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Purpose. To investigate the possible eﬀect of an implantable collamer lens (ICL) on ocular biometrics and intraocular lens (IOL) power
calculation. Methods. Ocular measurements were taken preoperatively and at the two-month follow-up using IOLMaster 700 and Sirius
in 85 eyes (43 patients) who had previously undergone ICL surgery. IOL power was calculated using either IOLMaster 700 (Barrett
Universal II formula) or Sirius (ray-tracing). All data were compared using the paired t-test. Results. The diﬀerence between preoperative
and postoperative anterior chamber depth (ACD), lens thickness (LT), and keratometry on the steep axis (K2) measured by IOLMaster
700 was statistically signiﬁcant (p < 0.001). In 11 of 85 eyes, IOLMaster misjudged the anterior surface of the ICL as that of the lens,
leading to an error in ACD and LT. There were no signiﬁcant diﬀerences between preoperative and postoperative axial length (AL)
(p � 0.223), white to white (WTW) (p � 0.100), keratometry on ﬂat axis (K1) (p � 0.117), or central corneal thickness (CCT) (p � 0.648),
measured using IOLMaster. The diﬀerence in IOL power calculated using the Barrett II formula was signiﬁcant (p � 0.013). Regression
analysis showed that AL and K had the greatest inﬂuence on IOL calculation (p < 0.001), and ACD and LT had less inﬂuence (p � 0.002,
p � 0.218, respectively). K1 and K2 were modiﬁed to exclude the inﬂuence of K2, and modiﬁed IOLs showed no diﬀerence between pre
and postoperation (p � 0.372). Preoperative and postoperative ACD measured using Sirius were signiﬁcantly diﬀerent (p < 0.001);
however, the IOL power calculated using ray-tracing technology showed no signiﬁcant diﬀerences (p > 0.05). Conclusions. The ocular
biometric apparatus may misjudge the anterior surface of the lens, resulting in measurement errors of ACD and LT, which has little eﬀect
on the calculation of IOL power when using IOLMaster 700 (Barrett Universal II formula) and Sirius (ray-tracing).

1. Introduction
Implantable collamer lenses (ICLs) are gaining popularity
for correcting myopia due to their good visual acuity [1],
predictability [2], and reversibility [3]; however, previous
literature reported anterior subcapsular cataract as a
postoperative complication of ICL, which needed to be
extracted with ICL removal and intraocular lens (IOL)
implantation [4, 5], though the reported incidence of

anterior subcapsular cataract with the V4c ICL is vanishingly small (Packer M., 2018). In addition, due to the
widespread use of ICL globally, a large number of patients
with ICL will develop age-related cataracts and require
cataract surgery in the future [6]. Ocular measurements
and IOL calculations are crucial for the refractive outcome
of cataract surgery. This is especially true for ICL patients
with high expectations of spectacle-free status
postoperatively.
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The inﬂuence of ICL on ocular measurements and IOL
calculation has already been reported by other authors.
Amro et al. analyzed the eﬀect of ICL on biometry using the
IOLMaster 500 and IOL calculation with third- and fourthgeneration formulas [7]. Other authors studied the axial
length (AL) alterations before and after phakic intraocular
lens implantation with IOLMaster 500 or older versions
IOLMaster [8–10].
The methods of ocular biometrics have evolved rapidly.
Swept-source optical coherence tomography (SS-OCT),
represented by IOLMaster 700, will gradually replace partial
coherence interferometry (PCI) of IOLMaster 500. In addition, the Scheimpﬂug/Placido imaging system represented
by Sirius and Pentacam AXL has clinical advantages and is
widely used. As for IOL calculation, despite the theoretical
formulas are commonly used in calculations of IOL power,
the accuracy of the ray-tracing technique has been reported
previously [11]. It remains unknown whether the new apparatus and technology are aﬀected by ICL implantation. In
this study, we analyzed the changes in anterior segment
measurement and IOL power calculation using IOLMaster
700 (Barrett Universal II formula) and Sirius (ray-tracing)
before and three months after ICL implantation.

