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Abstract

Purpose: Postural intraocular pressure (IOP) variations have been found to be higher in glau-
coma, especially in normal tension glaucoma. Higher IOP variation is also associated with greater
field defects and thinner retinal nerve fiber layer. Air-puff tonometer has been found to be fea-
sible to determine postural IOP variations. This study investigated if rebound tonometry can
pick up such IOP changes.

Methods: Fifty-four young adults, one eye randomly selected, had their IOP measured randomly
by Pulsair EasyEye tonometer (Keeler Ltd, UK) and iCare rebound tonometer (Tiolat, Helsinki,
Finland), in sitting followed by supine and finally sitting postures. IOP was measured after resting
for 15min in each posture. Masked practitioners were involved. Repeated measures analysis
of variations followed by post hoc tests were used to compare the IOP findings. Postural I0OP
changes were measured and compared between tonometers.

Results: 10P significantly varied with postures (p<0.001). The two tonometers had simi-
lar IOP findings in each posture (p>0.05). Rebound tonometer gave a slightly higher 10P
in the first sitting posture (difference=0.42+42.23 mmHg), but provided a lower IOP in
the supine posture (difference=—0.66 +2.58 mmHg) and the second sitting posture (differ-
ence=—-0.11+2.24mmHg). Supine IOP was measured 3.10mmHg (SD 2.35mmHg) higher by
Pulsair but only 2.02 mmHg (SD 2.18 mmHg) higher by iCare. This difference was significant
(paired t-test, p<0.01).

Conclusions: Postural IOP variations were slightly lower when measured by iCare compared to
Pulsair. Rebound tonometry is useful to screen for postural changes in IOP.

© 2012 Spanish General Council of Optometry. Published by Elsevier Espana, S.L. All rights
reserved.
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Tonometria de rebote

Objetivo: Se ha comprobado que las variaciones de la presion intraocular (PIO) por cambios
posturales son superiores en el glaucoma, especialmente en el glaucoma de tension normal.
Una mayor variacion de la PIO se asocia también a unos mayores defectos de campo y a un
menor grosor de la capa de fibras nerviosas de la retina. La tonometria de no contacto ha
resultado ser de utilidad para la determinacion de las variaciones de la PIO debidas a cambios
posturales. El objetivo del presente estudio fue investigar si la tonometria de rebote era capaz
de monitorizar dichos cambios de la PIO.

Métodos: Se midid la PIO de cincuenta y cuatro adultos jovenes, seleccionando un ojo al azar,
utilizando el tonometro Pulsair EasyEye (Keeler Ltd, RU) y el tondmetro de rebote iCare (Tiolat,
Helsinki, Finlandia), en posicion sentada, luego supina y finalmente sentada. La PIO se midi6
tras un descanso de 15 minutos en cada postura. Examinadores enmascarados participaron en
dichas medidas. Se empleo un analisis de medidas repetidas de las variaciones, seguido de
los correspondientes tests post-hoc, para comparar los hallazgos tonométricos. Se compararon
también las medidas de PIO obtenidas con cada tonoémetro.

Resultados: La PIO vari6 considerablemente entre las diferentes posturas (p<0,001). Los
dos tonometros proporcionaron resultados similares de PIO en cada postura (p>0,05). El
tonémetro de rebote mostré una PIO ligeramente superior en la primera postura sentada
(diferencia=0,42 2,23 mmHg), pero mostré una PIO inferior para la postura supina (difer-
encia=—0,66 +2,58 mmHg) y la segunda postura sentada (diferencia=—0,11 42,24 mmHg). El
incremento de la PIO en posicion supina fue de 3,10 mmHg (SD 2,35 mmHg) con el tonémetro
Pulsair, pero sélo de 2,02 mmHg (SD 2,18 mmHg) con el tonometro iCare. Esta diferencia resulto
ser significativa (prueba de t pareada, p<0,01).

Conclusiones: Las variaciones de la PIO debidas a cambios posturales fueron ligeramente infer-
iores al medirse utilizando el tonémetro iCare, en comparacion con Pulsair. La tonometria de
rebote es util para monitorizar las variaciones de la PIO por cambios posturales.

© 2012 Spanish General Council of Optometry. Publicado por Elsevier Espana, S.L. Todos los

derechos reservados.

Introduction

Intraocular pressure (IOP) is usually clinically measured in a
sitting position. It varies from normal physical and physio-
logical alterations, such as postural change.! IOP has been
found higher in supine position, elevated further in prone?
and head-down positions.>> Glaucoma patients demon-
strated a higher postural IOP elevation,"® especially at night
time.”

