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Aim: The reliability of an instrument used to collect data for clinical and research purposes
is greatly important, especially when it is used to determine changes in measured ocular
parameters over time. The purpose of this study was to determine the intra-session
repeatability and inter-session reproducibility of axial length (AL), anterior chamber depth
(ACD) and crystalline lens thickness (LT) measurements using the Nidek US-500 Echoscan.

Method: Fifty successive automatic measurements of the above parameters were taken on
the right eyes only of 12 healthy subjects aged 23—44 years old, followed by similar repeated
measures after 1 week. Sample standard deviations (s.d.), precision (P) and coefficient of
repeatability (COR) were calculated to determine intra-session repeatability. Coefficient of
reproducibility (CRP), Bland and Altman plots, concordance correlation coefficients (CCC)
and paired t-tests that compared measurements obtained in the first and second sessions, were
used to determine inter-session reproducibility.

Results: Both the intra-session repeatability and inter-session reproducibility were within
acceptable limits for the three variables assessed.

Conclusion: The study showed that the Nidek US-500 Echoscan provides accurate, repeatable
and reproducible measurements of AL, ACD and LT in healthy eyes. This finding will be
of interest to optometrists and ophthalmologists who measure these parameters when
diagnosing, managing and investigating conditions such as primary angle-closure glaucoma
and keratoconus.

Introduction

Accurate measurements of ocular parameters such as axial length (AL), anterior chamber depth
(ACD) and crystalline lens thickness (LT) are important for biometric studies of refractive
error development and progression, crystalline lens growth, presbyopia and cataract surgery.!
Most formulas that are used to calculate the power of intraocular lenses (IOL) rely on an
accurate measurement of the distance between the IOL and the retina, which can be calculated
from the difference between total AL and ACD.! In addition, accurate assessment of ACD
is important in the diagnosis and management of acute or chronic primary angle-closure
glaucoma (PACG),? keratoconus and lenticonus.** Furthermore, biometric studies of myopia
and PACG rely on accurate measurements of crystalline LT.>® For example, biometric studies
have shown that acute primary angle-closure glaucoma (APACG) eyes have shorter ALs” and
shallower anterior chambers.® Mei et al.” have shown that subjects with PACG have thicker
lenses and more anteriorly located lenses than normal controls. The study further showed
that symptomatic PACG-affected patients have the shallowest ACD and thicker LT, and the
authors concluded that smaller ocular biometric measurements may be clinical indicators for
APACG.

Various types of instruments are available for measuring AL, ACD and LT. These include
ultrasonic biometers, the IOLMaster, Lenstar, Pentacam and optical coherence tomography."
Recently, a device for the simultaneous automated contact evaluation of AL, ACD and LT has
been developed, namely, the Nidek US-500 Echoscan:

The ultrasonic pulse from the instrument travels inside the eye when the probe is placed on the eyeball.
A portion of the pulses is reflected from the boundary of the cornea, anterior chamber, lens, vitreous
body and retina, and their echoes are received at the same probe. The received echoes are converted to
electronic acoustic echoes and indicated on the LCD as an amplitude. The time difference of each echo is
measured and the size of each area tissue (axial length, anterior chamber depth, crystalline lens thickness
and vitreous body length) is calculated according to the time difference known inherent sonic velocity
through each kind of tissue." (n.p.)
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The device is portable and can therefore be used on
domiciliary visits as well as outside the limits of a consulting
room. However, its measurements may be influenced by
ocular accommodation'>"® and the method requires the
instillation of topical anaesthesia. The process usually
involves corneal contact and as such may be inconvenient to
some patients and not suitable for children. In addition,
precise positioning of the probe is difficult because there is
no distinct landmark that can be used to align the probe with
the cornea."

Measurements made with this type of device therefore
need to be assessed for intra-session repeatability and
inter-session reproducibility as these are of clinical and
research importance. Intra-session repeatability is the
agreement between measurements taken by a single
examiner during the same session on the same subject and
under the same measurement conditions.* Inter-session
reproducibility refers to the extent of agreement between
measurements taken on the same subjects during different
sessions.”® No previous study could be found in the
literature that assessed repeatability and reproducibility
of the Nidek US-500 Echoscan. The aim of this study,
therefore, was to determine the intra-session repeatability
and inter-session reproducibility of AL, ACD and LT
measurements obtained with this instrument in subjects
with healthy eyes.

