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Evaluation of changes in choroidal thickness after
surgical implantation of collamer lens in patients
with different degrees of high myopia
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Abstract. The aim of the present study was to investigate the
potential changes in the choroidal thickness (CT) after surgical
implantation of collamer lens (ICL) and to determine whether
the variations in CT were associated with the degree of myopia.
In the study, 98 eyes from 98 myopia patients were divided into
two groups according to the degree of myopia: High myopia
and super-high myopia. All eyes were measured using the
swept-source optical coherence tomography (SS-OCT) tech-
nique. CT and CT variations were also recorded. The foveal
CT increased significantly in high-myopia patients at 2 h
after surgery and 3 months after surgery; the same tendency
was observed in the inner nasal CT and outer nasal CT at the
same time-points. In patients with super-high myopia, the
subfoveal CT increased significantly at 2 h and 3 months after
surgery compared with the pre-operative values. No statisti-
cally significant differences were obtained in any of the nine
different choroidal regions evaluated at post-operative week 1
and post-operative month one. Furthermore, the increase
in the subfoveal CT in the super-myopia group was signifi-
cantly higher than that in the high-myopia group at 2 h and at
3 months after ICL. The results of the present study indicated
that the CT significantly increased 2 h after the surgery and
then reached a peak at 3 months, particularly in the subfoveal
and nasal areas. A higher degree of myopia was associated
with greater subfoveal choroidal changes.
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Introduction

The prevention and treatment of myopia have always been
a public health concern throughout the world. Recently, the
incidence rate of the disease has increased (1), particularly that
of high myopia. Use of the implantable collamer lens (ICL), a
posterior chamber phakic intraocular lens, has been reported as
a safe, effective and reversible approach, which may serve as
an appropriate alternative for patients wishing to have refrac-
tive surgery, but it is not suitable for corneal refractive surgery
due to the high degree of myopia with lower cornea thickness.
However, patients must be made aware of possible complications,
including increased intraocular pressure (IOP) and inflam-
mation (2,3), which may influence the chorioretinal regions.
In previous studies, the safety, efficacy and predictability of
these refractive surgeries have been assessed by the change of
visual function (2,4) and ocular anterior segment structure (4,5).
However, the change of the ocular posterior segment, particu-
larly the choroid, has not been evaluated following ICL surgery.
The focus of myopia-associated research has gradually shifted
from the dioptric media of the anterior segment to the tissues of
the posterior segment, including the choroid.

Unlike patients with emmetropia, those with high myopia
have along axial length that leads to gradual changes in choroidal
thickness (CT) and a progressive loss of visual sensitivity. As
indicated in previous studies, the choroid expands or thins in
myopic and highly myopic eyes (6-8), a change which has a
marked positive correlation with the increase of myopia. The
choroid is known as the source of numerous vision-threatening
diseases (9). A thinner choroid may be instrumental in the onset
and progression of severe myopia-associated diseases. During
the process of myopic recovery in chicks, the choroid compen-
sates by becoming thicker (10,11). In pediatric patients with
myopia wearing overnight orthokeratology contact lens, the
thinning CT was recovered due to a reduction or neutralization
of the myopiogenic stimulus to eye growth (12). However, a
change in the CT after correcting myopic refractive error by
ICL surgery in humans has not been previously reported.

The recently developed swept-source optical coherence
tomography (SS-OCT) uses a longer wavelength of ~1,050 nm
as the light source. This novel technique may capture 256 raster
scan images covering the entire macula to generate a CT map
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in a single session. In the present study, each choroidal layer
was detected automatically using this technique. In addition,
the ‘follow-up’ function ensured that the same choroidal areas
were being scanned after surgery, which suggested that the
present data are more reliable than those of previous studies.
The aim of the present study was to evaluate the potential
changes in CT after ICL surgery by using the SS-OCT tech-
nique, and to determine whether the variations of the CT were
associated with the degree of myopia.

Materials and methods

Subjects. The present cross-sectional observational pilot study
included 98 eyes from 98 myopia patients recruited between
October 2017 and September 2018 at the Department of
Ophthalmology of the Ninth People's Hospital (Shanghai Jiao
Tong University of Medicine, Shanghai, China). The study
was approved by the University Investigational Review Board
(Shanghai, China).

