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scanning-slit/Placido
disc topography and
specular microscopy

Abstract

Purpose To assess the interchangeability of
central corneal thickness (CCT) measurements
between combined scanning-slit/Placido disc
topography (Orbscan-II) and specular
microscopy (Topcon SP-2000P) in patients who
underwent laser in situ keratomileusis
(LASIK) for myopia.

Patients and methods We recruited 118
consecutive patients who underwent LASIK
for myopia. The CCT was measured using
Orbscan-II and Topcon SP-2000P randomly.
Orbscan-II and Topcon SP-2000P CCT data
were analysed using the paired-sample t-test
and the limits of agreement (LoA) were
calculated with the method described by
Bland-Altman.

Results The average CCT measurements by
Orbscan-II and Topcon SP-2000P were

447.55 + 49.78 ym and 461.38 + 35.35 um,
respectively (P <0.0001; mean difference,

13.83 £ 22.31 um; 95% confidence interval,
9.77-17.09 um). The Bland-Altman plot showed
an inverse association between the average and
the difference between the devices: Topcon—
Orbscan-1I=174.23 —0.353 x Average (P <0.01).
The widths of the crude and regression-based
95% limits of agreement were 87.45 and

63.72 um, respectively.

Conclusions Orbscan-II measurements of
CCT after myopic LASIK were significantly
lower than those obtained using Topcon
SP-2000P. The limits of agreement between the
two devices were too broad and, therefore,
both pachymetric values cannot be used
interchangeably. Further, the tendency
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towards comparably Orbscan-II readings in
thinner corneas precludes that one technique
can directly replace the other. This is
important for the adequate medium- and long-
term follow-up of the growing LASIK patient
population.
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The measurement of central corneal thickness
(CCT) is clinically relevant, especially
considering the increasing popularity of
refractive surgery. Accurate analysis of the
corneal thickness is of paramount importance
for assessing corneal disease and non-refractive
and refractive surgical procedures.'”
Measurement errors could affect the
preoperative assessment of candidates for
primary and retreatment laser in situ
keratomileusis (LASIK),> the intraocular lens
(IOL) power calculations after LASIK,” and the
contribution of the CCT to measurement of the
intraocular pressure (IOP).®

CCT can be measured using various
techniques. Ultrasonic pachymetry is the
current gold standard for pachymetry
measurement,”' but ultrasonography requires
a probe contact. Thus, direct corneal trauma
might occur resulting in flap dislocation,
which also might occur with a history of minor
trauma;'? the risk of microbial contamination is
associated with use of a probe," and topical
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anaesthesia must be instilled. All of these factors might
be associated with patient discomfort. Moreover,
pachymetry measurements might be erroneous because
of epithelial indentation; the accuracy will depend on the
exact axial placement of the probe relative to the centre of
the cornea." Therefore, non-contact methods are
preferred for ocular biometry, and alternative techniques
such as interferometry,'® corneal confocal microscopy,*®
optical coherence tomography,” non-contact specular
microscopy,'” and scanning-slit technology” are gaining
popularity for assessing patients who have undergone
LASIK.

In particular, the Orbscan-II (Bausch & Lomb,
Rochester, NY, USA) topography system provides wide-
field pachymetry analysis of the anterior and posterior
corneal elevations. The corneal thickness can be
calculated by measuring the distance between the
anterior and posterior corneal surfaces.'®

The Topcon non-contact specular microscope (NCSM)
(SP-2000P; Topcon Corp., Tokyo, Japan) provides
pachymetry measurements and specular microscopy
simultaneously."* Focusing on the endothelium, this
apparatus supplies specular images and measures the
focal distance, which can be calculated as the corneal
thickness."

Many ophthalmologists rely on the results yielded by
both non-contact devices. Despite both non-contact
methods are convenient, no study has analysed their
interchangeability after myopic LASIK properly. The
only study that compared both used correlation
coefficients to assess their relationship,® an analysing
method that is flawed based on the investigations of
Bland and Altman,*>*! as well as the model of regression
that relates the measurements obtained by both devices.
Therefore, we evaluated whether the devices are
interchangeable for patients who had undergone LASIK
using the appropriate methods described by Bland and
Altman.***!

