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Abstract
Introduction:
The measurement of intraocular pressure (IOP) is one of the standard tests in performing an ophthalmology examination. These values ​​are among the parameters used to diagnose and monitor one of the commonly seen socially significant diseases—glaucoma. Therefore, accurate measurement with high recurrence and low error rate is crucial for the correct diagnosis, monitoring, and treatment of these diseases.
Aim:
The aim of this article is to make a comparative analysis between the results obtained by measuring intraocular pressure, using a popular method with Tonopachy NT 530P non-contact air tonometry and innovative Corvis ST non-contact tonometer with detection of corneal biomechanical response.
Materials and Methods:
The current study presents results from 20 patients (40 eyes), including glaucoma patients (n = 7) and а control group (n = 13). The intraocular pressure and optical pachymetry of all participants were measured with Tonopachy NT-530P non-contact air tonometer and OCULUS Corvis ST non-contact air tonometer.  
Results:
The mean values of IOP with Tonopachy NT-530P are equal to  17.97 +/- 4.04 mmHg mmHg, and with Corvis ST—17.43 +/- 4.86 mmHg. The obtained results show that the uncorrected IOP of the right eye (TOD) difference between the two devices is equal to 0.515 mmHg, with standard deviation SD = 1.5118, p < 0.01. The average difference in the measurement of uncorrected IOP of the left eye (TOS) is equal to 1.9 mmHg, SD = 2.7237, p < 0.01.  For the corrected TOD, the difference in results is 0.545 mmHg, SD = 1.98162 mmHg, p < 0.01, and for the corrected TOS, it is 1.78 mmHg, SD = 2.722668 mmHg, p < 0.01. The results show that in the study group there is a tendency for higher values ​​obtained with the Tonopachy NT530P tonometer compared to Corvis ST. The difference in results is exacerbated by an increase in IOP in patients with abnormally high IOP.
Conclusion:
The non-contact tonometer with detection of biomechanical response of the cornea is another method that helps the modern ophthalmologist. Thanks to the detailed analysis of the cornea, which is done during tonometry, the method could be used for early detection and more effective monitoring and treatment of glaucoma.
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Introduction: 
[bookmark: _Hlk108175728]Glaucoma is a socially significant disease, one of the leading causes of irreversible blindness globally (1). It is a group of neurodegenerative diseases characterized by loss of retinal ganglion cells and changes in the optic disc (1,2). In addition to irreversible loss of visual function, the disease is also characterized by impaired quality of life of the patients (3). Risk factors that are associated with the condition can be increased intraocular pressure (IOP) and age, sex, genetic factors, family history, risk habits such as smoking and others (1,4).
Of the listed risk factors, it is considered that one of the main and most important is the value of IOP (5). Intraocular pressure increases by about 1 mmHg every 2 years between birth and 12 years of age, rising from about 6–8 mmHg in newborns to about 12 +/- 3 mmHg at the age of 12. In healthy adults, normal pressure is considered to be between 10 and 21 mmHg (16 mmHg +/- 2.5) (6). Despite these generalized values, IOP is physiologically influenced by many systemic and ocular factors, including age and blood pressure. These physiological fluctuations should be taken into account when defining normal IOP values ​​for each patient (7).
Modern tonometers measure IOP indirectly through the cornea. Therefore, characteristics such as central corneal thickness (CCT), curvature, and hydration may affect the results obtained and alter the actual values. Additional biomechanical properties (known as corneal hysteresis) also have an effect (8).
Most of the pneumotonometers measure IOP on the basis of corneal applanation or indentation. These devices assume that the force required to flex the cornea corresponds to the IOP at the endothelial level and therefore to the IOP in the anterior chamber using the formula F/A = Pcp + tIOP, where (F) is the force applied to the anterior ocular surface (A), Pcp is the pressure correlated with the biomechanical properties of the cornea, and tIOP is the actual IOP. However, this formula is completely true only for theoretically infinitely thin and spherical corneal zone with constant viscoelasticity. Therefore, in addition to the central corneal thickness, these factors also influence the recalculated IOP values ​​and should be taken into account (9).
One of the fastest and safest ways to measure IOP is non-contact air tonometry. There are a number of tonometers, most of which combine the measurement of IOP with the measurement of central corneal thickness and automatic recalculation of the IOP values. Although this provides significantly more reliable information on the actual IOP values ​​compared to tonometry alone, the different IOP measuring devices in some cases give a significant deviation (10).