The patients had no other ophthalmic or systemic diseases
and were eligible for an ICL. The following inclusion criteria
were used: 1) Diagnosed with high myopia, refractive diopter
(D) range from -6.00 to 18.00 D; ii) anterior chamber
depth >2.80 mm; central corneal endothelial cell count
>2,000 cells/mm, iii) minimum age of 22 years and ability
to return for a 3-month follow-up; and iv) the patient volun-
teered to participate in the study and signed the consent form.
Patients aged >45 years with unrealistic expectations (13), IOP
>21 mm Hg or a history of ocular surgery were excluded, as
were cases with uveitis, cataract, diabetes mellitus and other
ocular or systemic autoimmune diseases.

Eyes were divided into the following two groups according
to the degree of myopia: High myopia, refractive D range from
-6.00 to -10.00 D; and super-high myopia, refractive D range
from -10.00 to -18.00 D. All subjects underwent SS-OCT
(DRI-1; Topcon), as well as comprehensive ophthalmologic
examinations prior to surgery and at 2 h, 1 day, 1 week, 1 and
3 months after surgery, including corrected distance visual
acuity tests, [OP measurements, axial length (AL) determi-
nations, slit lamp evaluations and fundus examinations. The
diurnal variations were considered in the CT. Prior to surgery,
the OCT images were obtained at 9 a.m. and the time of opera-
tion was at 10 a.m. The first post-operative exam was 2 h after
surgery and the subsequent follow-ups were all at 9:00 a.m.
The subjects' characteristics, including age, sex and existence
of associated ocular diseases were recorded. All patients were
examined by the same physician (FH).

SS-OCT scanning protocol. In the present study, all enrolled
eyes were examined by SS-OCT (DRI-1; Topcon) using a light
source with a wavelength-tunable laser centered at 1,050 nm
with a 1,000-Hz repetition rate. To obtain the data, the 3D
macular volumetric raster scan protocol, which covered a
6x6 mm macular area centered on the fovea, was selected.
This protocol may acquire a 3D imaging set consisting of
512 A-scans and 256 B-scans (Fig. 1).

The OCT images captured were assigned to four categories
(superior, inferior, nasal and temporal). The CT was measured
between the retinal pigment epithelium-Bruch's membrane
complex and choroid-scleral interface. An ETDRS-style
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topographic map of CT was generated automatically by built-in
segmentation software. After surgery, OCT images were
obtained using the ‘follow-up’ function to ensure the same
choroidal areas were being scanned. The program divides the
area into three concentric rings as follows: An inner 1.0-mm
ring, an intermediate 3.0-mm ring and an outer 6.0-mm ring.
The parafoveal 3.0- or 6.0-mm ring was also subdivided
into four quadrants; the data for each section represented the
mean of the respective relative area. To obtain accurate data,
each eye was measured twice and the data were averaged for
analysis. All of the OCT images were modified regarding
their segmentation lines if any automated segmentation errors
occurred.

Surgical procedure. Every surgery was performed by the same
experienced surgeon (JZ). Mydriasis agents (Tropicamide Eye
Drops, Santen) were instilled four times at 10-min intervals
prior to surgery. A 3-mm temporal corneal incision was created
with a diamond knife. Viscoelastic material was injected in
the anterior chamber prior to implanting the IOL. An injector
cartridge (STAAR Surgical) was used to insert the ICL V4c
with a 0.36-mm central artificial hole (Hole ICL™). The four
footplates of the ICL were placed on the ciliary sulcus behind
the iris with two manipulators along the 180° axis. Viscoelastic
material was completely removed using buffered saline. The
ICL position was verified prior to finalization of the operation.
Post-operatively, 0.3%-dexamethasone and 0.1% tobramycin
(Tobradex) eye drops were administered topically three times
daily for 1 week.

Statistical analysis. Analysis of variance (ANOVA) and
Pearson's ¥ test were used to compare the clinical character-
istics between the two groups in different groups. Changes in
CT at different time-points in each group were assessed by
repeated-measures one-way analysis of variance followed by
Tukey's post-hoc test, and independent-samples t-tests (two
groups) were applied to analyze significant differences between
the two myopia groups. All analyses were performed using the
statistical software package GraphPad Prism (version 7.00 for
Windows; GraphPad Software Inc.). P<0.05 was considered
to indicate a statistically significant difference. Values are
expressed as the mean + standard deviation.

