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Abstract

Background: Elevated intraocular pressure (IOP) remained the most important known risk factor for glaucoma.

Aim: To compare the postural and diurnal IOP variations using the iCare rebound tonometer (RT) and Perkins applanation tonometer (PAT).

Setting: Kakamega County Hospital, Kenya.

Methods: Elevated intraocular pressure measurements were taken by two (masked) examiners with two devices in the morning (06:00–09:00), midday (12:00–15:00) and evening (18:00–21:00), in the sitting followed by supine positions in one randomly selected eye of 24 oculo-visual healthy hospital-admitted patients. Effects of the time of the day and position of the body within and between devices were analysed with the Statistical Package for Social Sciences.

Results: The mean IOP measured by the RT ranged from 6 mmHg to 24 millimetres of mercury (mmHg) in the sitting position and from 10 mmHg to 26 mmHg in the supine position. The mean IOP measured using PAT ranged from 6 mmHg to 21 mmHg in the sitting position and from 8 mmHg to 24 mmHg in the supine position. The IOP measured by both devices significantly varied with position (p < 0.05). Perkins applanation tonometer on average gave a significantly higher IOP (1.7 mmHg [p = 0.003] and 1.3 mmHg [p = 0.034]) at 06:00 compared to that at 12:00 and 18:00, respectively. The IOP readings with the RT were on average 2.2 mmHg and 3.0 mmHg higher at 06:00 compared to that at 12:00 and 18:00, respectively (p < 0.0005).

Conclusion: Significant reductions were observed in postural and diurnal IOPs in the sitting positions and in the afternoon, respectively. Diurnal IOP variations were slightly higher when measured by RT compared to when measured by PAT.
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Introduction

Glaucoma has been reported to be the main cause of irreversible blindness and one of the leading causes of blindness worldwide.1 Intraocular pressure (IOP) is an important prognostic and the only modifiable risk factor for glaucoma.2 The accurate assessment of IOP is, therefore, crucial in the diagnosis and management of this disease, with its traditionally defined normal range being 10 millimetres of mercury (mmHg) – 21 mmHg.2 However, a study by Krupin et al.3 demonstrated structural and functional damage to the optic nerve (such as increased optic disc cupping, thinning of the neuro-retinal rim and visual field defects) in many glaucoma patients with IOPs within the normal range of 10 mmHg – 21 mmHg, suggesting that an elevated IOP is not necessary for the development of optic neuropathy.

Variations in IOP are affected by posture; and in most clinical settings, IOP is usually measured in the sitting position. In general, higher readings are noted in the supine than the sitting position. For example, Gautam et al.4 reported that the supine IOP was significantly higher compared to the sitting IOP, at all times of the day, in patients with untreated glaucoma, glaucoma suspects and healthy volunteers (p < 0.001). This postural IOP variation pattern is believed to be because of an increase in the episcleral venous pressure.5

Variations in IOP are also observed over the course of the day; IOP is high on awakening and keeps reducing throughout the day, reaching the lowest level in the early evening.6 Research has suggested that this may be related to the reduced production of aqueous humour at night.7 Arora et al.6 evaluated the role of measuring IOP outside office hours in primary, adult-onset glaucoma and reported that 66% of patients had maximum IOP readings during this time, with the mean diurnal fluctuation (7.03 mmHg ± 2.69 mmHg) being significantly higher than the mean office fluctuation (4.31 mmHg ± 2.6 mmHg) (p < 0.01). The authors6 concluded that diurnal monitoring may be particularly useful in patients with high baseline IOP readings. However, other reports show that some individuals reach their peak IOP in the afternoon or evening whilst others follow no consistent pattern.8,9

Studies on the importance of detecting IOP fluctuations and peak measurements on the risk of glaucoma development, its progression and management have yielded conflicting results. For example, some studies have reported that large diurnal and postural fluctuations in IOP are potential independent risk factors for the progression of glaucomatous optic neuropathy10,11 whilst others found no such association.12,13

The Perkins applanation tonometer (PAT) is a handheld device that works on the same principle as the Goldmann applanation tonometer (GAT). Arora et al.14 reported that PAT yields IOP measurements that are sufficiently comparable to the GAT to be acceptable for routine clinical practice. The iCare rebound tonometer (RT) uses rebound technology and involves an analysis of the rebound motion of the device probe after interacting with the anterior surface of the cornea.15 The RT is a widely used handheld IOP screening tool, particularly in primary care settings, but the evidence of its comparability with GAT is not conclusive. For example, studies have shown that RT measurements compared reasonably with the GAT16,17 with at least one recent report suggesting that it overestimates IOP.15

