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Abstract

Purpose To evaluate the effect of preservative-free (PF)

tafluprost on diurnal variation of intraocular pressure (IOP)

and ocular perfusion pressure (OPP), measured by use of

home IOP and blood-pressure (BP) monitoring devices, for

primary open angle glaucoma (POAG) patients.

Methods Twenty-two eyes from 22 patients with POAG

were studied. Initially, IOP was measured at the hospital by

Goldmann applanation tonometry (GAT) and Icare-ONE

rebound tonometry. Each patient was then instructed how

to use the Icare-ONE and BP home monitoring devices.

IOP and BP were measured at home by the patients, every

4 h, before and 2 weeks after once daily treatment with PF

tafluprost (0.0015 %) ophthalmic solution.

Results Intraclass correlations between different IOP

measurements were greater than 0.8. PF tafluprost reduced

mean diurnal IOP significantly for patients with POAG,

from 15.7 ± 1.2 mmHg at baseline to 12.5 ± 0.6 mmHg

2 weeks after treatment (p\ 0.001). It increased mean

diurnal OPP from 48.5 ± 7.3 mmHg at baseline to

51.3 ± 7.0 mmHg post-treatment (p\ 0.017).

Conclusions Icare-ONE enables glaucoma patients to

measure their own diurnal IOP fluctuations. Patient-mea-

sured Icare-ONE IOP readings showed that PF tafluprost

effectively reduced diurnal IOP in eyes with POAG.

Keywords Intraocular pressure � Ocular perfusion
pressure � Rebound tonometer � Tafluprost

Introduction

Glaucoma, characterized by degeneration of the optic

nerve and loss of retinal ganglion cells, leads to progressive

irreversible loss of vision; it is the second most prevalent

cause of blindness worldwide [1]. Therapeutic manage-

ment of glaucoma includes intraocular pressure (IOP)

reduction, ocular blood flow improvement, and neuropro-

tection. Currently, IOP reduction is the only treatment

proved to slow the progression of glaucoma [2–4]. IOP can

be reduced by medication, laser treatment, or surgical

intervention. To avoid vision-threatening complications

that may occur after surgery or laser treatment, medical

therapy is usually the initial intervention used to reduce

IOP [5]. Furthermore, medical treatment and surgery have

similar outcomes for newly diagnosed, early glaucoma [6].

IOP measurements during office hours have been shown

to incorrectly identify peaks and ranges [7]. Because a

single IOP measurement is a poor predictor of highest 24-h

IOP, measurement of diurnal IOP variation provides useful

information for management of glaucoma. However,

information about IOP fluctuations is limited, because of

the impracticality of measuring IOP in a hospital over a

period of several days. A portable home tonometer could

be used to provide these data and aid the management of

glaucoma patients.

The Icare rebound tonometer (Icare Finland, Helsinki,

Finland) measures IOP without use of a topical anesthetic

[8]. Studies have revealed good agreement between Icare

tonometer and Goldmann applanation tonometer readings

[9, 10]. Recently, the Icare-ONE tonometer was introduced
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as a home IOP monitoring device. Measurements taken

with the Icare-ONE tonometer by both experienced and

inexperienced technicians were comparable with Gold-

mann applanation tonometer measurements [11]. Asrani

et al. [12] reported that the Icare rebound tonometer was

accurate and reliable in the hands of patients, and recom-

mended its use as an IOP home monitoring device.

Tafluprost is a relatively new prostaglandin analogue

known to be effective in reducing the IOP of patients with

glaucoma or ocular hypertension [13–17]. Tafluprost oph-

thalmic solution is available in a preservative-free (PF)

form in some countries, and both preservative-free taflu-

prost and preservative-containing tafluprost have equiva-

lent efficacy and tolerability [18]. As observed for other

prostaglandin analogues, adverse effects of tafluprost

include iris and lid pigmentation, increased eyelash growth,

conjunctival hyperemia, and deepening of the upper eyelid

sulcus [19, 20]. A recent post-marketing study of 4180

patients with glaucoma or ocular hypertension in Japan

revealed tafluprost had a good safety profile, in good

agreement with results from studies of other prostaglandin

analogs [15]. PF tafluprost may be better tolerated by

glaucoma patients who have ocular surface problems, for

example dry eyes or corneal erosion.