2. Materials and Methods
Between January 2021 and March 2021, 43 patients (85 eyes)
were enrolled at the Department of Ophthalmology, Peking
University Third Hospital. All patients met the indications
for ICL implantation surgery and signed an informed
consent agreement [12]. Exclusion criteria included corneal
leucoma, fundus diseases, and any other eye diseases that
may aﬀect the accuracy of the ocular biometric parameters.
Patients with astigmatism more than 1.5 D were implanted
with the spherocylindrical ICL, and the others underwent
spherical ICL implantation surgeries. All patients were
followed up for at least two months postoperatively. This
study adhered to the tenets of the Declaration of Helsinki
and was approved by the Ethics Committee of Peking
University Third Hospital.
Preoperative and postoperative eye biometric measurements at the 3-month follow-up were conducted using
the IOLMaster 700 (Carl Zeiss Meditec; Jena, Germany),
Sirius (CSO; Florence, Italy), and the anterior segment
optical coherence topography (AS-OCT) system (Tomey
OA-2000; Tomey Inc., Japan). The IOLMaster 700 is a sweptsource OCT, which uses a 1055 nm laser source to measure
the anterior segment parameters and axial length [13, 14].
Sirius uses the Scheimpﬂug/Placido imaging principle to
establish a three-dimensional panorama of the anterior
segment from the corneal epithelium to the posterior capsule
of the lens, which includes a rotating Scheimpﬂug camera,
and can capture photos of 25000 pixel in 2 s [15, 16]. ASOCT is also a swept-source OCT which can directly measure
the anterior chamber depth as a reference. All patients were
measured in a dark room with the natural pupil size.
All ICL implantation surgeries were performed by a
single experienced surgeon (Y. Z.). All patients were given
dilating and cyclopegic agents 1 h before surgery. A topical
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anesthetic of one drop of 0.4% oxybuprocaine hydrochloride
eye drops (Benoxil, Santen; Osaka, Japan) was administered
three times every 5 min before surgery. A 3.0 mm clear
corneal incision at the steepest meridian and 0.8 mm subsidiary incision 90° anticlockwise were made. After injecting
the viscoelastic agent into the anterior chamber, the ICL
(V4c; STAAR Surgical, Switzerland) was inserted into the
anterior chamber. The ICL was then placed into the posterior chamber by adjusting the loops, and the remaining
viscoelastic agent was completely washed out with a balanced salt solution.
2.1. Statistical Analysis. Statistical analysis was performed
using SPSS (version 22.0; IBM SPSS Statistics, Armonk, NY,
USA). All data are presented as the mean ± standard deviation (SD). The diﬀerence between preoperative and postoperative data was analyzed by the paired t-test, and linear
regression analysis was used to identify the eﬀect of each
parameter on the IOL calculation. Statistical signiﬁcance was
set at p < 0.05.

3. Results
This study included 85 eyes (total, 43 patients; 15 men and 28
women) who underwent ICL V4c implantation surgery.
There were 22 eyes implanted with the spherocylindrical
ICL. The mean age was 27.19 ± 6.20 years old. The preoperative spherical equivalent (SE) was −7.77 ± 2.28D (ranging
from −2.75D to −12.25D) and the postoperative SE was
+0.15 ± 0.24D (ranging from + 0.75D to −0.50D). The mean
cylinder diopter of preoperative patients was −1.26 ± 0.99D
and that of postoperative patients was −0.28 ± 0.32D. The
average best corrected visual acuity (logMAR units) before
surgeries was 0.012 ± 0.032 and the uncorrected visual acuity
(logMAR units) 2 months after surgeries was −0.069 ± 0.052.
There were no complications during the surgery or followup period.
3.1. IOLMaster Measurement of Anterior Segment Parameters
after
ICL
Implantation. The
preoperative
ACD
(3.69 ± 0.23 mm)
and
the
postoperative
ACD
(3.49 ± 0.38 mm) were signiﬁcantly diﬀerent (p < 0.001)
(Table 1). Deviations of ACD (∆ � pre minus post) ranged
from −0.04 mm to 1.13 mm. About 74 eyes (87.06%) showed
ACD deviations of less than 0.3 mm, and 11 eyes (12.94%)
showed ACD deviations of more than 0.6 mm (Figure 1(a)).
Further analysis of the measurements of these 11 eyes
revealed that the IOLMaster mistook the anterior surface of
the ICL for the anterior surface of the lens and thus had
shallower postoperative ACD (Figure 2). Interestingly, after
removing the mismeasured 11 eyes from the sample, the
ACDs before and after surgery were also signiﬁcantly different (3.71 ± 0.22 mm and 3.61 ± 0.22 mm, respectively;
p < 0.001) (Table 2).
The diﬀerence in the preoperative LT (3.59 ± 0.22 mm)
and postoperative LT (3.75 ± 0.35 mm) was statistically
signiﬁcant (p < 0.001) (Table 1). The deviation (∆ � pre
minus post) ranged from −1.02 mm to 0.27 mm, and 11 eyes
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Table 1: The biometric parameters measured by IOLMaster.