Several studies of the diurnal and postural variations in IOP using different devices have been conducted, which yielded different and contradictory results for a variety of reasons.18,19 Although there is a clear evidence of IOP fluctuations over the course of the day, it is commonly based on isolated measurements in the sitting position during office hours visit. It is, therefore, possible that the IOP peak and fluctuations may be missed during office hours. The objective of the study was to compare the diurnal and postural IOP variations in healthy adults using the RT and PAT. This study will help eye care practitioners understand the trend of fluctuations in IOP as it relates to position, time and technique.

Methods

This observational, cross-sectional study used a random sampling technique to determine the eligibility of patients aged 40 years and older admitted to the men and women’s medical wards of Kakamega County Teaching and Referral Hospital (KCTRH), for 3−5 days. This study adhered to the tenets of the Declaration of Helsinki, and ethical approval was obtained from the institutional review board of Masinde Muliro University of Science and Technology. Written informed consent was obtained from all patients after a detailed explanation of the study and examination. Using the G* power software, the sample size for this study was calculated based on the average values of IOP obtained with PAT to warrant a power of 80% with a statistical significance level of 0.05. The minimum sample size was calculated to be 23.

The exclusion criteria were IOPs recorded during normal clinic hours (10:00–16:00), which exceeded 21 mmHg; another ocular or systemic disease that could damage the optic disc; taking corticosteroids, which can increase IOP; patients who had undergone a previous ocular surgery and patients who had a corneal abnormality that prevented reliable IOP measurement.

Only patients who were oculovisually healthy during the study period were included, and all participants maintained their normal sleep and wake hospital schedule without restrictions. The IOP was measured with both a portable or mobile RT (Tiolat, Helsinki, Finland) and PAT (Haag-Streit). For IOP measurements with the RT, the patient was requested to look straight at the fixation target, and the tonometer was brought closer to the patient’s eye. The software of the iCare® instrument is designed for six automatic consecutive measurements, with the output being the mean pressure and standard deviation, with the average value being displayed on the digital screen and recorded as the IOP. If a faulty measurement is obtained, it is automatically discarded by the software.

For contact IOP measurements, PAT was used, and its calibration was checked at the beginning of each session, according to the manufacturer’s instructions. Topical anaesthesia was applied, and the eyes were dabbed to remove excess fluid from the ocular surface, with the applanation being performed three times and averaged by the one examiner. All IOP measurements with both devices were carried out three times a day in the sitting and supine positions. Both the sitting and supine position measurements were taken after the patient had been in the position for 30 min, with the patient looking straight ahead. The diurnal IOP was the result of these sitting and supine IOPs which were carried out three times a day: in the morning (06:00−09:00), midday (12:00−15:00) and evening (18:00−21:00). Two examiners obtained the measurements in a masked fashion (one with RT in both positions and another with PAT in both positions), and a research assistant recorded the results each time. Results were read out by the examiner who obtained the measurements whilst the research assistant recorded them and imported the data into an Excel spreadsheet.

Statistical analysis

All statistical analyses were performed using the Statistical Package for Social Sciences (SPSS, IBM NY) version 25. Continuous data were summarised using descriptive statistics including the mean, standard deviation (s.d.), minimum and maximum iCare RT and PAT values in each session and with each technique. The dependent variables (PAT and RT IOPs) were normally distributed and t-tests were used to compare significant differences between groups for each time whilst the analysis of covariance (ANCOVA) test was used for between-group analysis; the differences were considered significant at p < 0.05. The analysis entailed establishing any differences for each position with respect to the time of the day and between two positions during the day.

The mean differences in IOPs (calculated by the differences in IOPs between three time points) were plotted against the mean IOP values for the same position. This was to show the pattern of diurnal variation in IOP for each position using each device. Bland−Altman plots were used to show the limits of agreement (LoAs) for the methods. For these graphs, the mean difference in IOP (PAT minus RT) was derived for the same position and at the same time and plotted as a function of average IOPs. The 95% confidence intervals (CIs) were also shown. This was necessary to indicate whether both the tonometers can be used interchangeably for clinical assessment of IOPs at any position and/or at any time point during the day.

