologist firstly with ICT in sitting position. Afterwards
all patients were laid down in supine position for 5 minutes,
at the end of the period IOP measurements were repeated with
ICT in supine position. Average of the 6 measurements was
recorded as ICT value of IOP. Measurements were repeated
when disparities higher than 3 mmHg on IOP were detected.

In this study, data were analyzed using the statistical package
SSPS v.15.0. Paired independent samples student t-tests and
Pearson correlation analyze were used for statistical analyses
and a p-value of <0.05 was considered statistically significance.

RESULTS

Thirty two patients (58.1%) were female, 23 (41.9%)
were male in PXS group and 29 (59.1%) were female, 20
(40.9%) were male in control group. There was no statisti-
cally significant difference between groups in respect to
gender (p=0.918). Mean age was 67.3 (55-80) years in PXS
group and 66.3 (52-79) years in control group (p=0.432).



218 Intraocular Pressure Changes in Pseudoexfoliation Syndrome with Icare Tonometer in Supine and Sitting Position

MD was -0.19+1.78 decibel (dB) and PSD was 1.76+0.94 dB
in PXS group while MD was -0.19+1.79 dB and PSD was
1.70+0.25 dB in the control group; the difference was not sig-
nificant (respectively p=0.748, p=0.763). The glaucomatous
damage was not detected in any of the patients. Mean IOP
measured with GAT was 16.6+£3.ImmHg in PXS group and
17.1£2.7 mmHg in control group and there was no statistically
significant difference between groups (p= 0.657). Mean 10P
measured with ICT in sitting position was 16.2+3.4 mmHg
in PXS group and 16.7+£2.9 in control group and the differ-
ence between groups was not significant (p=0.368). Mean
IOP measured by ICT in supine position was 19.9+4.1 mmHg
in PXS group and 19.0+3.2 in control eyes and there was no
statistically significant difference between groups (p=0.348).
These findings were shown in table 1.

Mean IOP in supine position was 3.65 mmHg higher than IOP
values in sitting position in PXS group and IOP in supine po-
sition with ICT was 2.25 mmHg higher than sitting position
in the control group. In both, the difference was statistically
significant (p<0.000, p<0,000, respectively). When compared
with the control group, sitting and supine position IOP change
was significantly higher in the PXS group (independent sam-
ple test, p<0.000). IOP values measured with ICT in sitting
and supine positions were significantly different and highly
correlated in both study groups (r=0.794, p<0.000 in PXS
group and r=0.879, p<0.000 in control group). IOP changes
between sitting and supine position were not correlated with
the age in both groups (Pearson correlation analyze, r=-0.058,
p=0.674 in PXS group, r=0.146, p=0.318 in control group).

Mean IOP with GAT was 0.4 mmHg higher than ICT mea-
surement in PEX group (p=0.055) (Figure 1). Mean IOP with
GAT was 0.32 mmHg higher than iCare tonometer measure-
ment in control group (p=0.207) (Figure 2). The differences
were not statistically significant (Table 2). IOP measurement
differences were highly correlated between GAT and ICT in
both PEX and control groups (r=0.902, p<0.001; r=0.801,
p<0.001, respectively, Pearson correlation analyze).
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Figure 1: Bland-Altman test for correspondence of ICT and GAT
measurements of 1OP in PEX group. The mean difference of IOP
was 0.4 mmHg, IOP values were between 3.3 mmHg and -2.5 mmHg.

DISCUSSION

Several theories have been proposed to clarify the mechanism
of IOP fluctuations related to postural changes. Friberg et
al.,”® suggested that the increase of episcleral venous pressure
in supine position results in decrease of aqueous outflow from
Schlemm pathway and causes IOP elevation. Longo et al.,*!
suggested that the rise of choroidal blood volume in supine
position is the cause of IOP rise. However, these hypotheses
may be insufficient to explain the mechanism of extremely
different IOP elevation magnitudes between both eyes. Actu-
ally the exact mechanism of postural changes in IOP is still
unclear, so further studies are needed.

