CHANGES OF CENTRAL CORNEAL
THICKNESS IN NORMOTENSIVE
AND HYPERTENSIVE GLAUCOMA

SUMMARY

The objective of the study was to determine whether there exists a difference in the
central cornea thickness (CCT) in patients with hypertensive (HTG) and normotensive
glaucoma (NTG), and subsequently, to compare the application of prostaglandins by co-
rrected CCT (CCT correction) for both types of glaucoma.

Material and methods: 100 eyes of 50 patients (the average age of 67) with HTG and
100 eyes of 50 patients (the average age of 62.6) with NTG were examined. Antiglauco-
matics, if indicated, were taken by the patients for at least the preceding five years. The
excluding criteria in the study were: cornea diseases, post-laser procedure conditions
and high ametropia. CCT was measured by means of Tomey Handy Pachymeter SP100 by
the same physician.

Results: A two-sample t-test was applied in order to compare the measurement va-
lues of CCT and the subsequent correction of these values (CCT correction) in patients
with HTG and NTG. The statistical evaluation showed that in case of both CCT and CCT
correction, the values were lower in the group of NTG patients in comparison with
HTG patients. With respect to CCT, the difference was statistically insignificant (NTG
554.9+35.7 vs. HTG 561.4 + 32.7, p = 0.181). In case of CCT correction, the difference
was more considerable, but still statistically insignificant (NTG 550.8 + 35 vs. HTG 559.6
+33.1, p = 0.06).

Conclusion: CCT was higher in NTG than in HTG; however, these values were statistically
insignificant. A comparison of the application of prostaglandins of corrected CCT (CCT
correction) for both types of glaucoma increased the difference, but this difference was
still statistically insignificant. This difference was caused by an uneven representation of
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INTRODUCTION

Glaucoma is still considered one of the main causes
of pronounced disorders of vision and blindness
in advanced countries. It is generally known that
intraocular pressure is indicated as the most significant
risk factor of this pathology. Hypertensive glaucoma
(HTG) is defined as chronic progressive neuropathy with
excavation and atrophy of the disc of the optic nerve
and subsequent changes in the visual field, where the
main role is played by higher intraocular pressure. In the
case of HTG, the ganglion cells are damaged diffusely
throughout the entire retina, with subsequent necrosis
of their axons. At the same time, however, there is also
damage to the ganglion cells of subcortical and cortical
centres in the brain.

In comparison with HTG, NTG is different in a number
of aspects: in addition to the level of intraocular
pressure, there are also changes in the visual field which
in NTG cause more damage to the central part, and
have deeper defects of sensitivity, the nerve fibres in
NTG are more damaged in the central part of the retina
and the damage is of a focal character, excavation is
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generally wider and deeper, furthermore patients
with NTG manifest vasospasms, nocturnal systemic
hypotension, decrease of ocular pulse amplitude and
fluctuation of ocular perfusion pressure, constricted
retinal veins and even deteriorated haemorheological
properties of blood and other factors (12). In HTG the
pattern electroretinogram (PERG) and the pattern
visual evoked potentials (PVEP) are pathological. In
NTG, PERG is virtually normal, but PVEP responses are
markedly altered (12).

Central corneal thickness (CCT) is an important
parameter fordeterminingthe diagnosisand subsequent
observation of glaucoma pathology.

In the majority of cases, treatment of glaucoma
begins with the local application of drops. Prostaglandin
analogues (PGAs) are highly effective, and as a result are
widely used as the drugs of first choice (19). Regardless
of the hypotensive effect of these pharmaceuticals,
their long-term application brings a reduction of CCT (7,
11, 15, 17, 18, 23, 24).

One of the possibilities behind the occurrence of
this phenomenon is degradation of collagen through
the activation of the prostaglandin E receptors in the
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corneal stroma (16).

In general it is stated that CCT is lower in the case
of NTG in comparison with HTG. For this reason, it was
the aim of our study to determine and compare CCT in
both of the observed groups, also taking into account
the applied medication with prostaglandin analogues.