Results

Clinical features of patients. In the present study, 42 eyes with
high myopia with refractive D between -6.00 and -10.00 D, and
56 eyes with super-high myopia with refractive D over -10.00 D
were assessed. The high-myopia group consisted of 26 females
and 16 males with a mean age of 25.88+4.04 years, and the
super-high-myopia group consisted of 36 females and 20
males with a mean age of 26.45+5.02 years. The mean AL was
25.59+£0.92 mm in the high-myopia group and 27.74+1.12 mm
in the super-high myopia group. In the high-myopia group,
the mean spherical equivalent (SE) of the refractive error was
-791+2.37 D prior to surgery. At one month after the surgery,
the SE was -0.56+0.37 D and at 3 months post-operatively, the
SE was -0.31+£0.32 D. In the super-high-myopia group, the mean
SE of the refractive error was -14.91+£2.17 D prior to surgery.
At one month after the surgery, the SE was -0.62+0.37 D,
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Figure 1. Swept-source optical coherence tomography scanning. Top and bottom left: The choroid was automatically defined as the layer between the retinal
pigment epithelium and the chorioscleral interface (green line). Bottom right: CT map of the area corresponding to myopia. Top right: Study layout area and the
mean regional CT calculated for the 9 sectors of the layout using the 3D macular volumetric raster scan protocol of swept-source optical coherence tomography.
The units for the blue numbers are ‘um’; BM, Bruch's membrane; CSI, Chorioscleral interface; N, Nasal side; T, Temporal side; CT, choroidal thickness.

and at 3 months post-operatively, the SE was -0.41+0.32 D.
The average washing time for each group was 20 sec. Table I
summarizes the demographic and clinical characteristics of
the participants. There were no significant differences in age
and sex between the subject groups.

CT changes. The CT changes in the high-myopia group and
super-high-myopia group are provided in Tables II and III.
Compared with the pre-operative values, the foveal CT was
significantly increased in the high-myopia patients at 2 h after
surgery (203.18+36.20 vs. 223.36+35.12 ym, P=0.025) and at
3 months after surgery (203.18+36.20 vs. 227.43+35.64 pm,;
P=0.010). The same tendency was observed in the inner
nasal CT (2 h, 184.64+28.30 vs. 198.69+28.31 um, P=0.041,
3 months, 184.64+28.30 vs. 202.74+31.36 um, P=0.016) and
outer nasal CT (2 h, 167.07+£32.04 vs. 183.44+30.69 um,
P=0.047; 3 months, 167.07+32.04 vs. 185.72+30.04, P=0.016)
at the same time-points. Fig. 2 presents the CT of the fovea and
nasal side at different time-points in the high-myopia group.

In patients with super-high myopia, the CT increased signif-
icantly at 2 h and 3 months after surgery compared with the
pre-operative values (2 h, 180.24+42.89 vs. 211.48+43.13 yum,
P=0.007; 3 months, 180.24+42.89 vs. 219.38+44.53 um,
P=0.002), and the same tendency was observed in the inner
nasal CT (2 h, 169.79+41.21 vs. 187.60+£39.56 um, P=0.047,
3 months, 169.79+41.21 vs. 189.78+40.21 ym, P=0.041) and
outer nasal CT (2 h, 151.20+35.13 vs. 168.23+34.75 um,
P=0.044; 3 months, 151.20+35.13 vs. 170.22+34.54, P=0.043)
at the same time-points. Fig. 3 presents the CT of the fovea and
nasal side at different time-points in the super-high myopia
group.

The mean CTs of all areas at the pre-operative time-point
and at 1 week post-operatively were similar within each group
for both groups. At 1 month post-operatively, the mean CTs in
the nine regions were slightly thicker than the corresponding

pre-operative values, but no significant difference was
observed between the two groups.

Differences in CT variation between the two groups. The
CT variation in the two groups is presented in Table IV. The
post-operative increase in the subfoveal CT from baseline in
the super-high myopia group was significantly higher than that
in the high-myopia group at 2 h after ICL surgery (P=0.0026)
and 3 months after surgery (P<0.0001). However, no statisti-
cally significant difference was identified in any of the other
regions between the two groups at the same time-windows.
The significant variation distributions for subjects in the two
groups are provided in Fig. 4.

