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Abstract

e AIM: To investigate changes in macular vessels and
thickness in myopic eyes after intraocular collamer lens
(ICL) implantation using quantitative optical coherence
tomography angiography (OCTA).

o METHODS: This retrospective included 73 myopic eyes
of 73 patients (average age, 27.53+6.16y) who underwent
ICL implantation (28 eyes were Toric ICL). Axial length (AL),
uncorrected visual acuity (UCVA), refractive dioptre (RD),
intraocular pressure (IOP) and OCTA were measured and
compared with before and 1wk, 1, and 3mo after surgery. OCTA
was used to image vessel density (VD) and skeleton density
(SD) in both the superficial (SCP) and deep capillary plexus
(DCP). Central retinal thickness (CRT) and ganglion cell-
inner plexiform layer thickness (GCT) were also measured.
Changes between pre- and postoperative measurements
were analysed by repeated measures analysis of variance.

e RESULTS: Compared with preoperative data, postoperative
data on UCVA revealed significant improvements in all patients
(P<0.05). However, there was no significant difference in IOP.
After the operation, CRT and GCT exhibited significant changes
(P<0.05). Among these measures, CRT was significantly higher
at one and three months postoperative (all P<0.01). GCT
was significantly higher at 1wk, 1, and 3mo postoperative (all
P<0.01). Changes in VD and SD were nonsignificant in both
the SCP and DCP. There was no difference in postoperative
changes between the ICL and Toric ICL groups.

e CONCLUSION: ICL and Toric ICL implantation both have
good efficacy and safety for myopic eyes, but macular area
changes that occur after surgery need attention.

o KEYWORDS: intraocular collamer lens implantation;
vessel density; macular thickness; optical coherence
tomography angiography
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INTRODUCTION

n 2000, approximately 1.4 billion people had myopia
I worldwide; by 2050, this number will rise to 4.7 billion".
Current mainstream refractive surgery, like laser-assisted in
situ keratomileusis (LASIK) and femtosecond laser small
incision corneal stromal lens extraction (SMILE), can lead
to corneal thinning as well as structural alterations in corneal
biomolecules. For patients with high myopia and thin corneas,
these procedures are risky””. Intraocular collamer lens (ICL)
implantation could correct a wider range of myopia without
changing corneal morphology while retaining accommodation.
Therefore, ICL implantation could be a good option for
patients with the above conditions'. A large number of short
and long term studies have confirmed the safety, efficacy and
predictability of ICL surgery™®. However, due to changes
in fundus structure and function in myopic patients, the risk
of vitreoretinal complications during various operations
will be greatly increased. As an internal eye operation, ICL
implantation will lead to physiological changes in the eye
that may also lead to vitreoretinal complications and visual
impairment. However, there are few reports about the effect
of ICL implantation on the posterior segment of the eye.
Optical coherence tomographic angiography (OCTA) is a new
technique for observing the morphology of retinal blood vessels.
OCTA can display the three-dimensional morphology of retinal
structure and blood vessels clearly with high resolution and
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quantify the retinal microcirculation accurately!'”. Recently,
OCTA has been used to evaluate the changes induced by a
local inflammation reaction after cataract surgery'"’. Here, we
used OCTA to observe changes in macular microvasculature
and thickness after ICL implantation and to explore the effect

of ICL implantation on the posterior segment.
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SUBJECTS AND METHODS

Ethical Approval This retrospective study was approved by
the Lixiang Eye Hospital of Soochow University Institutional
Review Board and adhered to the tenets of the Declaration of
Helsinki. Informed consent was obtained from each subject
before enrolment.

