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ABSTRACT | Purpose: To determine the reliability of swept-
source optical coherence tomography in cases in which soft
contact lenses cannot be removed when acquiring biometric
measurements. Methods: Eight subjects were included and only
one eye per participant was analyzed. Each eye was measured six
times by swept-source optical coherence tomography with the
IOLMaster 700 instrument (Carl Zeiss Meditec, Jena, Germany).
Axial length, central corneal thickness, anterior chamber depth,
lens thickness, and keratometric measurements were evaluated
for the naked eye and while wearing soft contact lenses of three
different powers (-1.5, -3.0, and +2.0 D). Results: There were
statistically significant changes in axial length, central corneal
thickness, anterior chamber depth, and keratometric measurements
with soft contact lenses as compared to the naked eye (p<0.001).
However, there were no significant differences in lens thickness
outcomes between the naked eye and while wearing the three
soft contact lenses (p>0.5). The changes in axial length, central
corneal thickness, and anterior chamber depth were lens-specific
and dependent on the thickness of the lens used. Conclusions:
Sept-source optical coherence tomography based lens thickness
measurements while wearing soft contact lenses are comparable
to those of the naked eye. However, the thickness and the optical
design of the soft contact lens may lead to significant differences
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in the axial lengh, central corneal thickness, anterior chamber
deph, and keratometric measurements.
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RESUMO | Objetivo: Determinar a confiabilidade da tomo-
grafia de coeréncia éptica de varredura em casos especiais em
que lentes de contato gelatinosas ndo podem ser removidas
ao realizar medigoes biométricas. Métodos: Oito individuos
foram incluidos e apenas um olho por participante foi ana-
lisado. Cada olho foi medido seis vezes por tomografia de
coeréncia 6ptica de varredura com o instrumento lIOLMaster
700 (Carl Zeiss Meditec, Jena, Alemanha). O comprimento
axial, a espessura central da cérnea, a profundidade da camara
anterior, a espessura da lente e as medidas ceratométricas
foram avaliados a olho nu e enquanto usavam lentes de contato
gelatinosas de trés diferentes poténcias (-1,5, -3,0 e +2,0 D).
Resultados: Houve alteragdes significativas no comprimento
axial, espessura central da cérnea, profundidade da camara
anterior e medidas ceratométricas com as lentes de contato
gelatinosas em comparagdo com as a olho nu (p<0,001). No
entanto, ndo houve diferencas significativas nos resultados de
espessura do cristalino entre o olho nu e enquanto usava as
trés lentes de contato gelatinosas (p>0,5). As alteragdes de
comprimento axial, espessura central da cérnea e profundidade
da cadmara anterior foram especificas da lente e dependentes
da espessura da lente usada. Conclusées: As medicées da
espessura da lente baseadas na tomografia de coeréncia éptica
da Sept-source, enquanto usam lentes de lentes de contato
gelatinosas, sdo comparéveis as do olho nu. Entretanto, a
espessura e o desenho 6ptico da lente de contato gelatinosa
podem levar a diferencas significativas no comprimento axial,
na espessura central da cérnea, na profundidade da camara
anterior e nas medidas ceratométricas.

Descritores: Tomografia de coeréncia 6ptica; Lentes de contato;
Biometria
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INTRODUCTION

Reliable measurement of ocular biometry is necessary
for ocular parametric analysis to assess ametropic pro-
gression, identify candidates for refractive surgery, and
calculate intraocular lens power. The novel ocular opti-
cal biometric IOLMaster 700 instrument, recently deve-
loped by Carl Zeiss Meditec (Jena, Germany), is a useful
swept-source optical coherence tomography (SS-OCT)
device with excellent repeatability and reproducibility
for non-contact measurement of ocular biometry and
generation of optical B-scans (optical cross-sections) to
determine the biometric data of the eye-.