Studies of high-tension and normal-tension glaucoma

have shown that tafluprost has IOP-reducing effects [15–

17, 19, 21]. Recently, Konstas et al. [22] demonstrated it

effectively reduced IOP when IOP was measured over a

period of 24 h in a hospital. Although measurement of IOP

in a hospital by use of the Goldmann applanation

tonometer (GAT) may be more accurate, this might not

reflect the patient’s usual daily IOP. Therefore, we con-

ducted this study to investigate the effect of PF tafluprost

on diurnal variation of IOP measured by use of the Icare-

ONE rebound tonometer by patients with newly diagnosed

bilateral primary open-angle glaucoma (POAG). We also

evaluated the effect of tafluprost on ocular perfusion

pressure (OPP) calculated from blood pressure (BP) read-

ings obtained by use of a BP home monitoring device.

Patients and methods

This study included 25 consecutive patients diagnosed with

POAG in both eyes at Korea University Guro Hospital

between March and September 2013. Ethical approval for

this study was obtained from the Institutional Review Board

of Korea University Guro Hospital. Informed consent was

obtained from all participants. The study adhered to the

tenets of the Declaration of Helsinki. A detailed eye exam-

ination, including GAT, Humphrey central 30-2 threshold

testing (Zeiss-Humphrey, San Leandro, CA, USA), dilated

30-degree stereoscopic photography and 50-degree red-free

photography by use of a Zeiss FF450 IR plus (Carl Zeiss

Meditec, Dublin, CA, USA), and measurement of peripap-

illary retinal nerve fiber layer thickness by use of time

domain optical coherence tomography (Stratus OCT TM

model 3000; Carl Zeiss Meditec, Oberkochen, Germany)

was performed both eyes of the study subjects.

Open angle glaucoma was diagnosed when glaucoma

hemifield test results were outside normal limits or the

standard deviation, with a p value of less than 0.05, or

when there was a cluster of three points or more in the

pattern of the deviation plot in a single hemifield with a

p value of less than 0.05, with one of the p values less than

0.01 on the Humphrey Swedish interactive threshold

algorithm 30-2 test [23]; and/or a retinal nerve fiber layer

defect combined with a corresponding optic disc change.

Gonioscopy excluded angle closure, rubeosis, and sec-

ondary glaucoma. Exclusion criteria included a history of

corneal disease, ocular inflammation or infection, previous

intraocular surgery, previous treatment for glaucoma, and

visual field defects caused by nonglaucomatous disorders.

Patients with a high degree of myopia (spherical equivalent

refraction B-6 D), astigmatism (cylindrical equivalent

refraction C3 D), or best corrected visual acuity \20/25

were excluded.

The right eye of each patient was evaluated in this study.

Initially, IOP was measured by use of a Goldmann appla-

nation tonometer (GAT-IOP) by an experienced member of

staff. Next, another member of staff measured IOP by use

of an Icare-ONE rebound tonometer (IC-IOPi). Each

patient was then taught how to use the Icare-ONE rebound

tonometer, and the patients themselves measured IOP with

the Icare-ONE (IC-IOPp). To evaluate learning of use of

the Icare-ONE rebound home tonometer, intraclass corre-

lation between IC-IOPp and IC-IOPi was calculated.

Patients were also taught use of a portable BP monitoring

device (Omron HEM-705CP; Europe, Hoofddorp, The

Netherlands).

Patients were asked to measure IOP and BP at home by

use of both monitoring devices on two separate occasions

two weeks apart: before and after treatment with PF

tafluprost 0.0015 % ophthalmic solution (Taflotan S�;

Santen, Osaka, Japan) once daily, dosed both eyes, at

20:00 ± 1:00 h. IC-IOPp readings were obtained, at home,

by each patient, with the patient in a seated position every

4 h for 24 h without medication (at 6 p.m., 10 p.m., 2 a.m.,

6 a.m., 10 a.m., and 2 p.m.), and every 4 h for 24 h under

medication (at 6 p.m., 10 p.m., 2 a.m., 6 a.m., 10 a.m., and

2 p.m.). Five min after the IOP measurements, the patient

took BP measurements while seated. Patients were

instructed to maintain their normal daily activities during

the day, go to bed at 10 p.m., and to wake at 6 a.m.