Study Sample Patients were enrolled in this study from
Lixiang Eye Hospital between January 2018 and July 2019.
The inclusion criteria were as follows: myopic patients who
underwent ICL implantation in our hospital and were willing
to cooperate with follow-up. The eye operated on first was
enrolled if both patient’s eyes qualified for the study. The
exclusion criteria were as follows: myopic retinopathy,
choroidal neovascularization, uveitis, macular oedema, vitreous
haemorrhage, macular degeneration, glaucoma, intraocular
surgery history, hypertension, diabetes and other systemic
diseases affecting the retina. Patients who could not complete
the follow-up on time and those who had intraoperative
complications or serious complications after operation were
excluded. During follow-up, the subjects whose OCTA image
signal intensity was less than 8 (maximum intensity 10) or
whose image was blurred or obviously interrupted were
completely excluded, and those who exceeded or were earlier
than the prescribed follow-up time by 3d were completely
excluded.

All patients underwent complete preoperative examination,
including uncorrected distance visual acuity (UDVA) as a
logarithm of the minimum angle of resolution (logMAR), best
corrected visual acuity (BCVA) and refractive dioptre (RD)
measured with a standardized comprehensive optometry and
then converted into equivalent spherical dioptres, which is
equal to spherical dioptres plus half of astigmatism. Intraocular
pressure (IOP) was measured with a noncontact tonometer
(Topcon, Inc. Japan), axial length (AL) was measured with
partial coherence interferometry (IOLMaster Zeiss 500;
Carl Zeiss Meditec, Inc. Germany), and a dilated fundus
examination was performed by a 3-mirror contact lens.

Image Acquisition A commercially available Zeiss Cirrus
HD-OCT 5000-2328 (Zeiss Meditec, Inc. Germany) with
OMAG AngioPlex (software version 10.0.0.14618) was used
for image acquisition. This device had a scanning wavelength
of 840 nm, a scanning speed of 68 000 A-scans per second
and a resolution of 5 pym. During the examination, the patient
was asked to fix their head position and look at the internal
visual indicator of the instrument. The Fast Trace mode was
turned on to track the eye position in real time. The scanning
range was 3x3 mm’ in the macular centre and 2 mm in depth.
The whole scan volume was then divided into the superficial
and deeper capillary plexus (SCP and DCP) by an automated
segmentation algorithm in AngioPlex. Briefly, SCP covered

70% of the superficial of the retina and extends from internal
limiting membrane (ILM) to 110 um above the retinal pigment
epithelium (RPE), and the DCP was defined as the remaining
30%!"?. Then the manual “Remove Projections” option was
conducted in AngioPlex software for the DCPs.

Ganglion cell-inner plexiform layer thickness (GCT) and
central retinal thickness (CRT) within 1 mm of the macular
fovea were obtained using tomography by the Machine-Built
software CIRRUS. GCT was the sum of the thickness of the
inner plexiform layer and ganglion cell layer'*"". Images with
obvious errors in the determination of GCT were excluded.

En Face Imaging Analysis En face OCTA images analysis
was performed using Image J (USA). As the AL of the myopic
eye lengthens, the fundus image of OCTA would be magnified.
Hence, appropriate magnification correction is necessary to
evaluate the construction of the retina. Bennett’s formula based
on the AL was used to adjust the image magnification. The
formula was expressed as t=pxgxs and the scaling factor
(pxq) =3.3823%0.0130623%(AL-1.82), as described in the
previous study'>"”". Since the pixel size of high myopia image
changes after adjusting the scale factor according to Bennett
formula, the original pixel size (759x759 pixels) is pruned to
correct the image (Figure 1).

In order to calculate vessel density (VD) and skeleton density
(SD), we applied threshold algorithm to en face images of each
capillary plexus to calculate a binarized image. VD calculation
was the proportion of the total pixel area of white pixel in
binarization image in the total pixel area of binarization image.
Further from this binary map, skeletonized image was created
to represent vessels with a width of 1 pixel. SD was defined
as the ratio of the vessel skeleton length to the total area of the
image. Similar methods have been described in detail in many
previous studies™"™ (Figure 2).

