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ABSTRACT

Introduction: To assess the differences between
the horizontal white-to-white (WTW) and hor-
izontal sulcus-to-sulcus (STS) diameter mea-
surements, their related factors, and their effects
on vault after implantable Collamer lens (ICL)
implantation.
Methods: This retrospective study included 429
eyes of 429 patients (145 men and 284 women
with a mean age of 29.22 ± 8.06 years) who
underwent ICL implantation. The choice of the
ICL size depended on the WTW diameter and
anterior chamber depth (ACD). The

information of WTW diameter, STS diameters,
ACD, and their relationships on vault were
analyzed.
Results: Horizontal STS and WTW diameters
were correlated (r = 0.71, P\0.001). The mean
difference between the STS and WTW diameters
was -0.02 ± 0.33 (-1.36 to 1.11) mm. The
average vaults of the 4STS–WTW\-0.1 group,
– 0.1 B 4STS–WTW B 0.1 group, and
4STS–WTW[ 0.1 group were 558.36 ± 163.58
(250–1100) lm, 513.10 ± 121.42 (190–850) lm,
and 469.01 ± 133.23 (120–750) lm, respec-
tively. There were significant differences
between these groups (P\0.05). 4STS-WTW
was correlated with the horizontal STS diameter
(r = 0.30, P\0.001), the WTW diameter
(r = -0.17, P = 0.001), and the ACD (r = 0.17,
P\ 0.001). When the WTW diameter was fur-
ther away from 11.08 to 12.51 mm or the ACD
was further away from 2.81 to 3.74 mm, the
difference between the STS and WTW diameters
was larger and the correlation between the STS
and WTW diameters was weaker.
Conclusions: The difference between the WTW
and STS diameters was larger for cases with a
WTW diameter or anterior chamber depth out-
side a certain range; this may be associated with
an undesirable vault after ICL implantation.
Special attention should be paid to these
patients.
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Key Summary Points

This is the first large-sample study on the
effects of the difference between
the white-to-white (WTW) and sulcus-to-
sulcus (STS) diameters on vault and its
related factors, and it provides clinical and
practical value for the selection of
implantable Collamer lens (ICL) size.

In this study, we found that there was no
strong correlation between the WTW and
STS diameters.

Errors can occur in choosing ICL sizes by
the WTW-based prediction of the
horizontal ciliary sulcus diameter, which
may increase the risk of unsatisfactory
intraocular lens vault and instability.

The difference between the WTW and STS
diameters was large for cases with a WTW
diameter or anterior chamber depth out of
range; this may be associated with an
undesirable vault after ICL implantation.
Special attention should be paid to these
patients.

INTRODUCTION

In recent years, phakic intraocular lenses, espe-
cially the implantable Collamer lens (ICL), have
been widely used in the clinic because of the
wide refractive correction range [1–3]. The ICL
is a type of intraocular lens made of hydrophilic
collagen copolymer, with good compatibility. It
has been proven to be safe and effective for the
correction of moderate and high myopia [4–6].
The appropriate choice of ICL size is the
cornerstone for its long-term safety and stability
in the eye [7–10]. An oversized ICL can rub the
iris, cause depigmentation, and generate angle
closure and high intraocular pressure. An
undersized ICL can easily lead to intraocular

lens rotation, anterior subcapsular opacifica-
tion, and cataract [11]. Because four haptics of
the ICL need to be placed in the ciliary sulcus,
the accurate measurement of sulcus-to-sulcus
(STS) diameter has an important effect on the
choice of the ICL size [12]. However, the
repeatability of STS measurement is poor, and
patients are not comfortable during the exami-
nation, whereas WTW measurement is easy and
has good repeatability [13]. Therefore, increas-
ing the value of the horizontal corneal diameter
by 0.5–1.0 mm based on the anterior chamber
depth (ACD) is traditionally used to estimate
the diameter of the ciliary sulcus [12]. However,
the vault of the ICL size based on the WTW
diameter has been found not to be ideal in
several cases [14].

The purpose of this study was to evaluate the
consistency between the STS and WTW diame-
ters, analyze the differences between the STS and
WTW diameters and their effects on the vault,
and analyze the related factors to provide a basis
for the selection of the appropriate ICL size.

METHODS

Compliance with Ethics Guidelines

This retrospective study adhered to the Decla-
ration of Helsinki and was approved by the
Ethical Committee Review Board of the Fudan
University Eye and ENT Hospital (2016038).

Study Population

The inclusion criteria were as follows: reason-
able desire for treatment, stable refraction (the
increase in diopters [D] within 2 years before
surgery was less than 0.50 D per year), and age
between 20 and 40 years.