Non-contact devices are popular among both pa-
tients and clinicians for measurement of ocular para-
meters to control myopia progression and for reference
in refractive and cataract surgeries. Measurements to
estimate axial distances are usually performed with the
naked eye. International practice guidelines recommend
at least 3 days of contact lens rest before measure-
ment of biometric parameters. In some circumstances,
however, patients may wear contact therapeutic or
bandage contact lenses, extended-wear contact lenses,
or contact lenses used for ocular drug delivery (i.e., dry
eye, glaucoma therapy) during this examination*?®. The
effects of contact lens on the reliability of the optical
instrument during ocular biometric measurements is of
great interest.

The aim of the present study was to assess the re-
liability of ocular biometric parameters obtained with
the 10LMaster 700 using SS-OCT in subjects wearing
soft contact lenses to obtain evidence of the reliability
of this device in those special cases in which contact
lenses cannot be removed when measuring biometric
parameters.

METHODS
Subjects

The cohort of this crossover study consisted of a sample
of eight normal volunteers, aged 25 to 40 years, with
non-pathological eyes. All subjects underwent complete
eye examinations that included refraction measurements,
screening for ocular and systemic diseases, slit-lamp
biomicroscopy, and fundal examination. All subjects
were free of ocular pathologic conditions with a photopic
pupil diameter of >3.0 mm and best-corrected mono-
cular decimal visual acuity of 20/20 (0.0 logMAR). Exclu-
sion criteria included tear film abnormalities, amblyopia
and/or strabismus, history of ocular surgery, and inflam-
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mation. The study protocol was approved by the Ethics
Committee of the University of Valencia and performed
in adherence with the tenets of the Declaration of
Helsinki. Informed consent was obtained from all sub-
jects after the nature and possible consequence of the
study had been explained.

Optical biometer

The 10LMaster 700 instrument is an optical biometric
device for measurement of the axial length (AL), central
corneal thickness (CCT), anterior chamber depth (ACD),
and lens thickness (LT). Both AL and ACD are measured
from the anterior surface of the cornea. Besides, the ins-
trument also provides keratometric values (K1 and K2)
and white-to-white distances. This device acquires multi-
ple measurements for each of the various eye parameters
via a measurement-capture process and calculates an
average value per triggered measurement. The AL mea-
surement was obtained by SS-OCT with a scan depth of
44 mm and resolution of 22 pm. The speed of the length
measurement with the IOLMaster 700 instrument allows
for acquisition of full-eye length tomograms at 2000
A-scans/s by swept-source biometry and the application
of optical B-scan technology to determine the biometric
data, allowing for cross-sectional visualization of struc-
tures along the visual axis.

Experimental procedure

One skilled operator conducted all experimental pro-
cedures. Six consecutive measurements of the right eyes
of the subjects were included for analysis. Each measu-
rement was obtained at 4 s after the subject last blinked
to allow the tear film to spread over the cornea®, and
blinking was not permitted during image acquisition. No
other examinations or measurements of the eye involving
contact lens were conducted on the day prior to the start
of the ocular measurements. Only one eye of each subject
was included for analysis to avoid artificially reducing the
confidence interval of the limits of agreement!'?. Images of
all patients were obtained during the same session.

Measurements of the naked eye with no contact lens
were first collected and then repeated with the use of three
daily disposable contact lenses made from hilafilcon B
(59% water content, refractive index 1.4036, FDA material
group 1I) at powers of -1.5, -3.0, and +2.0 D. The base
curve of the lenses at a power of -3.0 D was 8.6 mm with a
diameter of 14.2 mm and a center thickness of 90 um.
The 10LMaster 700 was then used to measure AL, CCT,
ACD, LT, and keratometric parameters. A minimum of
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10 min elapsed between insertion of each of the three
contact lens and scanning to obtain the measurements
to allow for the contact lens to “tighten” to the cornea
or edema, which typically is stabilized within the first
few minutes of wear"".