There was no obvious statistically significant difference
in the CT variation in each region between the high-myopia
group and the super-high myopia group at 1 week. The CT
variation between the pre-operative time-point and 1-month
post-operatively was also similar in the two groups, but an
increasing tendency for CT variation with the development of
the degree of myopia was also observed at these times.

Discussion

ICL has been demonstrated to be an effective surgical treat-
ment for the correction of refractive errors, offering good
optical quality (14-17). With the expanding use of ICLs
worldwide, concerns regarding the impact of the operation
have grown. However, no data exist regarding the possible
effects of ICL surgery on the choroid. To assess the poten-
tial influence of ICL surgery on the choroid, morphological
changes in the status of the choroid were evaluated. The
present study first reported that the choroid became thicker
following ICL surgery in patients with high myopia. The CT
in the foveal and nasal areas, as observed by SS-OCT, was
significantly increased at 2 h after the surgery and reached
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Table I. Demographic and clinical information of the subjects.
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Variable High-myopia group (n=42) Super-high myopia group (n=56) P-value
Age (years) 25.88+4.04 26.45+£5.02 0.227
Sex (female/male) 26/16 36/20 0.654
SE (D)

Pre-operative -791x1.37 -1491+2.17 0.002

1 w post-operatively -0.53+0.29 -0.73+£0.13 0.171

1 m post-operatively -0.56+0.37 -0.62+0.37 0.774

3 m post-operatively -0.31+0.32 -0.41+0.32 0.531
Axial length (mm) 25.59+0.92 27.74+1.12 0.053
IOP (mmHg)

Pre-operatively 13.34+0.56 13.73+0.82 0914

2 h post-operatively 16.17+0.89 16.83+0.77 0.878
Anterior chamber

Washing time (sec) 20 20 <0.001

Values are expressed as the mean + standard deviation or n. SE, spherical equivalent of refractive error; w, week; m, month; IOP, intraocular

pressure.

a peak at 3 months. Comparing with preoperative, there was
also a slightly increased thickness at 1 week and 1 month after
surgery in the foveal and perifoveal choroid in the two groups.
Only the changes in the fovea and nasal CT were statistically
significant at 2 h and 3 months, suggesting that the minimum
values measured around the central fovea were inadequate to
evaluate the whole macula.

The effect of various refractive surgeries on CT has been
reported in recent years (18,19). Previous studies suggested
that increases in CT were statistically significant at 1 month
post-operatively (20,21). This was inconsistent with the present
results, which demonstrated a peak at 3 months; however, the
trend of post-operative thickening was consistent. On the
basis of the present results, the CTs exhibited a tendency of
becoming thicker after correcting the refractive error. The
proposed physiological mechanisms by which the choroid may
dynamically increase or decrease in thickness include contrac-
tion and relaxation of nonvascular smooth muscle (22), fluid
redistribution as a result of osmotic changes (23) and changes
in choroidal blood flow (24); an association between CT and
choroidal blood flow has been reported in animals (24) and
humans (25,26).

The present study suggested that the CT significantly
increased at 2 h after the surgery, particularly in the fovea. This
may be linked to inflammation and vascular permeability after
surgery. It is known that surgical trauma induces the release of
prostaglandins in the aqueous humor, which causes damage
to the blood/aqueous barrier. This results in the accumulation
of other inflammatory mediators, including endotoxins and
immune complexes in the aqueous humor (27). These may
diffuse into the vitreous cavity and reach the retina, leading
to a rupture of the inner blood/retinal barrier, resulting in
another cascade of inflammatory mediator secretions together
with increased permeability of perifoveal capillaries (27,28).
Vascular permeability may have a role in changes in the CT.
The proteins transported into the extracellular matrix and/or