Parameters
ACD (mm)
LT (mm)
AL (mm)
WTW (mm)
K1 (D)
K2 (D)
CCT (μm)
IOL (D)

Preoperative
3.69 ± 0.23
3.59 ± 0.22
26.21 ± 1.23
11.86 ± 0.38
43.27 ± 1.24
44.71 ± 1.62
516.09 ± 30.51
12.54 ± 2.69

3-month postoperative
3.49 ± 0.38
3.75 ± 0.35
26.20 ± 1.22
11.88 ± 0.40
43.31 ± 0.14
44.54 ± 1.66
515.69 ± 31.14
12.61 ± 2.62

P
< 0.001∗
< 0.001∗
0.233
0.100
0.117
< 0.001∗
0.648
0.013∗

ACD, anterior chamber depth; LT, lens thickness; AL, axial length; WTW, white to white; K1, corneal ﬂat axis curvature; K2, corneal steep axis curvature;
CCT, central corneal thickness; IOL, intraocular lens. ∗ P < 0.05.

(12.94%) were less than −0.6 mm, which was consistent with
the eyes whose ACD values were mismeasured (Figure 1(b)).
There was no signiﬁcant diﬀerence between preoperative
and postoperative AL (p � 0.223), WTW (p � 0.100), corneal
ﬂat axis curvature K1 (p � 0.117), and CCT (p � 0.648).
However, the diﬀerence between preoperative and postoperative corneal steep axis curvature K2 was statistically
signiﬁcant, which was possibly caused by the corneal incision made at the steep axis (p < 0.001) (Table 1).

obtain a modiﬁed IOL power (12.53 ± 2.67 D). When
compared with preoperative IOL power, no signiﬁcant
diﬀerence was found (p � 0.372). A similar result was obtained after the wrongly measured 11 eyes were removed
(12.46 ± 2.65 D, p � 0.976). The signiﬁcant diﬀerence in IOL
power seen before and after surgery was mostly derived from
the changes in K2 instead of the deviation of the ACD and
LT measurements, though this change in IOL calculation is
not erroneous.

