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Abstract

Background: NTG stands as a subtype of glaucoma, which results in optic
nerve damage with visual field loss when IOP remains within the normal
range. The traditional IOP measurement technique causes NTG diagnosis
to be delayed. Glaucoma risk assessment and progression evaluation now
rely on corneal hysteresis as a measurement for understanding corneal
biomechanics.

Objective: The study aims to explore corneal hysteresis as a diagnostic
tool in NTG diagnosis at the same time examining its relationship to RNFL
measures.

Methodology: This analytical cross-sectional research involved 100
participants, including 50 patients who had received an NTG diagnosis
and 50 healthy subjects matched for age and gender. A complete eye
examination, including a procedure for IOP measurement by Goldmann
applanation tonometry and CH evaluation through Ocular Response
Analyzer (ORA) testing and assessment of central corneal thickness (CCT)
with pachymetry and RNFL thickness assessment with optical coherence
tomography (OCT), was performed on 100 participants. SPSS conducted
the statistical evaluation utilizing p<0.05 as the significance threshold.

Result: NTG patient CH levels averaged 9.2 + 0.6 mmHg, which showed
a significant difference compared to control values at 9.5 £ 0.8 mmHg
(p=0.036). The average RNFL thickness was considerably thinner in NTG
eyes (77.3 £8.6 um) than in control eyes (96.8 + 7.2 pm) based on statistical
assessment (p=0.001). Reduction of CCT measured at 512.9 £ 23.7 um
occurred in subjects with NTG and produced statistically significant results
when compared with controls (521.6 = 19.8 um, p=0.049). Research results
identified a statistically significant relationship between decreased CH
and RNFL thinning in patients suffering from NTG (Pearson correlation,
p = 0.002), indicating optic nerve structure damage based on reduced CH
levels.

Conclusion: The clinical value of corneal hysteresis emerges from its ability
to predict progression of retinal nerve fiber layer thickness deterioration in
NTG patients as the study shows lower corneal hysteresis in NTG patients
is associated with increased retinal nerve fiber layer thinning, making it
a possible additional tool for screening NTG patients and to support risk
assessment through non-invasive testing
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Introduction

Glaucoma is the second leading cause of permanent
eyesight loss in the United States, primarily affecting
adults [1]. In 2023, the WHO reported that approximately
7.7 million people worldwide are suffering from vision
impairment or blindness due to glaucoma [2]. Allison K. et
al. (2020) predicted that 111.8 million people will experience
glaucoma by 2024 [3]. Glaucoma is a complex group of
eye diseases that leads to damage of the optic nerve due to
elevated intraocular pressure (IOP) [4], whereas Normal
Tension Glaucoma (NTG) is a progressive optic neuropathy
known as low pressure or normal pressure glaucoma [5].
In NTG, eye pressure remains within 10 to 21 mmHg, and
vision loss occurs due to optic nerve damage [6]. Due to the
consistency of normal eye pressure, diagnosing NTG becomes
challenging; almost 30-50% of cases remain undiagnosed in
instances of Normal Tension Glaucoma [7]. The diagnostic
challenge of normal tension glaucoma (NTG) arises because
this condition develops without elevated intraocular pressure
(IOP), which characterizes primary open-angle glaucoma
(POAG). In recent times, corneal hysteresis is considered
a potential biomarker for Normal Tension Glaucoma [8].
The viscoelastic damping of the cornea is measured by the
ability of the cornea to absorb and dissipate energy in corneal
hysteresis [9]. Central corneal thickness is related to the
risk of glaucoma progression; corneal hysteresis detects the
presence of glaucoma, risk progression, and effectiveness
of glaucoma treatments than central corneal thickness
examination according to recent research [10]. Corneal
Hysteresis is a recently discovered biomechanical parameter
that shows a light of hope in NTG diagnosis. Hysteresis is
measured by the Ocular Response Analyzer [11]. In this study,
the researcher aims to provide a comprehensive review of the
current understanding of corneal hysteresis as a biomarker
for the screening and diagnosis of normal tension glaucoma.

Methodology

This two-year research evaluated corneal hysteresis (CH)
function as a clinical tool for diagnosing normal tension
glaucoma (NTG) through a cross-sectional study design. The
study took place at Vision Eye Hospital, Dhaka, Bangladesh
during the timeline of 2023 to 2024 The research population
included 100 participants, divided between NTG subjects and
non-glaucoma controls, totaling 50 patients each. Participants
were selected based on specific study inclusion and exclusion
criteria.

