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Comparison of Ultrasonic Pachymetry and
Optical Coherence Tomography for the
Measurement of Central Corneal Thickness

Santral Kornea Kalinhiginin Ol¢umuinde Ultrasonik Pakimetri ve Optik
Koherens Tomografinin Karsilastirilmasi™
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ABSTRACT

Purpose: The aim of this study was to compare the results of ultrasonic pachymetry (UP) and optical coherence tomography (OCT) for central
corneal thickness measurement in healthy individuals in the general population.

Materials and Methods: We measured the central corneal thicknesses of the right eyes of 60 healthy subjects consecutively with ultrasonic
pachymetry (Sonomed 300P PacScan) and optical coherence tomography (SD-Nidek RS-3000 Advance). Ultrasonic pachymetry measurement
results were specified as group UP and optical coherence tomography measurement results as group OCT and the compared with each other.
The t test and the Bland-Altman plot were used as the statistical methods.

Results: The study was conducted on 60 subjects consisting of 33 (55%) males and 27 (45%) females. The mean age was 36.7+15.8 (10-76)
years for all subjects, 37.4+13.9 (16-76) years for the males and 35.9+18.1 (10-68) for the females. Mean UP measurement for all subjects was
544+33.6 um (467-616) while the mean OCT measurement was 533.9+30 um (457-600). The difference between the results was statistically
significant (p=0.001) with mean OCT measurements 10.1 wm lower than mean UP measurements. There was a high degree of agreement be-
tween the two methods with the Bland-Altman plot.

Conclusion: Mean central corneal thickness measurements with optical coherence tomography were approximately 10 um lower than ultra-
sonic pachymetry measurements. Further studies on larger series are needed.
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0Z

Amac: Normal populasyondaki saglikli bireylerde, santral kornea kalinliginin d6l¢iimuinde ultrasonik pakimetri (UP) ve optik koherens tomog-
rafi (OKT) sonuglarini karsilagtirmaktir.

Gereg ve Yontem: Saglikli 60 olgunun sag gozlerinin santral kornea kalinligi ardisik olarak OKT (Nidek RS-3000 Advance) ve UP (Sonomed
300P Pacscan) ile dl¢uldu. Ultrasonik pakimetri 6l¢iim sonuglart UP grubu, OKT odl¢iim sonuglart OKT grubu olarak degerlendirildi ve sonug-
lar iki grup arasinda karsilagtirildi. Istatistiksel yontem olarak T testi ve Bland Altman testi kullanildi.

Bulgular: Calisma 33 (%55) erkek ve 27 (%45) kadin olmak uizere toplam 60 olgudan olustu. Erkek olgularin yag ortalamasi 37.4+13.9 (16-76)
yil, kadin olgularin yas ortalamasi 35.9+18.1 (10-68) y1l ve tim olgularin yags ortalamasi 36.7+15.8 (10-76) olarak bulundu. Toplam 60 olgu-
da UP ol¢im sonuglari ortalamasi 544+33.6 um (467-616) ve OKT ol¢uim sonuglari ortalamasi 533.9+30 pm (457-600) olarak tespit edildi.
Sonuglar arasindaki bu farklilik istatistiksel olarak anlamli bulundu (p=0.001). OKT ol¢tumleri, UP ile yapilan dl¢cumlerden ortalama 10.1 um
daha dusuik oldugu tespit edildi. Bland Altman testi ile iki yontem arasinda yuksek uyum tespit edildi.

Sonug: Optik koherens tomografi ile yapilan dl¢timlerin, ultrasonik pakimetri d6l¢iimlerinden yaklasik 10 um daha duisuk oldugu saptanmustr.
Bu konuda genis serilerle yapilan ¢aligmalara gereksinim vardir.

Anahtar Kelimeler: Glokom, pakimetri, santral kornea kaliligi.

*Bu ¢calisma kismen TOD 47. Ulusal Oftalmoloji Kongresi’nde (Antalya 2013) poster olarak sunulmustur.
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INTRODUCTION

Central cornea thickness (CCT) is an important measurement
for the correct evaluation of intraocular pressure. CCT has
been found to be higher in cases with ocular hypertension
without optic nerve damage than the control group and other
glaucoma cases but lower in normotensive glaucoma pa-
tients."* Almost all intraocular pressure (IOP) measurement
methods including applanation tonometry and air puff tonom-
eters are affected from CCT.*” The correct measurement of
CCT and obtaining consistent results is extremely important
as the measurement of central corneal thickness has become
significant in the follow-up of patients with glaucoma and
ocular hypertension and for the estimation of the glaucoma
development and progression risk.