The exclusion criteria were as follows: com-
plications occurred during surgery; failure to
understand the risks of surgery or unrealistic
expectations of surgical outcomes; corneal
degeneration or endothelial cell density of\
2000 cells/mm2; ACD of\2.8 mm; refractive

media opacity that severely disturbed vision;
history of autoimmune diseases such as
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systemic lupus erythematosus, rheumatoid
arthritis, multiple sclerosis, or diabetes; and
history of ocular diseases (uveitis, cataract,
glaucoma, or retinal detachment) other than
myopia and astigmatism.

The preoperative WTW and STS diameters,
ACD, and 1-month postoperative vault were
collected.

Implantable Collamer Lens

The EVO Visian ICL (Staar Surgical, Nidau,
Switzerland) is a plate-haptic single-piece
intraocular lens made of Collamer. It has a
central convex-concave optical zone and
incorporates a forward vault to minimize its
contact with the crystalline lens. A 360-lm
central hole is included to improve aqueous
humor circulation, which eliminates the need
for preoperative laser peripheral iridotomy. The
EVO ICL provides myopic spherical correction
from -0.50 to -18.00 D and cylindrical cor-
rection of up to -5.00 D. There are four sizes:
12.1 mm, 12.6 mm, 13.2 mm, and 13.7 mm.
The size (length) of the implanted ICL was
determined based on the WTW diameter and
ACD of the patients. The selection of the type of
ICL was similar to that used in the previous
study by our team [8].

Surgical Procedure

All surgeries were performed by experienced
surgeons (XW and XZ). The implantation of ICL
and the surgical procedures were the same as
those in our previous studies [8, 12].

Measurement of the White-to-White
Diameter

The WTW diameter was measured using an
IOLMaster 500 PCI optical biometer. The IOL-
Master is a noncontact three-dimensional
anterior segment system. Without manipula-
tion of the eyelid position, the WTW diameter
was automatically measured horizontally. The
IOLMaster measures the WTW diameter based
on a digital image of the anterior segment that
it acquires. The instrument digitally locates the

limbus based on a sudden change in contrast
from the bright sclera to the dark cornea
(Fig. 1).

Measurement of the Sulcus-to-Sulcus
Diameter

The patient, in a reclined position, was asked to
fixate with the fellow eye on a ceiling target
(approximate height 4 m) to maintain fixation
and avoid accommodation; the pupils were left
un-dilated. The STS diameters were measured
using an ultrasound biomicroscopy measure-
ment system (UBM, AVISO V:4.0.2, Quantel
Medical, France) equipped with a 50-MHz
transducer. The probe of the 50-MHz transducer
enables an exploration width of 16.0 mm with
an axial resolution of up to 35 mm and a lateral
resolution of 60 mm in the anterior segment
and a penetration of 9.0–11.0 mm. Cross-sec-
tional images were obtained on the following
two meridians: vertical (up-down, 90�) and
horizontal (nasal-temporal 180�). The STS
diameters were measured offline in the images
with the widest pupil diameter (Fig. 2).

Measurement of Vault

The measurement of the vault after ICL
implantation was similar to that in the previous
research by our team with corneal topography
(Pentacam HR, type 70900; Oculus Optikgeräte
GmbH, Wetzlar, Germany) [8].

Fig. 1 IOLMaster image with the distance of the white
line marking the white-to-white (WTW) diameter
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Statistical Analysis

All statistical analyses were performed using
SPSS version 20.0 (IBM Corp., Armonk, NY,
USA), and the results were expressed as
mean ± SD. Spearman and Pearson correlation
analysis was performed to investigate the rela-
tionships between the anterior segment biom-
etry variables. One-way analysis of variance was
used to compare the results of the three groups.
Statistical significance was set at P \0.05.

RESULTS

Patient Demographics

A total of 429 eyes of 429 patients (145 men and
284 women) aged 29.22 ± 8.06 years were ana-
lyzed. The baseline characteristics are presented
in Table 1, with a summary based on refraction
and anterior segment biometry. The mean
SE ± standard deviation (SD) of these eyes was
-13.09 ± 4.66 D. The mean sphere and cylin-
der refractive corrections were -12.24 ± 4.53 D
and -1.71 ± 1.19 D, respectively.

Sulcus-to-Sulcus versus White-to-White

The relationship between the horizontal WTW
and STS diameters is demonstrated in Fig. 3.
Both horizontal and vertical STS diameters were
positively correlated with the WTW diameter

(Pearson correlation coefficient; horizontal STS:
r = 0.71, P\0.001; vertical STS: r = 0.63,
P\ 0.001). The regression equations were as
follows: y = 0.86x ? 1.66 and y = 0.81x ? 2.84.