Methods

An experimental design was adopted in this study. A within-
subjects design was used for repeatability measures, whilst a
between-subjects design was used for reproducibility. All
participants were chosen by convenience sampling and met a
minimum uncompensated visual acuity (VA) criterion of 6/6
or better monocularly. Subjects with any form of ocular
pathology, history of ocular trauma or contact lens wear, and
previous ocular surgery were excluded from the study. All
subjects included in the study reported having good health.
These issues were determined by performing a complete
ocular examination, which included refraction, direct
ophthalmoscopy, slitlamp biomicroscopy and administration
of a brief questionnaire. Twelve subjects (6 women and 6
men) aged 23—44 years (mean 27.4 + 4.1 years) participated in
the study. The study followed the tenets of the Declaration of
Helsinki and was approved by the University of KwaZulu-
Natal’s Biomedical Research and Ethics Committee. Written
informed consent was obtained from all participants after
the nature of the study had been explained to them.
Participants were assured that their data would be presented
anonymously to protect their identity.

Each subject was comfortably seated and asked to keep both
eyes open and to fixate on a fixation light at a distance of 6 m.
The Nidek US-500 was calibrated prior to measurement of
data. The instrument’s probe was placed perpendicular to
the cornea at 1.5 mm temporally from the reflex of the
fixation light. Measurements for each session were taken
following instillation of one drop of 0.4% oxybuprocaine
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hydrochloride. A wait of 20 seconds was allowed for the
anaesthetic to take effect.! Little conjunctival irritation and
hyperaemia occurs with 0.4% oxybuprocaine hydrochloride.'¢
The probe was sterilised with hydrogen peroxide before use
and between measurements on each subject. For intra-
session repeatability, 50 AL, ACD and LT consecutive
automatic sets of measurements were obtained for the right
eye of each subject in approximately 15-20 minutes. All
measurements were made by the same operator with the
eyes of the subjects in their natural, undilated state. The
measurements were taken in a room with constant
illumination as measured with a light meter. For assessment
of inter-session reproducibility, the measurements were
made on the same eyes of the 12 subjects after 1 week. The
measurement protocol remained the same and the time of
day for each measurement session was approximately the
same for each session.

Statistical analysis

Statistica and Medcalc software packages were used to
calculate intra-session repeatability and inter-session
reproducibility. Intra-session repeatability of each of
the variables was evaluated by calculating the standard
deviation (s.d.), precision (P) and coefficient of repeatability
(COR)." Inter-session reproducibility was assessed by
comparing multiple measurements, taken after 1 week.
The coefficient of reproducibility (CRP) was calculated
with the Bland-Altman plots'®" using the mean variable
measurement and the calculated 95% limits of agreement
(95% LoA) (mean difference + 1.96 s.d.).'” Also, inter-
session reproducibility was evaluated by calculating the
concordance correlation coefficients (CCC), and paired
t-tests were conducted on each initial session v. second
session of measurements.

Results

Table 1 shows the mean AL, ACD and LT of each subject
obtained during the first and second measurement sessions.
Table 2 shows the mean differences and 95% upper
limit (UL) and lower limit (LL) from the Bland-Altman
plots for the data collected during sessions one and two,
and Table 3 shows the CCC and their 95% confidence
intervals (CI).

Precision ranged from 0.06 mm — 0.29 mm for AL, 0.06 mm —
0.19 mm for ACD, and 0.05 mm — 0.18 mm for LT. COR (no
units) ranged from 0.16-0.68 for AL, 1.30-3.07 for ACD, and
0.93-2.36 for LT.

Figures 1-3 show single Bland-Altman plots of AL, ACD
and LT respectively for Subject 3. Each plot indicates the
mean of the differences between the 50 measurements with
a long and slightly thicker straight line as well as the 95%
LoA (mean difference + 1.96 s.d.), indicated using horizontal
dotted lines. Thin horizontal lines are used to indicate 95%
CIs around the mean difference and the upper and lower
limits (or LoA). For brevity, only three Bland-Altman
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TABLE 1: Descriptive statistics for axial length, anterior chamber depth and lens thickness for each subject, performed in the first and second sessions.