lymphatic system, followed by increased vascular permeability,
may cause a large volume of liquid to move to the choroid,
which may result in choroid thickening and restoration of
vision in the form of deprivation myopia (29,30). The outer
blood/retinal barrier has also been indicated to be disrupted
as a consequence of post-cataract surgery inflammation (31).
Thus, the type of inflammation encountered in the posterior
segment may also occur in the anterior segment. Xu et al (32)
studied the effect of cataract surgery on the choroid and inves-
tigated the presence of factors that may affect the blood/retinal
barrier, including interleukin-13, stromal cell-derived factor-1
and vascular endohelial growth factor. They indicated that
surgical trauma induces an obvious inflammatory response,
which accounts for the acute (30 min after surgery) inflamma-
tory gene transcription observed in the retina (32). It may be
hypothesized that similar changes occur in ICL implantation
and cataract surgery. As these two surgeries are intraocular
surgeries with lens implantation, they may cause disturbances
to the internal eye environment and post-operative inflam-
mation. Blood pressure changes caused by tension during the
operation or the increase of IOP caused by anterior chamber
washing and injection of viscoelastic material may also affect
this. In the present study, the intraocular pressure measured
2 h after surgery increased by ~3 mmHg compared with that
prior to surgery.

Furthermore, the subfoveal CT in the high-myopia
group changed from 203.18+36.20 ym pre-operatively
to 205.51£36.04 ym at 1 week post-operatively to
209.86+36.71 ym at 1 month post-operatively and to
227.43+35.64 uym at 3 months post-operatively. Consistently,
the subfoveal CT in the super-high myopia group changed
from 180.24+42.89 ym pre-operatively to 181.88+40.14 ym
at 1 week post-operatively to 183.69+38.85 ym at 1 month
post-operatively and to 219.38+44.53 ym at 3 months
post-operatively. Similar results were obtained in the
nasal area. CT increased slightly at 1 week and 1 month



2603

EXPERIMENTAL AND THERAPEUTIC MEDICINE 18: 2599-2607, 2019

“BINOBW JINO JOLIDJUI ‘JNO] ‘e[noew 193no [erodw) ‘NOL ‘e[noew 1no Jouadns ‘NOS ‘e[noew 19no
[eseu ‘INON ‘B[noBW JoUUT JOLIJUI ‘IA[] {e[noew Jouul [erodwa) ‘AL ‘e[noew Jouul Jouxdns ‘NS ‘e[noewW JOuul [BSeU ‘JAIN ‘YIUOW ‘W M ‘M "UONEBIAID PIEPUR)S F UBIW ) SB PIssaIdxd are sonfep

YITO 90L0 €980 8SI'0 PVILFITI L8EFO9  BEVFYLC VEVYFEO 0l  STOCFLE BB  SOO0CFLOE8T QL O6CFITOLI 9T EEFOV LT 6L SEFLYOLI INOI
ev0'0  SL80 8C60 ¥r0O0 O9OL8FSL'6L 0S9FEl'E IV PF89'1T  C96F6C 91 PSVEFCTOLL 6T SEFECTST 66 VEFB TSI SLYEFET 89T cI'SeF0T IS INON
9600 ¥8L0 1660 1IT0 ITOFS6'El  SI'VFIZE VITFLO  €TPFEY I ¥99€F69°€0C 1S 9EFSSE6]  LTSEFIP 061  LECEFTV 10T V€ THFPL 681 INOS
9600 9LS0 9180 VSEC0 8O6VFYL'L  OLVYFLI'S SE8FI'C  ¥TVFT9 STLEFII'LOT  LLOEFOSYOT CTOEFCSIOC  SS9EFCOS0C ¥ SEFTIY 661 INOL
980°0 9SL'0 9080 901I'0 TI'SF6STL SCYFrLy €TSFOT  STOFIS6 9V CEFETI61  PELEFSY €81 9I'SEFPE 18I €T SEFITSSL 61 IVFPL 8LL INIT
I¥00 8L60 9660 LYO'O IT6F000C [ISLFO0C 809F60 € V8LFIGLI TTOVFEL68] SO66LFS8 VLI Y6 OV+F88CLI  9S°6€F09 L8] 1T I¥F6L691 ININ
0CI'0 9060 98L0 90C0 PLYFOVr'0l CTCEF8ET CTYVFLY'S TCTI'GF6I'8  CI'BEFVO I0C LTLEFCI'VO]L 9T EEFIL 961 6T TEFEY 661  6C9EFT 161 INIS
90I'0 9T80 9160 90C0 CI'VFLIOCI VvCPFpL'e TCTSFSE'T  vEVFPOIT 6V 9EFIT'80C €Y CeFBI661 LT EEFOCLO] 8T IEF8Y90C OV LEFIY GOl IL
000 8980 9060 LOOO SI'@FrI'6E 8YEFSY'E LLVFEOT ITOFYCTTE C€SVPFREOIC S8 8EF69'€81  VI'OV+F88I8]  CI'ehF8Y 11T 68 CH+rC 081 BIA0Y]