Cohort and method

Within the framework of this study, over the course
of two months we examined a total of 200 eyes of
100 patients with glaucoma who came for a follow-up
examination with the framework of supervisory care.
The evaluated cohort comprised 100 eyes of 50 patients
(29 women and 21 men) with HTG, and 100 eyes in 50
patients (25 women and 25 men) with NTG. The average
age in HTG was 67 years and in NTG 62.6 years. The
exclusion criterion for this study was corneal pathology,
conditions following corneal laser procedures,
combined antiglaucomatous therapy, conditions
following glaucoma surgery and high ametropia. The
group of hypertensive glaucomas included eyes only
with chronic simple primary open-angle glaucoma,
in which the diagnosis was determined by a complex
eye examination and in which both structural changes
(ganglion cell complex and nerve fibre layer) and
functional changes (perimeter) were confirmed, and the
level of intraocular pressure before the application of
treatment exceeded the value of 25 mmHg. Similarly, in
NTG also the diagnosis was confirmed by both structural
and functional changes, and was accompanied by
an examination of PERG and PVEP (12). Intraocular
pressure in NTG before the relevant applied therapy
was lower than 15 mmHg. Medicamentous therapy with
locally applied anti-glaucomatous agents, if indicated,
had been used by our patients for at least the last five
years.

In all eyes, CCT was measured with the aid of an
ultrasound pachymeter Tomey Handy Pachymeter
SP100, always by the same physician.

We classified the results of CCT determined in patients
with HTG and NTG into two groups. The first group had
CCT without correction and the second with correction
(CCT correction) taking into account corneal thinning
following the application of prostaglandins. We adjusted
the correction of the CCT values after applications of
prostaglandins according to the results of the studies
by You and Cho (23), Lee and Cho (11) and Maruyama
et al. (15). After two-year application of latanoprost on
patients with NTG, You and Cho determined a reduction
of CCT from 544.6 + 38.4 to 540.3 + 37.8 um (99.2%),
while after five-year application on patients with NTG,
Lee and Cho determined a reduction from 542.3 £ 36.2
to 533.7 + 32.9 um (98.4%). Similarly, in the case of
HTG also, Maruyama et al. determined a reduction of
CCT following four-year and longer application from
537 + 34 to 526 + 32 um (98%). On the basis of these
results, we used the values we measured in patients
who did not take any local medication or to whom other
antiglaucomatous agents than prostaglandin were
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applied, in order to convert the values to 99% of those
measured (the average value of the aforementioned
studies is 98.5%).

For the statistical processing we used a two
sample t-test on a 5% level of significance.

RESULTS

The age representation in the individual sexes and
their number is illustrated in table 1. Average values of
CCT in table 2.

For comparison of the measured values of CCT and
CCT correction in patients with HTG and NTG we used a
two sample t-test and graphic illustration with the aid
of Box plots (Graph 1 and 2).

The statistical evaluation demonstrated that in the
case of CCT and corrected CCT the values are lower in
the group of patients with NTG than in the patients with
HTG. In the case of the measured CCT values in NTG
554.9 + 35.7 as against HTG 561.4 + 32.7, the difference
upon their comparison was not statistically significant
(p = 0.181). Even after the conversion of corrected CCT
values, upon the comparison of NTG (550.8 + 35) against
HTG (559.6 + 33.1), the difference was not statistically
significant (p = 0.069).

This difference may be caused by the uneven
representation of the patients treated with PGA in both
groups.

We also did not determine any influence of age on
CCT (r =-0.1446, p = 0.3165).

DISCUSSION

The first to note the influence of CCT on values of
intraocular pressure were Morad et al. (16). They
determined that CCT is significantly lower in the case of
NTG than in HTG. The same conclusions were reached
by Hornova and Sedlak (8), who state in the conclusion
of their study that in NTG there are significantly lower
values of CCT in comparison with HTG.

At the turn of the millennium, Copt et al. (2) attempted

Table 1. Characteristics of cohort: sex, average age, type of tre-
atment

Average age 67.01+11.6 62.6 £ 10.69
Number of women/men 25/25 29/21
Treatment with prostaglandins 78 eyes 28 eyes
betaxolol 10 eyes 8 eyes
carteolol 4 eyes 4 eyes
dorzolamide 4 eyes 20 eyes
brimonidine 4 eyes 12 eyes
Without treatment 0 28 eyes
0P after relevant treatment <18 mmHg <12 mmHg

HTG — hypertensive glaucoma, NTG — normotensive glaucoma, |OP
— intraocular pressure
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Table 2. Values of central corneal thickness in both groups of
glaucomas