The measurement of CCT is commonly used in glaucoma,
corneal diseases, clinical follow-up of contact lens users, and
in preoperative and postoperative refractive surgery periods.
CCT plays an important role for selecting the ablation amount
and diameter to be used and the laser surgical method to be
employed in refractive surgery.®

Ultrasonic pachymetry (UP) is a gold standard method for
central corneal thickness measurement in terms of reliabil-
ity and accuracy. It is a contact test performed with topical
anesthesia. Optical coherence tomography (OCT) is a new
technique for CCT measurement and is a non-contact meth-
od. There are many studies comparing UP and various OCT
devices for CCT measurement but there is no previous study
that compares the SD-Nidek RS-3000 Advance OCT device
with ultrasound pachymetry as far as we are aware. The aim
of this study was therefore to investigate the differences be-
tween UP and OCT in CCT measurement and to evaluate the
reliability of data obtained with the non-contact SD-Nidek
RS-3000 Advance OCT device.

MATERIAL AND METHOD

The study was planned in accordance with the Helsinki Dec-
laration. Adult subjects who presented to the Eye Clinic and
where no ocular pathology was found as a result of the exami-
nation were informed about the study. The right eyes of the
60 subjects who agreed to volunteer were evaluated within
the scope of the study. Those who had undergone any ocular
surgery or had a systemic disease were excluded. The mea-
sured IOP of the subjects was between 10.0 and 20.0 mmHg.

Table: Central corneal thickness measurement results in the subjects.

The central corneal thickness of the right eyes of all subjects
was measured by the same physician. SD-Nidek RS-3000 Ad-
vance was used as an OCT device in the study. The device is
capable of a scan speed of 53 000 A-scans per second and by
averaging images provides 4 um OCT digital resolution. Cor-
nea measurement provides thickness of cornea apex, thick-
ness of any two sites, and corneal thickness map using an an-
terior segment module. Scan pattern with the anterior segment
module uses cornea line, cross and radial (6 lines/12 lines)
scan for the corneal measurement. The device is also able to
provide the central corneal thickness automatically without
the need to make a manual measurement.

CCT was first measured three times consecutively with OCT
while the subject was in the sitting positiomn and looking at
the fixation point. Measurements with the UP (Sonomed
300P Pacscan) were performed afterwards since contact ul-
trasonographic pachymetry can affect the corneal structure.
The probe end was disinfected with 70% alcohol before each
measurement. A drop of 0.5% proparacaine hydrochloride
(Alcaine, Alcon) was administered to the eye for anesthesia
and 5 consecutive measurements were taken by touching the
probe gently to the center of the cornea at a right angle while
the subject was looking at the fixation point in the sitting posi-
tion. The average of 3 measurements performed with optical
coherence tomography was accepted as the CCT value with
OCT. Similarly, the average of 5 measurements taken with ul-
trasonic pachymetry was accepted as the CCT value with UP.

Ultrasonic pachymetry measurement results were accepted
as the UP group and optical coherence tomography measure-
ment results as the OCT group and the results were compared
between the two groups. The data were analyzed with the
Bland-Altman test and the t test. A p value smaller than 0.05
was accepted as statistically significant.

RESULTS

The 60 subjects included in the study consisted of 33 males
(55%) and 27 females (45%). The mean age was 36.7+15.8
(10-76) for all subjects, 37.4+13.9 (16-76) years for the males
and 35.9+18.1 (10-68) years for the females with no signifi-
cant difference between the mean ages of the male and female
subjects (p=0.717). The mean UP measurement was 544+33.6
(467-616) wm and the mean OCT measurement was 533.9+30
(457-600) um (Table). The mean result was approximately 10
pm thinner with OCT than UP and this difference was statisti-
cally significant (p=0.001).

In female subjects

In male subjects

In all subjects

Central corneal thickness ym P

n:27 n:33 n:60
Mean measurement with OCT 540.9+29.9 528.2+29.4 0,106 533.9+30
Mean measurement with UP 552.2+33.8 537.2+32.4 0,085 544+33.6
P 0.001* 0.001* 0.001*

N; number of subjects, OCT; Optical Coherence Tomography, UP; Ultrasonic Pachymetry. *statistically significant.
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The mean UP measurement was 537.2+32.4 (467-591) wm,
and the mean OCT measurement 528.2+29.4 (457-576) um
in males while the respective measurements were 552.2+33.8
(476-616) wm and 540.9+29.9 (472-600) wm in females.
The difference between OCT and UP measurement results
was statistically significant both in female and male subjects
(p=0.001 for both). The difference between females and males
for UP measurements or OCT measurements was not statisti-
cally significant (p=0.085 and p=0.106 respectively) (Table).

UP and OCT measurement results are presented around the
equality line in graphic 1. OCT measurement results are seen
to be within acceptable limits in the Bland-Altman 95% agree-
ment plot that was used to evaluate the agreement between the
two methods (Graphic 2).