Inclusion criteria

Patient aged >50 years.

NTG patients who receive a diagnosis (IOP <21 mmHg with
glaucomatous changes).

Willingness to provide informed consent.
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Exclusion criteria
History of ocular surgery within 6 months.
Associated ocular or systemic disease affecting eye health.

Medications that influence IOP or corneal integrity have
been taken by the patient within the last 3 months.

Demographic and clinical information for every study
participant was retrieved by individual case report form. The
research studied two demographic factors (age and gender)
and several clinical indicators, which consisted of IOP, central
corneal thickness (CCT), retinal nerve fiber layer (RNFL)
thickness, and corneal hysteresis (CH). IOP measurements
was done using Goldmann applanation tonometry, while CCT
evaluation took place with ultrasonic pachymetry, and RNFL
thickness assessment happened through optical coherence
tomography (OCT), and CH measurements utilized the
Ocular Response Analyzer (ORA). After a successful data
collection, all data were set to analyze by MS Excel and SPSS
25.0. A p-value<0.05 was considered significant by statistical
analysis.

Results

Table 1 compares the demographic characteristics of the
study population. There were no significant differences in age
(64.3 £ 7.4 years in NTG vs. 61.9 £+ 6.3 years in controls,
p=0.084) or gender distribution (29 males and 21 females
in NTG vs. 26 males and 24 females in controls, p=0.546)
between the two groups.

Table 1: Comparison of demographic characteristics of subjects of
two groups (N=100).

Patients with | Patients with no

Characteristics NTG glaucoma P value
Age 64.3+7.4 61.9+6.3 0.084n
Gender
Male 29 26

0.546m
Female 21 24

Table 2: The clinical value of corneal hysteresis emerges from its
ability to predict progression of retinal nerve fiber layer thickness
deterioration in NTG patients as the study shows lower corneal
hysteresis in NTG patients is associated with increased retinal
nerve fiber layer thinning, making it a possible additional tool for
screening NTG patients and to support risk assessment through non-
invasive testing.

Patients with | Patients with no

Characteristics NTG glaucoma P value
I0P 14.1£3.2 12.9+3.1 0.059"
CCT (um) 512.9+23.7 521.6+19.8 0.049¢
RNFL (microns) 77.318.6 96.817.2 0.001s
CH 9.24+0.6 9.5+0.8 0.036°
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Table 2 presents the clinical characteristics of the study
population. The mean IOP was slightly higher in the NTG
group compared to the control group (14.1 + 3.2 mmHg vs.
12.9 = 3.1 mmHg, p = 0.059), but this difference was not
statistically significant. The mean CCT was significantly
lower in the NTG group than in the control group
(512.9 +23.7 pm vs. 521.6 + 19.8 um, p=0.049). The mean
RNFL thickness was also significantly lower in the NTG
group compared to the control group (77.3 + 8.6 um vs. 96.8
+ 7.2 um, p=0.001). Similarly, the mean CH was significantly
lower in the NTG group than in the control group (9.2 = 0.6
mmHg vs. 9.5 £ 0.8 mmHg, p=0.036).

Figure 1 illustrates the relationship between CH and RNFL
loss. A significant negative correlation was observed between
CH and RNFL thickness in the NTG group, indicating that
lower CH values are linked to greater RNFL loss.

RNFL thickness to CH
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CORNEAL HYSTEROSIS
Figure 1: Correlation of CH with RNFL loss.