Average values (um) HTG NTG

CCT 561.38 +-32.7 554.89 +-35.7
CCT after correction 559.58 +-33.1 550.78 +-35
CCT highest value 631 650

CCT lowest value 493 465

CCT highest value after 631 644
correction

CCT lowest value after 488 450
correction

CCT — central corneal thickness, HTG — hypertensive glaucoma,
NTG — normotensive glaucoma

a reclassification of NTG or intraocular hypertension
into the group of HTG. They determined that CCT in
NTG has statistically significantly lower values. Similar
conclusions were reached also by Shetgart and Mulimani
(16). The effect of the reduction of CCT in HTG and
ocular hypertension was recorded over the course of 12
months following the administration of prostaglandins
also by Liehneova and Karlovska (14). Of interest for us
was the study by Kim and Cho (9), who determined a
reduction of CCT by the application of prostaglandins
in the case of NTG. Similar conclusions were reached
also by You and Cho (23), Lee and Cho (11) and Wu et
al. (21). By contrast, studies by other authors did not
confirm this finding (3, 10, 19, 20).

Na Wu et al. (21) determined that long-term local
treatment with PGA may have a direct influence on
the biomechanical properties of the cornea, together
with an indirect influence on a decrease of intraocular
pressure and a reduction of CCT. The authors did not
demonstrate statistically significant differences of the
measured biomechanical parameters of the cornea in
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Graph 1. Uncorrected values of central corneal thickness in normo-
tensive and hypertensive glaucoma
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the observed 3 groups of patients: a control group,
newly diagnosed individuals with primary open-angle
glaucoma and patients treated long-term with PGAs,
in which the last group was further divided according
to the type of PGA used (bimatoprost, latanoprost and
travoprost). A small, statistically insignificant decrease
in the values of CCT was determined only in the group
treated with PGAs for a period of at least two years. One
of the possible theories concerning the effect of PGAs is
their influence on the increased density of keratocytes
in the corneal stroma, perhaps due to the influence of
activation of metalloproteinases and the limitation of
their tissue inhibitors (1).

Also of interest is the finding of Yoo et al. (22), that
following the discontinuation of latanoprost therapy in
NTG, there was an increase in the CCT value over the
course of two years from 531.4 to 544 pm.

The inspiration for our observation was the studies
by You and Cho (23), Lee and Cho (11), who determined
a long-term reduction of CCT following the application
of prostaglandins in NTG, and Maruyama et al. (15) in
HTG. We are aware that this study also has its limits.
For the conversion we used the results of the above-
stated works, because we did not have the opportunity
to observe the CCT values before and after the long-
term application of prostaglandins.

The short-term influence of beta-blockers on CCT
was studied by Grub et al. After four-day application
of timolol maleate they determined increased values
of CCT. This increase was not statistically significant (p
= 0.0659) (4). In the literature we did not find a study
on the long-term application of beta-blockers and their
influence on CCT. For this reason, we corrected the
CCT values in these eyes. Griib et al. also determined
the short-term influence of topical application (for 96
hours) of brimonidine on CCT in healthy individuals.
They determined a temporary reversible increase in
CCT (5). They reached similar findings also after 28-day
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Graph 2. Corrected values of central corneal thickness in normo-
tensive and hypertensive glaucoma
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application of 0.5% timolol (6).

Our results of the statistical evaluation of measured
CCT demonstrated that in the case of CCT and CCT
correction these values are lower in the group of
patients with NTG than in patients with HTG. Upon a
comparison of the values of CCT in NTG and HTG the
difference was not statistically significant. In the case
of assessment of the values of CCT correction in both
types of glaucomas, the difference was greater, but
was not statistically significant. This may also be an
explanation for the differing results of measurement of
CCT in the studies of different authors. In our cohort
this difference was caused by uneven representation of

patients treated with PGAs in both groups.
CONCLUSION

CCT was lower in NTG than in HTG, but this difference
was not statistically significant. Upon a comparison of
CCT corrected by the application of prostaglandins (CCT
correction) in both types of glaucomas this difference
increased, but was not statistically significant and
may have been caused by the uneven representation
of patients treated with PGAs in both groups. It is
appropriate to count on this effect of reduction of CCT
upon the application of treatment with prostaglandins.
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