w ¢ w | M yg w ¢ w [ M yg w ¢ w | M yg KoAne1ado-a1d  uoI3ay

anea-q saguey) Aroanerado-1soq

*(wr) syuaned erdoAw ySry-rodns oy ur s10309s ¢

AU} JOJ SISSIUIDIY) [BPIOIOYD [RUOISAI UBIW JO SISATRUR [BO1)SIIR)S puk BIep pa[read '[II 298l

"B[NORW JAINO JOLIJUT ‘INO] ‘B[noew 19)no [erodwd) ‘NOL fe[noeu 19)no Joradns ‘NOS ‘e[noew 19)no
[BSeU ‘AON ‘B[noeW JoUUI JOLIQJUI ‘IA[] ‘e[noew Jouul [erodwa) ‘AL ‘e[noew Jouur Jo11adns ‘IS ‘e[NOBW JOUUL [BSBU ‘]ATN ‘YIUOW ‘W Y9Mm ‘M “UONBIAID PIEPUB)S F UBIW Y} S8 PIssaIdxo are sonfep

9800 9860 <TC80 90I'0 <€TSFOIL 8IP+8'I LTCFIO0 €TP*09'8  TI'6€F9E8IC €TEEFCII'60C 0§ TYFEOLOC 99 PEFCO'SICT  €89€FCE LOT NOI
9I0'0 8860 866'0 LVOO [TCTLFSO8I SE€VFCe's ¥ SFB6'1 VUBFLEOL PO OCFCL'SBI  SL8CFOLTCLI  €8°6CFSO69]  69°0cFry €81  vOTEFLO LI INON
9LE0 SSLO 9¥80 91’0 €TYFILOI SOEF8OY TIVFILE €TSFSII €S6EFOV0ET  6C9EFCEYCTC TS EEFIV'E€CC  LLSEFPIIET  CTIEFVI 61T INOS
90I'0 9080 9160 90C0 L96FI68  96CFOI'S CCTSFLT TVeFLLL  PLO6TFOL 0T CLOYFPOOCC TELEFBIVCC I Iv+FST6CC 100V +811CC INOL
YOI'0  L660 9050 90¥0 OSL¥FSEOI 6STFOT 88VF6EL'E 6CSFO68L  08SEFSTOIT 8BI'LEFPYO0C SOPEFIC60C TI'YeF6lelc e 8eF01 S0 INIT
9100 S06'0 L86'0 1IY00 O908FOI'S8T LLYFLOS TTOFI6T V96FSOVI  OCTeFPLCOC SL6CFIL'68T  61'0¢FSSL8T  TE€8CF69'861  0€'8CFI 181 NIN
LOTO 6660 VYLLO 0S€0 vELFOZOL TI'VF86'0 II'9FCI'S €TSFIO8  €5SEFeC0CC  190VFSE0IT  €TIeFOorvIC YL SEFOELIC  TLTEFLE 60T IS
0SS0 88L0 8660 €IY0 90€CF8YL 89TFIOY O9I'vFSO 1 €CvFrE6  ITYEFOTOIT 8TIEFEE9IT QL ECEFEY CIT TTLEFTIITC  ITHEFSLIIC NIL
10000 #98°0 L6600 SCO0 SLLFSTYC €S¥F899 0L SFCET TT6F8I'0C VO SeFey' LTT TL9eF98°60C PO 9EFISCOC TI'SEFICEdC 0T 9e+8I€0C BOAOY]

w ¢ w | M yg w ¢ w | M yg w ¢ w [ M yzg A1oanerado-ord  uoIsoy

anpea-4 saguey)D K1oane1ado-1sod

(wrf) syuaned erdoAw Y31y Ul S10303S ¢ Y3 J0J SSAUNIIY} [BPIOIOYD [BUOISAI UBW JO SISA[RUR [BO1ISTIR]S PUB BIBP PRl "I 298l