Higher postural IOP elevation has been found to correlate
with greater and faster visual field progression in primary
open angle glaucoma® and normal tension glaucoma.®°
It may also lead to a thinner retinal nerve fiber layer
thickness." Although Goldmann applanation tonometry
(GAT) is the gold standard in measuring IOP, it has to be
mounted to a slit-lamp biomicroscope. Perkins tonometry
uses GAT principle and has the advantage of its portable
design for measuring IOP at different positions.'?

Non-contact tonometry using air-puff shares its advan-
tages of portability and non-invasive nature. It is good
for IOP screening.’® Recently, Jorge et al.' reported that
air-puff tonometry is sensitive enough to pick up pos-
tural IOP variations. Rebound tonometry is also portable
and non-invasive with good performance compared with
air-puff tonometry and GAT." It is reproducible when
applied in school children.’ Only simple training is
required for healthcare practitioners and parents to use it.

17,18 Self-administration is possible so patients can monitor
their IOP at home.'®-%?' Rebound tonometry compared rea-
sonably well with Perkins tonometry when used in supine
position.??

This study investigated if rebound tonometry could
detect postural IOP variation as effectively as air-puff tono-
metry can.

Materials and methods

Healthy subjects were recruited from student population
of the School of Optometry. All students studying optome-
try had comprehensive eye examination including tonometry
and dilated fundus examination. Eligible subjects were those
with good general and ocular health. Exclusion criteria
included history of corneal abnormality, ocular trauma, and
astigmatism more than 3.00D. Contact lens wearers were
asked to cease lens wear at least one day before data col-
lection. All procedures followed the Declaration of Helsinki.
The protocol was reviewed and approved by the Ethics Com-
mittee of the Hong Kong Polytechnic University. Informed
consent was obtained from the subjects prior to the mea-
surements.

One eye was randomly selected for this study. After sit-
ting and resting for 10 min, subjects had their IOP measured
by an air-puff non-contact tonometer (Pulsair EasyEye,
Keeler Instruments, Inc, Broomall, PA) and a rebound
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Table 1 Intraocular pressure (IOP) measured by iCare and Pulsair at different positions.

iCare Pulsair Difference Significance
Initial sitting (mmHg) 16.26 + 3.03 15.84 + 2.83 0.42 +2.23 p>0.05
Supine (mmHg) 18.28 + 3.64 18.94 + 3.73 —0.66 + 2.58 p>0.05
IOP elevation (mmHg) 2.02 £ 2.18 3.10 & 2.35 —1.08 & 2.66 p=0.0047"
Final sitting (mmHg) 15.83 4+ 3.17 15.94 + 2.92 —0.11 & 2.24 p>0.05

* Paired t-test.

tonometer (iCare, Tiolat, Helsinki, Finland) in a random
order. They laid flat at a supine position for 15 min followed
by IOP measurements with the same devices, the sequence
of which was randomly assigned. The final IOP was measured
by the two devices after another 15min of rest at sitting
position. Two masked practitioners took the IOP measure-
ments using each device. A third practitioner was assigned
to record the IOP findings.

For Pulsair, three measurements were taken and the
mean was used for analysis.'>23 For iCare, the recommended
procedures were followed in which six readings were taken
continuously and the final IOP displayed with a letter P.
Whenever an error sign appeared, a new set of readings was
taken.Z42> The iCare tonometer used in the current study
was the classic model which is designed to be used in an
upright position (patient at the sitting position). In order to
measure |OP at the supine position, subject was required to
turn the head to the side opposite to the selected eye.?
That means when the right eye was measured, the subject
at supine position had to turn the head to the left so the
right eye was at a higher level than the left eye. The man-
ufacturer has recently launched a new model which allows
downward measurement at supine position.

Central cornea thickness (CCT) was measured, with three
consecutive readings taken on the selected eye using a spec-
ular microscope (Topcon SP2000P, Topcon, Tokyo, Japan)
for potential IOP adjustment if initial sitting IOP was high.
Subjects came to our clinic for the above measurements
between 5pm and 8 pm. All the measurements were com-
pleted within 1h.