Fig. 2 Aviso 50 MHz ultrasound biomicroscopy (UBM)
image with the horizontal line marking the sulcus-to-sulcus
(STS) diameter

Table 1 Patient characteristics

Parameter Mean – SD Range

Age (years) 29.66 ± 7.51 19–48

Spherical equivalent

refraction (D)

–13.09 ± 4.66 –3.88 to

–29.38

Spherical refraction (D) –12.24 ± 4.53 –3.50 to

–28.50

Cylindrical refraction

(D)

–1.71 ± 1.19 0.00 to –6.25

WTW (mm) 11.92 ± 0.38 10.70–12.90

Horizontal STS (mm) 11.90 ± 0.46 10.31–13.39

Vertical STS (mm) 12.46 ± 0.68 10.67–13.75

Horizontal STS

- WTW (mm)

–0.02 ± 0.33 –1.36 to 1.11

ACD (mm) 3.20 ± 0.26 2.60–4.11

ICL size (mm) 13.04 ± 0.43 12.1–13.7

WTW horizontal white-to-white diameter, STS sulcus-to-
sulcus distance, ACD anterior chamber depth, ICL im-
plantable Collamer lens

Fig. 3 Representation of the relationship between the
WTW and STS diameters. STS sulcus-to-sulcus, WTW
white-to-white
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The best-fit line of the horizontal STS/WTW and
the equivalence line intersected at the point of
WTW = 11.86; the bias increased as the WTW
diameter moved further from 11.86 mm.

Effect of the Difference on the Vault

The average vault of the three groups was
514.01 ± 145.15 lm. The mean difference
between the horizontal STS and WTW diame-
ters (4STS–WTW) was -0.02 ± 0.33 (-1.36 to
1.11) mm. Based on the value of 4STS–WTW,
the eyes were divided into three groups: group A
(146 eyes): 4STS–WTW\-0.1, in which the
WTW diameter was longer than the STS diam-
eter, and the ICL may be large; group B (142
eyes): -0.1 B 4STS–WTW B 0.1, where the
WTW diameter was almost equal to the STS
diameter, and the ICL may be moderate; and
group C (141 eyes): 4STS–WTW[ 0.1, which
means that the WTW diameter was longer than
the STS diameter, and the ICL designed by
WTW may be small. The vaults of group A, B,
and C were 558.36 ± 163.58 (250–1100) lm,
513.10 ± 121.42 (190–850) lm, and
469.01 ± 133.23 (120–750) lm, respectively.
There were significant differences between the
three groups (P\0.05). The eyes with ideal
vaults of 250–750 lm were 89.04% in group A,
97.18% in group B, and 91.49% in group C. In
group A, lower 4STS–WTW values were associ-
ated with higher vaults (P\ 0.05). In group C,
greater 4STS–WTW values were associated with
lower vaults (P\ 0.05).

The Related Factors of 4STS–WTW

The difference between the STS and WTW
diameters was positively correlated with the
horizontal STS diameter (r = 0.30, P\0.001),
negatively correlated with the WTW diameter
(r = -0.17, P = 0.001), and positively correlated
with ACD (r = 0.17, P\0.001) (Fig. 4). The dif-
ference between the STS and WTW diameters
was not correlated with other ocular
parameters.

The best line of fit of STS–WTW/horizontal
STS and the 4STS–WTW = -0.1 or 0.1 line
intersected at the point of STS = 11.69 and

12.19, respectively. An increase in deviation of
the STS diameter from 11.69 to 12.19 mm was
associated with increased bias of 4STS–WTW
and a weaker correlation between STS and
WTW. The best line of fit of STS–WTW/WTW
and the 4STS–WTW = -0.1 or 0.1 line inter-
sected at the point of WTW = 11.08 and 12.51,
respectively. Similarly, an increase in deviation
of the WTW diameter from 11.08 to 12.51 mm
was associated with increased bias of
4STS–WTW and a weaker correlation between
the STS and WTW diameters. The best line of fit
of STS–WTW/ACD and the 4STS–WTW = -0.1
or 0.1 line intersected at the point of ACD =
2.81 and 3.74, respectively. Lastly, an increase

in deviation of ACD from 2.81 to 3.74 mm was
also associated with increased bias of
4STS–WTW and a weaker correlation between
the STS and WTW diameters.

DISCUSSION

Although the STS diameter is the deciding fac-
tor for choosing the size of the ICL, STS mea-
surement has poor repeatability [13]. Thus, the
WTW diameter has always been the gold stan-
dard for the selection of ICL size. However, the
vault outcomes were sometimes unexpected.
This is the first large-sample study on the effect
of the difference between the WTW and STS
diameters on vault and its related factors, and it
provides clinical and practical value for the
selection of ICL size.