Statistical analysis

The results were evaluated using IBM SPSS Statistics
for Windows, version 22.0 (IBM Corp., Armonk, NY, USA).
There were no important asymmetries or significant
outliers in any of the data samples. The normality of
all data sets was evaluated with the Shapiro-Wilk test.
Repeated measures analysis of variance (rANOVA) were
performed to reveal significant differences among mea-
surements for each of the parameters obtained with the
device. Prior to the rANOVA, the sphericity assumption
was assessed using the Mauchly’s sphericity test. When
sphericity could not be assumed, the Greenhouse-Geisser
correction was applied. The Bonferroni post hoc test was
used for comparisons among the data groups when the
rANOVA results revealed significant differences between
measurements to determine the significance level of pai-
red differences between the individual lens conditions. A
probability (p) value of <0.05 was considered statistically
significant in all cases.

RESULTS

Measurements were obtained for all subjects and no
corneal disturbances occurred during or after the study.

Axial length, central corneal thickness and
anterior chamber depth

The AL measurements (mean + standard deviation)
for each lens condition (i.e., without contact lens and
with -3.0, -1.5, and +2.0 D contact lenses) are shown in
figure 1A. The rANOVA procedure revealed statistically
significant differences in the AL measurements among
the four data groups (naked eye and wearing each of
the three soft contact lenses) (p<0.001). The Bonferroni
post hoc tests for multiple comparisons revealed statis-
tically significant differences among most of the paired
comparisons, with the exception of the -1.5 vs. -3.0 D
outcomes (p>0.12). Figure 1B shows the differences
in AL measurements for each lens with respect to the
no-lens (naked eye) condition; that is, when the result
obtained wearing each contact lens is subtracted from
the measurement obtained for the naked eye.

As shown in figures 2A and 3A, the CCT and ACD mea-

surements were in agreement for each lens condition.

The rANOVA procedure revealed statistically significant
differences in the CCT and ACD results among the four
data groups (all, p<0.001). The results of the Bonferroni
post hoc tests revealed statistically significant differen-
ces for all of the CCT and ACD paired comparisons,
except for the -1.5 D vs. -3.0 D conditions (p>0.05 and
0.95, respectively). Differences in the CCT and ACD va-
lues for each lens vs. the naked eye condition are shown
in figures 2B and 3B.

Lens thickness

The LT outcomes for each lens condition are shown
in figure 4A. In this case, the rANOVA procedure revea-
led no statistically significant differences among the
four data groups (p>0.5). Figure 4B shows the absolute
values of the LT differences for each lens vs. the no-lens
condition.

Keratometric measurements

As shown in Figure 5, there were significant differen-
ces in the keratometric measurements (K1 and K2) for
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Figure 1. A) AL measurements (mean +* standard deviation) for the naked
eye condition and while wearing the three soft contact lenses (-1.5, -3.0,
and +2.0 D). B) AL differences for each lens vs. the naked eye condition.
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the naked eye condition vs. the three soft contact lenses
(-1.5, -3.0, and +2.0 D; p<0.001 for all cases and the
K1 and K2 measurements).

DISCUSSION

The aim of the present study was to assess the reliabi-
lity of ocular biometric parameters of subjects wearing soft
contact lenses obtained via SS-OCT with the IOLMaster
700 instrument. It is important to obtain accurate and
reliable ocular biometric measurements to provide opti-
mum outcomes when a contact lens is placed on the eye.
These results should prove useful to clinicians regarding
the clinical performance of this device for ocular biome-
tric measurements.

The results of the present revealed that axial LT mea-
surements obtained via SS-OCT with an optical biometer
are not affected by wearing soft contact lenses (at a
significance level of 0.05). However, wearing of contact
lens does affect axial AL, CCT, and ACD measurements,
as with keratometric measurements, among different
lens conditions.
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Figure 2. A) CCT measurements (mean + standard deviation) for the naked
eye condition and while wearing the three soft contact lenses (-1.5, -3.0,
and +2.0 D). B) CCT differences for each lens vs. the naked eye condition.

