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Abstract

¢ AIM. To evaluate the repeatability of ocular biometrical
measurements obtained from the optical low-coherence
reflectometry (Lenstar LS900® version 1.10), as well as
its agreement with the partial coherence interferometry
(IOL Master® 500 version 7.1) in Chinese school-aged
children.

e METHODS. A prospective comparison of ocular
biometrical measurements made by the Lenstar and IOL
Master was performed on right eye of each participant.
The intraobserver repeatability of Lenstar was assessed by
coefficient of variation (CV). Agreement was analyzed
using Bland-Altman plots.

¢ RESULTS: The mean age of the 110 subjects (range 6-
15y) was 10.9+2.0y, and 54.5% were female. The Lenstar
yielded repeatable measurements, with the smallest CV
was obtained for axial length (AL) (CV<0.1%). The
Lenstar produced a greater mean value for AL (23.90+1. 28
vs23.88x1.27mm, P<0.001), anterior chamber depth
(ACD) (3.62+0.26 vs 3.58x0.25mm, P<0.001), and the
steepest corneal radius of curvature (CR2) (7.58+0.27 vs
7.56+0.27mm, P<0.001) than IOL Master. The 95% limits
of agreement (LoA) between the two instruments were
-0.025 to 0.053mm for AL, -0. 047 to 0. 057mm for the
flattest corneal radius of curvature (CR1), -0. 057 to
0.102mm for CR2, and -0.083 to 0.152mm for ACD.

e CONCLUSIONS: The Lenstar vyielded excellent
repeatability results of AL, ACD, and corneal curvature
measurements, which were interchangeable with the 10L
Master measurements in school-aged children.
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INTRODUCTION

A ccurate determination of an appropriate intraocular lens
(IOL) power is a major challenge in cataract surgery''’.

Accurate IOL calculation requires accurate preoperative

measurements of axial length ( AL), corneal curvature and

anterior chamber depth ( ACD ), which are important for

In children,

ocular biometry is also important for surgeons to make

achieving desired target refractive outcome.

appropriate  preoperative  decisions regarding pediatric

refractive surgery, and for the study of eye growth and
refractive development' >’

Measurement acquisition in children can be problematic in
that the instrument is calibrated for adults and requires patient

4]
cooperation .

Applanation A-scan ultrasound is widely used
in ocular biometry, yet its accuracy is limited by poor
resolution (200wm) and the need for contact with the cornea.
Misdirection of the A—scan probe and/or excessive indentation
of the cornea may lead to considerable measurement error'>*’
The partial coherence interferometry (PCI)-based I0L Master®
version 5 ( Carl Zeiss Meditec AG, Jena, Germany) provides
reliable ocular biometrical measurements in a non — contact
manner' ', However, it cannot measure the central corneal
thickness (CCT) and crystalline lens thickness (LT). New
formulas, such as the Hoffer H, Hoffer H-5, and Holladay
2, use LT in IOL power calculation.

The Lenstar LS900 ® version 1. 10 ( Haag — Streit AG,
Koeniz, Switzerland) is a novel device, utilizing optical low—
coherence reflectometry ( OLCR ) technology and 820 nm
superluminescent diode for ocular biometry. This device
provides a complete biometrical assessment of the patient’s
eye, including CCT, keratometry, ACD, LT, AL, corneal
diameter ( CD ),

measurement procedure.

and pupillometry ( PO ) in a single
As the ocular biometry can be
performed in a quick, non - contact manner, the OLCR is
specifically suitable for children. The level of agreement
between the OLCR and PCI has been reported in the adult
population, but has not yet been thoroughly elucidated in
9,10]

school—aged children'”'”’. The current study was performed
to evaluate the repeatability of the OLCR, and to compare the
OLCR measurements to those obtained using the PCI ( IOL
Master® 500 version 7. 1) among subjects enrolled in a
population—based twin study of Chinese children aged 6 to 15y
to investigate the degree of systematic bias and the level of
agreement.