Surgical Procedure All surgeries were performed by the
same experienced surgeon (corresponding author), and
the surgical procedures followed the standard procedures.
Briefly, a 3-mm clear temporal corneal incision was made
after topical anesthesia (proparacaine hydrochloride, Nanjing,
China). After injection of hyaluronic acid (Shanghai,
China) into the anterior chamber, a STAAR ICL VICMO
or STAAR TORIC ICL VTICMO was implanted and then
positioned in the posterior chamber. Finally, hyaluronic acid
was completely removed from the eye using a manual I/A
device. All surgeries were successfully completed without any
intraoperative complications. Following surgery, tobramycin
0.3%-dexamethasone 0.1% eye drops (Tobradex) were
prescribed for use three times daily for 2wk.

Follow-Up At 1wk, 1 and 3mo postoperatively, all the
parameters were collected except for the preoperative
examination of the ocular axis and comprehensive optometry.
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Figure 1 Magnification correction of OCTA image A: The original image was 759x759 pixels. B: The image was magnified 1.15x% according

to the AL (AL=27.90 mm), the resolution was 873x873 pixels. C: Finally, it was trimmed to the original resolution of 759x759 pixels.

SCP DCP

Binarization Original

Skeletonization

Figure 2 Process of quantitative analysis The first column shows
the SCP, and the second column shows the DCP; the first row shows
the original image, the second row shows the binary graph used to
calculate the VD, and the third row shows the skeleton image that was

generated from the binary image and used to calculate the SD.

All examinations were performed by the same examiner
between 2 p.m. and 4 p.m.

Statistical Analysis Statistical analysis was performed using
SPSS 18.0. All data are expressed as the meantstandard deviation.
Changes between pre- and postoperative measurements
were analysed by repeated measures analysis of variance
with Bonferroni corrections. Independent sample #-test was

used to compare the two groups. The Chi-square test was
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Table 1 Subject data

Characteristics VICMO VTICMO P
Patients (eyes), right/left 45,21/24 28, 14/14 0.782°
Age (y) 27.44+5.79 27.68+6.82 0.876
Sex, male/female 13/32 12/16 0.221°
Dioptre (D) -7.5242.21 -8.10+2.34 0.298
UCVA 1.474+0.23 1.45+0.33 0.826
BCVA -0.05£0.06 -0.04+0.04 0.701
AL (mm) 26.61+1.15 26.91+1.17 0.293
IOP (mm Hg) 13.77+2.54 14.00+3.14 0.736
SCP

VD (%) 49.84+5.10 48.71+4.85 0.352

SD (mm™) 22.33+2.05 21.83+1.95 0.305
DCP

VD (%) 40.32+6.93 39.27+7.82 0.553

SD (mm™) 18.92+2.84 18.37+3.26 0.445
CRT 247.40+17.19  253.71+20.71 0.163
GCT 76.62+6.63 78.18+6.34 0.325

Independent sample #-test. “Chi-square test. UCVA: Uncorrected
visual acuity; BCVA: Best corrected visual acuity; AL: Axial length;
IOP: Intraocular pressure; SCP: Superficial capillary plexuses;
DCP: Deep capillary plexuses; CRT: Central retinal thickness; GCT:

Ganglion cell-inner plexiform thickness.

used for comparisons of enumeration data between the two
groups. Correlation analysis was performed using Spearman’s
correlation coefficient to determine the relationships between
the magnitude of the changes in parameters from baseline to
each timepoint and identify related factors. A P value less than
0.05 was considered statistically significant.

RESULTS

A total of 73 patients (73 eyes) were followed up successfully.
These included 35 right eyes, 38 left eyes, 25 eyes of male
patients and 48 eyes of female patients. TORIC ICL VTICMO
was implanted in 28 eyes and ICL VICMO in 45 eyes.
Patient age ranged from 19 to 46y, with an average age of
27.53+6.16y. The AL of the eye ranged from 23.85 mm to
28.85 mm, with an average of 26.73£1.15 mm. The refractive
state ranged from -2.00 D to -13.00 D, with an average of
-8.2742.46 D (Table 1).
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Figure 3 Changes in clinical indicators between before and after surgery A: The change in UCVA between before and after surgery; B: The

change in IOP between before and after surgery. UCVA: Uncorrected visual acuity; IOP: Intraocular pressure. “P<0.05.

