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Abstract. Corneal refractive surgery is often used to correct 
myopia, and after surgery attention is often focused on 
changes in vision and corneal response. However, studies on 
the posterior segment of the eye remain relatively scarce. The 
present study aimed to observe changes in choroidal thickness 
and blood flow density after small incision lenticule extraction 
(SMILE) and femtosecond laser‑assisted in situ keratomileusis 
(FS‑LASIK) using optical coherence tomography. Changes in 
spherical equivalent (SE), axial length (AL), choroidal thick‑
ness and choriocapillaris blood flow density were recorded 
before and after surgery in 35 patients (70 eyes) who underwent 
SMILE and 21 patients (42 eyes) who underwent FS‑LASIK. 
Postoperative SE significantly improved in both groups 
(P<0.05), and AL was shorter than the baseline level (P<0.05). 
Choroidal thickness initially increased and subsequently 
decreased to preoperative levels at multiple measurement 
sites in both groups. No significant changes were observed 
in choriocapillaris blood flow density in the two groups post‑
operatively compared with preoperatively. In conclusion, the 
results indicated that SMILE and FS‑LASIK exert minimal 
influence on the choroid. To the best of our knowledge, the 
current study presents one of the first comparative assess‑
ments of dynamic choroidal changes following SMILE and 
FS‑LASIK, offering insights into structural alterations in the 
posterior segment post‑surgery.

Introduction

Myopia is a refractive error frequently attributed to elonga‑
tion of the ocular axis (1). Severe myopia can lead to various 
complications, including myopic macular degeneration and 
amblyopia, resulting in vision impairment and marked health 
consequences, including retinal detachment and early‑onset 
cataracts  (2,3). In addition, myopia has been classified 
among the five serious ocular conditions that may lead to 
blindness (4). In recent years, the prevalence of myopia has 
increased rapidly, and the age of onset has gradually decreased 
to 15.6±4.2 years, making it a global health concern (5), with 
the global prevalence of myopia projected to reach 50% of the 
population by 2050 (4). The choroid plays a crucial role in the 
development of myopia (6). Myopic visual signals can lead to 
decreased choroidal blood flow, leading to a reduced supply 
of oxygen and nutrients to the sclera. These conditions result 
in reduced scleral strength and thickness, axial elongation and 
the focus of light rays in front of the retina, thereby causing 
myopia (7‑9).

Following the application of orthokeratology lenses to 
treat myopia, the centre of the cornea flattens, the peripheral 
retinal refractive state shifts from relative hyperopic defocus 
to myopic defocus (10‑12), the axial length (AL) of the eye 
shows decelerated growth and choroidal thickness (CT) mark‑
edly increases  (13‑15). Small incision lenticule extraction 
(SMILE) and femtosecond laser‑assisted in situ keratomileusis 
(FS‑LASIK) are currently the predominant corneal refractive 
surgical procedures. SMILE and FS‑LASIK correct myopia 
by ablating the central stroma of the cornea, thereby reducing 
corneal curvature and enabling light to focus on the retina. 
Both these procedures yield comparable outcomes in terms 
of safety, efficacy, predictability and stability for correcting 
myopia and myopic astigmatism (16,17). Similarly, SMILE and 
FS‑LASIK also reduces the central curvature of the cornea 
and alters the defocus state of the retina (18‑20). Thus, whether 
the choroid undergoes the same changes after SMILE and 
FS‑LASIK as observed after orthokeratology lens use remains 
unclear. To the best of our knowledge, studies on the choroid 
after corneal refractive surgery are relatively limited. Optical 
coherence tomography (OCT) represents a breakthrough in 
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ophthalmic imaging, allowing for the scanning of multiple 
intraocular tissue structures and the evaluation of choroidal 
vasculature (21). The present study aimed to apply OCT to 
measure central and peripheral CT and blood flow density in 
patients with myopia before and after SMILE and FS‑LASIK 
surgeries, to observe the choroidal changes induced by these 
two procedures.

Materials and methods

Patients. The present study enrolled patients who underwent 
SMILE or FS‑LASIK surgery for myopia correction at Jinan 
Mingshui Eye Hospital (Jinan, China) between November 
2020 and October 2022. All patients provided written 
informed consent for refractive surgery and the use of their 
data in research. The inclusion criteria were as follows: 
i) Age 18‑30 years; ii) maximum annual increase in myopic 
spherical equivalent (SE) of ‑0.5 diopters (D) within 2 
years; iii) SE ranging from ‑3.00 to ‑10.00 D; and iv) normal 
fundus oculi. Exclusion criteria included: i) Keratoconus or 
corneal ectasia; ii) corneal dystrophy; iii) scar constitution; 
iv)  conjunctivitis; v)  keratitis; vi)  compromised immune 
function; and vii) mental instability. A total of 56 patients 
were included, with 35 patients in the SMILE group and 
21 patients in the FS‑LASIK group. The sex distribution 
and age range of the patients are presented in the results 
section. The study protocol adhered to the principles of 
The Declaration of Helsinki and received approval from the 
Human Ethics Committee of Jinan Mingshui Eye Hospital 
(approval no. 2020‑020).