Subject Session Axial length Anterior chamber depth Lens thickness
Mean 95% confidence Mean 95% confidence Mean 95% confidence
interval interval interval
S1 1 22.88+0.05 22.87-22.90 3.17 £0.07 3.14-3.19 3.56 £ 0.08 3.54-3.59
2 22.92£0.07 22.89-22.94 3.18 £0.07 3.16-3.20 3.53+0.03 3.52-3.54
S2 1 23.06 £ 0.04 23.04-23.07 3.23+0.04 3.22-3.24 3.51+0.03 3.50-3.52
2 23.18 +0.03 23.12-23.14 3.22+0.03 3.21-3.23 3.51+0.02 3.50-3.52
S3 1 22.81+0.09 22.79-22.84 3.16 £ 0.09 3.13-3.18 3.58+0.03 3.57-3.59
2 22.84+0.03 22.82-22.85 3.21+0.04 3.20-3.23 3.57+£0.02 3.57-3.58
S4 1 23.61+0.05 23.57-23.65 3.16 £0.04 3.15-3.18 3.41+0.04 3.40-3.43
2 23.56 £ 0.04 23.54-23.57 3.17 £0.04 3.16-3.19 3.37+0.06 3.35-3.38
S5 1 22.16 +£0.03 22.14-22.19 3.14 £0.09 3.14-3.16 3.54 +£0.07 3.52-3.57
2 23.14 £ 0.02 23.12-23.14 3.20£0.04 3.18-3.22 3.56 £ 0.01 3.53-3.57
S6 1 22.84 +0.06 22.78-22.86 3.19+0.05 3.16-3.20 3.54 +£0.04 3.49-3.56
2 22.83+0.05 22.81-22.85 3.16 £ 0.04 3.15-3.18 3.57+0.02 3.57-3.59
S7 1 23.66 +0.01 23.64-23.71 3.12 £0.06 3.10-3.15 3.55+0.05 3.53-3.57
2 23.66 £ 0.05 22.62-22.68 3.19+0.03 3.17-3.21 3.55+0.04 3.51-3.56
S8 1 23.04 £0.02 23.01-23.06 3.21+0.03 3.19-3.23 3.47+£0.01 3.45-3.48
2 22.54+0.03 22.52-23.56 3.13+£0.05 3.12-3.15 3.40+0.04 3.38-3.41
S9 1 23.44+0.03 23.42-23.46 3.13+0.06 3.11-3.16 3.46+0.04 3.44-3.52
2 22.88 +0.06 22.86-22.90 3.14 £0.05 3.12-3.16 3.50 £ 0.05 3.52-5.54
S10 1 23.08 £0.03 23.04-23.11 3.21+0.05 3.18-3.22 3.44 £ 0.06 3.40-3.45
2 23.14+0.05 23.12-23.15 3.20£0.04 3.18-3.22 3.48+0.03 3.47-3.50
S11 1 22.18 +0.06 22.16-22.20 3.13£0.07 3.11-3.15 3.54 +£0.04 3.52-3.56
2 23.81+0.03 23.78-23.82 3.20£0.04 3.18-3.22 3.54 £0.05 3.52-3.56
S12 1 22.68+0.03 22.65-22.70 3.14+0.07 3.11-3.17 3.39+0.04 3.37-3.40
2 22.94+0.04 22.90-22.96 3.19+0.03 3.17-3.20 3.33+0.05 3.32-3.36
$1-S12 = subject numbers. All values are in mm.
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Note: Fifty measurements of axial length were obtained per session. The x-axis indicates
the means across the measures or sessions and the y-axis indicates the differences between
the two measures. The mean difference (-0.02 mm) is indicated by the long and thicker
horizontal solid line and is labelled Mean. The 95% limits of agreement (mean difference
+1.96 s.d.) are indicated by the horizontal long dotted lines. Thinner horizontal solid lines
indicate 95% regions of uncertainty (95% confidence intervals) about the mean difference,
and upper and lower limits of agreement. In other words, the mean difference lies
somewhere within its 95% Cl and similarly for the upper and lower limits of agreement.
The smaller the Cl, the more certain is the estimate (of the mean difference or limits of
agreement) concerned.

FIGURE 1: A Bland-Altman plot for Subject 3 showing inter-session reproducibility
in axial length measurements (session 1 — session 2) against their combined
average, with the 95% limit of agreement depicted.

plots for randomly selected, Subject 3, are shown (plots for
other subjects were essentially similar to those shown in
Figures 1, 2 and 3), and the relevant values for mean
differences, LoA and ClIs from the graphs for other subjects
are shown in Table 2.
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The mean difference (-0.06 mm) is small.