SUBJECTS AND METHODS

Study Participants The study participants were recruited
from the Guangzhou Twin Registry, which is population based
"' In brief, all twins born
between 1987 and 2000 were identified using an official

Household Registry of Guangzhou and followed by a door—to—

and has been described elsewhere'

door verification. This biometrical validation study was
conducted in a group of consecutive children aged 6 to 15y
who participated in our annual examination between July and
August 2011. Only the first—born twins in each twin pairs

were chosen for the examination. The study was approved by
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the Ethics Committee of Zhongshan Ophthalmic Center and
was performed in accordance with the Tenets of the World
of Helsinki. Written

informed consent was obtained from parents or legal guardians

Medical Association’s Declaration

of the twins following a detail explanation of the study.
Individuals who had
abnormalities of the eye were excluded.

All the OLCR and PCI measurements were

obtained on the same occasion by one trained ophthalmologist

a history of ocular surgery or

Measurements

(Ding XH). The subjects were randomly assigned to undergo
testing with the OLCR or PCI first. All measurements were
performed prior to pupil dilation in a single dark room.
Optical Low - coherence Reflectometry Measurements
Subjects were instructed to blink just prior to testing, in order
to distribute an optically smooth tear film over the cornea.
They were asked to fixate directly on the measurement beam to
ensure that all measurements were taken along the visual axis.
Five consecutive measurements were taken for each eye. CCT,
aqueous depth ( from corneal endothelium to anterior lens
surface ), ACD ( from corneal epithelium to anterior lens
surface), LT and AL were measured using the OLCR
technology. Comneal curvature was measured in the steep (the
steepest corneal radius of curvature, CR2) and flat meridian
(the flattest corneal radius of curvature, CR1). The two
parameters were calculated through the position of 32 projected
light reflections arranged in two rings with diameters 1. 65mm
and 2. 30mm ( standard eye radius =7.80mm). CD and PO
were calculated as a diameter of an ideal circle, with the lowest
error square to the established border. All biometrical
parameters were measured simultaneously, and the data were
automatically output by the device as a spreadsheet file.
Partial

Subjects were instructed to fixate on the red alignment beam.

Coherence Interferometry Measurements
The reflection of the alignment light was placed within the
sighting circle to achieve a measurement. Five separate
measurements were averaged for AL and corneal curvature;
whereas a single shot automatically generated and averaged
five measurements of ACD. AL was measured using the
principle of PCI. ACD was measured through image analysis
of the distance between the anterior vertex of the cornea and
the anterior lens surface. Corneal curvature was measured by
image analysis of the distance between three opposite pairs of
light spots, arranged in a 2. 3mm diameter hexagonal pattern,
reflected from the air — tear film interface. All data were
extracted from the device as a spreadsheet file.

Statistical Analysis The results were presented as the
meanzstandard deviation (SD). The right eye was used for
data collection and analysis. To determine the repeatability
(intraobserver repeatability ) of OLCR measurements, the
mean SD between the consecutive measurements ( SD ;. )
and the coefficient of variation (CV) (ratio of SD . and
mean) were calculated. The paired ¢ — test was used to
compare measurements between the two devices. The Pearson
correlation was used to assess the strength of the correlation

between the two measurements. The coefficient of agreement
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Table 1 Repeatability of the biometric measurements with the Lenstar
Parameters Mean (SD) Min—-max SD i in CV(%)
CCT (pm) 547.83 (37.7) 468-646 3.398 0.6
CR1 (mm) 7.77 (0.27) 7.15-8.35 0.016 0.2
CR2 (mm) 7.58 (0.27) 6.94-8.24 0.023 0.3
Aqueous depth (mm) 3.07 (0.25) 2.37-3.64 0.015 0.5
LT (mm) 3.48 (0.21) 3.14-4.32 0.018 0.5
AL (mm) 23.90 (1.28) 21.03-27.19 0.013 <0.1
CD (mm) 12.08 (0.46) 10.66-13.05 0.089 0.7
PO (mm) 5.32 (0.86) 3.34-7.76 0.287 4.5

CCT. Central corneal thickness; CR1: Flattest corneal radius of curvature; CR2 . Steepest corneal radius of

curvature; LT Crystalline lens thickness; AL: Axial length; CD: Corneal diameter; PO; Pupillometry;

SD

within

: Within—subject standard deviation; CV: Coefficient of variation.