Ophthalmological examination. SE, AL, ablation depth (AD), 
CT and blood flow density were measured before surgery and 
at 1 week, 1 month and 3 months postoperatively. AL was 
obtained using the IOLMaster 500 (Zeiss AG; Oberkochen; 
Germany) to measure the distance from the anterior corneal 
surface to the retinal pigment epithelium.

CT was measured using ‘Radial Dia 6.0  mm overlap 
radial scanning mode’ of OCT for the macula (DRI‑OCT 
Triton; Topcon Corporation). A circular area with a 6‑mm 
diameter centred on the macular fovea was scanned. CT was 
defined as the vertical distance from Bruch's membrane to the 
choroid‑sclera junction and was measured in micrometres. The 
scanning area was divided into the following regions for CT 
measurements: The centre of the macula (CT‑C), 0.5 mm nasal 
(CT‑N1), 1.5 mm nasal (CT‑N2), 0.5 mm temporal (CT‑T1), 
1.5 mm temporal (CT‑T2), 0.5 mm superior (CT‑S1), 1.5 mm 
superior (CT‑S2), 0.5 mm inferior (CT‑I1) and 1.5 mm inferior 
(CT‑I2) to the centre, as shown in Fig. 1.

To measure blood flow density, the ‘OCT Angiography 
(OCTA) 4.5x4.5’ scanning mode was selected (DRI‑OCT 
Triton; Topcon Corporation). The macular centre was 
examined in a 4.5x4.5 mm area. Scattering of the retina 
generates artifacts anterior to the choroid, and the sensi‑
tivity of OCTA decreases sharply with increasing scanning 
depth, both of which affect the imaging quality of the blood 
flow (22,23). Therefore, to minimize measurement errors, 
the depth range of 10.4‑31.2 µm below Bruch's membrane 
was selected to obtain the choriocapillaris blood f low 
density (CD) (22,24). The scanning area was divided into 

the following regions for CD measurements: Centre of the 
macula, 0.5 mm nasal, 0.5 mm temporal (CD‑T), 0.5 mm 
superior and 0.5 mm inferior to the centre, as shown in 
Fig. 2.

All examinations were conducted between 8:00 and 11:00 
a.m. to account for the circadian rhythm of the choroid (25). In 
addition, all procedures were performed by the same experi‑
enced optometrist to avoid systematic errors.

Surgical procedure. SMILE was performed using the VisuMax 
femtosecond laser (VisuMax‑500; Zeiss AG) to create corneal 
lenticules and caps. The surgical plan was developed based 
on preoperative refractive diopter and entered into the device. 
Laser scanning was then initiated, followed by lenticule 
removal using forceps through the upper aperture.

FS‑LASIK was performed as a two‑step procedure. First, 
a corneal flap was created using the VisuMax femtosecond 
laser. Next, the patient was transferred to the excimer laser 
system (AMARIS‑500E; SCHWIND eye‑tech‑solution 
GmbH), where the corneal flap was opened and the corneal 
stroma was ablated. Normal saline was used to irrigate the 
stromal bed and conjunctival sac, resulting in a smooth corneal 
flap. All surgeries were performed by the same qualified and 
experienced ophthalmologist.

Statistical analysis. SPSS 25.0 statistical software (IBM Corp.) 
was used for data analysis. Normally distributed data are 
presented as the mean ± standard deviation, while non‑normally 
distributed data are presented as the median (25th percentile, 
75th percentile). When comparing the baseline characteristics 
between the SMILE and FS‑LASIK groups, independent 
sample Student's t‑test was used for the analysis of normally 
distributed data, while the non‑parametric Mann‑Whitney U 
test was used for data not conforming to a normal distribution. 
When conducting overall intergroup and intragroup analyses 
of various parameters, a two‑way mixed ANOVA was used 
for normally distributed data, while non‑normally distrib‑
uted data were analysed using the non‑parametric K‑related 
sample Friedman test for within‑group comparisons and the 
Mann‑Whitney U test for between‑group comparisons, all 
followed by a Bonferroni post hoc test or correction as neces‑
sary. Correlations between datasets were performed using 
Spearman correlation analysis. P<0.05 was considered to 
indicate a statistically significant difference.