Ethical considerations

This study adhered to the tenets of the Declaration of Helsinki, and ethical approval was obtained from the institutional review board of Masinde Muliro University of Science and Technology (MMUST/IERC/50/19). Written informed consent was obtained from all patients after a detailed explanation of the study and examinations.

Results

Of the 30 patients who were approached to participate, 5 declined and one dropped out, with data being collected from 24 participants (7 women, 29.2% and 17 men, 70.8%) aged 48.3 ± 7.0 years (range, 40−62 years). With respect to the IOP measurements obtained from the 24 participants, the comparative analysis of two methods showed values ranging from 6 mmHg to 21 mmHg using PAT in the sitting position, and from 8 mmHg to 24 mmHg in the supine position. The RT sitting position results ranged from 6 mmHg to 24 mmHg and that of the supine position from 10 mmHg to 26 mmHg. Table 1 shows the average (±s.d.) and range of readings for IOP obtained from the two techniques in both positions and all three sessions. On average, the RT showed the highest mean values for IOP, higher than those obtained in the supine position, followed very closely by PAT in the supine position. The lowest mean values were observed for PAT in the sitting position.
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The ANCOVA results revealed no significant effect of position on PAT IOP measurement at the sitting position; however, posthoc analysis showed differences between time points. Perkins applanation tonometer IOPs were on average 1.7 mmHg (95% CI of mean difference = 0.7 mmHg − 2.8 mmHg, p = 0.003) and 1.3 mmHg (95% CI of mean difference = 0.1–2.4 mmHg, p = 0.034) higher at 06:00 compared to that at 12:00 and 18:00, respectively. By contrast, the RT readings were significantly affected by time, returning on average 2.2 mmHg (95% CI of mean difference = 1.1 mmHg − 3.2 mmHg, p < 0.0005) and 3.0 mmHg (95% CI of mean difference = 1.7 mmHg − 4.2 mmHg, p < 0.0005) higher IOP readings at 06:00 compared to that at 12:00−15:00 and 18:00–21:00, respectively. Figure 1a and b shows the difference in IOP measurements between three time points (variation) for the two devices. Comparing devices, the diurnal IOP variation was found to be significantly different between PAT and RT, with latter readings being higher in both positions.
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The limits of repeatability (LoRs) for PAT−IOP in the sitting position were 0.2 mmHg (95% LoRs: −3.3 mmHg to 3.7 mmHg) and 1.5 mmHg (−2.9 mmHg to 6.0 mmHg) in the supine position. For RT, the corresponding values were 1.5 mmHg (−2.0 mmHg to 4.9 mmHg) and 1.4 mmHg (−5.3 mmHg to 8.1 mmHg), respectively. The mean IOP was measured slightly higher by RT than by PAT in the initial sitting position, with the 95% LoAs varying from −7.9 to 1.9, −7.00 to 3.00 and −6.2 mmHg to 4.2 mmHg in the morning, afternoon and evening, respectively (Figure 2).
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The IOP readings of the participants in the supine position were found to be higher for both techniques than those obtained in the sitting position. The 95% LoAs between the two devices in the supine position were −8.1 mmHg and 5.3 mmHg, −8.8 mmHg and 6.0 mmHg and −7.0 mmHg and 3.0 mmHg in the morning, afternoon and evening, respectively.

Discussion

The study aimed to compare the postural and diurnal IOP variations using the iCare RT and PAT. The findings of the study showed that PAT measured the highest IOP in the morning, with the participants in sitting position, and the lowest IOP in the early evening. The RT recorded higher IOP readings in the mornings and lower readings around midday and early evenings, with the participants in the sitting position. These results indicate that the IOP changes overtime during the day and with the position assumed by the patient during the measurement.

The statistical analysis revealed that IOP is significantly higher when measured in the supine compared to the sitting position. These results support the assertion that posture plays an important role in IOP fluctuation, with IOP being considerably higher when a person is lying down compared to the sitting position.20,21 Research4,5 suggests that this could partially explain some nocturnal elevations in IOP and, in some instances, possibly contribute to continued glaucomatous damage, despite the measured low IOP during the routine ophthalmic examinations. Advising at risk patients to sleep with their heads elevated by using a pillow could reduce the IOP increase.5