Materials and methods

This study adhered to the principles outlined in the
Declaration of Helsinki Principles. All candidates
received detailed information about the nature of the
investigation, and all provided informed consent. We
selected 118 consecutive patients who had complete
refractive stability on two successive visits at least

2 months apart. One eye of each patient was selected
randomly for this investigation and the measurements
were taken 9 months after LASIK. Patients were recruited
over a 2-year period. Exclusion criteria consisted of
suspected keratectasia, progressive myopia, or
astigmatism (patients with a 0.25-diopter [D] change
and/or >15 degrees in cyclopegic refractive cylinder
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orientation were excluded); preoperative or post-LASIK
hyperopia; mixed astigmatism; active ocular disease;
connective tissue disorders; and pregnancy. All eyes
underwent a complete ophthalmic examination before
and after LASIK, including manifest and cycloplegic
refractions, Orbscan-II topography, Topcon NCSM
pachymetry, slit-lamp microscopy, applanation
tonometry, and indirect ophthalmoscopy. Objective
measurement of the corneal transparency was performed
as previously reported.”

One experienced technician was assigned to each
instrument to minimize variations in the results. The
examiner was masked to the refraction and the
postoperative time interval at each examination. Central
pachymetry also was measured using the Topcon NCSM
and compared with the Orbscan-II pachymetry values.
The testing sequence of the measurements with both
devices was randomized to avoid methodological and
statistical bias.”® Examinations were carried out from
11:00 am to 1:00 pm to minimize the effect of diurnal
variations on corneal thickness.** Non-contact
pachymetry measurements were always taken prior to
any other ophthalmic procedure that could alter the
cornea, including applanation tonometry.

Surgical procedures

All procedures were performed by the same surgeon
(M]J Maldonado). The details of the primary LASIK
procedures have been reported previously.® The
preoperative CCT had to be adequate to ensure a
residual stromal bed of at least 250 um and above 55% of
the total preoperative CCT after creation of a corneal flap
with a superior hinge (160-um head, Hansatome
microkeratome; Chiron Vision, Claremont, CA, USA).
Ablation of the appropriate cut depth was carried out
using the Technolas Keracor 217z excimer laser (Bausch
& Lomb Chiron Technolas GmbH, Munich, Germany).

Topographic evaluation of CCT

Orbscan-II was calibrated before each session test
following the instructions of the operator’s manual
provided by the manufacturer.”® The patient was
instructed to fixate on a flickering red light and to blink
to obtain a homogeneous tear film layer that ensures
more reliable results. The instrument was then aligned
and the cornea was scanned using a slit beam. The
Orbscan-II statistical analysis device (software version
3.12) calculated the elevation of the anterior and
posterior corneal surfaces; thus, the pachymetry
measurement is the result of subtraction of the elevation
maps of both corneal surfaces. Although Orbscan-II
displays pachymetry values at several locations, only the
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central pachymetry value, but not the thinnest corneal
point, was taken into account for statistical analysis
because of two reasons: first, the reproducibility of the
thinnest corneal point is expected to be lower*® and
second, Topcon NCSM does not provide the thinnest
corneal value, thus precluding comparison between
measurement methods. The default acoustic equivalent
setting of 0.95 for software version 3.12% was used
throughout this study.

Non-contact specular microscopy evaluation of the CCT

Topcon NCSM was calibrated as previously described.?®
The CCT was measured while the subject fixated on a
fixation light in the specular microscope. The
pachymetry of the central cornea was obtained after
proper positioning of the alignment dot, square, and bar
on the screen using the automatic mode. The automated
image capture, low-intensity mode of the specular
microscope was used as described previously."”” The CCT
was determined by patient fixation as well as Orbscan-II
examination.

Statistical analyses

Data from the prospectively completed forms were
entered into a database and statistical calculations were
performed using SPSS (version 15.0 for Windows). The
mean and standard deviation (SD) were calculated for
normally distributed data.

Where data did not correspond to a normal
distribution, the median (50th percentile) and
interquartile range (IR: values between the 25th and 75th
percentiles of the distribution) were used instead. For all
statistical tests, a two-tailed P <0.05 was considered
significant. The paired t-test was used to establish
whether or not there was a significant systematic bias
between measurements.

Bland-Altman graphs of the differences against the
means were plotted to check the relation between the
differences and the range of measurement, and to check
whether the differences between the measurements were
approximately normally distributed.”®*" We assessed the
interchangeability of both measurement methods by
calculating the 95% limits of agreement (LoA), defined as
the mean difference in measurements + 1.96 SD as
suggested by Bland and Altman.?®'

When the differences between methods of
measurement tend to be in one direction for low values
of the quantity being measured and in the other direction
for high values, a better fit than the above-mentioned
crude LoA can be found by using a regression model
described by Bland and Altman.* A regression of the
difference between measurement methods on their
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average can be used to model the relationship between
mean difference and the magnitude being measured. In a
second stage of the analysis, modelling the variability in
the SD of the differences, directly as a function of the
level of the measurement, can be achieved using a
method based on absolute residuals from a fitted
regression line. Modelling is considerably simplified by
the assumption that these residuals have a normal
distribution. Once one can predict the mean difference
and the SD from these calculations, mean + 1.96 SD can
be estimated for any magnitude, and can be obtained by
combining the two regression equations.