3.2. IOL Power Calculation by Barrett Universal II Formula.
The preoperative and postoperative biometric parameters of 85
eyes were entered into the Barrett Universal II formula to
calculate the IOL power. When the target diopter was set at 0,
the preoperative IOL power was 12.54 ± 2.69 D, and the
postoperative IOL power was 12.62 ± 2.62 D (p � 0.013). The
median absolute deviation was 0.20 D, and the average absolute
deviation was 0.22 D. The deviation range was from −0.69 D to
0.83 D. Seventy-nine eyes (92.94%) had a deviation within ± 0.5
D, of which 52 eyes (61.18%) had a deviation within ± 0.25 D
and 6 eyes (7.06%) had a deviation beyond ± 0.5 D.
The 11 eyes with wrongly recognized anterior surface of
the lens were removed, and the remaining 74 eyes were
entered into the Barrett Universal II formula to calculate the
IOL power. When the target diopter was set as 0, the preoperative IOL power was 12.46 ± 2.68 D and the postoperative IOL power was 12.55 ± 2.60 D (p � 0.004). The
preoperative IOL power for those 11 eyes was 13.12 ± 2.85 D,
and the postoperative IOL power was 13.06 ± 2.81 D
(p � 0.328).
Linear regression analysis was used to identify the eﬀect
of each parameter on the calculation of IOL. The deviation of
preoperative and postoperative IOL power was set as the
dependent variable, and the deviation of preoperative and
postoperative ACD, LT, AL, K1, K2, and WTW were set as
independent variables. The R2 was 94.8%, and the standardized beta coeﬃcient is given in Table 3. The LT difference had the least eﬀect (p � 0.218), while AL and corneal
curvature had the greatest eﬀect (p < 0.001). ACD and WTW
also showed a noticeable impact (p � 0.002 and p � 0.015,
respectively).
Since the signiﬁcant change in K2 caused by corneal
incision in surgeries interfered strongly with IOL calculation, we applied preoperative K1 and K2 and postoperative
ACD, LT, AL, and WTW to Barrett Universal II formula to

3.3. Anterior Segment Parameters Measurements and IOL
Calculation with Sirius. The anterior segment parameters
measured by Sirius before and three months after ICL
implantation are given in Table 4. There was a signiﬁcant
diﬀerence in the ACD (p < 0.001). The postoperative ACD
was signiﬁcantly lower than the preoperative, and the deviation range of ACD was 0.28 mm–1.57 mm.
Since Sirius cannot display the image of the speciﬁc
measurement position, we also conducted AS-OCT to explore
whether the ACD diﬀerence by Sirius was derived from the
misidentiﬁcation of the lens. It was found that the postoperative
ACD measured by Sirius showed no signiﬁcant diﬀerence in
regards to the distance from the corneal endothelium to the
anterior surface of ICL (2.30 ± 0.28 mm; p � 0.460), while a
signiﬁcant diﬀerence regarding the distance from the endothelium to the front surface of the lens was seen
(2.54 ± 0.27 mm; p < 0.001). This suggests that Sirius might
mistakenly identify the anterior surface of the ICL as the
anterior surface of the lens when measuring the ACD.
Additionally, the IOL power was calculated using the
ray-tracing technology. The IOL power with the target diopter closest to 0 was selected, the average of which was
11.49 ± 2.93 D preoperatively and 11.43 ± 2.85 D postoperatively (Table 4). The diﬀerence found was not statistically
signiﬁcant (p > 0.05). The median absolute deviation of the
IOL power was 0.5 D, and the mean absolute deviation was
0.56 D. The deviation range was from −2.00 D to 1.50 D. The
deviation was beyond ± 0.5 D in 18 eyes (21.18%) and
beyond ± 1.0 D in 6 eyes (7.01%).

4. Discussion
Accurate preoperative measurements are very important in
refractive cataract surgery [13]. At present, there are a variety of
advanced optical biometry instruments used in clinics,

4

Journal of Ophthalmology
70

120.00

60

100.00

80.00

40
60.00
30

Cumulative (%)

Frequency

50

40.00

20

20.00

10

0.00

0
0

0.2
0.4
0.6
0.8
1
Anterior Chamber Depth Deviations (Δ = pre minus post)

1.2

Frequency
Cumulative (%)
120.00

50

100.00

40

80.00

30

60.00

20

40.00

10

20.00

0

Cumulative (%)

Frequency

(a)

60

0.00
-1

-0.8

-0.6
-0.4
-0.2
0
0.2
Lens Thickness Deviations (∆ = pre minus post)

0.4

Frequency
Cumulative (%)
(b)

Figure 1: (a) The distribution of preoperative and postoperative anterior chamber depth deviations (∆ � pre minus post). (b) The distribution of preoperative and postoperative lens thickness deviations (∆ � pre minus post).