Statistical analyses

Quantitative variables were expressed as mean =+ standard
deviation. Results were tested for normality using the
Shapiro-Wilk test. IOP findings were compared using two-
way repeated measures analysis of variance (ANOVA) with
positions (initial sitting versus supine versus final sitting) and
devices (iCare versus Pulsair) as factors, followed by post
hoc analysis using the Bonferroni test. Statistical analysis
was performed using SigmaPlot version 11 (Systat Software,
Inc.). Significance was set at 5%. Agreements between iCare
and Pulsair (1.96 times standard deviation of the difference)
at each position were compared.?¢

Results

Fifty-four subjects (30 males and 24 females) were recruited
with a mean age of 21.43 +2.02 years (ranging from 17 to 26
years). It involved 32 right and 22 left eyes. Mean spherical

equivalent refraction was —3.78 +2.86 D, spherical power
was —3.33+2.78 D and cylindrical power was —0.89 +0.85
D. Initial sitting IOP measured by Pulsair ranged from 9 to
21 mmHg. Two subjects had IOP of 21 mmHg and their CCT
was 604.0 and 617.7 um, respectively.

Table 1 shows the IOP findings from each device at
different positions and their differences. There was sig-
nificant variation from positions (F=73.613, p<0.001) but
the two devices provided similar IOP results (F=0.253,
p=0.617). There was significant interaction between pos-
itions and devices (F=4.029, p=0.021). At each position, the
two devices shared similar IOP results (Bonferroni t-tests,
p>0.05 for all three pair comparisons). |OP was measured
slightly higher by iCare than Pulsair at the initial sitting
position, with the 95% limits of agreement (LoA) varying
from —3.96 to 4.80 mmHg (Fig. 1). There was significant
IOP rise from sitting to supine positions measured by each
device (Bonferroni t-tests, p<0.001). Postural IOP eleva-
tion was 2.02 + 2.18 mmHg from iCare and 3.10 & 2.35 mmHg
from Pulsair. The difference in I0P elevation was signif-
icant between iCare and Pulsair (paired t-test: t=2.954,
p=0.0047). The 95% LoA between the two devices at supine
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Figure 1 Bland and Altman plot of agreement between
intraocular pressure (IOP) from iCare and Pulsair at the initial
sitting position. The solid line represents the mean difference,
whereas the dotted lines represent the upper and lower limits
of agreement.
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Figure 2 Bland and Altman plot of agreement between

intraocular pressure (IOP) from iCare and Pulsair at the supine
position. The solid line represents the mean difference, whereas
the dotted lines represent the upper and lower limits of agree-
ment.

position were —5.71 and 4.39 mmHg (Fig. 2). Fig. 3 is the
Bland and Altman plot of the agreement between the two
devices at the final sitting position.

Table 2 shows the number of subjects with different
IOP elevations. For rebound tonometry, thirty-four subjects
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Figure 3 Bland and Altman plot of agreement between
intraocular pressure (IOP) from iCare and Pulsair at the final
sitting position. The solid line represents the mean difference,
whereas the dotted lines represent the upper and lower limits
of agreement.

(61%) did not have IOP change or IOP elevated 2 mmHg or
less. Twenty-one subjects (39%) had IOP elevation greater
than 2 mmHg. On the other hand, 37 subjects (69%) had IOP
elevated by more than 2 mmHg using Pulsair. Comparing the
two devices, 36 subjects (67%) had greater IOP elevation
measured by Pulsair. Among them, nineteen subjects (out
of 36) had difference greater than 2 mmHg with the two
devices.

Although the 95% LoA between iCare and Pulsiar at the
two sitting positions were similar, iCare I0P was slightly
lower than Pulsair IOP at the final sitting position. Initial
sitting IOP from both iCare and Pulsair was significantly cor-
related with CCT (iCare: correlation coefficient r=0.6263,
p<0.001; Pulsiar: r=0.471, p<0.001).

Discussion

Prata et al.! conducted a comprehensive review on postural
IOP elevation. A greater I0P increase should be expected
from eyes with glaucoma (1.6-23.1 mmHg IOP rise) when
changing from sitting to supine positions. In eyes with pri-
mary open angle glaucoma, a higher postural IOP elevation
was associated with a greater visual field defect.® Simi-
lar findings were reported in normal tension glaucoma.
Kiuchi et al.'® monitored the visual field deterioration in
normal tension glaucoma patients for an average of 4.6
years (2.5-7.5 years). A greater postural IOP elevation was
associated with a faster visual deterioration. This func-
tional change could be due to anatomical variation. For
example, Mizokami et al."" used time-domain optical coher-
ence tomography and found that retinal nerve fiber layer
thickness was thinner in eyes with greater postural IOP ele-
vation. These eyes also had greater visual field defects.
Postural IOP variation may be used to predict glaucoma
progression.®~"" The association between IOP elevation and
functional change is conceivable as one-third of our time is
spent on sleeping. If IOP increases significantly when lying
flat, the ganglion cell fibers have to tolerate high IOP fluc-
tuation continuously in every 24-h cycle. However, postural
IOP variation is not commonly measured in clinical practice.