We certify that all applicable institutional and
governmental regulations concerning the ethical use of
human volunteers were followed during this research.
This study was approved by the University of Navarra
Clinic Review Committee.

Results

The average CCT measurements by Orbscan-II and
Topcon NCSM were 447.55 + 49.78 um (range, 343—

548 ym) and 461.38 + 35.35 um (range, 392-540 um),
respectively, a difference that reached statistical
significance (P <0.0001). The Orbscan-II readings were
lower than those of the Topcon NCSM by an average of
13.83 £22.31 um (95% confidence interval, 9.77—

17.09 um). Corneal opacification was almost non-existent
(median and IR, 0 gray levels (range, 0-3)).

A Bland-Altman plot, which was created to assess the
difference in individual measurement as a function of the
mean of two measurements (Figure 1a), revealed poor
agreement due to a systematic bias, and the crude LoA
were also too wide (87.45 um; range: —29.89 um to
57.53 um). Nevertheless, the distribution of the difference
between methods was approximately normal (Figure 1b).

We also found an inverse association between the
average of both measurements and the difference
between Topcon NCSM and Orbscan-II for CCT
measurements (Figure 2a); the regression of difference on
average gave a significant relationship (P <0.01):

Difference (Topcon NCSM — Orbscan II) = 174.23 — 0.353 x Average

Therefore, there was a trend in the bias, a tendency for
the mean difference to decrease with increasing
magnitude. The regression-based 95% LoA:

Upper limit = 206.11 — 0.351 x Average,
Lower limit = 142.39 — 0.355 x Average

are shown in Figure 2a and exhibit almost coincident
significant slopes (0.351 and 0.355, both P <0.01). The
residuals from the regression of difference on average
had a normal distribution (Figure 2b), which indicates
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Figure 1 (a) Bland-Altman plot comparing the two modalities. The solid line represents the mean difference in CCT values and the
dashed lines represent the crude 95% confidence limits. (b) Histogram shows the distribution of differences between Topcon NCSM
and Orbscan-II CCT measurements.
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Figure 2 (a) Regression-based LoA for difference in central pachymetry determined by both measurement methods. The solid line
represents the regression-based mean difference in CCT values and the dashed line represents the regression-based 95% confidence
limits. (b) Histogram shows the distribution of the residuals from the regression of the differences between Topcon NCSM and
Orbscan-II CCT measurements on their average.

the suitability of this method for this data set. The precise corneal thickness measurements are mandatory
regression-based 95% LoA were also rather wide to reduce the risk of complications related to refractive
(63.72 ym; range: +31.86 um). surgery. Erroneous pachymetry measurements might

mislead the clinical decision making regarding LASIK
enhancement, because retreatment can be performed
only when biomechanical corneal stability has been

An accurate assessment of the CCT is essential in several confirmed and corneal thickness allows for further
clinical situations, especially for refractive surgery. ablation to avoid keratectasia.® Measurement errors also
LASIK currently is the most popular technique; thus, can result in miscalculation of the IOL power in patients

Discussion
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who have undergone LASIK” and might affect the
screening of patients with glaucoma due to a reduced
IOP measurement.®

Although ultrasound pachymetry is the most
commonly used method in clinical practice, access to
accurate non-invasive pachymetry is important to reduce
the risk of corneal epithelial damage or flap displacement
resulting from probe contact, and to avoid the risk of
microbial contamination during follow-up of patients
after LASIK.2*!® Therefore, non-contact methods have
been developed to avoid these complications.

In the current study, the results of non-contact
pachymetry showed that on average Orbscan-II provides
lower CCT values than Topcon NCSM in patients who
have undergone myopic LASIK. Our results agree with
those obtained by Kawana et al,> which also showed
Orbscan-II pachymetric underestimation by 22.3 um as
compared with Topcon NCSM after LASIK. In the
current study, Bland—-Altman plots showed that Orbscan-
II tends to underestimate CCT as compared with Topcon
NCSM, which is defined as a systematic bias. This bias in
measuring CCT using different acquisition methods in
healthy unoperated corneas was reported previously;
Tam and Rootman® compared CCT measurements using
specular microscopy and ultrasound and reported a
systematic bias towards higher CCT values using
specular microscopy. Similar underestimation was also
described when pathologically thinned corneas in
keratoconus patients were measured using different
acquisition techniques, scanning-slit/Placido disc
topography and Topcon NCSM.'*

In our study, the Bland—Altman plot also showed a
downward trend of the scatter plot; therefore, there is a
tendency for the mean difference to fall with higher
magnitudes when the Topcon NCSM and Orbscan-II
CCT measurements are compared. Although the
regression-based LoA improved the data fit in
comparison with the crude LoA, which ignored this
relationship, both 95% LoA were too wide (63.72 and
87.45 um) for the two pachymetric methods to be
considered interchangeable. Chakrabarti ef al* and Cheng
et al’! also reported such a tendency when scanning-slit
and ultrasound techniques were compared after LASIK.
This type of bias was also seen in normal corneas when
Amano et al*? studied the interchangeability of scanning-
slit and ultrasound pachymetric methods. They found
that Orbscan-II tended to underestimate lower CCT
values and overestimate higher CCT values, although the
difference was not significant.