In this study, using the PAT with the participants in sitting position, we found the mean IOP to be highest in the morning and lowest in early evening. With the RT, a similar trend of highest readings in the mornings, but lower in the midday and early evenings, was found. This IOP fluctuation with time, as reported by both devices, indicates that the IOP is higher on awakening and lowest in early evening. Similarly, studies22,23 have found that IOP peaks in the morning and early afternoon and troughs in the afternoon and at night in patients with primary open-angle glaucoma and normal controls. However, other studies24,25 have reported peak IOP readings in the afternoon in patients with secondary open-angle glaucoma. The difference in these studies could be because of the different types of diagnosed glaucoma. These results have important clinical implications for the early detection and future diagnosis of glaucoma in patients with normal IOP and also in disease monitoring in patients with visual field deterioration yet with normal IOP readings. For example, it has been reported that the mean IOP, IOP fluctuations, minimal and peak IOP values are predictors of glaucomatous damage. Therefore, diurnal IOP monitoring might potentially be a valuable adjunct to isolated (one-time) IOP measurements during clinic office hour visits as it offers eye care practitioner’s information on the circadian IOP rhythm, timing of IOP peaks and magnitude of IOP fluctuations in different glaucoma subtypes.26

The findings that both devices returned significantly higher IOPs in the supine position than in the sitting position when measurements were taken in the morning hours (06:00–09:00) are an important consideration to be made when managing the ocular health of a person who is bed-bound, glaucomatous or predisposed to glaucoma. Whilst measuring diurnal IOP variation could be difficult, as it involves testing the patient at different times of the day, it provides the eye care practitioner with a better understanding of a patient’s IOP range compared to the one-time measurement during clinic hours. The IOP readings obtained using the RT were consistently higher than the PAT particularly in the morning with the participants in the sitting position (Figure 2a, 06:00–09:00), where the mean difference reached 3 mmHg. In the supine position, the LoAs reached 15 mmHg for some individuals when taken at midday (Figure 3b). This finding supports other studies15,27 that found a statistically significant difference in IOP with different techniques, suggesting that the two instruments cannot be used interchangeably at any time and any position.
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Some of the limitations of this study include the small sample size, which may affect the generalisability of our findings to the Kenya population; the use of the PAT rather than the GAT which is considered the gold standard compared to other tonometers. Whilst the GAT was not used, as its measurements cannot be obtained in a supine position, a study has shown that the two methods are comparable as they use similar measurement techniques.14 Despite these limitations, to the best of the authors’ knowledge, this is the first study from Kenya, a developing country setting, providing evidence on the tonometry variations with time and position in this population. Their ease of availability increases the professional competence in the use of these instruments, the two methods being commonly used by clinicians who practise in public-sector hospitals, hence the use of a hospital rather than an eye clinic setting. We found that most studies4,6,28 have reported on the postural and diurnal variations using one instrument, and not on instrumentation difference for the same individual, as reported in the current study.

Conclusion

In summary, significant reductions were observed in IOP values measured in the sitting and supine positions (postural). Similarly, significant reductions were also observed in IOP values measured at different times of the day (diurnal). Diurnal IOP variations were slightly higher when measured by RT compared to PAT. The two techniques cannot be interchangeably used for monitoring the IOP readings of patients including those who are bedbound. These findings provide information using local participants to inform clinicians on the diurnal variation in their patients, and this study highlights the significance of these differences when IOP measurements are taken in patients over the age of 40 years.
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iCare and Perkins in the supine position at different times: (a) 06:00-09:00, (b)
12:00-15:00 and (c) 18:00-21:00. The solid line represents the mean difference,
whereas the dotted lines represent the upper and lower limits of agreement.
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TABLE 1: Averages, standard deviations and intraocular pressure ranges (mmHg)
with the two devices.

Intraocular Times Perkins applanation® ** iCare rebound ¥ ###s
H,

pressure (mmHg) Mean sd. Min Max Mean sd. Min Max

Sitting 06:00-09:00 13.4 3.2 8 21 164 3.0 9 24

12:00-15:00 122 2.7 6 18 141 25 6 19
18:00-21:00 13.1 3.1 7 19 142 27 8 19
Supine 06:00-09:00 166 3.3 11 24 180 39 12 26
12:00-15:00 144 28 11 20 160 34 10 25
18:00-21:00 14.3 2.9 8 20 160 32 11 21

Note: No significant association was found between time and position for both the devices
(p > 0.05). P-values are results of ANCOVA for effect of time and position for each device.
s.d., standard deviatio; Min, minimum; Max, maximum; mmHg, millimetre of mercury.

¥ 0.262: ** 0.126: *** 0.008: **** < 0.0005.