DISCUSSION

Central corneal thickness plays an important role in the diag-
nosis and treatment of corneal diseases. CCT can be measured
with ultrasound biomicroscopy, slit-lamp pachymetry, non-
contact specular microscopy, scanning-slit corneal topogra-
phy (Orbscan), confocal microscopy, OCT and UP.>!

The most commonly used CCT measurement method at pres-
ent is ultrasonic pachymetry and it is accepted as the gold
standard. However, the requirement for topical anesthesia,
large variability in repeat measurements and the cross-con-
tamination risk are disadvantages of this contact method."”
The experience of the person performing the measurement,
placement of the probe, and fixation losses of the patient also
limit the reliability of the technique.

Optical coherence tomography is commonly used to in-
vestigate retinal layers and provides high-resolution sec-
tions to evaluate the anterior and posterior segment; it can
also be used to measure the cornea thickness.'® There is no
contact with the eye and therefore no contamination risk.
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Graphic 1: The distribution of central cornea thickness measure-
ments with UP and OCT around the equality line.
UP; Ultrasonic Pachymetry, OCT; Optical Coherence Tomography.

There is also less variability in repeated measurements as the
patient’s head is stable while the patient looks at the fixation
point. CCT measurement with OCT has therefore become in-
creasingly popular. However, there are no standardized data re-
garding the accuracy of CCT measurement with OCT and the
agreement with UP measurements, which are still commonly
used. CCT values measured with OCT have been reported to
be higher than those measured with UP by Leung et al.,'” Ke-
skin et al.,'”® measured mean CCT as 528.55+35.11 wm with
OCT and 530.47+33.39 um with UP and the difference was
not statistically significant. However, Acar et al.,!” measured
the mean CCT value as 53637 um with OCT and 559+36 ym
with UP, with the mean CCT about 22 um lower with OCT and
a statistically significant difference between the two methods.
Vollmer et al.,” found OCT measurements about 12 ym lower
than UP measurements and also stated that repeated OCT mea-
surements showed less variability than UP. Mean CCT with
OCT was reported to be 16 ym lower than the mean measure-
ment performed with UP by Northey et al.,*! Garcia-Medina
et al.,”? also found the mean CCT measured with OCT to be
17 um lower than the values measured with UP. CCT with
OCT was reported to be lower than UP measurements in all
these studies.'*?? Similarly, mean CCT measured with OCT
was found to be 10.1 um lower than the mean values mea-
sured with UP in our study and this difference was statistically
significant It is possible to accurately detect the central cornea
with OCT but not with UP, making it possible to inadvertently
obtain paracentral corneal measurements with UP.? In addi-
tion, the effect of topical anesthetics, the site of the reflection
from the cornea posterior surface not being completely clear,
and the reflection location between Descemet’s membrane and
the anterior chamber instead of the posterior surface of the cor-
nea were stated as the other reasons for the higher CCT mea-
surements with the ultrasonic method in some studies.** We
believe that the thicker central corneal measurements with UP
are due to the inability to accurately determine the central cor-
nea, the reflections from beyond the Descemet’s membrane,
and the effect of topical anesthetic drops.
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Graphic 2: Scatter plot of the difference between the mean measure-
ments with the UP and OCT methods.
UP; Ultrasonic Pachymetry, OCT; Optical Coherence Tomography.
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Correlation analysis is usually used in studies conducted to
evaluate the degree of agreement between two methods.?
However, correlation analysis is the test of the hypothesis that
there is no relationship between the two methods and it is un-
necessary to test whether two methods designed to measure
the same value are related. Two different methods can show
a high degree of correlation despite weak agreement. The de-
gree of correlation depends on the distribution width of the
sample results. The correlation is higher in samples with big
distribution width than those with narrow distribution width.?
We thought the Bland-Altman method was more appropriate
as an alternative as it reveals the measurement differences be-
tween two methods objectively and leaves the interpretation
of the acceptability level of the differences to the clinician.?
The data of this study were evaluated with the Bland-Altman
analysis and a high degree of agreement was found between
the OCT and UP methods.

In conclusion, central corneal thickness measurements can
also be performed reliably with the SD-Nidek RS-3000 Ad-
vance OCT device. OCT can be an alternative method to ul-
trasonic pachymetry due to advantages such as not requiring
topical anesthesia, not requiring contact with the eye, easy
applicability and lower variability with repeated measure-
ments. However, it should be kept in mind that central cornea
thickness measurements can be lower with optical coherence
tomography than ultrasonic pachymetry. This difference may
not be significant for glaucoma specialists but could be quite
important for refractive surgeons. More detailed studies on
larger series are required to clarify the matter.
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