The Icare-ONE and its characteristics were explained to

the patients. Patients were instructed in its use, with their

28 S. Y. Cho et al.

123



dominant hand, in front of a mirror. Three valid consecu-

tive sets of measurements, with six measurements for each

set, were obtained with the Icare-ONE placed 4–8 mm

from the center of the cornea. Invalid measurements, i.e.

those with a high standard deviation, were indicated by a

flashing red signal ‘‘REPEAT’’. Invalid measurements

because of incorrect positioning or a probe malposition

were indicated by a flashing signal ‘‘POSITION’’ or

‘‘PROBE’’. Invalid measurements and apparent misread-

ings, for example\6 or[35 mmHg were discarded, and

additional measurements were conducted. The average of

each set was obtained automatically, and the average val-

ues were used for statistical analysis. Precise values stored

in the memory of the tonometer were obtained by use of

Icare PRO LINK software. After IOP measurements, the

participant measured BP by use of a portable BP moni-

toring device (Omron HEM-705CP) for 5 min after resting

seated in a chair. BP measurements were taken twice at

with 1-min interval. A form was supplied to participants to

report home BP and IOP readings. OPP was calculated by

use of the formula: OPP = (1/3 systolic BP ? 2/3 diastolic

BP) 9 2/3 - IOP [24].

Before the study, it was estimated that 22 patients would

be required to detect a difference of 1.2 mmHg between

baseline and post-treatment at a significance level of 0.05, a

power of 80 %, and a given standard deviation of

2.0 mmHg. To allow for withdrawal, 25 patients were

enrolled in the study. Sample size was calculated by use of

PASS 2008 (NCSS, Kaysville, UT, USA). Pre-treatment

and post-treatment IOP and OPP values were compared by

use of the Wilcoxon signed rank test; p values of\0.05

were regarded as statistically significant. The correlation

between the reduction in mean IOP after treatment and

baseline IOP was assessed by use of nonparametric

Spearman correlation analysis. Bland–Altman analysis was

used to assess bias and 95 % limits of agreement between

instruments. All statistical analysis was performed by use

of SPSS 21.0 software (SPSS Inc., Chicago, IL, USA).

Results

Of the 25 patients in this study, two were excluded because

of such adverse effects as hyperemia and tingling sensa-

tion, and one patient was excluded because of poor

adherence. After instructions had been given on how to

perform the Icare-ONE home tonometry, all the patients

proved successful in using the Icare-ONE rebound

tonometer. Data from 22 patients were analyzed. There

were 19 men and 3 women, with a mean age of

45.9 ± 13.1 years (range 21–67 years). Patient character-

istics are listed in Table 1.

Nonparametric Spearman correlation revealed a high

correlation between IC-IOPi and IC-IOPp (q = 0.823;

p\ 0.001), and between IC-IOPp and GAT-IOP

(q = 0.688; p\ 0.001). Patient-measured IOP values (IC-

IOPp) were within 3 mmHg of the instructor-measured

IOP values (IC-IOPi) for 91 % of patients, and IC-IOPi

values were within 3 mmHg of GAT-IOP values for

82 % of patients (Fig. 1). Mean GAT-IOP was

16.0 ± 3.4 mmHg (range 10.0–26.0 mmHg). Mean IC-

IOPp was 15.9 ± 3.8 mmHg (range 6.5–25.5 mmHg)

and mean IC-IOPi was 15.6 ± 3.9 mmHg (range

8.5–25.5 mmHg).

Intraclass correlations between the different testing

methods are shown in Table 2. All correlations were[0.8,

indicating good agreement between all methods. The

Bland–Altman plot in Fig. 2 illustrates the agreement

between GAT-IOP and IC-IOPp. The analysis showed that,

on average, GAT-IOP was approximately 0.1 mmHg

higher than IC-IOPp. Table 3 shows IOP and OPP at

baseline and after PF Tafluprost treatment. After two weeks

of treatment with topical PF tafluprost 0.0015 %, IOP

decreased significantly at all time points (p\ 0.001)

(Fig. 3). Maximum IOP, minimum IOP, and mean range of

variation of IOP decreased significantly (p\ 0.001)

(Table 3). OPP increased significantly at every time point

assessed from baseline (p = 0.017 at 6 p.m., p = 0.002 at

10 p.m., p = 0.008 at 2 a.m., p = 0.014 at 6 a.m.,

p = 0.001 at 10 a.m., and p\ 0.001 at 2 p.m.) (Fig. 4).