Jorge et al.,”” were compared IOPen and ICT with GAT and
they reported that ICT is a reliable device for monitoring
IOP. Nakakura et al.,”® measured IOP with four different por-
table tonometers on healthy volunteers in supine position and
evaluated their confidence for IOP measurement in supine
position. IOP measurements with ICT were higher than Kowa
hand-held applanation tonometer measurements in supine
position in case of IOP values greater than 13 mmHg, this
difference was statistically significant (p=0.001). However
the researchers stated that ICT measurements are reliable for
clinical practice, despite higher results in IOP values bigger
than 13 mmHg, than Kowa hand-held applanation tonometer.
We used ICT for IOP measurements in our study basis of ICT
measurements as reported in the recent clinical trials. Howev-
er, the researches about the effect of CCT to measurements of
IOP with ICT are controversy. While Rao et al.,>* showed that
ICT is affected from CCT as GAT, Poostchi et al.,”> showed
that corneal rebound tonometer readings are influenced by
CCT whereas scleral rebound tonometer readings are of no
value. Cagatay et al.,” found that ICT is affected by CCT in
the IOP measurements of high myopes. Chui et al.,”” deter-
mined that Rebound tonometry is affected by corneal proper-
ties including CH and CRF but not corneal thickness.
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Figure 2: Bland-Altman test for correspondence of ICT and GAT mea-
surements of IOP pressure in control group. The mean difference of IOP
was 0.32 mmHg, IOP values were between 3.8 mmHg and -3.1 mmHg.
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Table 1: IOP values in pseudoexfoliation and control groups in sitting and supine positions.

ICT sitting (mmHg) ICT supine (mmHg) p value*
Pseudoexfoliation group (n=55) 16.2+3.4 19.9+4.1 p<0.001
Control group (n=49) 16.7+2.9 19.0+£3.2 p<0.001
p value** p=0.368 p=0.348
Meanztstandard deviation (mm Hg).
IOP; Intraocular Pressure, GAT; Goldmann Applanation Tonometer, ICT; iCare Tonometer.
*Paired t-tests were used to compare intraocular pressure (IOP) measurements between ICT sitting and supine position.
**Independent t-test were used to compare IOP measurements between PEX and control group.
Table 2: IOP values with GAT and ICT in pseudoexfoliation and control groups.

GAT (mmHg) ICT sitting (mmHg) p value*

Pseudoexfoliation group (n=55) 16.6+3.1 16.2+3.4 p=0.055
Control group (n=49) 17.1+2.7 16.7+£2.9 p=0.207

Meanzstandard deviation (mm Hg).

IOP; Intraocular Pressure, GAT; Goldmann Applanation Tonometer, ICT; iCare Tonometer.

*Paired t-tests.

Malihi et al.,® researched the effect of body and head posi-
tion on IOP in 24 volunteers. They showed that in the case
of extension or flexion of the head, supine, right or left lat-
eral decubitus positions of the body, IOP measurements are
2.5 mmHg higher than sitting position and the difference was
significant. We noticed mean 2.25 mmHg rise in supine posi-
tion in our control group. This increase of IOP related to body
position was statistically significant in our study (p<0.001 in
PXS group, p<0.001 in control group).

Leonardo et al.,® showed that IOP rise in horizontal position
in ocular hypertension group is higher than normal individuals.
By using the Triggerfish 24-hour contact lens sensor, Lee et
al.,”” demonstrated that the IOP increases during supine posi-
tion in normal tension glaucoma patients. Jain et al.,* showed
that IOP rise in glaucomatous group is higher than nonglau-
comatous group in sitting position (4.1 mmHg in glaucoma-
tous group, 2.7 mmHg in nonglaucomatous group). Similarly
Krieglstein et al.,” determined 3.9 mmHg IOP rise in glaucoma-
tous group, 2.9 mmHg IOP rise in nonglaucomatous group in
supine position. Tsukahara et al.,10 showed that mean IOP rise
in supine position was 8.6 mmHg in normotensive glaucoma
group; 6.5 mmHg in primary open angle glaucoma (POAG)
group and 5.6 mmHg in control group. We noticed that mean
IOP rise in PXS group was higher than normal population in
our study (3.65 mmHg in PXS group, 2.25 mmHg in normal
group). The higher results from Tsukahara et al might be caused
by that they use Alcon pneumatonometer.

Ozkok et al.,*® showed a higher increase in IOP in pseudoex-
foliative glaucoma (PXG) patients from sitting to the supine
position than in POAG patients in their study when they re-
searched the IOP change in PXG and POAG patients between
sitting and supine position. We compared PXS and normal
individuals at the same age in respect to IOP change from

sitting to supine position and observed that existence of pseu-
doexfoliation caused significant IOP rise in supine position.
This difference may be due to the greater mobility of the lens
and more fluctuation of IOP in PXS.

Ermis et al.,*' evaluated IOP change and anterior chamber depth
of PXS eyes in supine and prone positions. They reported that
anterior chamber depth was decreased significantly in prone
position, but IOP difference between supine and prone position
was not significant. However they didn’t study the difference
between sitting and prone or supine positions on IOP.

In summary, IOP rised significantly in supine position in PXS
eyes. Further studies on eyes with pseudoexfoliative glauco-
ma may help to show us the correlation between positional
IOP rise with the severity of progression. IOP measurement
with ICT is reliable and practical for all body positions, so
that it can be used confidently for scanning and following up
glaucoma in all age groups.
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