132 Arg Bras Oftalmol. 2019;82(2):129-35

The AL, CCT, and ACD axial distances were significantly
increased with the use of the different contact lenses.
As shown in figures 1B and 2B, the mean AL and CCT
measurements for the three lens conditions (-1.5, -3.0,
and +2.0 D) increased by about 110, 100, and 130 um,
respectively, when compared to the naked eye condi-
tion. As shown in Figure 3B, with the same lens conditions,
the ACD measurements increased by about 100, 90, and
140 pm, respectively. Notably, the differences among
the axial distances when wearing a contact lens and the
axial distances for the naked eye (no-lens condition)
were correlated with the thickness of the contact lens,
which explains why the results reported in figures 1B,
2B, and 3B are so similar. According to these results, it
seems that the instrument considers both the cornea
and the lens to be parts of the same structure, adding
both values for the total CCT value. The changes in axial
AL, CCT, and ACD distances were directly correlated
with the central thickness of the contact lenses, thus
yielding a greater change of the positive contact lens. In
this sense, the values obtained for the -3.0 D lens are in
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Figure 3. A) ACD measurements (mean * standard deviation) for the naked
eye condition and while wearing the three soft contact lenses (-1.5, -3.0,
and +2.0 D). B) ACD differences for each lens vs. the naked eye condition.
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agreement with the central thickness of the lens (small
differences may be obtained because the device seems
to consider the contact lens as part of the human cornea
by applying the corresponding refraction index when
calculating the CCT).
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Figure 4. A) LT measurements (mean * standard deviation) for the naked
eye condition and while wearing the three soft contact lenses (-1.5, -3.0,
and +2.0 D). B) Absolute value for the LT differences for each lens vs. the
naked eye condition.
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Figure 5. Keratometric measurements (K1and K2) for the naked eye condi-
tion and while wearing the three soft contact lenses (-1.5, -3.0, and +2.0 D).

In a similar manner, there were statistically significant
differences in keratometric measurements when wearing
the contact lenses as compared to the naked eye, which
were dependent on the curvature of the fitted soft con-
tact lens and possibly on the method employed by the
instrument to obtain the keratometric measurements. In
this sense, the double reflection obtained with both the
anterior surfaces of the contact lens and the cornea for
each of the light spots that the device uses to calculate
the keratometric measurements may affect the results.
This could be the reason why changes in keratometric
measurements are dependent on the lens power, as
statistically significant differences were found among all
lens conditions vs. the naked eye, as well as each paired
lens-to-lens comparison.

There were no statistically significant differences in
LT measurements among the lens conditions tested. In
contrast to the AL, CCT and ACD measurements, the
differences obtained for the LT outcomes when wearing
the lenses with respect to the naked eye were small and
both positive and negative. In addition, these differences
seemed to be randomly distributed around the no-lens
value (the absolute values of the differences are shown
in Figure 4B), suggesting that the axial LT measurement
is independent of the contact lens worn during the OCT
assessment, as the same values were obtained with the
naked eye. Hence, it would be interesting to determine
if the differences in the measurements obtained with
and without the contact lens affect the 10L calculations
for cataract surgery. The use of some common formulas
for IOL calculation (Haigis Suite and Holladay 2) showed
that there were no differences in the nominal optical
power for the recommended 10OL and that the difference
in the residual values obtained in both cases was around
0.15 D, much lower than the 0.50 D used for standard
10L measurements.

Although not experienced in the present study, it is
important to bear in mind that contact lenses of diffe-
rent negative optical powers can affect the accommo-
dation requirements of the patient when focusing the
target used by the device when performing OCT. In this
case, different accommodation requirements may be
related with different thicknesses and curvatures of the
anterior and posterior crystalline lens surfaces, which
then affects the LT outcomes obtained by OCT measu-
rements with different contact lenses.