Table 2 Agreement of Lenstar versus IOLMaster on ocular biometric measurements

Parameters N Mean (SD) Mean (SD) Difference ip 2l—’earsor?.(’,orrelation CoA 95% LoA

of Lenstar of IOLMaster ( Lenstar-IOLMaster) coefficients
AL (mm) 110 23.90 (1.28) 23.88 (1.27) 0.014 (0.020) <0.001 1.000 0.039  -0.025 t0 0.053
ACD (mm) 110 3.62 (0.26) 3.58 (0.25) 0.035 (0.060) <0.001 0.973 0.118 -0.083 to 0.152
CRI (mm) 110 7.77 (0.27) 7.77 (0.27) 0.005 (0.027) 0.056 0.995 0.052  -0.047 t0 0.057
CR2 (mm) 110 7.58 (0.27) 7.56 (0.27) 0.023 (0.040) <0.001 0.989 0.079  -0.057 t0 0. 102
CD (mm) 110 12.08 (0.46) 12.09 (0.43) -0.009 (0.216) 0.653 0.887 0.422  -0.432 10 0.413

AL Axial length; ACD: Anterior chamber depth; CR1: Flattest corneal radius of curvature; CR2: Steepest corneal radius of curvature; CD: Corneal diameter;

CoA ; Coefficient of agreement; LoA: Limits of agreement. ' P value for the paired t—test of the Lenstar and I0LMaster. *All with P<0.001.

(CoA), defined as 1. 96 xSD of the difference between two

devices, was calculated to represent the range of

agreement' >, It is the value below which the difference
between two measurements can be expected to fall with 95%
probability. The 95% limits of agreement ( LoA ) were
96 x SD of the

The magnitude of these limits determined

defined as the mean difference = 1.
differences'"" .
whether the two devices could be considered to be in
agreement ( that is, could be used interchangeably ), with
lower values indicating better agreement and vice versa.
Agreement was further illustrated by Bland — Altman plots,
which graph the mean value (x-axis) against the difference of
the two devices (y—axis). The comparison of the 95% LoA
with an accepted clinically significant difference provides a
guide as to whether the candidate technique may be clinically
interchangeable with an accepted gold standard. A P value
of <0.05 was considered significant. Analyses were performed
using the Stata Statistical Software, Release 12.0 ( StataCorp),
College Station, TX, USA).

RESULTS

Among 122 first—born twins enrolled in the study, 110 twins
were available for the data analysis after excluding 12 twins
with pathologic conditions or missing data. The mean age was
10.9+2.0y (range 6-15y) , 54.5% being female. The mean
spherical equivalent was —1.18+2.4D (range —9.75 to 4.63D).
Repeatability of Optical Low — coherence Reflectometry
Measurements
OLCR measurements. The smallest CV was obtained for AL
(CV<0.1% ), followed by corneal curvature radii (CV =
0.2% for CR1; 0.3% for CR2), aqueous depth ( from

corneal endothelium to anterior lens surface) (CV=0.5% ),

Table 1 summarizes the repeatability of

LT (CV=0.5% ) and CCT (CV=0.6% ), while the largest
CV was found for PO (CV=4.5%).

