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Background: Glaucoma is a major cause of irreversible visual field (VF) loss across the world. Many studies have assessed
the accuracy of glaucoma diagnostic tests for a more precise diagnosis to quickly identify patients with high-
er risk of progression.

Material/Methods: We conducted a study that included 214 eyes divided into 3 groups: 79 eyes from patients diagnosed with pri-
mary open-angle glaucoma (POAG), 68 eyes from patients diagnosed with ocular hypertension (OH), and 67
eyes from normal individuals (normal eyes, NE). All patients included in the study received a complete checkup.

Results: In POAG patients, means of central corneal thickness (CCT), corneal hysteresis (CH), corneal resistance factor
(CRF), mean defect (MD), visual field index (VFI), peripapillary retinal nerve fiber layer (pRNFL), and ganglion
cell complex (GCC) are lower than in OH patients, and in NE are higher than in both groups. Also, we found a
statistically significant direct correlation between CH and GCC thickness. Further statistical analysis revealed
that both pRNFL thickness and GCC thickness are significantly influenced by CH value in a precise manner.

Conclusions: The first cell type affected in glaucoma is the retinal ganglion cell. We found a positive correlation between
GCC thickness and CH, suggesting that CH might be a parameter to consider in the evaluation of all glauco-
ma patients from their first examination. Moreover, both pRNFL thickness and GCC thickness are influenced
by CH, suggesting the utility of monitoring the value of CH at every checkup to detect its decrease in glauco-
ma patients.
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Background

Glaucoma is an optic neuropathy that affects the ganglion
cells in all their components (cell body, dendrite, and axon),
resulting in VF loss.

Recent studies have increasingly focused on POAG and, by de-
fault, recognizing patients with a higher risk of disease pro-
gression, aiming to prevent VF defects [1].

Although risk factors in POAG are already well known, stud-
ies showed that, along with elevated intraocular pressure
(IOP), thin cornea, or family history, we need to consider cor-
neal biomechanical properties (CBP) as independent risk fac-
tors in glaucoma suspects or patients [2-14]. Recently, stud-
ies have revealed the importance of CH as a screening tool
in glaucoma [7].

Moreover, the link between CH and lamina cribrosa has been
increasingly studied [15-18]. We already know that both cor-
nea and sclera have a common histological tissue, being com-
posed of collagen fibers. Taking into consideration this com-
mon origin and the fact that the 2 connect to each other at 1
point, we can understand why corneal hysteresis and laminar
response are related. In eyes with severe glaucoma, in response
to increased IOP, the anterior lamina surface is displaced an-
teriorly and corneal hysteresis is decreased [19].

Lanzagorta-Aresti et al. demonstrated that CH and age were
the only factors associated with the increase in laminar thick-
ness in patients who received glaucoma treatment [20].

Considering the response of the eye in front of an elevated
IOP, the anatomical considerations, and that death of gangli-
on cells is central to glaucoma physiopathology, GCC thick-
ness and pRNFL thickness need to be evaluated the glauco-
ma suspects [21,22].

Because Ocular Response Analyzer (ORA) measurements are
noninvasive and easy to perform, and as ganglion cell and
PRNFL loss are among the first changes that appear in glau-
coma, we decided to explore the relationship between pRNFL
and GCC thickness and CBP in POAG patients, OH patients,
and normal eyes.

Material and Methods

We conducted a retrospective study that included 214 eyes
from 115 patients (58% women and 41% men) divided into 3
groups: the first group consisted of 79 eyes from patients di-
agnosed with POAG (open-angle, glaucomatous optic neurop-
athy, VF defect, and decreased pRNFL), regardless of the I0P
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and antiglaucomatous treatment; the second group consist-
ed of 68 eyes from patients diagnosed with OH (open-angle,
no sign of glaucomatous optic neuropathy, VF defect or de-
creased pRNFL in patients with raised IOP); and the third group
consisted of 67 eyes from normal individuals (open-angle, no
sign of glaucomatous optic neuropathy, VF defect or decreased
pRNFL in patients with normal IOP).

Exclusion criteria for all 3 groups were closed-angle glaucoma,
corneal scars, corneal dystrophy or degeneration, refractive
surgery, pellucid marginal degeneration or keratoconus that
could interfere with ORA and Goldmann IOP measurements,
and macular or optic nerve pathology that could generate in-
accurate GCC and pRNFL thickness values.