Unfortunately, no previous study has assessed the
effect of SS-OCT on biometric measurements of eyes
with contact lenses. However, a previous work by Lewis
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et al."? analyzing on the effect of soft contact lenses on
AL and keratometric measurements by partial coherence
interferometry (PCl) with corneal irregularities proposed
a method to measure the AL of eyes with corneal irregu-
larities or after endothelial keratoplasty while wearing
soft contact lens. In this study, dual-beam infrared PCl
was used to measure AL and keratometric parameters
in 20 subjects while wearing two types of soft contact
lenses. Evaluation of this method using two hydro-
philic soft contact lenses [a low (38%) and high (58%)
water-content polymer) at the same power (-0.50 D)
showed that AL increased by about 60 and 130 pm for
the low and high water content lenses, respectively. Each
soft contact lens increased the AL in a repeatable man-
ner and was reliably detected by PCI. Also, the change in
AL measured by PCI corresponded to the OCT-determi-
ned contact LT for each lens. OCT was used to measure
the contact LT and identify correlations with the change
found with the PCl measurement of the AL. Changes
in keratometric parameters were also significant when
compared to the no-lens condition. The authors con-
cluded that differences in the manufacturing method
(cast or soft-molded) and material composition (water
content and thickness that correlate with rigidity) might
explain these differences. Our SS-OCT results are similar
to those with the use of PCl in these former studies.
The elucidation of how the contact lens affects the
OCT measurements may help with the use of specially
designed therapeutic bandage contact lenses to facilita-
te epithelial healing in the treatment of several ocular
pathologies and postsurgical care. The use of soft con-
tact lenses can accelerate the process of corneal re-epi-
thelialization and alleviate patient discomfort and the
need for some surgeries*'®. The timing of lens removal
is determined by assessment of complete epithetical healing
and, thus, lenses should not be worn for longer than
necessary due to the potential for secondary infection,
but are recommended and should be maintained despite
additional measurements, such as ocular biometry.
OCT has also been used as a valid and reliable
technique to measure corneal and contact LT in vivo
without lens removal"”. This method is more convenient
for the patient and allows for a more realistic evaluation
of the corneal response while wearing a therapeutic con-
tact lenses to avoid any traumatic interaction with the
ocular surface during repeated insertion and removal
of the lens. Notably, in these cases, the post-lens tear
film must be considered, as avoiding such is a potential
source of error. In addition, it is necessary to take into
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account that in OCT measurements, as an optical-based
method, changes in the refractive index of the media
could adversely affect the thickness measurement. Thus,
the refractive index of the polymer of the contact lens
should be considered to correct this source of error,
especially when the refractive index of the lens is very
different from that of the human cornea.

The current study measured only healthy eyes; therefo-
re, these findings should not be applied to pathological
eyes or postoperatively altered corneas. Further studies
are warranted to assess the reliability of this device in
those excluded eye groups. In addition, more types of
contact lenses (i.e., rigid and scleral) and different optical
powers should be analyzed to evaluate the effects of the
measurements with these types of lenses. Despite the
limitation of the small number of patients in this study,
the results clearly demonstrate that once the physical
principles of biometry are understood, greater numbers
of samples will not modify the main conclusions of this
study. Furthermore, ocular parameters measured in hu-
man eyes could be used to assess, for instance, some of
the elastic properties of the eye structures by means of
the definition and analysis of computational human eye
models, which may help to estimate the elastic material
properties of the human eye's-2".

In conclusion, the results of this study confirmed the
reliability of the 10LMaster 700 SS-OCT biometer for
measurements of AL, CCT, ACD, and LT in eyes wearing
soft contact lenses. As the results demonstrate, the CCT
measurements obtained with the optical biometer may
vary depending on the central thickness of the soft con-
tact lens worn. This change in CCT may affect the AL and
ACD measurements. On the contrary, LT measurements
are not affected by wearing soft contact lens. Since chan-
ges in AL, CCT, and ACD measurements are lens-specific,
the central thickness of the contact lens should be taken
into account when reporting these values measured with
SS-OCT. Finally, keratometric values are affected by the
contact lenses and may be dependent on the method
employed by the instrument to obtain keratometric mea-
surements from the light spots reflected on the anterior
surfaces of the cornea and the contact lens.
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