The discrepancy in measurements with Orbscan-II and
Topcon NCSM after LASIK might be attributed to their
distinct methods of acquiring data. This hypothesis about
the discrepancy in measurements might be similar to
those in other studies that compared Orbscan-II
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pachymetry with ultrasound pachymetry, which also
showed Orbscan-II underestimation in patients who
underwent LASIK.*® The underestimation of Orbscan-II
pachymetry measurements might be associated with
alterations in the postoperative optical quality of the
cornea.**>** A significant correlation has been
established between the grade of corneal transparency
loss and the decrease in Orbscan-II pachymetry
readings.®® However, in our series of patients assessed 9
months after surgery, the corneal transparency was
comparable to that of a normal cornea. Although no
patients had noticeable post-LASIK haze during the slit-
lamp examination, confocal microscopy analysis shows
increased cell density in LASIK patients,” which
produces loss of transparency. This loss increases the
reflectivity in the interface with a consequent systematic
measurement error.” Another theory suggests that media
opacities might bend the light rays passing through the
cornea and cause displacement of the slit emitted by
Orbscan-II, producing an inaccurate posterior corneal
profile.* Another hypothesis suggested that in ablated
corneas the newly formed type-III collagen and
proteoglycan debris-filled vacuoles resulted in a high
level of light scatter, with an ensuing increase in the
corneal refraction index.** All authors agreed that loss of
corneal transparency progressively decreases with time,
thus improving the accuracy of Orbscan-IL.*°

Another source of Orbscan-II pachymetry
underestimation might be the change in corneal shape
after LASIK. The normal healthy cornea is usually
prolate, but after myopic LASIK the corneal curvature is
altered and tends to become oblate.> The reconstruction
algorithms, using lower order polynomials, which create
elevation data in the Orbscan-II may be properly
designed in a normal corneal surface, but they might be
ineffective in a post-LASIK corneal surface.”

The main limitation of the current study is that the
reason for the variability between measurements showed
a wide distribution between methods was not completely
addressed, although it can be explained by the
measurement repeatability of Orbscan-II being generally
lower than that of Topcon NCSM in postmyopic LASIK
patients.® In addition, this study included only patients
who had undergone LASIK to treat myopia, and,
therefore, the conclusions cannot be applied to patients
with hyperopia, in whom the postoperative corneal
shape is more prolate. Finally, ultrasonic pachymetry was
not performed in the study eyes, thus precluding direct
comparison of both non-contact methods with the gold
standard in order to find out which of the two is closer to
the ‘true” value. However, such a comparison has already
been extensively reported,>>*19%213637 and has been
included in the discussion of our results with those of
previously published studies.



In conclusion, these non-contact methods are not
interchangeable in patients who underwent LASIK for
myopia, because there is a systematic bias between
acquisition methods and there is also a tendency for the
mean difference to decrease with increasing magnitude.
Thus, although the devices were calibrated appropriately,
an acoustic factor was changed'® or a subtraction method
applied,*® one cannot reliably replace the other. A
tendency and a systematic bias also were described when
each scanning-slit and specular pachymetry, respectively,
were previously compared with ultrasonic pachymetry
in patients who underwent LASIK.*'*” Therefore,
ophthalmologists should be aware that not only contact
and non-contact pachymetry are not interchangeable
after LASIK, but also that these non-contact pachymetry
methods cannot be used interchangeably in these
patients. This is important for the adequate medium- and
long-term follow-up of the growing LASIK patient
population.

Summary

What was known before
® Central corneal thickness measurements of Orbscan-II

were significantly smaller than those of non-contact
specular microscopy (Topcon SP-2000P) after myopic
LASIK, although these instruments were analysed using
linear correlation to assess interchangeability, a method
that is flawed based on the investigations of Bland and
Altman.

What this study adds
® The limits of agreement of central corneal thickness
between combined scanning-slit/Placido disc topography
and non-contact specular microscopy were too wide and
we detected an association between the magnitude and
the difference. Thus both techniques cannot be used
interchangeably after myopic LASIK.
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