In this study, we found that there was a
correlation between the WTW and STS diame-
ters, but the correlation was not that strong.
The intersection point of the WTW and STS
diameters was 11.86 mm. A greater deviation of
the WTW diameter from 11.86 mm was associ-
ated with a greater difference between the WTW
and STS diameters. Previous studies [13, 15]
have also found that the correlation between
the WTW and STS diameters is not strong.
Studies [16, 17] have even found that the WTW
and STS diameters are not correlated at all.
Therefore, the effect of the difference between
the WTW and STS diameters on the selection of
the ICL size and vault is worthy of further
discussion.
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The results show that when 4STS–WTW
is\0.1, the vault is slightly higher than the
ideal one. This indicates that when the WTW
diameter is greater than the STS diameter, the
selection of ICL based on the WTW diameter
may be too large, and a greater difference
between the WTW and STS diameters is associ-
ated with a higher vault after the surgery. For
-0.1 B 4STS–WTW B 0.1, the vault is moder-
ate, and 97.18% of the eyes had the ideal range
of vault. This indicates that when the difference
between the WTW and STS diameters is limited,
the ICL model designed based on the WTW
diameter is suitable. For 4STS–WTW[0.1, the
vault is slightly lower than the ideal one, which
indicates that when the WTW is smaller than
the STS, the ICL model designed based on the
WTW diameter may be small, and a greater
difference between the WTW and STS diameters
is associated with a lower vault. Therefore,
when the deviation between the WTW and STS
diameters is not high, the size of the ICL can be
based on the WTW diameter in clinical practice.
However, when the deviation between the
WTW and STS diameters is high, selecting the
size of the ICL based on the WTW diameter is
not a suitable option. For these cases, we can
refer to the STS diameter or select the size of the
ICL based on the STS diameter. We will explore
this further in our follow-up research.

The mechanism leading to a difference
between the WTW and STS diameters deserves
attention. The results showed that there was a
correlation between the values of 4STS–WTW
and the preoperative WTW diameter, STS

diameter, and ACD. An increase in the devia-
tion of the WTW diameter from 11.08 to
12.51 mm, the STS diameter from 11.69 to
12.19 mm, and the ACD from 2.81 to 3.74 mm
were associated with a decreased correlation
between the WTW and STS diameters. The
results of this study are consistent with previous
findings [11, 13, 15]. Therefore, for cases with a
WTW diameter or anterior chamber depth
beyond a certain range, the possibility of a large
difference between the WTW and STS increases.
Furthermore, it is not suitable to design the ICL
size based merely on the WTW diameter, and
STS diameter should be taken into considera-
tion as the main factor. For such patients,
repeated STS measures can help to ensure
repeatability.

The results also show that the vertical
diameter of the ciliary sulcus is greater than the
horizontal diameter, which is consistent with
the findings of previous studies [18, 19]. This
suggests that if the vault is slightly lower than
the ideal one for the horizontal placement of
the ICL, the ideal vault may be obtained by
vertical or oblique axis placement of the ICL.
Postoperative ICL rotation and the occurrence
of complications related to low vault can be
reduced with the help of a special design (ver-
tical or oblique axis).

There were several limitations in this study.
Firstly, the subjects were all Asian, whose hori-
zontal corneal diameter is usually smaller than
that of other ancestries [20]. Secondly, there was
no control group to compare the design of the
ICL models based on the STS diameter.

Fig. 4 Correlations between the 4STS–WTW values and horizontal STS diameter (A), WTW diameter (B), and anterior
chamber depth (C). STS sulcus-to-sulcus, WTW white-to-white, ACD anterior chamber depth
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Moreover, the results of ICL placement in the
vertical or oblique axial position were not
reported. These two limitations will be addres-
sed in our future research. Thirdly, the
repeatability and accuracy of STS measured by
UBM were not evaluated. However, previous
studies [21, 22] confirmed that high accuracy
and good repeatability could be achieved by the
full-scale 50-MHz UBM, and the UBM could
measure the municipal sulcus diameter and be
used for determining the ICL size directly.
Repeated measurements by different profes-
sional and experienced testers were carried out
for several patients, and the error of STS was
about 0.03 mm. Therefore, the STS manually
measured by UBM in this study was considered
to be reliable.

CONCLUSIONS

In conclusion, the use of WTW-based predic-
tion of the horizontal ciliary sulcus diameter is
not ideal in some cases, as it may lead to poorly
fit ICL sizes, increasing the risk of unsatisfactory
intraocular lens vault and instability. The dif-
ference between the WTW and STS diameters
was larger for the cases with an out-of-range
WTW diameter or anterior chamber depth.
Special attention should be paid to these
patients. For cases with an out-of-range WTW
diameter or anterior chamber depth, the differ-
ence between the WTW and STS diameters was
larger, and WTW-based ICL selection may be
associated with an undesirable vault after ICL
implantation.
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