Agreement of Optical Low-coherence Reflectometry and
Partial Coherence Interferometry The various biometrical
parameters evaluated by the OLCR and PCI are shown in
Table 2. The OLCR produced a greater mean value for AL
(23.90+1.28 v5 23.88+1.27mm, P<0.001), ACD (3.62+
0.26 vs 3.58+0.25mm, P<0.001), and CR2 (7.58+0.27
vs 7.56+0. 27mm, P<0.001) than PCI. There was no
significant difference in the average CR1 (7.77+0.27 vs 7.77+
0.27mm, P=0.056) and CD (12.08 £0. 46 vs 12. 09 =
0.43mm, P=0.653). The highest correlations between the
two devices were observed for AL (7>0.99, P<0.001) and
corneal curvature radii (CR1; #=0.99; CR2: r*=0.98, P<
0.001 for both). The Bland-Aliman plots ( Figures 1A-D)
demonstrate that the 95% LoA between the two devices were
—0.025 to 0.053 mm for AL, —-0.047 to 0. 057mm for CR1,
—0.057 to 0.102mm for CR2, -0.083 to 0. 152mm for ACD
and —0.432 to 0.413mm for CD.

DISCUSSION

In this study, we investigated the repeatability of the OLCR
and its agreement with the PCI in school — aged children.
First, the intraobserver repeatability of measurements obtained
with the OLCR was excellent ( except PO ), which was
comparable with that of the PCI'"""*’ and in agreement with
the previous studies on adults ( Table 3 YIS Our
repeatability results also agreed with those of previous study on
children aged 6 to 14y, although they did not compare the
measurements obtained with the OLCR and PCI ( Table 3)M.
Second, the Bland — Altman plots indicated almost perfect

agreement between the two devices, with few outliers. Although
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Figure 1

Bland-Altman plots of ocular biometrical measurements between the OLCR and PCI (n=110)

A. Axial length; B.

Anterior chamber depth; C: CR1 (the flattest corneal radius of curvature) ; D; CR2 (the steepest corneal radius of curvature).

Table 3 Repeatability of Lenstar measurements and characteristics of subjects reported in previous studies

Study Eyes (n)

Subjects (Mean age, a)

Measurements

CV (%)

1CC

SD

within
Bjelo¥ Rontevic et al''*) 32 Cataract patients (75.0) AL 0.1 NA 0.011
ACD 1.8 NA 0.049
Corneal thickness 0.4 NA 0.002
Corneal curvature ( K) 0.3 NA 0.111-0.135
Lens thickness 1.9 NA 0.084
CDh 2.7 NA 0.317
Sahin et all" 304 School—age children (11.0) AL NA 0.998 NA
ACD NA 0.991 NA
Corneal curvature (K) NA 0.976 NA
Buckhurst et all'%) 112 Cataract patients (76.4) AL 0.1 NA 0.016
ACD 1.6 NA 0.051
Corneal thickness 0.5 NA 0.003
Corneal curvature ( K) 0.3 NA 0.14
Lens thickness 2.0 NA 0.089
CD 0.6 NA 0.077
Cataractous, pseudophakic,
Rohrer et all'”! 136 aphakic, silicon oil—filled, AL NA NA 0.025
or normal eyes (66.9)
ACD NA NA 0.02
Corneal thickness NA NA 2.2
Corneal curvature (K) NA NA 0.03
Cruysberg et all'®) 76 Volunteers (25.9) AL 0.1 NA 0.01
Aqueous depth 0.9 NA 0.03
Corneal thickness 0.3 NA 0.002
Corneal curvature (K) 0.3 NA 0.02
Lens thickness 0.9 NA 0.03
CDh 1.6 NA 0.18
Shammas andHoffer!'* 37 Cataractous eyes AL 0.1 0.999 0.02
Aqueous depth 0.4 0.949 0.01
Corneal thickness 0.6 0.990 0.003
Corneal curvature (K) 0.3 0.987 0.14-0.15
Lens thickness 0.3 0.963 0.016
CD 0.2 0.849 0.030

AL Axial length; ACD: Anterior chamber depth

standard deviation.

1924

; CD: Corneal diameter; CV.