Results

Baseline characteristics. The present study included 
56 patients (112 eyes; all surgeries were performed on both 
eyes). The patients had a mean age of 23.07±3.61 years and a 
mean SE of ‑5.75±1.77 D. The SMILE group had a mean age 
of 22.89±3.01 years and a mean SE of ‑5.76±1.67 D; this group 
included 35 patients (15 male patients and 20 female patients). 
The FS‑LASIK group had a mean age of 23.38±4.51 years and 
a mean SE of ‑5.74±1.79 D; this group included 21 patients 
(7 male patients and 14 female patients). No significant differ‑
ences were found between the groups in age, preoperative SE, 
AL, AD of the corneal stroma, CT or CD (P>0.05). Table I 
presents the baseline characteristic comparisons between the 
two groups.
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Changes in SE and AL
Changes in SE. The SE at all postoperative time points was 
significantly increased compared with that before the surgery 
in each group (P<0.001). Statistically significant differences 
between the two groups were observed at 1 week and 1 month 
postoperatively (P<0.05) but not at the remaining time points 
(P>0.05) (Table II).

Changes in AL. The AL at each time point postoperatively 
was significantly shorter than preoperative AL in both groups 
(P<0.001). No significant differences were found between 
the two groups at each time point before and after surgery 
(P>0.05) (Table II).

Correlation between the shortening of AL and AD. A 
significant correlation was found between the shortening of 

AL and AD at 3 months postoperatively in the SMILE group 
compared with the preoperative values (P<0.001; Fig. 3A). In 
addition, a significant correlation was also found between the 
shortening of AL and AD at 3 months postoperatively in the 
FS‑LASIK group (P=0.039; Fig. 3B).

Changes in CT
Changes in CT in the SMILE group. CT‑C, CT‑N1, CT‑N2, 
CT‑S1, CT‑S2, CT‑I1 and CT‑I2 were significantly increased 
at 1 week postoperatively compared with their preoperative 
levels (P<0.001), followed by a decreasing trend and the return 
to preoperative thickness by 3 months after surgery (P>0.05). 
CT‑T1 and CT‑T2 remained significantly increased compared 
with preoperative values at all postoperative time points 

Figure 1. Measurement of CT. (A) Imaging of CT during optical coherence tomography scanning. (B) The scanned area was divided into different regions in 
the form of quadrants, including the following regions: CT‑C, CT‑N1, CT‑N2, CT‑T1, CT‑T2, CT‑S1, CT‑S2, CT‑I1 and CT‑I2. Numbers 1 to 12 indicate the 
positions of the captured images. CT, choroidal thickness; CT‑C, CT at the centre of the macula; CT‑N1, CT at 0.5 mm nasal; CT‑N2, CT at 1.5 mm nasal; 
CT‑T1, CT at 0.5 mm temporal; CT‑T2, CT at 1.5 mm temporal; CT‑S1, CT at 0.5 mm superior; CT‑S2, CT at 1.5 mm superior; CT‑I1, CT at 0.5 mm inferior; 
CT‑I2, CT at 1.5 mm inferior.

Figure 2. Measurement of CD. (A) Imaging of the choriocapillaris vessels during optical coherence tomography scanning. The square in the picture represents 
the scanning area used by the instrument to measure blood flow density, and the cross is the center of the scan. (B) The scanned area was divided into different 
regions in the form of quadrants, including the following regions: CD‑C, CD‑N, CD‑T, CD‑S and CD‑I. CD, choriocapillaris blood flow density; CD‑C, CD at 
the centre of the macula; CD‑N, CD at 0.5 mm nasal; CD‑T, CD at 0.5 mm temporal; CD‑S, CD at 0.5 mm superior; CD‑I, CD at 0.5 mm inferior.

https://www.spandidos-publications.com/10.3892/etm.2025.13032
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(P<0.001); however, these two measurement indicators showed 
a slow growth trend at 1 month and 3 months postoperatively. 
Details on the levels of the CT parameters are presented in 
Table III and Fig. 4.

Changes in CT in the FS‑LASIK group. CT‑N1, CT‑N2 
and CT‑I2 significantly increased at 1 week postoperatively 
compared with their preoperative levels (all P<0.05), followed 
by gradual decrease by 1 month. No significant difference was 

Table I. Comparison of baseline characteristics between the SMILE and FS‑LASIK groups.