Table 2 The parameters of OCTA at preoperative and postoperative time points with repeated measures

Parameters Preoperative 1wk after surgery Imo after surgery 3mo after surgery Correlation with time (P)"
SCP
VD (%) 49.4145.00 48.96+4.05 49.64+5.16 49.84+4.88 0.532
SD (mm™) 22.14+2.01 21.97+1.74 22.35+2.14 22.48+2.04 0.199
DCP
VD (%) 39.92+7.25 39.30£7.10 38.18+7.30 39.10+7.27 0.226
SD (mm™) 18.71£3.00 18.4542.96 18.03+3.07 18.45£3.00 0.258
CRT (um) 249.96+18.83 250.40+19.26 252.28+18.34 251.46+18.95 <0.001
P Ref. 0.460 <0.001 <0.001
Ref. <0.001 0.056
Ref. 0.177
GCT (pm) 77.22+6.52 79.86+6.22 78.53+6.47 78.36+6.09 <0.001
P Ref. <0.001 <0.001 <0.001
Ref. <0.001 <0.001
Ref. 0.430

. . . b . .
"Repeated measures, significance P values of repeated factor ‘time’; "Significance P values of the comparisons between mean values

with respect to reference time, post hoc Bonferroni test. SCP: Superficial capillary plexuses; DCP: Deep capillary plexuses; CRT: Central

retinal thickness; GCT: Ganglion cell-inner plexiform thickness; VD: Vessel density; SD: Skeleton density; Ref.: Reference mean value.

Visual Acuity and Intraocular Pressure Compared with
before surgery, after surgery, there was significant improvement
in UCVA at 1wk, 1 and 3mo (P<0.01 for all), and the pre-
and postoperative UCVA values were 1.46+0.27, -0.03+0.06,
-0.05+0.06, and -0.06+0.06, respectively. In contrast, there
was no significant difference in IOP between before and after
surgery (P=0.148), and the preoperative and postoperative
IOP values were 13.86+2.77, 14.10+£3.21, 13.73+3.02, and
13.50+2.51 mm Hg, respectively (Figure 3).

Image Analysis The results of repeated measures showed
there as no significant difference between VD and SD either
before or after the operation, whether in SCP (P=0.532,
0.199) or in DCP (P=0.226, 0.258). There was a significant
difference between CRT and GCT both before and after
the operation (P<0.001, <0.001). CRT was higher at 1 and
3mo postoperatively (from 249.96+18.83 um at baseline to
252.28+18.34 um at 1mo and 251.46+18.95 um at 3mo after
surgery, all P<0.001). In contrast, GCT was higher at all time
points after the operation (from 77.22+6.52 um at baseline to

79.86+6.22 pm at 1wk, 78.53+6.47 um at 1mo and 78.36+6.09 um at
3mo after surgery, all P<0.001; Table 2).

Repeated measures analysis of variance showed no
difference in the changes of the VD or SD in SCP or DCP after
surgery in either the VICMO or VTICMO group (all P>0.05;
Table 3). Changes in the CRT and the GCT at each time
point were also not significantly different between the two
groups (Table 3).

Correlation Analysis The changes in GCT at 1wk and 3mo
were positively correlated with AL (7=0.280; P=0.016), but
the changes at other time points were not correlated with AL.
There was no significant correlation between changes of CRT
and AL (Table 4).