Portable tonometer such as Perkins is commonly used for
nocturnal study because measurement can be conducted at
supine position.'? Otherwise, patients have to be seated for
tonometry.?” Although Perkins is portable, topical anesthesia
could be inconvenient for nocturnal study. Apart from air-
puff tonometry, rebound tonometry might be an alternative.
Rebound tonometry was introduced by Kontiola.?® It com-
pared reasonably well with GAT, over-estimation varied from
0.5 mmHg to 2.6 mmHg.2%3° Since it is easy to use, portable
and non-invasive, it is good for screening children.3' Both
air-puff and rebound tonometers performed similarly in ini-
tial sitting position (Table 1) as reported before.

We found a slightly higher postural IOP elevation from
Pulsair than Jorge et al.' They took 2 series of sitting IOP in
order to investigate the repeatability of Pulsair. Their study
therefore involved 2 sitting and 1 supine IOP measurements.
The supine I0P was randomly assigned as the first, second or
the third measurement in the series. Supine IOP was com-
pared with the mean of the two sitting IOP. To simplify the
experimental protocol, our supine IOP was always measured
between the two sitting IOPs. The resting time of 15min at
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Table 2 Number of subjects with postural intraocular pressure (IOP) elevation determined by iCare and Pulsair.

Number of subjects

Negative 0-2 mmHg rise >2 to 4mmHg rise >4 to 6 mmHg rise >6 mmHg rise
iCare 6 27 17 2 2
Pulsair 5 12 11 5
Pulsair minus iCare 18 17 13 4 2

‘“Negative’’ for iCare/Pulsair refers to supine |OP <initial sitting IOP. ‘*Negative’’ in Pulsair minus iCare refers to greater |IOP elevation

determined by iCare.

each position was to ensure stabilization of IOP.2'" Rebound
tonometry demonstrated less postural IOP elevation in the
current study (Table 2). This may be due to poor agree-
ment between the two devices. From the Bland and Altman
plots (Figs. 1-3), the 95% LoA were similar at the two sitting
positions (8.8 mmHg) and comparable to previous study.3?
However, the 95% LoA were up to 10.1 mmHg at the supine
position. The difference in postural IOP variations between
devices may be due to the limitation of our rebound tonome-
ter at supine position. In performing rebound tonometry at
supine position, the subject had to turn the head opposite
to the side of measurement because the tonometer could
not function when facing downward. For example, when the
right eye was measured, turning the head to the left side
resulted in a higher position of the right eye compared with
the heart. The eye position was different than when using
Pulsair. The eye would be at the same height as the heart.
It is conceivable to get a higher IOP from Pulsair. Malihi and
Sit33 found that IOP of the lower positioned eye at lateral
decubitus position was usually higher than the fellow eye.
The difference between the two eyes was around 1 mmHg.
The latest model of rebound tonometry could be applied at
a downward position. We would postulate a higher postural
IOP rise measured from this new model.

We found significant association between rebound tono-
metry and CCT, similar to previous studies.?*3¢ This is
unexpected as corneal contact in rebound tonometry is min-
imal. Chui et al.?> found that the confounding effect of
CCT on rebound tonometry was significant only if corneal
biomechanical properties were not taken into consideration.
Effect of CCT on rebound tonometry became insignificant in
multiple regression analysis. On the other hand, non-contact
tonometry is influenced by CCT more than GAT is.37-3

There were some limitations of the study. Firstly, we
have mentioned about different eye positions at supine posi-
tion when using Pulsair and iCare tonometers. It would be
ideal if IOP could be measured with both instruments facing
downward. Secondly, we did not include applanation tono-
metry such as Perkins in our study. This was to reduce the
experimental time as well as avoiding repeated use of topi-
cal anesthesia. Only adopting a shorter resting time should
applanation tonometry be feasible without repeated topical
anesthesia.?

High postural IOP elevation could be a risk factor for the
development of glaucoma. Advising patients to sleep with
head rise such as using a pillow could effectively reduce
the IOP elevation.? Previous studies reported that air-puff
tonometer is sensitive enough to pick up postural IOP ele-
vation. Postural IOP elevation could also be identified by

rebound tonometry. Similar study is warranted using the
latest model of rebound tonometer.