Variable	 SMILE	 FS‑LASIK	 t/Z‑value	 P‑value

Age, years	 22.89±3.01	 23.38±4.51	 ‑0.447	 0.658
SE, D	 ‑5.76±1.67	 ‑5.74±1.79	 1.580	 0.343
AL, mm	 25.45 (24.70, 26.08)	 25.62 (24.99, 26.34)	 ‑0.884	 0.377
AD, µm	 98.37±25.27	 92.74±22.35	 1.192	 0.236
CT‑C, µm	 227.69±82.07	 211.83±63.11	 1.323	 0.189
CT‑N1, µm	 200.00 (151.25, 248.00)	 177.00 (144.00, 226.75)	 ‑1.328	 0.184
CT‑N2, µm	 159.00 (123.00, 216.75)	 141.50 (112.75, 202.00)	 ‑1.614	 0.107
CT‑T1, µm	 241.24±80.51	 225.65±65.97	 1.205	 0.231
CT‑T2, µm	 252.27±76.23	 230.42±63.50	 1.678	 0.096
CT‑S1, µm	 235.87±76.60	 208.32±64.40	 2.030	 0.055
CT‑S2, µm	 245.74±71.49	 216.88±58.12	 2.202	 0.060
CT‑I1, µm	 236.70±83.19	 216.43±62.74	 1.693	 0.094
CT‑I2, µm	 234.50 (178.75, 297.75)	 217.50 (170.50, 245.50)	 ‑1.668	 0.095
CD‑C, %	 55.52±4.91	 55.23±4.66	 0.534	 0.595
CD‑N, %	 55.94±3.83	 55.48±2.44	 1.015	 0.312
CD‑T, %	 57.22 (55.10, 58.90)	 55.89 (53.72, 56.88)	 ‑2.515	 0.067
CD‑S, %	 51.01±3.91	 50.90±3.35	 0.398	 0.691
CD‑I, %	 53.19 (51.06, 56.15)	 53.74 (51.09, 55.60)	 ‑0.237	 0.621

Data are presented as the mean ± standard deviation or the median (25th percentile, 75th percentile). SMILE, small incision lenticule extrac‑
tion; FS‑LASIK, femtosecond laser‑assisted in situ keratomileusis; SE, spherical equivalent; D, diopter; AL, axial length; AD, ablation depth; 
CT, choroidal thickness; CT‑C, CT at the centre of the macula; CT‑N1, CT at 0.5 mm nasal; CT‑N2, CT at 1.5 mm nasal; CT‑T1, CT at 0.5 mm 
temporal; CT‑T2, CT at 1.5 mm temporal; CT‑S1, CT at 0.5 mm superior; CT‑S2, CT at 1.5 mm superior; CT‑I1, CT at 0.5 mm inferior; CT‑I2, 
CT at 1.5 mm inferior; CD, choriocapillaris blood flow density; CD‑C, CD at the centre of the macula; CD‑N, CD at 0.5 mm nasal; CD‑T, CD 
at 0.5 mm temporal; CD‑S, CD at 0.5 mm superior; CD‑I, CD at 0.5 mm inferior.

Table II. Changes in SE and AL before and after the operation in the SMILE and FS‑LASIK groups.

A, SE, D						    

Variable	 Pre‑operation	 1 week	 1 month	 3 months	 F/χ2‑value	 P‑value

SMILE	 ‑5.74±1.79	 0.00±0.30	 ‑0.03±0.27	 0.01±0.31	 612.340	 <0.001
FS‑LASIK 	 ‑5.76±1.67	 0.33±0.28	 0.29±0.28	 ‑0.06±0.05	 598.430	 <0.001
P‑value	 0.343	 <0.001	 0.010	 0.610		

B, AL, mm						    

Variable	 Pre‑operation	 1 week	 1 month	 3 months	 F/χ2‑value	 P‑value

SMILE	 25.45 (24.70, 26.08)	 25.29 (24.61, 25.94)	 25.32 (24.59, 25.93)	 25.29 (24.59, 25.93)	 137.586	 <0.001
FS‑LASIK	 25.62 (24.99, 26.34)	 25.48 (24.88, 26.14)	 25.48 (24.85, 26.14)	 25.50 (24.85, 26.16)	 84.274	 <0.001
P‑value	 0.377	 0.465	 0.447	 0.220		

Data are presented as the mean ± standard deviation or the median (25th percentile, 75th percentile). SMILE, small‑incision lenticule extrac‑
tion; FS‑LASIK, femtosecond laser‑assisted in situ keratomileusis; SE, spherical equivalent; D, diopter; AL, axial length.
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found at 3 months postoperatively compared with the baseline 
(P>0.05). CT‑T1 and CT‑I1 showed no significant changes but 
followed a pattern of initial increase followed by reduction at 
1 month postoperatively. All other measurement sites showed 
significantly greater thickness than their preoperative levels 
at all postoperative time points (P<0.05) but T2, S1 and S2 
exhibited a slow increase, and CT‑C exhibited a decrease 
at 3 months postoperatively. Details on the levels of the CT 
parameters are presented in Table III and Fig. 5.

Comparison of CT between the two groups. The CT‑T2 
in the SMILE group was significantly thicker than that in 
the FS‑LASIK group at 1 month postoperatively (P=0.045). 
CT‑S1 in the SMILE group was significantly thicker than 
that in the FS‑LASIK group at 1 week (P=0.016), as was 
CT‑S2 at both 1 week and 1 month postoperatively (P<0.05). 
No significant differences were observed between groups at 
other measurement sites across the postoperative timepoints 
(P>0.05) (Table III).