DISCUSSION

The results of our study show that UCVA improved rapidly
and steadily, and no significant change in IOP was observed
after ICL implantation, supporting the safety and efficacy of
ICL implantation for myopia correction, in accordance with

the previous literature' ",
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Table 3 Changes in OCTA parameters at different time points

pum

Central retinal thickness change

Ganglion cell-inner plexiform thickness change

Parameters

1wk after surgery ~ 1mo after surgery ~ 3mo after surgery 1wk after surgery  1mo after surgery  3mo after surgery
VICMO -0.07+4.62 1.62+4.74 0.89+3.28 2.76+2.11 1.54+2.41 1.04+1.68
VTICMO 1.25+5.70 3.11£5.49 2.14+3.66 2.46+1.95 1.1842.15 1.29£1.49
t 1.076 1.225 1.518 -0.589 -0.661 0.623
P 0.285 0.225 0.133 0.557 0.511 0.535

Independent sample -test.

Table 4 Spearman correlation analysis between changes in CRT

and GCT at each timepoint after surgery and ocular variables

Axial length Refractive dioptre
Parameters
r P r P
Changes in CRT
1wk after surgery 0.098 0.409 -0.072 0.547
Imo after surgery 0.018 0.877 -0.195 0.097
3mo after surgery 0.011 0.924 -0.090 0.448
Changes in GCT
1wk after surgery 0.280 0.016" 0.186 0.115
Imo after surgery 0.137 0.247 0.172 0.145
3mo after surgery 0.258 0.028" 0.248 0.034"

‘P<0.05.

In this study, we investigated microvascular structural changes
in both superficial and deep capillary plexuses. However,
there were no significant changes in VD and SD before
and after the operation in either the SCP or the DCP,
indicating that the effect of ICL implantation on the macular
microvasculature was limited. Zhao et a/”* and Pilotto et al'""
found that retinal vessel density increased after uncomplicated
phacoemulsification surgery. Zhao et al** suggested that this
may be related to decreased postoperative IOP, increased
inflammation, and increased light exposure. In our study, no
reduction in IOP was found, and light exposure was unchanged
after ICL implantation; these findings may explain why we did
not observe changes in the microvasculature.

We found that CRT was significantly higher at 1 and 3mo
postoperatively. In contrast, GCT significantly increased at
all time points after the operation; GCT peaked one week,
followed by a slow decrease. Changes in macular thickness
after internal eye surgery are often associated with macular
oedema, which is the most common cause of vision loss
after cataract surgery. Macular oedema is also an important
cause of vision loss after other operations, such as vitrectomy,
penetrating keratoplasty and YAG posterior capsulotomy'™”.
The mechanism of macular oedema after surgery has not been
clarified. Some scholars believe that it is caused by mechanical
vitreous traction and the stimulation of inflammatory mediators
after surgery. Following intraocular surgery, inflammatory
mediators disrupt the blood-retinal barrier, increasing
the permeability of the perifoveal capillaries, resulting in
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perifoveal intraretinal fluid accumulation, especially in
the outer plexiform layer***. Therefore, changes in the
thickness of the outer plexiform layer may be easier to
detect. We speculate that similar changes may occur after
ICL implantation, which may partly explain CRT thickening.
However, in this study, the changes in GCT were more obvious
and earlier than those in CRT. Because the GCT contains only
the ganglion cell layer and inner plexiform layer, the above
theory cannot be fully explained.