Table 1 Patient characteristics

Characteristic (n = 22)

Age (years) 45.9 ± 13.1

Gender

Male 19

Female 3

Mean deviation (dB) -2.4 ± 2.5

Visual field index (%) 94.6 ± 7.3

Pattern standard deviation (dB) 3.4 ± 3.0

Central corneal thickness (lm) 545.8 ± 34.5

Spherical equivalent (diopter)

Axial length (mm) 25.2 ± 1.6

Systemic disease

Diabetes mellitus 4

Hypertension 4

Medication

Oral hypoglycemic agent 4

Aspirin 2

Anti-hypertensive medication 4

Family history 4
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Systolic or diastolic BP were not significant different either

pre-treatment (p = 0.7) or post-treatment (p = 0.1).

The incidence of local adverse side effects was 8 %

overall: two patients had mild conjunctival hyperemia and

foreign body sensation in the treated eyes. However, iris or

lid pigmentation, increased eyelash growth, and deepening

of upper eyelid sulcus were not observed for any

patient during the 2-week study period. There were no

systemic adverse side effects.

Discussion

Currently, measurement of diurnal IOP fluctuation is hard

to achieve at a patient’s home. A pressure phosphene

tonometer is used for home IOP monitoring but its

correlation with GAT reported to be poor [25]. A contact

lens sensor (Sensimed Triggerfish�; Sensimed, Lausanne,

Switzerland) was introduced for continuous monitoring of

IOP over a 24-h period [26]. However, because the contact

lens sensor does not display the output signal in mmHg, but

in arbitrary units that are proportional to the electric signal

generated by the contact lens-embedded strain gauge [26],

the clinical significance of the results is unclear. Icare

tonometry is reported to be easily used by school children

without use of topical anesthetics, and good intra-observer

and inter-observer reproducibility has been reported [27].

Several studies have demonstrated that Icare rebound

tonometry is highly comparable with GAT [9, 10, 27].

These findings suggest that the Icare-ONE rebound

tonometer has the potential to be useful for home IOP

monitoring.

Fig. 1 Correlations between different IOP measurement devices.

a Significant positive correlation was obtained between IOP measured

by use of the Icare-ONE rebound tonometer by the member of staff

(IC-IOPi) and IOP measured by use of the Icare-ONE by patients (IC-

IOPp) (Spearman correlation coefficient q = 0.823; p\ 0.001).

b Significant positive correlation was observed between IOP

measured by use of a Goldmann applanation tonometer (GAT-IOP)

by an experienced member of staff and IOP measured by use of the

Icare-ONE by patients (IC-IOPp) (Spearman correlation coefficient

q = 0.688; p\ 0.001)

Table 2 Intraclass correlations between different testers and methods of IOP measurement

Comparison Intraclass

correlation

Confidence

interval

Mean

difference

Wilcoxon signed

rank test p

Repeatability

coefficienta
Limits of

agreementb

All 0.93 0.88–0.96

IC-IOPp vs GAT-IOP 0.85 0.72–0.92 -0.08 0.855 5.24 -5.32, 5.16

IC-IOPi vs IC-IOPp 0.93 0.88–0.96 -0.33 0.313 3.80 -4.13, 3.47

IC-IOPi vs GAT-IOP 0.89 0.80–0.94 -0.41 0.279 4.62 -5.03, 4.21

GAT-IOP IOP measured with a Goldmann applanation tonometer, IC-IOPp Icare-ONE IOP measured by patients, IC-IOPi Icare-ONE IOP

measured by an instructor
a Repeatability coefficient = twice the standard deviation of the differences
b Limits of agreement = mean difference ± two standard deviations
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Asrani et al. [12] reported that 81 % of patient-measured

Icare-ONE cases values were within 3 mmHg of the GAT-

IOP and that 88 % of measurements were in agreement

with physician-measured Icare-ONE readings. Moreno-

Montañés et al. [28] reported that 67.7 % of Icare-ONE

values measured by patients were within 3 mmHg of GAT

values. We found that 82 % of patient-measured Icare-

ONE IOP readings were within 3 mmHg of the GAT-IOP.