Coefficient of variation; ICC: Intraclass coefficient; SD

Within — subject

within *
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the OLCR yielded slightly greater mean value for AL (23.90+
1.28 vs 23.88+1.27mm), ACD (3.62+0.26 vs 3.58+
0.25mm) , and CR2 (7.58+0.27 vs 7.56+0.27mm) than
the PCI, the differences may not be of clinical significance.
Hence, we conclude that the biometrical measurements by the
two devices are interchangeable.

The OLCR recorded longer AL measurements compared with
the PCI with a mean difference of 0. 014mm, which was

10,20

consistent with previous studies''”™'. This may be due to the
fact that the PCI’s software is calibrated using a regression
model to approximate immersion ultrasound values™'. The
optical method ( OLCR and PCI) measures the AL value along
the optical axis between the anterior corneal vertex and the
retinal pigment epithelium, whereas the acoustic ultrasound
technique measures the distance on the anatomic axis between
the cornea and the internal limiting membrane. Thus, it is
conceivable that the longer AL values by the OLCR could have
different closely

been due to the algorithms used to

approximate immersion ultrasound values'™’. However, the
mean differences between the two devices are very low and
likely clinically insignificant.

The delineation of corneal endothelium remains a challenge for

of ACD. 1In PCI, the ACD

measurement is limited by the fact that it is determined

accurate measurement
through image analysis of the distance between the anterior
corneal vertex and the anterior lens surface; this is performed
using lateral slit illumination at approximately 30° to the
optical axis. The OLCR overcomes this limitation by using
laser interferometry for direct ACD measurement, defined as
the distance from the epithelium to the anterior lens surface
along the visual axis. Given that the two devices have different
measuring modes, it is not surprising that the OLCR yielded a
deeper ACD (3.62+0.26 »s 3.58+0.25 mm, P<0.001)
than the PCI and a large span of LoA (0.24 mm). Previous
studies reported greater ACD values with the OLCR (0. 05 to
0.17mm) and larger spans of LoA (0.32 to 1. 50mm) %"/,
These findings agreed with our results. Therefore, it may be
that the ACD measurement in OLCR is more accurate and
reflects the true ACD value. However, if the required 10L
power is considered to vary by 0. 1D for each 0. 2mm of ACD,
0. 04mm difference and 0. 24mm LoA are not clinically
significant >’ .

The OLCR assesses the corneal curvature using 32 marker
points, which were distributed in two concentric circles of
1.65 and 2. 3mm, while the PCI analyzes in a hexagonal
pattern with a diameter of 2. 3mm. The dual zone keratometry
by OLCR seems to offer more reliable and precise measurements.
In our study, the OLCR produced slightly flatter corneal
curvature readings compared with the PCI (CR2; 0.02+0.(4mm)
which supports Hoffer e al'™'. However, the span of LoA

was small (0. 16mm ) and this difference could not be

clinically significant in terms of refractive outcomes. The CD
values with the OLCR and PCI did not show a significant
difference.
significant (—0.432 t0 0.413mm).

Since the optical device requires steady fixation during

However, the LoA were large and clinically

examination, the PCI and OLCR cannot be used in cases of
inadequate vision, head tremor, and inability to cooperate.
While, in our pediatric population, inability to cooperate was
not the limiting factor in most cases in which we were unable
to obtain valid OLCR measurements. This could be because
the recruited participants were school—aged children aged 6 to
15y, who were able to cooperate with positioning in the
slittamp—like apparatus. Therefore, we cannot generalize the
results to the wider pediatric population, such as infants.

In conclusion , there were statistically significant differences in
AL, ACD and CR2 between the two devices in this school —
aged population. However, the differences of these parameters
were not clinically significant. The OLCR was in good
agreement with the PCI in terms of AL, ACD and corneal
curvature measurements. Our study shows that the OLCR is a
patient — friendly method of obtaining both repeatable and
accurate biometrical measurements in children. The OLCR
should be considered the standard technique for ocular
biometry in school-aged children.
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