including IOLMaster 700, IOLMaster 500, Pentacam AXL, and
Sirius, and each use diﬀerent methods to measure axial length
and anterior segment parameters [14–16]. Diﬀerent measurement methods may be aﬀected by ICL, resulting in data
deviation and inaccurate calculations of IOL power. However,
with few related studies, there is no consistent conclusion at
present. ICL implantation surgery involves placing the ICL into

the ciliary sulcus through a corneal incision [17]. The main part
of the ICL material is hydrophilic carboxymethyl acrylate
combined with 0.14% collagen copolymer, with a water content
as high as 40%, resulting in high light transmittance and
softness [18, 19]. Whether the existence of ICL in the light
pathway may alter anterior segment measurement using an
optical measuring device is unknown.
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Figure 2: The IOLMaster images of a 28 year-old woman. The anterior surface of the right eye’s lens (above) was accurately identiﬁed by
IOLMaster, while in the left eye (below), the anterior surface of ICL was mistaken as the anterior surface of lens.

Table 2: The biometric parameters measured by IOLMaster excluding 11 misjudged eyes.
Parameters
ACD (mm)
LT (mm)
AL (mm)
WTW (mm)
K1 (D)
K2 (D)
CCT (μm)
IOL (D)

Preoperative
3.71 ± 0.22
3.58 ± 0.23
26.27 ± 1.21
11.86 ± 0.37
43.20 ± 1.14
44.64 ± 1.61
518.93 ± 28.96
12.46 ± 2.68

3-month postoperative
3.61 ± 0.22
3.64 ± 0.22
26.26 ± 1.20
11.89 ± 0.40
43.25 ± 1.17
44.46 ± 1.64
517.91 ± 30.26
12.55 ± 2.60

P
< 0.001∗
< 0.001∗
0.310
0.038∗
0.082
< 0.001∗
0.271
0.004∗

ACD, anterior chamber depth; LT, lens thickness; AL, axial length; WTW, white to white; K1, corneal ﬂat axis curvature; K2, corneal steep axis curvature;
CCT, central corneal thickness; IOL, intraocular lens. ∗ P < 0.05.

Table 3: Regression analysis of preoperative and postoperative IOL power diﬀerence.
Values
Standard coeﬃcient beta
P

ACD deviation
0.287
0.002∗

LT deviation
0.108
0.218

AL deviation
−0.504
< 0.001∗

K1 deviation
−0.561
< 0.001∗

K2 deviation
−0.652
< 0.001∗

WTW deviation
0.066
0.015∗

ACD, anterior chamber depth; LT, lens thickness; AL, axial length; WTW, white to white; K1, corneal ﬂat axis curvature; K2, corneal steep axis curvature.
∗
P < 0.05.

Table 4: Sirius measurements of anterior segment before and after ICL implantation.
Parameters
ACD (mm)
CCT (μm)
K1 (D)
K2 (D)
IOL (D)

Preoperative
3.26 ± 0.23
520.58 ± 31.93
43.18 ± 1.26
44.50 ± 1.70
11.49 ± 2.93

3-month postoperative
2.32 ± 0.28
520.47 ± 32.32
43.28 ± 1.31
44.40 ± 1.76
11.43 ± 2.85

P
< 0.001∗
0.872
0.057
0.072
0.653

ACD, anterior chamber depth; CCT, central corneal thickness; K1, K on ﬂat axis; K2, K on steep axis. ∗ P < 0.05.

In this study, IOLMaster 700 was used to measure AL pre
and postoperation, with the resulting diﬀerence being not
statistically signiﬁcant. In addition, there were no signiﬁcant
diﬀerences in CCT, WTW, and K1. The obvious change in
corneal K2 may be related to the incision at the steep axis.
Elmohamady et al. found that there was no signiﬁcant
diﬀerence in central corneal thickness, pupil diameter, and
keratometry between pre and postoperative eyes [20]. Yu
Ayong et al. used IOLMaster 500 to measure the diﬀerence
in AL before and after ICL operation and found that the
diﬀerence was not more than 0.1 mm. According to the SRK
formula, the error of IOL degree caused by this AL error was

