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Study of central corneal thickness using non-contact
techniques: Specular microscopy (Nidek CEM-530),
corneal tomography (Pentacam HR), and optical

coherence tomography (Cirrus HD-OCT 5000)
in healthy adult patients
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ABSTRACT

Objective: To study and compare the value of central corneal thickness in a healthy adult popu-

lation, using different non-contact techniques from daily clinical practice. Method: This work

examines and compares the pachymetric measurements of 71 eyes of 36 healthy adult patients.

Corneal thickness was evaluated using three non-contact instruments: a CEM-530 specular

microscope (Nidek), Pentacam HR corneal tomography (Oculus), and Cirrus HD-OCT 5000

optical coherence tomography (Carl Zeiss Meditec). Tests were performed consecutively by a

single observer in the same session and under the same environmental conditions. Results: The

results obtained using the three devices are interchangeable, given that no statistically significant ~ Keywords: central cor-
difference was observed among them. The study did not find statistically significant difference  neal thickness, pachy-
with respect to gender either. Conclusion: These three non-contact methods for the measure-  metry, non-contact ins-
ment of corneal central pachymetry are a reliable alternative to ultrasonic contact pachymetry.  truments, cornea.
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RESUMEN
Objetivo: estudiar y comparar el valor del espesor corneal central en una poblacién adulta

(3]
N

sana, mediante diferentes técnicas de no contacto utilizadas en la practica clinica diaria.
Método: en este trabajo se estudian y comparan las medidas paquimétricas de 71 ojos de
36 pacientes adultos sanos. La valoracién del espesor corneal se realizé mediante tres
instrumentos de no contacto: el microscopio especular CEM-530 (Nidek), el tomégrafo
corneal Pentacam HR (Oculus) y la tomografia de coherencia éptica Cirrus HD-OCT
5000 (Carl Zeiss Meditec). Las pruebas se realizaron consecutivamente por un solo ob-
servador en una misma sesion y en las mismas condiciones ambientales. Resultados: 1os
resultados obtenidos son intercambiables entre los tres aparatos utilizados, no observandose

Palabras clave: espesor  diferencias estadisticamente significativas entre ellos. Tampoco se encontraron diferencias

corneal central, paquime-  estadisticamente significativas respecto al género. Conclusion: estos tres métodos de no

trfa, instrumentos de no  contacto corneal para la medida de la paquimetrfa central suponen una alternativa fiable
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contacto, cornea.

a la paquimetria ultrasénica de contacto.

INTRODUCTION

The cornea is the most anterior layer of the eye; it
is a clear, avascular structure innervated by bran-
ches of the trigeminal nerve. The nerves enter the
cornea through the stroma and cross Bowman’s
membrane in order to reach the epithelium. The
normal central corneal thickness in an adult eye
ranges between 540 and 560 microns (pm), in-
creasing to values between 660 and 700 pm near
the limbus. These normal values may vary greatly
both during the day and the subject’s lifetime (1).

The accurate measurement of central corneal
thickness is important since it is an essential part
of the evaluation of candidates for refractive or ca-
taract surgery, as well as in patients with glaucoma
or corneal diseases. In refractive surgery, knowing
the central corneal thickness and determining if
the cornea is sufficient to undergo the necessary
ablation is a prerequisite for planning a successful
intervention.

During the preoperative evaluation of candida-
tes for cataract surgery, the evaluation of central
corneal thickness is very useful, particularly in
patients with corneal guttae, which may signal
the presence of Fuchs’ dystrophy (2). It helps the
ophthalmologist to plan the surgical parameters in
order to minimize corneal damage and achieve a
better visual improvement. It may also help guide

the decision of which intraocular lens should be

chosen.

During routine revisions, central corneal thickness
may help diagnose corneal diseases; it is used both
for diagnosis and follow-up of several ectasias and
corneal diseases (3).

Central corneal thickness is also a vital parame-
ter in eyes with glaucoma, since it is necessary

to adjust intraocular pressure measurements (4).

Due to the importance of central corneal thick-
ness and to several technological developments,
pachymetry can now be performed with different
techniques, such as ultrasonic pachymetry, optic
pachymetry, interferometry, specular pachymetry,
anterior chamber optical coherence tomography
(OCT) and other experimental techniques (5).

Ultrasonic pachymetry is still considered the gold
standard, although it has several limitations. Since
itis a contact technique, it requires the instillation
of topical anesthesia, which may be uncomforta-
ble for the patient and produce corneal toxicity.
The probe may damage the corneal epithelium.
Furthermore, the value obtained may depend on
the experience of the operator, due to the force
that needs to be applied with the probe and its
alignment with the visual axis. However, it is easy
to use, and most devices are simple, portable and
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relatively inexpensive, therefore remaining as the
gold standard. Non-contact methods have been
developed to try to overcome the disadvantages

of ultrasonic pachymetry (6).