The coefficient of reproducibility (CRP) (no units) ranged
from 0.11 mm - 0.30 mm for AL, 0.82 mm —1.28 mm for ACD,
and 0.54 mm - 1.84 mm for LT. The CCC and associated
95% CI for each entity are shown in Table 3.

Probability (or p) values were obtained from the paired
t-tests conducted on the first v. second sessions of
measurements. All p values obtained were > 0.05. A
p value > 0.05 suggests acceptance of the null hypothesis,
which states that there is no difference between the means
of the measurements taken during the first and second

sessions.
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Discussion

Reliability of data is important in all clinical assessments,
especially when evaluating whether a treatment intervention
has any influence on a disease or whether a disease process
produces change in measurements.” The importance of AL,
ACD and LT measurements is well known in many clinical
situations, such as in acute or chronic primary angle-closure
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FIGURE 3: Bland-Altman plot for lens thickness measurements (in mm) taken
during sessions 1 and 2 for Subject 3.
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glaucoma,® keratoconus,** pseudophakia,” and following
ocular lens implantation.* As instruments such as the Nidek
US-500 Echoscan are now being used in clinical practice to
measure these parameters, the results of the present study
show that this instrument is a reliable measure of these
ocular parameters in clinical settings.

Intra-session repeatability

As shown in Table 1, all the standard deviations for the
data are close to zero mm, suggesting that AL, ACD and
LT measurements showed minimal variation within each
of the 12 eyes. The COR values are small, indicating high
repeatability*® of AL, ACD and LT measurements. Rudnicka
et al?*® evaluated repeatability of the Allergan Humphrey
model 820 ultrasonic biometer and showed that the 95%
confidence limits for repeatability lie between -0.13 mm
and 0.12 mm for AL, ACD and LT. These values compare
well with those obtained in the current study. Shammas
and Hoffner” evaluated the repeatability of measurements
obtained with a new optical low-coherence reflectometer and
reported excellent intra-session repeatability with a low COR
for AL, ACD and LT measurements. Carl Zeiss Meditec?®
also conducted a study to determine repeatability of their
IOLMaster 500. Their results showed that that the s.d. for
repeatability was 0.02 mm for AL and 0.03 mm for ACD,
which is consistent with those of the present study (see the

TABLE 2: Mean differences from Bland-Altman plots with 95% lower and upper limits of agreement (LoA) alongside respective means for each subject.

Subject Axial length Anterior chamber depth Lens thickness
Mean 95% lower and upper Mean 95% lower and upper Mean 95% lower and upper
limits of agreement limits of agreement limits of agreement

S1 -0.04 -0.26; 0.19 -0.01 -0.22;0.19 0.04 -0.13; 0.20
S2 -0.07 -0.18; 0.04 0.01 -0.11;0.14 0.00 -0.10; 0.10
S3 -0.02 -0.24;0.19 -0.06 -0.28; 0.17 0.05 -0.13; 0.22
sS4 0.05 -0.28;0.38 -0.01 -0.15;0.13 0.01 -0.09; 0.11
S5 0.01 -0.24; 0.16 -0.04 -0.22;0.19 0.02 -0.11; 0.18
S6 0.05 -0.22;0.22 -0.01 -0.17;0.15 0.00 -0.12;0.14
S7 0.06 -0.18; 0.17 -0.01 -0.20; 0.17 0.04 -0.12; 0.19
S8 -0.01 -0.24;0.20 0.02 -0.15; 0.18 0.01 -0.08; 0.13
S9 0.04 -0.26; 0.30 0.01 -0.13;0.16 0.00 -0.11; 0.12
S10 -0.01 -0.22;0.17 -0.03 -0.23;0.14 0.04 -0.13;0.18
S11 0.03 -0.04; 0.16 -0.01 -0.20; 0.17 0.05 -0.12;0.24
S12 -0.03 -0.22;0.18 0.01 -0.15;0.11 0.00 -0.12;0.10

TABLE 3: Concordance correlation coefficients with associated 95% confidence intervals alongside the Concordance correlation coefficients for each entity.