2604

High myopia group

*

300 1 [

High myopia group

*

HE et al: EVALUATION OF CHANGES IN CHOROIDAL THICKNESS

High myopia group

*

€ * l — il * — 2407 *
El € 2404 [ 1 € 220;
= 250 - . g
G 250 = 2204 5 200 A
@ o =
= $ 200+ $ 180
3 2001 g £
Q < 1801 < 160 4
b
@ o 2
£ 160 - a 140 4
U e S e S 1ot 20—
§ 8§ % 3 % £ 2 2 2 2 g 2 2 2 2
SR SR I
5 3 8 &8 @ g § & 8 % B B § B E
Q Q o Q Q @ @ ] o o o @ ) ) )
o o 9] 9] o g S s 3 g Q Q Q Q Q
9 5 % % 5 < e £ g g g £ £ £ 2
o o o o o 4 (] 2 @ @ g 7] 7] 2 2
¢ = & 8 & g8 8 8 8 = 8§ § 8§ ¢
< . < g o X < %] = 4 = @
] c = (o) = < o) = <
- S = N 3 = ~ 3 cE =
£ g = g & = g 5
- < E - £ - £
. ™ . - & ‘ - E
Times Times Times

Figure 2. CT of the foveal and nasal side at different time-points in the high-myopia group. Values are expressed as mean + standard deviation. "P<0.05.

CT, choroidal thickness.
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Figure 3. CT thickness of the fovea and nasal side at different time-points in the super-high myopia group. Values are expressed as mean + standard deviation.

"P<0.05. CT, choroidal thickness.
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Figure 4. Changes in subfoveal CT in the two groups at 2 h and 3 months post-operatively vs. pre-operatively. Each data-point indicates the measurement
value for one subject. Differences in CT variation between the two groups: 2 h after ICL surgery (P=0.0026) and 3 months after surgery (P<0.0001). "P<0.05.
CT, choroidal thickness.

post-operatively but decreased when compared with that 2 h
post-operatively. This suggested that there was a recovery

period of CT after the operation. In the next month after
surgery, the choroid gradually recovered, which is probably
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Table IV. Inter-group comparison of pre-operative and post-operative choroidal thickness variation for the 9 sectors.

Pre-operatively to

Pre-operatively to

Pre-operatively to Pre-operatively to

Subfield 2 h post-operatively 1 w post-operatively 1 m post-operatively 3 m post-operatively
Fovea

High myopia 20.18+9.21 2.32+5.70 6.68+4.53 24.25+7.75

Super-high myopia 32.24+6.21 1.63+4.77 3.45+3.68 39.14+8.15

P-value 0.005 0.766 0.546 0.008
TIM

High myopia 9.34+4 .33 1.65+4.16 4.61+2.68 7.48+3,06

Super-high myopia 11.04+4.34 1.85+5.21 3.74+4 24 12.67+4.12

P-value 0.877 0.988 0.759 0.436
TOM

High myopia 7.77+£3.42 2.7+£5.23 5.16£2.96 8.91+9.67

Super-high myopia 6.20+4 .24 2.10+8.35 5.17+4.79 7.74+4 98

P-value 0.761 0.938 0.999 0.869
NIM

High myopia 14.05+9.64 291+6.21 5.07+4.77 18.10+8.06

Super-high myopia 17.81+£7.84 3.09+6.08 5.06£7.51 20.00+9.21

P-value 0.684 0.726 0.998 0.436
NOM

High myopia 16.37+£8.24 1.98+5.41 5.32+4.35 18.65+7.21

Super-high myopia 16.29+9.62 1.68+4 .41 3.13+.6.50 19.75+8.76

P-value 0.782 0.865 0.548 0.782
SIM

High myopia 8.02+5.23 5.12+6.11 0.98+4.11 10.86+7.34

Super-high myopia 8.19+5.12 547+4.23 2.88+£3.22 10.40+4.74

P-value 0.934 0.896 0.519 0.967
SOM

High myopia 11.5+5.23 3.78+4.12 4.68+3.05 10.76+4.23

Super-high myopia 11.68+4.23 0.70+£2.14 3.81+4.18 13.95+6,21

P-value 0.946 0.467 0.774 0.793
1M

High myopia 7.89+5.39 3.39+4 .88 1.04+2.59 10.85+7.56

Super-high myopia 9.52+6.28 2.6+5.23 4.74+4 .35 12.89+8.12

P-value 0.767 0.856 0.593 0742
IOM

High myopia 8.60+4.23 0.61£2.17 1.8+4.68 11.04+5.23

Super-high myopia 10.93+4.34 2.74+4.38 6.6+3.87 12.1£7.14

P-value 0.743 0.697 0412 0.849

Values are expressed as the mean =+ standard deviation. w, week; m, month; NIM, nasal inner macula; SIM, superior inner macula; TIM,
temporal inner macula; IIM, inferior inner macula; NOM, nasal outer macula; SOM, superior outer macula; TOM, temporal outer macula;