The purpose of this study was to compare three
current, contactless techniques to evaluate their
fiability in a clinical practice setting.

MATERIALS AND METHODS

A prospective observational study was performed
to compare different contactless pachymetry te-
chniques. Subjects with no known ophthalmic
disease who attended Clinica Rementerfa in Ma-
drid, Spain, during the month of March, 2017 for
aroutine check-up were considered for inclusion.
Subjects willing to participate were included. All
measurements were performed by a single opera-
tor, in a single, morning session in order to avoid
interobserver variations (7), as well as variations
in corneal thickness due to personal or environ-

mental factors.

Seventy one eyes of 36 healthy, Caucasian adults
were examined; there were 10 men (23 %) and
26 women (73 %) with a mean age of 70.81 +
5.21 years.

Corneal thickness values were obtained with spe-
cular microscopy (Nidek CEM-530), Pentacam
HR (Oculus Scheimpflug corneal topography)
and optical coherence tomography (Cirrus HD-

OCT 5000).

The first measurement was performed with
the Nidek CEM-530 specular microscope
(Figure 1), which aligns itself with the eye, focuses
and captures an image automatically. Fight images
are taken in each capture; the one with the best
quality was selected. It is a device that captures
images and provides a quick and easy analysis.
The image of the cornea it provides is obtained
by measuring the reflection of the anterior and
posterior cornea. The distance between both re-

flections, which is calculated automatically, is the
central pachymetry. It also provides an image of
the endothelium, allowing an easy follow-up of
the size and shape of the cells (Figure 2).

FIGURE 1. Nidek CEM-530 specular microscope

FIGURE 2. Image of the endothelium obtained
with specular microscopy

Measurements were performed in scotopic con-
ditions with the patient resting chin and forehead
on the device. The subject was asked not to blink
during image acquisition and to keep looking at
the central fixation spot. A single capture of the
central cornea of 0.25 x 0.55 mm was acquired.

Optical coherence tomography was performed
next, with the anterior segment module, of the
Cirrus HD-OC'T 5000 (Carl Zeiss Meditec). This
device can measure corneal thickness using infra-
red interferometry (Figure 3) at whichever point is
being scanned. For this study, the central cornea
was selected. Thanks to the real time visualization
during scanning, the operator can control the exact
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point he wants to measure. Once the image was
acquired, the Caliper tool was used to manually
mark two perpendicular points; the device then
provided the corneal thickness between those two
points (Figure 4).

FIGURE 3. Cirrus HD-OCT 5000 (Carl Zeiss Meditec)

Optical coherence tomography was also performed
in scotopic conditions, with the subject resting
chin and forehead on the device. The subject was
asked to look at the fixation light in the middle
of the camera. A scan was considered valid if
signal strength was good (six or more points in a
10-point scale). The device uses a superluminis-
cent diode light source and performs 4000 scans
per second, analyzing a 6 mm square area in the
center of the cornea, which is divided in eight
sectors. It then calculates the remaining points
by interpolation (8).

Corneal topography with Pentacam HR was perfor-
med next; it has a system of rotating Scheimpflug
cameras, which provides simultaneous data on
topography, corneal elevation and pachymetry
at different points of the cornea (Figure 5). The
system uses three different rotating cameras and
a blue light source with a 475 pm wave-length,
which rotate together around the optic axis, acqui-
ring a three-dimensional image. In two seconds,
the device obtains 25 images encompassing 500
measurement points of the anterior and posterior
corneal surface, which amounts to 25.000 eleva-
tion points for each surface and creates a corneal
elevation map (Figure 6) (9).

FIGURE 5. Pentacam HR

FIGURE 4. Pachymetry performed with optical coherence tomography
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FIGURE 6. Pachymetry map obtained with the Pentacam corneal topography

For tomography, three measurements were acqui-
red and a mean was calculated. The exam was
performed with the automatic mode until it was
considered valid in scotopic conditions and with
the patients resting chin and forehead on the de-
vice. Subjects were asked to avoid blinking and
to keep their gaze on the central fixation spot.

All procedures were performed according to the
Principles of the Declaration of Helsinki. The right
eye was always examined first. Statistical analysis
was perfomed with SPSS software.

RESULTS
Atotal of 71 eyes were included in the study (36
right eyes and 35 left eyes). The measurements

obtained with each device are provided in Table 1.