According to a study of various methods of measuring IOP, including Tonopen air tonometer and Goldman applanation tonometry (GAT) with recalculation depending on CCT, it was found that when using Tonopen the values ​​obtained are closest to those using the Goldman applanation tonometry standard (GAT). The deviations when using an air tonometer are significantly larger (10,11).
Aim:
The present study aims to compare IOP values measured with the Tonopachy NT-530P air tonopachymeter and the Corvis ST non-contact tonometer.
 
Materials and Methods:
The study was conducted in the Specialized Eye Hospital, Varna, which has the only non-contact tonopachymeter Oculus Corvis ST in Bulgaria, and won with a project of the Science Fund at the Medical University "Prof. Dr. Paraskev Stoyanov" Varna (Fig. 1). The innovative Corvis ST non-contact tonometer, in addition to standard optical pachymetry, uses a high-speed camera to assess corneal elasticity and thus provides a more accurate estimate of real corrected IOP and corneal hysteresis. The device uses a high-speed camera with 4300 pictures per second, analyzing the biomechanical properties of the cornea. In addition, a Tonopachy NT-530P non-contact air tonometer was also used.
Fig. 1. OCULUS Corvis SТ non-contact tonometer, OCULUS Pentacam HR, and analyzing software used in the study.
The present study included a randomized group of 20 people (40 eyes), of whom 60% were female (n = 12) and 40% were male (n = 8). The mean age of the participants was 51.25 years with an SD of 13.479. The youngest participant was 18 years old, the oldest 75 years old.
Three measurements of IOP and CCT were done in each eye. If the difference in the three measurements exceeded 2 mmHg, the patient rested for 10 minutes, after which the measurements were repeated and the average values ​​of all measurements were taken for analysis. Special attention was paid to the classic mistakes made in pneumotonometry, such as squeezing the eyelids by the patient, forceful opening of the eyelids, incorrect measurement of corneal thickness with unstable and poor fixation, etc., and in these cases the results were excluded from statistical processing.
 SPSS Statistics V19 software was used for statistical processing of the obtained results. 
Results:
Uncorrected IOP values ​​of the right eye (OD), or TOD, showed a difference between the results of the two devices, the lowest being insignificant to 3 mmHg in one of the participants, which was equal to 16.67% difference. In this case, the Tonopachy NT530P measured higher IOP values, which coincided with other similar studies. When analyzing the uncorrected values ​​of IOP of the left eye (OS), or TOS, of the participants, a difference was also observed, as the largest established was equal to 8 mmHg, which corresponded to a 20.51% difference between the measured values ​​between the two methods. In this case, with Tonopachy NT530P uncorrected IOP of OS = 39.0 mmHg was measured, and with Corvis ST the uncorrected IOP of OS was 31.0 mmHg. It is noteworthy that with the increasing IOP, as in the case of glaucoma, the difference in the values ​​obtained between the two methods increased (Fig. 2).
Fig. 2. Uncorrected IOP values of OD and OS using Tonopachy NT-530P and Oculus Corvis ST
The mean uncorrected IOP values measured with Tonopachy NT-530P equaled 17.97 +/- 4.04 mmHg, and those measured with Corvis ST—17.43 +/- 4.86 mmHg, respectively. The average difference in the measurement of uncorrected IOP values ​​for OD between the two devices was equal to 0.515 mmHg, with SD = 1.5118, p < 0.01.   The average difference in the measurement of uncorrected IOP values ​​for OS was equal to 1.9 mmHg, SD = 2.7237, p < 0.01. To some extent, the discrepancy was due to the difference associated with highly increased IOP, but in general there was a tendency that the values ​​measured with Tonopachy were higher than those with Corvis ST (Fig. 3).
Fig. 3. Point distribution of the difference in percentages in the uncorrected values between the two methods compared by mmHg. 
In the analysis of the results obtained after recalculation of IOP depending on the CCT, a tendency for difference in measurements was observed again. In the presented group of participants, the largest difference in OD was 4 mmHg, which corresponded to a 15.75% difference (Tonopachy NT530P = 25.4 mmHg and Corvis ST = 29.4 mmHg). Again, there was a tendency for a greater difference in the results obtained in patients with elevated IOP. The recalculated result was correspondingly increased from baseline due to the low CCT (CCT measured with Tonopachy NT530P—462 μm and 470 μm with Corvis ST, respectively). The recalculation added 3.7 mmHg in the first case and 5.4 mmHg in the second, despite similar CCT values ​​measured with both devices (Fig. 4).
Fig. 4. Corrected IOP values of OD and OS using Tonopachy NT-530P and Oculus Corvis ST.