IOM, inferior outer macula.

associated with the decrease of intraocular inflammation and
vascular permeability. At 3 months, a marked improvement in
visual quality was noted.

The ciliary muscles and choroid are part of the accom-
modative apparatus of the eye. Ciliary muscles have been
reported to extend into regions of the anterior choroid (33). As
reported previously, the force involved in the contraction of
the ciliary muscle may be transmitted to the choroid and the

CT may be affected by this mechanical force (34). Previous
studies speculated that, in the absence of a clear retinal image,
ocular accommodation was stimulated (35-37). It may be
proposed that the refractive error was corrected and retinal
imaging quality was at its clearest and most stable at 3 months
after surgery; this may reduce the accommodative demand.
Ultimately, the choroid becomes thicker following the decrease
in the tension on the ciliary muscle and the stretching of the
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eyeball attached to the choroid. This was different from the
observed thickening at 1 month post-operatively. It may be
speculated that the follow-up time of previous studies was not
as long as that in the present study, or that the retinal quality of
patients with high myopia was poorer than that of normal eyes,
and therefore, the patients took longer to recover to achieve
better visual quality. Furthermore, in the choroidal map,
significant changes in CT were only present in nasal regions,
except for the thickening of the foveal CT. The mechanism
remains elusive, but may be linked to accommodation, which
is mainly regulated by the ciliary muscle and ligaments of the
lens. The ciliary muscle moves forward and inward, allowing
the lens equator to move away from the sclera by stretching of
the choroid (38). A previous study indicated that, during the
accommodation process, the ciliary muscle mainly stretched
horizontally (19). Furthermore, the basal CT of the nasal
side was thinner than that of other areas, and a thinner area
was associated with a greater impact, just as indicated by the
choroidal changes of the super-myopia group.

In the present study, it was observed that there were
significant differences in subfoveal CT variations between
the two groups. The subfoveal CT exhibited a greater
increase in the super-high-myopia group compared with that
in the high-myopia group at 2 h and at 3 months post-oper-
atively. It may be speculated that, with the increase in the
degree of myopia, the improvement of imaging after retinal
surgery may be more obvious than prior to retinal surgery,
and that patients with super-high myopia may be more sensi-
tive to choroidal vascular osmotic pressure changes. The
refractive error was corrected and ocular accommodation
was reduced, followed by the choroid becoming thicker.
Super-high myopia requires greater pre-operative refractive
power, which reduces after surgery. This suggested that the
degree of CT appeared to be moderately correlated with
the degree of refractive power for the subjects. Previous
studies demonstrated that structural changes in the choroid
may be explained by visual information being transferred
through neurotransmitters from the retina to the choroid
following visual recovery after surgery (39,40). At present,
the mechanism remains elusive.

The present study has several limitations. First, the study
was limited by the relatively short follow-up period, so it is not
known how long the effects may last once the refractive error
was corrected. Intraoperative blood pressure and IOP were not
recorded. Furthermore, no detailed comparison of the poten-
tial effects of diopter differences at different time-points after
surgery was made. Although further studies are required to
confirm the present observations, the present study reported
on CT changes following ICL surgery and compared the varia-
tions between patients with different degrees of myopia. The
present study also had the largest sample size among studies
published thus far.

In conclusion, the present study observed that CT signifi-
cantly increased at 2 h after surgery and reached a peak at
3 months after surgery, particularly in the subfoveal and nasal
areas. The CT was significantly increased in the super-high
myopia group. CT precedes the occurrence of numerous
retinal abnormalities. Consequently, it may be anticipated that
further research will focus on the thickening of the cornea
after ICL surgery. The present results may enable us to better

HE et al: EVALUATION OF CHANGES IN CHOROIDAL THICKNESS

evaluate the post-operative safety of patients with high myopia
and super-high myopia.
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