Changes in CD
Changes in CD in the SMILE group. A significant decrease 
in CD‑T was observed at 1 week postoperatively (P=0.010), 
but the values returned to preoperative levels by 1 month. 
No significant changes were found at other observation sites 
(Table IV).

Changes in CD in the FS‑LASIK group. No significant 
changes in CD parameters were observed among preoperative 
and postoperative groups (Table IV).

Comparison of CD between the two groups. No statisti‑
cally significant differences were found between the surgical 
groups at any time point before or after surgery (Table IV).

Discussion

The choroid, an essential ocular tissue, responds to changes 
in internal visual signal transmission, and visual signals of 
peripheral myopic defocus on the retina induce choroidal thick‑
ening (26‑28). Recent studies have shown that after correcting 
myopia with orthokeratology lenses, peripheral retinal myopic 
defocus results in increased CT (13‑15). Although corneal 
refractive surgery also alters the retinal defocus state during 
myopia correction  (19,20), the present study, in conjunc‑
tion with existing research (29,30), revealed that choroidal 
responses may not entirely mirror those observed with ortho‑
keratology.

In the present study, after SMILE and FS‑LASIK, CT 
increased initially and then gradually returned to baseline at 
the majority of measurement sites. Among the two groups, 
only a very small number of measurement sites showed signifi‑
cant differences in choroidal thickness at very few time points. 
These findings are consistent with those of previous research. 
Xu  et al  (29) reported that CT increased after FS‑LASIK 
but returned to baseline levels 3 months postoperatively. 
Zhang et al (30) observed a temporary increase in CT 2 h after 
FS‑LASIK, which returned to preoperative levels at 1 week; 
however, the average thickness at 3 months postoperatively 
exceeded that at 2 h after the operation, which differs from 
the present study results. The authors attributed the transient 
increase to elevated intraocular pressure during surgery, which 
may stimulate the choroid, causing thickening. As intraocular 
pressure stabilizes, CT initially recovers, followed by an 
increase possibly related to myopic defocus of the peripheral 
retina, similar to orthokeratology mechanisms (30). Another 

Figure 3. Scatter plot of the correlation between ΔAL and AD. (A) Scatter 
plot of the correlation between ΔAL and AD 3 months postoperatively in 
the small incision lenticule extraction group. (B) Scatter plot of the corre‑
lation between ΔAL and AD 3 months postoperatively in the femtosecond 
laser‑assisted in situ keratomileusis group. ΔAL, amount of axial length 
shortening 3 months after surgery; AD, ablation depth.

Figure 4. Change in the trend of CT before and after the operation in the 
small incision lenticule extraction group measured across different regions. 
Pre, pre‑operation; CT, choroidal thickness; CT‑C, CT at the centre of the 
macula; CT‑N1, CT at 0.5 mm nasal; CT‑N2, CT at 1.5 mm nasal; CT‑T1, CT 
at 0.5 mm temporal; CT‑T2, CT at 1.5 mm temporal; CT‑S1, CT at 0.5 mm 
superior; CT‑S2, CT at 1.5 mm superior; CT‑I1, CT at 0.5 mm inferior; 
CT‑I2, CT at 1.5 mm inferior.

https://www.spandidos-publications.com/10.3892/etm.2025.13032
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Table III. Changes in CT before and after the operation in the SMILE and FS‑LASIK groups.

A, CT‑C, µm						    

Variable	 Pre‑operation	 1 week	 1 month	 3 months	 F/χ2‑value	 P‑value

SMILE	 227.69±82.07	 241.83±84.35	 239.46±83.41	 237.77±81.29	 14.024	 <0.001
FS‑LASIK 	 211.83±63.11	 216.48±64.39	 218.20±64.83	 218.15±65.76	 1.889	 0.035
P‑value	 0.189	 0.050	 0.108	 0.128		

B, CT‑N1, µm						    

Variable	 Pre‑operation	 1 week	 1 month	 3 months	 F/χ2‑value	 P‑value

SMILE	 200.00	 207.50	 205.00	 206.00	 31.108	 <0.001
	 (151.25, 248.00)	 (155.00, 279.25)	 (153.50, 265.00)	 (152.50, 271.00)
FS‑LASIK 	 177.00	 187.50	 191.50	 192.00	 8.632	 0.031
	 (144.00, 226.75)	 (151.25, 228.75)	 (144.25, 248.50)	 (134.50, 239.75)
P‑value	 0.184	 0.168	 0.234	 0.129		