Recently, Pilotto et a/'''"! found that changes in the inner
retinal layer and outer retinal layer were inconsistent after
uncomplicated cataract surgery. One week after cataract
surgery, the inner retinal volume increased while the outer
retinal volume decreased. One month after cataract surgery,
both volumes increased. Since we did not measure the outer
retinal layer separately, the thickening of the GCT may have
concealed the thinning of the outer retinal layer in CRT, and
this is generally consistent with our conclusion. Moreover,
Pilotto et al'""! found that hyper-reflective intraretinal spots
(HRS) first appeared in the inner retinal layer, gradually
developed in the outer retinal layer, and continued to increase
until one month at which point they began to slow down.
HRS represent activated, aggregated microglial cells and
play an important role in the inflammatory response in the
retina®**"!. The changes in HRS coincide with those in CRT
and GCT in our study. Therefore, we speculate that similar
to cataract surgery, inflammation begins in the inner retina
after ICL implantation, leading to an increase in GCT. Then,
inflammation gradually develops throughout the entire
retina, leading to increased CRT. However, after one month,
as the inflammation subsides, CRT and GCT decrease. In
this process, the role of Miiller cells deserves further study.
Miiller cells extend from the photoreceptor inner segment to
the inner limiting membrane through the entire retina. These
neuronal structural support cells were connecting elements
between neuronal and vascular cells involved in regulating
neuronal nutrition, development, and metabolism. In addition,
Miiller cells participate in the local inflammatory response
and increase proinflammatory factor production, which in turn
increases microglial activation in a positive feedback loop,

upregulates chemokine and adhesion protein expression, allows
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Miiller cells to attract and adhere to microglia, and directs
intraretinal mobilization of migrating microglia in the outer
retina®®*"). The cell bodies of Miiller cells were mainly located
in the inner retina, which may partly explain why inflammation
first occurred in the inner retina and then spread to the outer

3% 1In addition, since changes in CRT and GCT were

retina'
most likely caused by inflammation, anti-inflammatory
treatment after ICL implantation is recommended for at least
one month.

The commonly used criterion for OCT in judging macular
oedema is that macular thickness increases by more than
30%"". In this study, we found no macular oedema after
surgery in any patient. Postoperative CRT and GCT changed
by much less than 30%. ICL implantation had an impact on
the posterior segment of the eye, but these changes were
within the safe range. Canan et al”” have reported a case of
macular oedema after astigmatic Toric-ICL implantation. The
authors believe that this oedema may be caused by constant
friction between the IOL and posterior iris surface or anterior
suspension ligament. Vitreous traction during implantation
may also be an important factor. Additionally, continuous
repositioning following Toric-ICL implantation may increase
the risk of CME"”. However, in our study, there was no significant
difference in the postoperative changes in retinal thickness
between the ICL and Toric-ICL groups, suggesting that Toric-
ICL may not increase the degree of postoperative inflammation
or the incidence of postoperative macular oedema.

In addition, we found that the changes in GCT at 1wk and 3mo
after surgery were positively correlated with AL. Inflammation
was also more obvious in the inner retinal layer one week
after surgery, suggesting that inflammation tended to be more
serious with the extension of the ocular axis in the early stage
after ICL implantation. Based on previous studies, high myopia

[33-34

is an inflammation-related disease™ "), which is more likely

to occur in inflammation-related diseases such as choroidal

35-37
I and capsular

neovascularization, multifocal choroiditis'
contraction syndrome after cataract surgery”". However,
we have not found any research reports on the correlation
between macular thickness changes after ICL implantation and
the ocular axis. There is no difference between the macular
thickness changes after cataract surgery in patients with
high myopia and those with emmetropia~". This lack of
differences is probably because previous reports focused only
on measurements of retinal thickness in the whole macular
area, which would cover changes in the inner retina. We
suggest that anti-inflammatory therapy should be strengthened
in patients with high myopia after ICL implantation.

This study also has certain limitations. First, it remains unclear
when CRT and GCT return to the baseline, and we will further

investigate this issue in follow-up studies. Second, although

artefact removal is currently the best solution for DCP, part of
the blood flow signal is lost when an artefact is removed. We
expect more advanced technology and equipment algorithms
to be developed in the future. Third, although we found
that retinal thickness changed after ICL implantation, the
magnitude of the change was very limited, and its effect on
ocular function is still unclear and deserves further exploration.

In conclusion, we confirmed the safety and efficacy of ICL

implantation and observed thickening of the central retina and

the ganglion cell-inner plexiform layer after ICL implantation.

Although macular oedema and microvascular changes were

not detected, they still need attention.
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