And 91 % of patient-measured Icare-ONE IOP readings

were within 3 mmHg of the physician-measured Icare-

ONE readings.

Bland–Altman analysis revealed a mean difference of

0.1 mmHg between Icare-ONE patient-measured IOP and

GAT readings (Fig. 3). Moreno-Montañés et al. [28] and

Rosentreter et al. [29] report differences of 0.3 and

0.6 mmHg between Icare-ONE and GAT, respectively.

The intraclass correlation between physician-measured

Icare-ONE IOP and GAT-IOP was 0.89. These results are

similar to results reported by Asrani et al. [12]; Halkiadakis

et al. [30] and Asrani et al. [12] reported that the intraclass

correlation between technician-measured Icare rebound

tonometer readings and GAT readings was 0.85, and

Fig. 2 Bland–Altman plot of agreement between IOP taken with a

Goldmann applanation tonometer (GAT-IOP) and that taken using the

Icare-ONE by patients (IC-IOPp). The dotted line indicates the mean

difference (bias); the dashed line indicates the 95 % limits of

agreement (-5.3 to 5.2 mmHg). The slope of the regression line

(r2 = 0.03) is not significantly different from zero (p = 0.261)

Table 3 Intraocular pressure

and ocular perfusion pressure at

baseline and after preservative-

free tafluprost treatment

Baseline Post-treatment p value

Mean diurnal IOP (mmHg) 15.7 ± 1.2 12.5 ± 0.6 \0.001*

Maximum IOP (mmHg) 20.6 ± 5.7 15.2 ± 2.9 \0.001*

Minimum IOP (mmHg) 11.6 ± 3.1 10.6 ± 2.4 \0.01*

Mean range of variation in IOP (mmHg) 8.6 ± 5.0 4.6 ± 2.6 \0.001*

Mean diurnal OPP (mmHg) 48.5 ± 7.3 51.3 ± 7.0 \0.001*

Post-treatment: instillation of preservative-free tafluprost (0.0015 %) once daily at 20:00 ± 1:00. Values

are mean ± SD and were compared by use of the Wilcoxon signed rank test

* p\ 0.05

Fig. 3 Mean diurnal variation of IOP (mean ± standard deviation) at

baseline and over a treatment period of 24 h. IOP decreased

significantly at every time point assessed after treatment

(*p\ 0.001, n = 22)

Fig. 4 Mean diurnal variation of OPP (mean ± standard deviation)

at baseline and over a treatment period of 24 h. Mean diurnal

variation in OPP increased significantly at every time point assessed

(*p\ 0.02, n = 22)
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Halkiadakis et al. [30] also reported intraclass correlation

of 0.85 between Icare-ONE tonometer values and GAT,

indicating excellent agreement between these techniques.

Our study of Asian glaucoma patients has also revealed

good correlation between Icare-ONE tonometer and GAT

readings.

Several workers have reported the IOP-lowering effi-

cacy of tafluprost. Hommer et al. [31] and Rossi et al. [32]

reported mean diurnal IOP reduction by PF tafluprost

ranging from 22.9 to 32.1 % from the untreated baseline. In

a recent study of Korean glaucoma patients IOP reduction

was 23 % from baseline [33]. Konstas et al. [22] compared

24-h IOP data after tafluprost and latanoprost treatment of

open-angle glaucoma patients, and reported that mean IOP

decreased from 24.9 to 17.8 mmHg in the tafluprost-in-

stilled group. In this study we found that mean diurnal IOP

decreased from 15.7 ± 1.2 to 12.5 ± 0.6 mmHg after

instillation of PF tafluprost for 2-weeks. As far as we are

aware this is the first evaluation of the 24-h IOP-reducing

effect of PF tafluprost by use of the Icare-ONE home

tonometer.