C, CT‑N2, µm						    

Variable	 Pre‑operation	 1 week	 1 month	 3 months	 F/χ2‑value	 P‑value

SMILE	 159.00	 163.00	 155.00	 154.00	 25.536	 <0.001
	 (123.00, 216.75)	 (12825, 230.25)	 (122.00, 217.00)	 (12.002, 220.25)
FS‑LASIK 	 141.50	 150.50	 145.00	 149.50	 10.832	 0.013
	 (112.75, 202.00)	 (115.75, 202.25)	 (113.50, 193.00)	 (105.00, 189.75)
P‑value	 0.107	 0.188	 0.220	 0.222		

D, CT‑T1, µm						    

Variable	 Pre‑operation	 1 week	 1 month	 3 months	 F/χ2‑value	 P‑value

SMILE	 241.24±80.51	 256.24±80.22	 256.57±82.46	 256.76±81.77	 17.534	 <0.001
FS‑LASIK 	 225.65±65.97	 234.62±70.26	 233.00±69.26	 230.70±70.09	 2.581	 0.057
P‑value	 0.231	 0.103	 0.085	 0.060		

E, CT‑T2, µm						    

Variable	 Pre‑operation	 1 week	 1 month	 3 months	 F/χ2‑value	 P‑value

SMILE	 252.27±76.23	 261.31±73.37	 262.96±75.08	 263.26±75.09	 6.238	 <0.001
FS‑LASIK 	 230.42±63.50	 237.25±66.84	 237.50±67.50	 237.68±65.17	 3.113	 0.039
P‑value	 0.096	 0.063	 0.045	 0.058		

F, CT‑S1, µm						    

Variable	 Pre‑operation	 1 week	 1 month	 3 months	 F/χ2‑value	 P‑value

SMILE	 235.87±76.60	 249.80±79.13	 247.50±79.54	 247.00±79.30	 18.432	 <0.001
FS‑LASIK 	 208.32±64.40	 216.58±62.16	 219.52±61.59	 219.68±61.93	 3.097	 0.030
P‑value	 0.055	 0.016	 0.061	 0.056		

G, CT‑S2, µm						    

Variable	 Pre‑operation	 1 week	 1 month	 3 months	 F/χ2‑value	 P‑value
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study demonstrated that myopic defocus promotes the recovery 
of CT and slows axial elongation (31), further supporting the 
association between choroidal changes and retinal defocus state. 
In the present study, choroidal thickening occurred during the 

early postoperative period. In addition to the aforementioned 
mechanisms, we hypothesize that changes in signal molecule 
transmission along the retina‑choroid pathway may contribute 
to these findings. Previous studies indicated that alterations 
in visual signals can regulate the release of dopamine in the 
dopamine pathway (32,33); an increase in dopamine secre‑
tion can lead to the thickening of the choroid and inhibit the 
progression of myopia, whereas a decrease in secretion has 
the opposite effect (7,34). Corneal refractive surgery reduces 
central corneal curvature, shifting the peripheral retina 
defocus from hyperopic to myopic (19,20); consequently, this 
emmetropization of the visual signal increases the secretion 
of dopamine from the retina to the choroid, increasing CT. 
This hypothesis aligns with the perspectives shared in the 
study by Cheng et al (35), where it was also considered that 
the release of dopamine is what caused the change in the 
thickness of the choroid. This mechanism may occur during 
the early postoperative period, as retinal areas adapt to the 
altered visual environment, after which dopamine secretion 
decreases (7) and CT gradually returns to baseline. In the 
present study, in both the SMILE and FS‑LASIK groups, some 
measurement points, primarily at the macular centre (CT‑C), 
temporal side (CT‑T) or superior region (CT‑S), remained 
increased compared with their preoperative levels throughout 
the study. These regions are known to have relatively greater 

Table III. Continued.

G, CT‑S2, µm						    

Variable	 Pre‑operation	 1 week	 1 month	 3 months	 F/χ2‑value	 P‑value

SMILE	 245.74±71.49	 258.83±75.15	 257.16±76.20	 255.63±73.09	 12.220	 <0.001
FS‑LASIK 	 216.88±58.12	 223.22±62.13	 225.58±64.18	 226.83±61.10	 3.683	 0.030
P‑value	 0.060	 0.010	 0.022	 0.064		

H, CT‑I1, µm						    

Variable	 Pre‑operation	 1 week	 1 month	 3 months	 F/χ2‑value	 P‑value

SMILE	 236.70±83.19	 249.56±86.29	 246.83±87.99	 247.23±84.41	 13.852	 <0.001
FS‑LASIK 	 216.43±62.74	 223.30±65.26	 222.45±64.91	 221.47±68.42	 1.966	 0.140
P‑value	 0.094	 0.058	 0.077	 0.060		