All patients received a complete ophthalmologic examination
that included best corrected visual acuity measurement, Ocular
Response Analyzer (Reichert Ophthalmic Instruments, Inc.,
Depew, NY) measurement, visual field examination (Humphrey
Field Analyzer Il, Carl Zeiss Meditec, Inc, Dublin, California strat-
egy 24-4), Goldmann IOP measurement, pachymetry (Alcon®
OcuScan® RxP Ophthalmic Ultrasound System), gonioscopy,
fundus examination, and GCC and pRNFL thickness measure-
ments (Optical Coherence Tomography 3D OCT-2000 Series).

SPSS 17.0 was used for statistical analyses. According to the
diagnosis, we had 67 patients in the NE group, 68 patients in
the OH group, and 79 patients in the POAG group.

The Ocular Response Analyzer (ORA) examination revealed
4 parameters: IOPcc (an IOP measurement compensated by
CBP), IOPg (an IOP measurement similar to Goldmann IOP), CH
(corneal hysteresis — a parameter that displays the viscoelas-
tic behavior of the cornea), and CRF (corneal resistance fac-
tor — a parameter that exhibits the entire corneal resistance).
Visual field examination provided 3 parameters: MD (mean de-
fect — an overall view over the visual field loss), PSD (pattern
standard deviation — best quantifies visual field loss in ear-
ly stages), and VFI (visual field index — an index of the over-
all visual field loss). Pachymetry helped us determine central
corneal thickness (CCT). Optical coherence tomography (OCT)
provided pRNFL and GCC thickness.

Results

Among the whole group, 22% were POAG female patients (46
patients), 15% were male POAG patients (33 patients), 23%
were female OH patients (49 patients), 9% were male OH pa-
tients (19 patients), 21% were normal female individuals (45
individuals), and 10% were normal male individuals (21 indi-
viduals) (Figure 1).
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Figure 1. Patient distribution within the groups.

Means of I0P (Goldmann, I0Pg, and 10Pcc) were similar be-
tween POAG and OH groups and were significantly lower in
NE. In addition, CCT was higher in NE than in OH and POAG
groups. Means of both CH and CRF were higher in NE than in
OH patients and were higher in OH higher than in POAG pa-
tients. The 3 groups had similar disc areas. Means of GCC and
PRNFL thickness, MD, PSD, and VFI were higher in NE than in
OH and POAG patients (Table 1).

In the POAG group, Pearson correlation coefficient analysis
revealed a strong direct correlation between CH and pRNFL
thickness (0.703 for global pRNFL thickness, 0.671 for superior
pRNFL thickness, and 0.585 for inferior pRNFL thickness), and
the differences were statistically significant (p<0.001). For the
OH group, Pearson correlation coefficient analysis revealed a
direct moderate correlation between CH and pRNFL thickness
(0.564 for global pRNFL thickness, 0.472 for superior pRNFL
thickness, and 0.420 for inferior pRNFL thickness. The results

Table 1. Means of the main parameters measured in the study.

Diagnostic

Std. deviation
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were statistically significant (p<0.001). For NE, Pearson corre-
lation coefficient analysis showed a moderate-to-low statisti-
cally significant (p<0.001) direct correlation between CH and
pRNFL thickness (0.495 for global pRNFL thickness, 0.444 for
inferior pRNFL thickness) and 0.124, p<0.31 for superior pRNFL
thickness (Figure 2-4).

Means of GCC thickness were lower in the POAG group than
in the OH group, and were lower than in NE.

The correlation between CH and GCC thickness (globally, supe-
rior, and inferior) showed a statistically significant correlation,
with a confidence interval higher than 99%, except for the
global GCC thickness in normal individuals, where the correla-
tion was statistically significant with a 95% confidence inter-
val, and for the inferior GCC thickness in normal individuals,
where the correlation had a confidence interval lower than 95%.

In the POAG group, Pearson correlation coefficient analysis
showed a strong statistically significant (p<0.001) direct cor-
relation between CH and GCC thickness (0.552 for global GCC
thickness, 0.526 for superior GCC thickness, and 0.526 for in-
ferior GCC thickness). For the OH group, Pearson correlation
coefficient analysis showed a moderate statistically signifi-
cant (p<0.005) direct correlation between CH and GCC thick-
ness (0.373 for global GCC thickness, 0.379 for superior GCC
thickness, and 0.335 for inferior GCC thickness. For NE, Pearson
correlation coefficient analysis showed a moderate statisti-
cally significant (p<0.05) direct correlation between CH and
GCC thickness (0.295 for global GCC thickness, 0.347 for su-
perior GCC thickness), and 0.153 for inferior GCC thickness,
p<215 (Figure 5-7).