TABLE 1. Corneal pachymetry values obtained
with each device

DevicE RiGHT EYE LEFT EYE

Specular microscope CEM-

530 549.9 £32.7 pm - 554.9 £ 325 pm

Cirrus HD-OCT 5000 538.4+31.7 pm 542,55 +31.9 pm

Pentacam HR 5442 +304pm 5501 £32.7 pm

Statistical analysis was performed with the SPSS
software. The mean and standard deviation for
each device was calculated, as well as the intra-
class correlation coefficient (ICC). Bland-Altman

graphics were also plotted.

The values obtained with the Pentacam HR cor-
neal topography and the CEM-530 specular mi-
croscope were very similar, while those obtained
with the anterior module of the Cirrus HD-OCT
5000 were lower, although the difference was not
statistically significant (p < 0.05). ICC showed
there was a good correlation for both eyes. The
values obtained are shown in Table 2.

TABLE 2. Intraclass correlation coefficient for each eye
between the different devices analyzed

RIGHT EYE Pintacam HR - CEM-530  HD-OCT 5000
Pentacam HR 0.973 0.994
CEM-530 0.973 0.989
HD-OCT 5000 0.994 0.989

LEFT EYE Pentacam HR CEM-530  HD-OCT 5000
Pentacam HR 0.951 0.972
CEM-530 0.951 0.954
HD-OCT 5000 0.972 0.954
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Regarding the relationship between the measu-
rements obtained and the eye examined, left eye
values were slightly higher than right eye values.
There were no significant differences according

to gender (p < 0.05).

DISCUSSION

This study compares central corneal pachymetry
values obtained with several non-invasive devi-
ces. There are multiple previous publications
that analyses the correlation between different

devices (10-14).

The gender distribution in this study was not ba-
lanced, since, according to Weiser et al. (15),
central corneal thickness measurements are not
influenced by age, race or gender. We did find a
statistically significant difference between right
and left eye values, which may be due to a more
favorable position of the operator.

Hekimoglu etal. (16) found that thickness measu-
rements were affected by factors such as localiza-
tion and direction, previous pupillary dilatation,
and involuntary movements. In order to eliminate
these factors, we did not perform ultrasonic pachy-
metry and chose to compare contactless devices
which are can detect almost automatically the
corneal center, therefore providing a better pre-
cision and repeatability for each measurement.

Several reports have found that HD-OC'T pro-
vides corneal measurements that are lower than
those obtained with contact methods (17-19).
They suggest that topical anesthesia may produce
mild corneal edema. Furthermore, the algorithms
employed by different devices for corneal thic-
kness calculation may provide slightly different
pachymetric values. Other authors have found
that measurements obtained with Cirrus HD-
OCT are greater than those provided by contact
ultrasonic pachymetry (11,20).

Weiser etal. (15) and Calvo etal. (10) have repor-
ted that OC'T and contact ultrasonic pachymetry
provide similar values. On the other hand, and in
contrast with our results, De Bernardo (13) and
Fujioka (14) found slightly lower pachymetric
values with the specular microscope compared
to the Pentacam topography.

In spite of the different protocols followed in each
study (10,13,14), most have found a high resolution
between the analyzed devices, as in the present
study. This high correlation between devices was
also reported by other authors, such as Cevik et al.
(11), who compared ultrasonic pachymetry and
specular biomicroscopy.

Several authors consider that OCT slightly over-
estimates pachymetric values, but that it has ad-
vantages such as its fiability, the ease with which
itis performed and the fact that it is a contactless
technique and therefore safer than ultrasonic pa-
chymetry (20). These characteristics are shared
with the other devices used in this study.

Bourges (21) reported that the current contactless
techniques for measuring corneal thickness are
lowly reproducible, with a high intervariability
between them, and therefore suggests that they
may replace ultrasonic pachymetry as the gold
standard.

CONCLUSIONS

Corneal thickness measurement is currently a
fundamental part of ophthalmologic examinations,
providing valuable information for the diagnosis,

follow-up and treatment of multiple diseases.

Due to its relevance, new quantitative and qualitati-
ve techniques have been developed for corneal thic-
kness measurement. This study has analyzed three
different devices that quantitatively evaluate the
cornea without direct contact with the corneal
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surface and which are already part of current

ophthalmological practice.

In clinical practice, the Cirrus HD-OCT 5000 is
already considered a reliable alternative to ultra-

sonic pachymetry. Our study also shows that Pen-

tacam HR and the CEM-530 specular microscopy

may also be valid alternatives.
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