I, CT‑I2, µm						    

Variable	 Pre‑operation	 1 week	 1 month	 3 months	 F/χ2‑value	 P‑value

SMILE	 234.50	 237.00	 229.50	 230.00	 27.965	 <0.001
	 (178.75, 297.75)	 (201.25, 327.00)	 (199.00, 304.25)	 (193.25, 284.00)
FS‑LASIK 	 217.50	 225.00	 218.50	 222.00	 11.310	 0.010
	 (170.50, 245.50)	 (171.75, 257.00)	 (170.50, 261.00)	 (161.75, 271.50)
P‑value	 0.095	 0.072	 0.100	 0.092		

Data are presented as the mean ± standard deviation or the median (25th percentile, 75th percentile). SMILE, small‑incision lenticule extrac‑
tion; FS‑LASIK, femtosecond laser‑assisted in situ keratomileusis; CT, choroidal thickness; CT‑C, CT at the centre of the macula; CT‑N1, CT 
at 0.5 mm nasal; CT‑N2, CT at 1.5 mm nasal; CT‑T1, CT at 0.5 mm temporal; CT‑T2, CT at 1.5 mm temporal; CT‑S1, CT at 0.5 mm superior; 
CT‑S2, CT at 1.5 mm superior; CT‑I1, CT at 0.5 mm inferior; CT‑I2, CT at 1.5 mm inferior.

Figure 5. Change in the trend of CT before and after the operation in the 
femtosecond laser‑assisted in situ keratomileusis group measured across 
different regions. Pre, pre‑operation; CT, choroidal thickness; CT‑C, CT at 
the centre of the macula; CT‑N1, CT at 0.5 mm nasal; CT‑N2, CT at 1.5 mm 
nasal; CT‑T1, CT at 0.5 mm temporal; CT‑T2, CT at 1.5 mm temporal; CT‑S1, 
CT at 0.5 mm superior; CT‑S2, CT at 1.5 mm superior; CT‑I1, CT at 0.5 mm 
inferior; CT‑I2, CT at 1.5 mm inferior.

https://www.spandidos-publications.com/10.3892/etm.2025.13032
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CT (36,37), and thicker choroid exhibits a delayed response 
to visual signalling (7). Although CT in these regions stayed 
above baseline, these variables demonstrated a slow increase 
or decline. However, the clinical relevance of CT changes 
remains unclear; the present study only tracked patients until 
3 months post‑surgery, and more long‑term observations are 
required to clarify the outcomes.

Xu et al (29) reported a notable decrease in choroidal blood 
flow density 1 day after surgery, which returned to baseline 
near the macular centre by 1 month. Similarly, Chen et al (38) 
observed reduced vascular density in and around the optic disc 

1 day after SMILE, with recovery by 1 week postoperatively. 
Another study revealed an initial decline in vascular density 
after FS‑LASIK, followed by a gradual increase and return to 
preoperative levels within 1 month (39). In the present study, CD 
decreased at a single site in the SMILE group but returned to 
baseline. No significant changes were observed in other areas. 
These findings are consistent with those of Chen et al (40), who 
reported no significant changes in superficial or deep retinal 
vascular density post‑surgery. In the present study, CD was 
specifically measured to minimize artifacts from the anterior 
retina and reduce potential errors from scanning deeper layers of 

Table IV. Changes in CD before and after the operation in the SMILE and FS‑LASIK groups.

A, CD‑C, %						    

Variable	 Pre‑operation	 1 week	 1 month	 3 months	 F/χ2‑value	 P‑value

SMILE	 55.52±4.91	 55.19±6.02	 55.54±5.48	 55.18±5.87	 0.249	 0.843
FS‑LASIK 	 55.23±4.66	 57.15±5.14	 55.10±4.84	 55.40±5.42	 2.694	 0.050
P‑value	 0.595	 0.052	 0.634	 0.893		

B, CD‑N, %						    

Variable	 Pre‑operation	 1 week	 1 month	 3 months	 F/χ2‑value	 P‑value

SMILE	 55.94±3.83	 55.35±3.58	 55.36±4.01	 55.69±4.13	 0.852	 0.467
FS‑LASIK 	 55.48±2.44	 55.31±3.91	 54.81±3.69	 56.12±4.32	 1.832	 0.160
P‑value	 0.312	 0.756	 0.810	 0.681		

C, CD‑T, %						    

Variable	 Pre‑operation	 1 week	 1 month	 3 months	 F/χ2‑value	 P‑value

SMILE	 57.22 (55.10, 58.90)	 56.43 (54.28, 57.86)	 56.30 (54.36, 58.45)	 56.97 (54.52, 59.06)	 10.898	 0.012
FS‑LASIK 	 55.89 (53.72, 56.88)	 55.25(53.73, 57.49)	 56.10 (53.15, 57.80)	 56.58 (53.69, 58.33)	 0.756	 0.521
P‑value	 0.067	 0.261	 0.140	 0.489		