Financial disclosure

The authors have no proprietary or commercial interest in
any materials discussed in this paper.

Conflicts of interest

The authors have no conflicts of interest to declare.

Acknowledgements

This study was supported by the Development of Niche Areas
Funding on ‘‘Glaucoma Research - A programme Approach’’
J-BB76 from The Hong Kong Polytechnic University. A poster
was presented in the American Academy of Optometry
annual meeting in October 2012 at Phoenix, USA.

References

1. Prata TS, De Moraes CG, Kanadani FN, et al. Posture-
induced intraocular pressure changes: considerations regarding
body position in glaucoma patients. Surv Ophthalmol.
2010;55:445-453.

2. Lam AKC, Douthwaite WA. Does the change of anterior chamber
depth or/and episcleral venous pressure cause intraocu-
lar pressure change in postural variation? Optom Vis Sci.
1997;74:664-667.

3. Lam AKC, Douthwaite WA. The effect of an artificially elevated
intraocular pressure on the central corneal curvature. Ophthal
Physiol Opt. 1997;17:18-24.

4. Lam AKC, Douthwaite WA. The effect of an artificially ele-
vated intraocular pressure on corneal thickness in Chinese eye.
Ophthal Physiol Opt. 1997;17:414-420.

5. Ozcan MS, Praetel C, Bhatti MT, et al. The effect of body
inclination during prone positioning on intraocular pressure
in awake volunteers: a comparison of two operating tables.
Anesth Analg. 2004;99:1152-1158.

6. Tsukahara S, Sasaki T. Postural change of I0OP in normal persons
and in patients with primary wide open-angle glaucoma and
low-tension glaucoma. Br J Ophthalmol. 1984;68:389-392.

7. Wozniak K, Koller AU, Sporl E, et al. Intraocular pressure
measurement during the day and night for glaucoma patients
and normal controls using Goldmann and Perkins applana-
tion tonometry. Ophthalmologe. 2006;103:1027-1031 [English
Abstract].



100

A. Lam et al.

8.

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Hirooka K, Shiraga F. Relationship between postural change of
the intraocular pressure and visual field loss in primary open-
angle glaucoma. J Glaucoma. 2003;12:379-382.

. Kiuchi T, Motoyama Y, Oshika T. Relationship of progression of

visual field damage to postural changes in intraocular pressure
in patients with normal-tension glaucoma. Ophthalmology.
2006;113:2150-2155.

Kiuchi T, Motoyama Y, Oshika T. Postural response of intraocular
pressure and visual field damage in patients with untreated
normal-tension glaucoma. J Glaucoma. 2010;19:191-193.
Mizokami J, Yamada Y, Negi A, et al. Postural changes in
intraocular pressure are associated with asymmetrical reti-
nal nerve fiber thinning in treated patients with primary
open-angle glaucoma. Graefes Arch Clin Exp Ophthalmol.
2011;249:879-885.

Quaranta L, Konstas AG, Rossetti L, et al. Untreated 24-h
intraocular pressures measured with Goldmann applanation
tonometry vs nighttime supine pressures with Perkins appla-
nation tonometry. Eye. 2010;24:1252-1258.

Ogbuehi KC, Almubrad TM. Accuracy and reliability of the
Keeler Pulsair EasyEye non-contact tonometer. Optom Vis Sci.
2008;85:61-66.

Jorge J, Ramoa-Marques R, Lourenco A, et al. IOP varia-
tions in the sitting and supine positions. J Glaucoma. 2010;19:
609-612.

Kumar S, Middlemiss C, Bulsara M, et al. Telemedicine-friendly,
portable tonometers: an evaluation for intraocular pressure
screening. Clin Exp Ophthalmol. 2006;34:666-670.

Sahin A, Basmak H, Niyaz L, et al. Reproducibility and toler-
ability of the ICare rebound tonometer in school children. J
Glaucoma. 2007;16:185-188.

Abraham LM, Epasinghe NCR, Selva D, et al. Comparison of
the ICares rebound tonometer with the Goldmann applanation
tonometer by experienced and inexperienced tonometrists.
Eye. 2008;22:503-506.

Hsiao YC, Dzau JR, Flemmons MS, et al. Home assessment of
diurnal intraocular pressure in healthy children using the Icare
rebound tonometer. J AAPOS. 2012;16:58-60.