Subject Axial length Anterior chamber depth Lens thickness
ccc 95% confidence intervals ccc 95% confidence intervals ccc 95% confidence intervals

1 -0.38 -0.26 t0 -0.16 0.12 -0.15 t0 0.38 0.14 -0.03 0 0.31
52 -0.00 -0.11t0 0.10 -0.31 -0.53 to -0.05 -0.50 -0.68 t0 -0.27
s3 -0.14 -0.31t0 0.04 -0.11 -0.27 t0 0.04 -0.22 -0.43 t0 0.00
s4 -0.10 -0.23t0 0.02 0.00 -0.26 t0 0.26 -0.00 -0.03 t0 0.02
S5 -0.40 -0.52 t0 -0.12 0.16 -0.12 t0 0.30 0.12 -0.03 t0 0.26
6 -0.02 -0.10t0 0.11 027 -0.49 to -0.01 -0.53 -0.65 t0 -0.22
7 -0.11 -0.30t0 0.02 -0.12 -0.22t0 0.01 -0.18 -0.38 t0 0.02
S8 011 -0.21t0 0.01 0.00 -0.22t00.23 -0.01 -0.01 t0 0.02
9 -0.33 -0.44 to -0.11 0.13 -0.11t0 0.36 0.11 -0.01t0 0.22
s10 -0.01 -0.16t0 0.12 -0.29 -0.55 t0 -0.33 -0.33 -0.62t0 -0.25
si1 0.12 -0.43 to 0.06 -0.14 -0.25 to 0.06 -0.21 -0.40 t0 0.02
s12 -0.14 -0.26 t0 0.08 0.01 0.22t00.21 -0.02 -0.05 to 0.04

CCC, Concordance correlation coefficients.
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s.d. for AL and ACD in Table 1). The Nidek US-500 Echoscan
therefore compares favourably with the IOLMaster 500 and
suggests that the Echoscan appears to be a reliable and valid
clinical and research-oriented device.

Inter-session reproducibility

As with repeatability, the mean difference (MD) for each
variable (Table 2) is small (-0.07 mm - 0.05 mm for AL,
-0.06 mm — 0.04 mm for ACD, and 0.00 mm - 0.07 mm for
LT), suggesting that the differences between the two sets
of measurements (sessions 1 and 2) for each variable for
each subject are small.”” Also, paired t-tests indicate that
there was no significant difference between the means of
the 50 measurements taken during each of the two
sessions. Therefore, there was excellent inter-session
measurement reproducibility when the instrument was
used to measure AL, ACD and LT 1 week apart. To
visualise the MD and the 95% LoA, data for one subject
were presented graphically with the Bland-Altman plots,
in which the difference of the values (session 1 and
session 2) was plotted for each set of measurements
(Figures 1, 2 and 3) against the means of the values (session
1 and session 2). The plots indicate that the MDs and the
95% LoA are small, indicating good reproducibility of AL,
ACD and LT measurements. This assertion is further
supported by the CRP and CCC values (Table 3). The CRP
gives an indication of how comparable measurements are
when such measurements are obtained at different times,**
in this case 1 week apart. The smaller the CRP, the more
confident one can be regarding the reproducibility of the
data.” The small CRP values obtained in this study
therefore suggest that measurements conducted 1 week
apart are reproducible.

The reproducibility values in this study compares well
with those produced by previous studies'®*? using various
instruments. For example, Shammas and Hoffner,” using the
Lenstar LS 900, reported excellent reproducibility for AL,
ACD and LT values with Bland-Altman plots, showing the
95% LoA ranging from -0.05 mm to 0.04 mm for AL, ACD
-0.22 mm —0.18 mm, and LT -0.21 mm - 0.27 mm. In addition,
Carl Zeiss Meditec® reported good reproducibility of the
IOLMaster for AL and ACD measurements (s.d. = 0.02 mm
and 0.04 mm respectively).

Conclusion

The present study showed that the Nidek US-500 Echoscan
provides repeatable and reproducible measurements of
AL, ACD and LT in healthy human eyes, albeit that the
sample here was relatively small. These results support
the findings of previous studies'®* that ultrasonic devices
are the reference standards for in vivo biometric axial
measurements of the eye, such as AL, ACD and LT. It
is recommended that, in future studies, the device be
assessed on cyclopleged eyes as AL and ACD have been
reported to vary during ocular accommodation.”® Also,
as differences may be encountered when measuring eyes
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with ocular pathology such as glaucoma, and those which
had undergone intraocular lens surgery, further studies on
such subjects are required to more completely understand
the reliability of the Nidek US-500 Echoscan when used to
measure AL, ACD and LT.
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