D, CD‑S, %						    

Variable	 Pre‑operation	 1 week	 1 month	 3 months	 F/χ2‑value	 P‑value

SMILE	 51.01±3.91	 51.58±3.86	 51.94±3.84	 52.06±4.74	 2.029	 0.111
FS‑LASIK 	 50.90±3.35	 52.08±3.50	 51.86±3.53	 50.89±4.07	 2.492	 0.085
P‑value	 0.691	 0.794	 0.730	 0.189		

E, CD‑I, %						    

Variable	 Pre‑operation	 1 week	 1 month	 3 months	 F/χ2‑value	 P‑value

SMILE	 53.19 (51.06, 56.15)	 53.83 (50.34, 56.46)	 53.76 (51.66, 57.07)	 54.45 (50.32, 57.56)	 2.584	 0.460
FS‑LASIK 	 53.74 (51.09, 55.60)	 54.02 (51.28, 56.01)	 53.62 (50.62, 56.57)	 53.74 (50.10, 58.13)	 0.368	 0.699
P‑value	 0.621	 0.995	 0.757	 0.843		

Data are presented as the mean ± standard deviation or the median (25th percentile, 75th percentile). SMILE, small‑incision lenticule extrac‑
tion; FS‑LASIK, femtosecond laser‑assisted in situ keratomileusis; CD, choriocapillaris blood flow density; CD‑C, CD at the centre of the 
macula; CD‑N, CD at 0.5 mm nasal; CD‑T, CD at 0.5 mm temporal; CD‑S, CD at 0.5 mm superior; CD‑I, CD at 0.5 mm inferior.
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the choroid (22‑24). We hypothesize that postoperative changes 
in choroidal blood flow density may not be entirely absent but 
could occur in the deeper choroidal vasculature, which remains 
underexplored. Currently, although OCTA can be used to 
image the choriocapillaris blood flow, this technique has limita‑
tions (22,41), including reduced detection sensitivity in deeper 
tissues and artifacts during scanning, which limits the conclusions 
on the overall choroidal blood flow in the present study. Based 
on the results of the current study, it is proposed that temporary 
changes in intraocular pressure do not markedly affect choroidal 
blood flow. A previous study supports this view, showing that 
choroidal blood flow remains relatively stable during the early 
stages of intraocular pressure elevation after surgery (42). In 
the present study, although CT changed during the observation 
period, blood flow density remained largely stable, suggesting 
no strong association between the two parameters. Some studies 
have also found no clear association between CT and blood 
flow (29,43). Moreover, another study indicated that CT is more 
closely related to choroidal vascularity than to choriocapillaris 
perfusion (44). Given the structural complexity of the choroid, 
evaluating its vascular characteristics remains challenging, 
and further research is required to better understand choroidal 
vascular responses following corneal refractive surgery.

The present study also observed postoperative reductions 
in AL in both groups. AL elongation and choroidal thinning 
are known to correlate closely with myopia progression (45,46). 
Peripheral hyperopic defocus in myopia can further accelerate 
AL elongation (47), whereas correcting myopia can delay this 
progression (48). Chen et al (49) reported that in adolescents 
using orthokeratology lenses, AL growth slowed and CT 
increased markedly. Peripheral retinal myopic defocus induced 
by orthokeratology has been shown to substantially alter ocular 
development and slow myopia progression (10‑12). In the current 
study, postoperative AL was significantly shorter than baseline, 
consistent with the effects observed with orthokeratology. The 
IOLMaster 500 (Zeiss AG) used for AL measurement in the 
present study calculates the distance from the anterior corneal 
surface to the retinal pigment epithelium (50); corneal refractive 
surgery reduces corneal thickness through stromal ablation, 
which may lead to shorter AL. The present data also indicated 
that AL shortening was correlated with stromal AD. However, 
Xu  et  al  (29) reported no significant association between 
reduced AL and choroidal parameters. Therefore, it cannot be 
definitively concluded that AL reduction is related to increased 
CT or to changes in retinal myopic defocus.

The present study has several limitations, including a small 
sample size and a relatively short follow‑up period, which 
limited the ability to assess long‑term postoperative choroidal 
changes. Owing to limitations in imaging sensitivity, blood 
flow density in deeper choroidal layers was not assessed. Future 
studies should address these aspects for a more comprehensive 
understanding of the choroid.

In conclusion, an increase in CT following SMILE and 
FS‑LASIK surgeries was observed in the present study. 
However, by the end of the observation period, CT at most 
locations had returned to preoperative levels, indicating that 
the change was not sustained. In addition, no significant 
changes in CD were observed. The present findings suggest 
that SMILE and FS‑LASIK exert minimal influence on the 
choroid.
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