This study revealed that 2-week treatment with tafluprost

reduced both the maximum and minimum IOP and the

range of variation of diurnal IOP. High mean diurnal IOP

and a wider range of variation of diurnal IOP have been

shown to be associated with progression of glaucomatous

field defects [34]. Konstas et al. [22] showed that the PF

tafluprost 24-h IOP fluctuation was 3.2 ± 1.7 mmHg. In

this study we found that IOP fluctuations decreased from

8.6 ± 5.0 mmHg at baseline to 4.6 ± 2.6 mmHg after PF

tafluprost instillation. The two 24-h IOP studies have sev-

eral methodological differences. Konstas et al. [22] per-

formed 24-h IOP monitoring in the habitual position during

the daytime (10 a.m., 2 p.m., 6 p.m., 10 p.m.) by Goldmann

tonometry and during the night (2 a.m., 6 a.m.) by Perkins

supine tonometry, whereas we performed 24-h IOP moni-

toring in the sitting position only by use of the Icare-ONE. It

is well-known that IOP measured in the supine position is

higher than that in the sitting position [35]. However,

we observed greater 24-h IOP fluctuation than reported

in the study by Konstas et al. [22] (4.6 ± 2.6 vs

3.2 ± 1.7 mmHg). Different study populations might have

also contributed to this discrepancy.

In addition to elevated IOP, reduced or unstable OPP

has been shown to affect glaucomatous optic nerve damage

[36]. A reduction in nocturnal BP may adversely affect

OPP; glaucoma patients may experience lower OPP at

night [31]. In our study tafluprost significantly increased

OPP without any effect on BP. A previous study reported

that latanoprost significantly increased OPP with no effect

on BP [24].

This is the first study to use the Icare-ONE rebound

tonometer for home monitoring of diurnal IOP for glau-

coma patients both before and after treatment with anti-

glaucoma medication. The Icare-ONE rebound tonometer

has been shown to be both accurate and reliable in the

hands of patients [12]. Monitoring of 24-h IOP of glau-

coma patients is very useful for accurate diagnosis and

proper treatment. Twenty-four-hour IOP monitoring usu-

ally requires hospitalization for a day or longer; however,

the cost of hospitalization can be a burden to both patients

and society. Use of an Icare-ONE rebound tonometer

enables doctors to obtain information about patients’

diurnal IOP changes with more ease. Moreover, when

combined with a BP-monitoring home device, OPP, also,

can be calculated.

This study had several limitations. First, the Icare-One

IOP measurements obtained by the patients themselves

without any observer may have been erroneous. However,

patient and physician-measured Icare-ONE IOP readings

were in good agreement. Furthermore, Moreno-Montañés

et al. [28] report that most individuals can use the Icare-

ONE after a short training session and that IOP values are

reliable. Second, the sample size of this study was small

and most participants were men. Third, because the par-

ticipants in this study were relatively young, the results

might not be generalizable to older glaucoma patients. It

has recently been reported that, compared with GAT, the

Icare-ONE underestimated IOP for the elderly [37]. Witte

et al. [38] reported that differences between patient-mea-

sured Icare-ONE and the GAT results occasionally fluc-

tuated substantially. However, for patients younger than

60 years the agreement was better. Therefore, the relatively

young age of the participants may have reduced potential

bias related to use of the Icare-ONE tonometer [28].

Younger age and less comorbidity may also affect the

accuracy of measurements of OPP. Fourth, measurements

obtained during the nighttime may not reflect IOP alter-

ations in a recumbent posture (supine, prone, or lateral

decubitus) [39–42] or what happens during physiological

sleeping patterns, because our IOP measurements were

obtained with the patients awake and seated. Finally, the

relatively short treatment period of 2 weeks may not have

been sufficient to assess the full IOP-reducing efficacy of

PF tafluprost.

In conclusion, this study revealed that IOP readings

obtained by use of the Icare-ONE rebound tonometer

correlate well with GAT IOP readings. The good inter-

observer reliability of these techniques suggest the feasi-

bility of home monitoring of IOP. PF tafluprost was found

to significantly reduce IOP and increase OPP over 24 h at

all time points assessed.
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