Further statistical analysis revealed that both pRNFL thick-
ness and GCC thickness were influenced by CH value in a pre-
cise manner. When we encountered a change in CH value by 1
unit (mmHG), both pRNFL thickness and GCC thickness varied.

Global Global
PRNFL GCC
thickness thickness

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

€924672-3




CLINICAL RESEARCH

Potop V. et al.:
The relationship between corneal hysteresis and retinal ganglion cells...
© Med Sci Monit, 2020; 26: €924672

Correlation between CH and RNFL in POAG patients

Correlation between GCC and RNFL in POAG patients
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Figure 2. Correlation between CH and pRNFL thickness in POAG
patients.

Figure 5. Correlation between CH and GCC thickness in POAG
patients.

Correlation between CH and RNFL in OH patients
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Figure 3. Correlation between CH and pRNFL thickness in OH

Figure 6. Correlation between CH and GCC thickness in OH
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Figure 4. Correlation between CH and pRNFL thickness in normal
individuals.

Figure 7. Correlation between CH and GCC thickness in normal
individuals.
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Table 2. The relationship between CH and pRNFL thickness in all 3 groups.

Unstandardized
coefficients*

Diagnostic

(Constant) 9.090 8.180

POAG oreesremems oo et
CH 8.227 948
(Constant) 55.600 8.417

G e
CH 4.837 872
(Constant) 72.206 6.728

NME e
CH 2.622 571

Standardized
coefficients*

95.0% Confidence interval

111 270 -7.199 25.379
03 o7 00 639 10115
""""""""""" 606 00 38795 72404
sea s49 00 3097 6578
a2 00 S3769 85642
o5 s w00 481 3762

* Dependent variable: pRNFL total.

Table 3. The relationship between CH and GCC thickness in all 3 groups.

Unstandardized

Model coefficients*

Diagnostic

(Constant) 32.064 8.990

POAG rreosremems oo e
CH 6.055 1.042
(Constant) 78.240 7.874

G e
CH 2.660 816
(Constant) 92.719 6.116

NME e
CH 1.290 519

Standardized
coefficients*

95.0% Confidence interval

3.567 001 14.163 49.966
""""""""" 5811 000 3980 8130
Y 00 62519 93962
""""""""" 3261 002 1031 4288
""""""""" 15061 000 80506 104933
""""""""" 2485 o016 253 237

* Dependent variable: GCC total.

Therefore, any decrease in CH could have an impact on our
patient outcomes (Tables 2, 3).

global pRNFL thickness=constant+estimated coef. * CH
POAG: global pRNFL thickness=9.09+8.227*CH

OH: global pRNFL thickness=55.6+4.837*CH

NE: global pRNFL thickness = 72.206 + 2.622*CH
global GCC thickness=constant+estimated coef. * CH
POAG: global GCC thickness = 32.064 + 6.055 * CH
OH: global GCC thickness=78.24+2.66 * CH

NE: global GCC thickness = 92.71 + 1.29 * CH

Discussion

Recently, there has been increased interest in glaucoma diag-
nosis and progression. Because glaucoma RNFL damage and
visual field loss are irreversible, our purpose was to identi-
fy patients with a higher rate of progression who need to be

monitored closely prior to visual field loss [13,23]. In addition,
because ORA is a noninvasive, easy to perform, and not very
expensive measurement, we studied CH and CRF to rapidly
identify patients with faster progression of disease.

Risk factors that need to be taken into consideration in ev-
ery glaucoma suspect are already known, but recent studies
show that, in addition to IOP, genetics, and CCT, CBP might be
a new risk factor independent of IOP [2-6,8,9,24-29]. Park et al.
proved that in normal-tension glaucoma (NTG), low CH was as-
sociated with a thin pRNFL and a large cup/disc ratio, regard-
less of the IOP and CCT [30]. CH and CRF have been found to
be lower than in normal eyes, even in patients with primary
congenital glaucoma, and the biomechanical changes appear
regardless of age [31].