The mean corrected IOP values of OD were 18.17 +/- 4.77 mmHg measured with Tonopachy NT-530P and 17.62 +/- 4.86 mmHg measured with Corvis ST. For corrected left eye IOP values, the data obtained was 19.74 +/- 6.27 mmHg measured with the Tonopachy NT-530P and 17.96 +/- 5.69 mmHg measured with the Corvis ST. The average difference in measuring the corrected values of OD between the two devices was 0.545 mmHg with SD = 1.98162 mmHg, p < 0.01, which was close in values to the measured deviations without recalculation. For the values obtained from OS with the two methods, the difference was 1.78 mmHg on average, SD = 2.722668 mmHg, p < 0.01, and higher results were again obtained with the Tonopachy tonometer (Fig. 5).  
Fig. 5. Point distribution of the difference in percentages in the corrected values between the two methods compared by mmHg.

Discussion:
 There are a limited number of articles in the literature comparing the results obtained from non-contact tonometers with detection of corneal hysteresis and classic pneumotonometers. In one similar study by Jiaxu Hong et al., a comparison between Corvis ST non-contact tonometer and a Goldman applanation tonometer is made. It examined 59 patients, including 36 with glaucoma and a control group of 23 participants, with a mean IOP of 18.9 +/- 5.8 mmHg for Corvis ST, 21.3 +/- 6.8 mmHg for a standard non-contact tonometer, and 20.3 +/- 5.7 mmHg for Goldman applanation tonometer. There was no statistically significant difference in IOP measured with different tonometers, except for the data obtained between the Corvis ST and the non-contact tonometer. The authors conclude that Corvis ST is an alternative method for measuring IOP, although the values ​​are not always interchangeable (5).
A study by Ioannnis Haldiadakis et al. compared the results of IOP measurements with recalculation after CCT using Corvis ST, Goldman application tonometry, and optical corneal pachymetry in a control group, patients with ocular hypertension and primary open-angle glaucoma (POAG). The study compared the results of 80 people, 30 with POAG, 25 with ocular hypertension, and a control group of 25 people. The mean GAT values ​​of all eyes were 17.2 +/- 3.6 mmHg, and the mean values with recalculated Corvis ST values were 15.9 +/- 3.7 mmHg, respectively. The results obtained from optical pachymetry were 549.5 +/- 36.4 µm on average, and those from Corvis ST—556.41.5 µm, without statistically significant difference. In conclusion, the authors assume that the measured values ​​of IOP and pachymetry between GAT, optical pachymetry, and Corvis ST are comparable, which is useful especially at low and high values ​​of CCT (13).
In the Bulgarian literature there is a similar study by Z. Zlatarova and a team comparing the values ​​of IOP and CCT measured with Goldman’s applanation tonometry, ultrasound pachymetry, and Tonopachy NT-530P non-contact tonometer. The results show that of the 51 patients (102 eyes) with glaucoma or suspected glaucoma, the mean IOP measured with GAT was 17.26 mmHg and the IOP with a non-contact tonometer was 16.40 mmHg, with a statistically significant difference between IOP measured by both methods (p < 0.001). The mean value of CCT in the study group was 545 µm, measured by ultrasonic pachymetry and 558 µm when measured by optical pachymetry. In conclusion, according to the study, the difference found in the IOP measured by the two methods is negligible for clinical practice. However, the difference in CCT is more important, as it also affects the values ​​of recalculated IOP (14).
The results of our study coincide with those of other similar studies, as the values ​​obtained with Corvis ST and other non-contact pneumotonometers are comparable, and the differences obtained are negligibly small in clinical practice.
Conclusion: 
Glaucoma is a socially significant disease, one of the leading causes of irreversible blindness worldwide, and, along with visual function, it also affects the quality of life. Therefore, early and accurate diagnosis and proper follow-up of these patients is of paramount importance. A number of factors are important for the development and progression of the disease, but one of the primary remains IOP. Due to the indirect measurement of its values ​​through the cornea, formulas have been created for recalculating the actual IOP. Recent studies have shown a variety of factors, other than CCT, such as curvature, hydration, and corneal hysteresis, that influence the calculation of actual IOP values.
Modern equipment, such as the OCULUS Corvis ST non-contact tonometer with detection of the biomechanical response of the cornea, is an addition to the diagnostic options of the modern ophthalmologist and could contribute data on the progression and effect of treatment of glaucoma, because the results are comparable to those of other non-contact pneumotonometers.
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