Discussion

The study on corneal hysteresis (CH) as a biomarker
for screening and diagnosing normal tension glaucoma
compares the demographic and clinical characteristics of
glaucoma patients with those of patients with normal tension
glaucoma (NTG). Evaluating low CH levels should become
an independent risk factor for glaucoma diagnosis, as it
contributes to the ongoing deterioration of the optic nerve
and visual field [8]. Instances of low corneal hysteresis (CH)
exist specifically in Normal Tension Glaucoma patients,
while higher CH wvalues present in healthy participants
alongside reduced levels of retinal nerve fiber layer (RNFL)
[12]. This study included 50 healthy patients with NTG and
50 healthy patients with no glaucoma. The mean age of NTG
patients detected was 64.3£7.4 years, and the mean age of
glaucoma patients was 61.9+6.3 years in this study. Stamper
et al., 2009 stated that NTG mostly appears in the era of the
60s, but in rare cases, it can be observed in 50 years of age
[13]. A 2015 study compared the characteristics of glaucoma
patients across two different periods, finding a mean age of
54.76 £ 19.72 years in the 2003-2005 timeline and 58.03 =+
17.07 years in the 2010-2012 timeline [14]. This is a male-
dominant study, with 29 males and 21 females in the NTG
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group versus 26 males and 24 females in the control group. A
comparative study of NTG and primary open-angle glaucoma
(POAG) opposed the finding with 58.9% female patients
in NTG and 26.8% patients with POAG [15]. Another
gender based comparative study also showed that women
are more susceptible (60%) to glaucoma than men [16].
However, demographic variants can vary based on region,
time, and population. This study found that the variation
of Intraocular pressure (IOP) is not clinically significant
for both non-glaucoma and NTG patients. Central Corneal
Thickness (CCT), another important parameter; according to
the CCT diagnosis, it has near to non-significant differences
for NTG and non-glaucoma patients (p=0.049). The mean
normal thickness of the cornea is 540 um [17]. A noticeable
decrease in corneal thickness was detected by Corneal
Hysteresis in both groups in Bangladeshi region. The Retinal
Nerve Fiber Layer (RNFL) score determines the damage of
retinal ganglion cells and their axons. There is a significant
distinction observed in control and NTG groups (p=0.001).
RNFL decreases to NTG patients to 77.3+8.6 microns while
the normal ranges are 95413 microns for females and 92+1
microns for male [18]. Control patients findings are similar
to normal ranges, 96.8+7.2 microns. Corneal Hysteresis also
showed a significant potentiality in detecting NTG (p=0.036).
The research data showed NTG patients exhibited reduced
CH measurements at 9.2 = 0.6 mmHg compared to control
subjects (9.5 £ 0.8 mmHg) (p = 0.036). Previous studies also
agree with this finding that low CH level increases the risk of
glaucoma progression [19]. Congdon et al., 2006 discovered
that glaucoma patients exhibited significantly reduced CH
when compared to healthy subjects, which implies CH
might serve as a reflection of corneal and lamina cribrosa
biomechanical behavior leading to glaucoma development
[20]. By the graphical representation, the current study
displays a significant negative correlation between CH and
RNFL thickness in NTG patients, indicating that lower CH
values are associated with greater RNFL loss. Sullivan-Mee
et al., 2012 established that CH shows a direct link with
various glaucoma severity metrics, including RNFL thickness
measurements [21]. Furthermore, Zhang C et. al., 2016
showed that lower Central Hemianopic vision yield increased
the speed of Retinal Nerve Fiber Layer deterioration across
periods [12].

The investigation indicates that CH represents a
prospective biosignal for NTG detection, which can help
medical professionals determine cases without standard
risk factors. Measurements of low CH values indicate an
elevated possibility of glaucoma developing further, and
the relationship between CH and RNFL reduction indicates
monitoring disease severity potential for this parameter.
Evidence supporting biomechanical elements in glaucoma
disease development continues to increase so this research
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becomes vital. Sit A J et. al., 2023 et al emphasized that
CH offers value for glaucoma risk assessment when used
alongside established clinical tools but mainly helps doctors
evaluate NTG patients [22].

Limitation

The study brings important insights about CH in NTG
but faces several limitations. The cross-sectional research
technique restricts our capacity to show causal relationships
or explain timing changes between CH development and
glaucoma disease advancement. The initial sample size
was adequate, but it might not accurately portray the full
range of CH values that exist within different populations.
Longitudinal studies with expanded participant numbers
should investigate future CH behavior in NTG patients to
establish long-term predictive abilities.

Conclusions

The results of the research project reinforce the current
evidence that supports using CH as a screening tool for
detecting NTG cases. Research evidence demonstrates that
reduced corneal biomechanical properties are significantly
linked with the reduction of retinal nerve fiber layer thickness.
Clinical practice would benefit from adding CH assessments
as a supportive tool for glaucoma risk evaluation, including
people with NTG.
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Abbreviation
CH: Corneal hysteresis

NTG: Normal tension glaucoma
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IOP: Intraocular pressure
CCT: Central Corneal Thickness
RNFL: Retinal Nerve Fiber Layer
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