Tarkkanen A, Ulfves K, Ulfves T. Self-tonometry in glaucoma.
Graefes Arch Clin Exp Ophthalmol. 2010;248:1679-1681.
Asrani S, Chatterjee A, Wallace DK, et al. Evaluation of the
ICare rebound tonometer as a home intraocular pressure mon-
itoring device. J Glaucoma. 2011;20:74-79.

Halkiadakis I, Stratos A, Stergiopoulos G, et al. Evaluation of
the Icare-ONE rebound tonometer as a self-measuring intraoc-
ular pressure device in normal subjects. Graefes Arch Clin Exp
Ophthalmol. 2012;250:1207-1211.

Schild AM, Rosentreter A, Hermann MM, et al. Comparison
of rebound tonometry versus Perkins tonometry in the supine
glaucoma patient. Klin Monbl Augenheilkd. 2011;228:125-129
[English Abstract].

McCaghrey GE, Matthews FE. The Pulsair 3000 tonometer—how
many readings need to be taken to ensure accuracy of the
average? Ophthal Physiol Opt. 2001;21:334-338.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

39.

Fernandes P, Diaz-Rey JA, Queiros A, et al. Comparison of
the ICARE rebound tonometer with the Goldmann tonome-
ter in a normal population. Ophthalmic Physiol Opt. 2005;25:
436-440.

Chui WS, Lam AKC, Chen D, et al. The influence of corneal
properties on rebound tonometry. Ophthalmology. 2008;115:
80-84.

Bland JM, Altman DG. Statistical methods for assessing agree-
ment between two methods of clinical measurement. Lancet.
1986;1:307-310.

Kida T, Liu JHK, Weinreb RN. Effect of 24-hour corneal biome-
chanical changes on intraocular pressure measurement. Invest
Ophthalmol Vis Sci. 2006;47:4422-4426.

Kontiola Al. A new induction-based impact method for
measuring intraocular pressure. Acta Ophthalmol Scand.
2000;78:142-145.

Davies LN, Bartlett H, Mallen EA, et al. Clinical evaluation of
rebound tonometer. Acta Ophthalmol Scand. 2006;84:206-209.
Munkwitz S, Elkarmouty A, Hoffmann EM, et al. Comparison
of the iCare rebound tonometer and the Goldmann applana-
tion tonometer over a wide |OP range. Graefes Arch Clin Exp
Ophthalmol. 2008;246:875-879.

Dusek WA, Pierscionek BK, McClelland JF. Age variations in
intraocular pressure in a cohort of healthy Austrian school chil-
dren. Eye (Lond). 2012;26:841-845.

Kontiola A, Puska P. Measuring intraocular pressure with the
Pulsair 3000 and Rebound tonometers in elderly patients
without an anesthetic. Graefes Arch Clin Exp Ophthalmol.
2004;242:3-7.

Malihi M, Sit AJ. Effect of head and body position on intraocular
pressure. Ophthalmology. 2012;119:987-991.

. Martinez-de-la-Casa JM, Garcia-Feijoo J, Vico E, et al. Effect of

corneal thickness on dynamic contour, rebound, and Goldmann
tonometry. Ophthalmology. 2006;113:2156-2162.

Iliev ME, Goldblum D, Katsoulis K, et al. Comparison of rebound
tonometry with Goldmann applanation tonometry and cor-
relation with central corneal thickness. Br J Ophthalmol.
2006;90:833-835.

Poostchi A, Mitchell R, Nicholas S, et al. The iCare rebound
tonometer: comparisons with Goldmann tonometry, and influ-
ence of central corneal thickness. Clin Exp Ophthalmol.
2009;37:687-691.

Recep OF, Hasiripi H, Cagil N, et al. Relation between corneal
thickness and intraocular pressure measurement by noncon-
tact and applanation tonometry. J Cataract Refract Surg.
2001;27:1787-1791.

Tonnu PA, Ho T, Newson T, et al. The influence of central
corneal thickness and age on intraocular pressure measured
by pneumotonometry, noncontact tonometry, the Tono-Pen
XL, and Goldmann applanation tonometry. Br J Ophthalmol.
2005;89:851-854.

Buys YM, Alasbali T, Jin YP, et al. Effect of sleeping in a head-
up position on intraocular pressure in patients with glaucoma.
Ophthalmology. 2010;117:1348-1351.



	IOP variations from sitting to supine postures determined by rebound tonometer
	Introduction
	Materials and methods
	Statistical analyses

	Results
	Discussion
	Financial disclosure
	Conflicts of interest
	Acknowledgements
	References