We also need to consider the systemic status of the patient,
because sometimes other diseases influence prognosis or treat-
ment. In agreement with this, an important study conducted
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by Nicoleta Anton et al. revealed that in glaucoma patients
with type Il diabetes, CH may be altered due to diabetes and
is not reliable [32].

Our study confirms once again that IOP and CCT are risk fac-
tors for glaucoma, showing that in both glaucoma and OH
patients IOP values are higher than in normal individuals,
while CCT values are lower [11-14,25,26,33-35]. In addition,
some studies suggest the involvement of CBP in IOP measure-
ment [8,25,33-37].

Our study revealed similar values between I0Pg and Goldmann
IOP, with higher values of I0Pcc in glaucoma patients.
The strong correlations between 10Pg with Goldmann IOP
and 10Pcc in all 3 groups show that ORA generates a useful
IOP value that is comparable to Goldmann IOP, and that ORA
measurements are reliable in our patients.

Because IOP values can vary, Pensyl and Kotecha suggested
the possibility of using both CCT and CH in the investigation
of glaucoma suspects and patients [26-28,30,33,34]. Kida re-
vealed that IOP values are higher in young healthy individuals
during the night, but could not demonstrate a circadian vari-
ation of CBP [30-32,35].

As shown in other publications, in our study, both CH and CRF
values were lower in POAG patients than in OH patients and in
NE [10,24,25,30,31,33,36-40], and a study that included both
eyes of POAG patients revealed that the most affected eye had
a lower CH compared to the other eye [16]. Moreover, studies
revealed that a high CH has a protective role in OH patients [38].

Also, we need to find the first changes that appear in order to
prevent further structural damage. As the first cell type affect-
ed is the ganglion cell, and the typical way in which it dies (first
the dendrite, followed by the cell body, and lastly the axon),
the measurement of ganglion cell complex is a vital step in
glaucoma management [7].

Our study revealed that means of GCC thickness were high-
er in NE than in OH eyes and higher than in POAG patients.
Other studies also proved that in glaucoma patients, means
of GCC correspond to means of pRNFL and are lower than in
normal individuals [10,18,38,41].

Studies have found a statistically significant change in pre-
perimetric glaucoma in patients compared to normal subjects,
and that GCC scan gives similar results to pRNFL scan in pa-
tients with preperimetric glaucoma [10,33]. Since the cornea
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and sclera have a common histological base, corneal biome-
chanics could be linked to laminar changes in glaucoma pa-
tients. Also, because the first cell affected in glaucoma is the
ganglion cell, if we want to prove the role of corneal biome-
chanics, we need to demonstrate the relationship between CH
and GCC thickness. To the best of our knowledge, the pres-
ent study is the first to show an association between CH and
GCC thickness.

Conclusions

Our study revealed lower values for CH, CRF, and CCT in POAG
patients in comparison to OH patients and lower than in nor-
mal individuals. This suggests that we could use these param-
eters to identify patients with a higher risk of progression. As
ORA measurements are noninvasive and relatively easy to
perform, the IOPcc and CH parameters could possibly be per-
formed in all patients who are considered glaucoma suspects
or are diagnosed with glaucoma. In addition, it could help
identify patients who need to be monitored closely, but it is
not recommended to base therapeutic decisions on a normal
or modified value of CH.

Because the retinal ganglion cell is the first one affected in
glaucoma, and given the positive correlation between corne-
al hysteresis and GCC thickness, it can be suggested that CH
could be used to monitor glaucomatous patients from an ear-
ly stage of the disease.

Rim area, MD, VFI, pRNFL (globally, superior and inferior), and
GCC (globally, superior, and inferior) show lower values in POAG
patients compared to OH patients and normal individuals, prov-
ing that the patients were divided properly into the 3 groups.

Measuring I0Pcc and CH at the first checkup of a glaucoma-
tous patient or suspect could help detect early patients with
a faster rate of progression. It can also help evaluate and es-
tablish the monitoring frequency of a patient, but therapeu-
tic decisions should never be based on CH alone.

Because pRNFL thickness and GCC thickness can be affect-
ed in a particular manner by the value of CH, any decrease in
CH needs to be carefully monitored since it can affect the pa-
tient’s disease evolution.

Further randomized studies with larger groups of patients are
necessary to confirm these results and to verify CH as an ac-
cepted parameter and independent risk factor in POAG.
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