no more than 0.25 D, which had no obvious clinical signiﬁcance [9]. It is accepted that AL measured by SS-OCT has
more accuracy than that by PCI which is used in IOLMaster
500 [21]. Some authors suggest that SS-OCT is the gold
standard for AL measurement [22]. In the medium-long
eyes, especially, the predictive accuracy of SS-OCT for IOL
calculations was higher than PCI [23]. However, it is known
that the SS-OCT biometer with group refractive index
(IOLMaster 700) overestimates AL compared to the device
providing segmented AL in the long eyes, and Cookemodiﬁed AL (CMAL) is the adjusting method that gives the
AL values closest to the segmented axial length [24]. In our
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research, we used the self-control method which compared
one patient’s preoperative and postoperative data, and thus,
we considered that adjusted AL was not a must in this study.
This study also focused on the diﬀerences in ACD and LT
before and after ICL implantation. We found that the ACD
deviation of a small number of patients was signiﬁcantly
higher than that of the other patients. This diﬀerence was
caused by the instrument mistakenly recognizing the anterior
surface of the ICL as the anterior surface of the lens. At the
same time, the LT of these patients also showed obvious
measurement deviations. Even if the ICL special mode of
IOLMaster was used, the front surface of the ICL may be
mistakenly identiﬁed as the front surface of the lens, resulting
in measurement errors. In the patients whose anterior lens
surface was correctly identiﬁed by the instrument, there was
still a statistical diﬀerence in ACD and LT before and after the
operation. It seemed that the ICL might alter the light source
during the measurement procedure.
Then, the second question emerged. Will this deviation
in ACD and LT inﬂuence IOL calculation? Most of the ACD
deviations were less than 0.3 mm. It was reported that the
deviation of ACD within 0.2 mm would cause the deviation
of IOL within 0.1 D, which had little clinical signiﬁcance
[25]. Regression analysis showed that the diﬀerence in IOL
power was mainly aﬀected by keratometry and AL, but less
aﬀected by ACD and LT. Additionally, when modifying
the K values, no signiﬁcant diﬀerence between preoperative
IOL and postoperative IOL was seen. The measuring deviations of ACD and LT did not aﬀect the IOL calculation,
which meant that less focus was needed to identify the lens
interface when taking measurements.
The ACD measured by Sirius after ICL implantation was
signiﬁcantly lower than that before surgery. Sirius had no
image showing the measured position; therefore, AS-OCT
measurements were also conducted. It was found that the
ACD measured by Sirius showed no statistical diﬀerence
regarding the distance from the endothelium to the anterior
surface of the ICL measured by AS-OCT, but a statistically
signiﬁcant diﬀerence was seen regarding the distance from
the endothelium to the front surface of the lens. The results
suggest that Sirius might not distinguish ICL from the
natural lens, or Sirius might take the iris plate as a reference
when measuring ACD resulting in the aforementioned
diﬀerences. However, it had no signiﬁcant impact on Sirius’
ray-tracing calculation of IOL power in this study. It is still
unknown whether the measurements of the Scheimpﬂug/
Placido imaging system used in the theoretical formula
would work on the ICL eyes.
Our study had some limitations: (1) the sample size was
small; (2) all patients had clear lenses—whether lens opacity
will aﬀect the accuracy of ocular biometrics remains to be
explored; (3) the application of other instruments capable of
calculating the power of the intraocular lens, such as Pentacam AXL, still needs to be further explored for the biometry and calculation of IOL power; (4) the inﬂuence of K
alterations on the IOL calculation could not be avoided in
this study; (5) the accuracy of IOL calculations of ICL patients who undergo cataract extraction, ICL removal, and
IOL implantation will need to be analyzed further.
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5. Conclusions
In conclusion, the common ocular biometric apparatus
IOLMaster 700 may misjudge the anterior surface of the lens
in the eyes implanted with ICL, resulting in measurement
errors of the ACD and LT. However, such a mismeasurement does not aﬀect the calculation of IOL power when
entering IOLMaster data into the Barrett Universal II formula. ICL may lead to signiﬁcant deviations in the measurement of ACD using Sirius, but it does not aﬀect the
calculation of the IOL degree by the ray-tracing method.
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