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Abstract
● AIM: To explore choroidal thickness (CT) and choroidal 
vascularity index (CVI) changes around the macula and optic 
nerve head (ONH) using swept-source optical coherence 
tomography (SS-OCT) after small-incision lenticule 
extraction (SMILE) and evaluate their associations with 
accommodation and aberrations.
● METHODS: Participants were divided into more myopic 
group (43 eyes) and less myopic group (33 eyes) according 
to refractive error. SS-OCT, negative relative accommodation 
(NRA), and positive relative accommodation (PRA) were 
analyzed before and 1d, 1wk, and 1mo postoperatively. 
Root mean square higher-order aberrations (RMS HOAs), 
spherical aberrations (SAs), and coma were compared 
preoperative, 1wk, and 1mo postoperatively. 
● RESULTS: After surgery, RMS (0.29±0.26) and Coma 
(0.16±0.19) all increased. In the more myopic group, 
central and  T1  macu la r  CT  (247.58±63.81  and 
276.45±62.52 μm) increased. NRA (0.41±0.51) and PRA 
(0.10±1.30) decreased, and SAs (0.21±0.21) increased. 
In the less myopic group, all regional and mean macular 
CT increased. NRA was correlated with mean and inferior 
CTs and mean ONH CVI. SE was correlated with macular 
CT, CVI, and ONH CT. Mean macular and ONH CTs were 
associated with RMS HOA, SA, and coma. Macular T2 CT 

was a significant predictor of SA. Macular T2 and N1 CT 
were correlated with coma.
● CONCLUSION: More variations in accommodation and 
aberrations and fewer choroid thickens on macular and 
ONH are found in more myopic eyes after SMILE. Choroidal 
values are associated with accommodation and aberrations 
during SMILE. Choroid parameters on SS-OCT varies in 
eyes with different refractive errors after SMILE and has an 
association with accommodation and visual quality.
● KEYWORDS: swept-source optical coherence 
tomography; small-incision lenticule extraction; choroid 
thickness; accommodation; aberration
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INTRODUCTION

S mall-incision lenticule extraction (SMILE) is the 
most recent development in refractive surgery and has 

gained worldwide acceptance as a safe and accurate surgical 
technique[1-2]. After first reported in 2011, SMILE received the 
United States Food and Drug Administration approval in 2016 
and was reported to correct myopia of up to −10.00 D with 
astigmatism of up to −5.00 D[3-4]. 
Posterior segment complications after refractive surgery have 
been studied more widely, in addition to corneal, anterior 
segment injury and wound healings[5-12]. Anteroposterior 
traction caused by the suction process as well as laser effect 
during the procedure may result in posterior effects, such as 
posterior vitreous detachment, retinal detachment, macular 
holes, and choroidal neovascularization. However, limited 
information is available regarding posterior changes following 
femtosecond laser irradiation, although previous studies have 
extensively studied the influence of excimer lasers[6-7,11-12]. 
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Moreover, the precise effects of SMILE on the choroid have 
not yet been determined.
Swept-source optical coherence tomography (SS-OCT) 
utilizes a tunable swept laser and enables a faster scan rate, 
thus enabling the incorporation of longer wavelengths than 
conventional spectral-domain OCT[13]. With better visualization 
of the choroid and choroidal-scleral boundary due to deeper 
penetration and lower scattering from the retinal pigment 
epithelium, SS-OCT has become more frequently used in 
routine clinical practice. In addition, choroidal thickness (CT) 
and choroidal vascularity index (CVI) were considered reliable 
innovative imaging OCT-based choroidal parameters[14]. Our 
previous work quantified CT and CVI changes around the 
macula and optic disc head (ONH) in eyes with myopia and 
glaucoma and precisely reported their variation during axial 
elongation and excision[15].
Knowledge of choroidal changes that occur in myopia after 
refractive surgery is limited. Li et al[7] used SD-OCT to 
measure CT, while Yalçınkaya[11] only investigated choroidal 
microvascularity until the postoperative 7th day. Recent 
studies have shown that choroid had a good correlation 
with progressive myopia[14,16-17]. Moreover, as part of the 
accommodative apparatus of the eye, the choroid might be 
associated with accommodation change[18] and further corneal 
aberrations, especially higher-order aberrations (HOAs)[19-20]. 
However, no studies have precisely quantified CT and CVI 
variations around the macula and ONH after SMILE using SS-
OCT and investigated the association between these changes 
and negative relative accommodation (NRA), positive relative 
accommodation (PRA), and aberrations.
The current study aimed to characterize the choroid in the 
macula and ONH following SMILE using SS-OCT. We also 
investigated the relationship between choroidal changes and 
accommodation and aberrations.
PARTICIPANTS AND METHODS
Ethical Approval  This prospective study was approved by the 
Ethics Committee of the Affiliated Eye Hospital of Wenzhou 
Medical University (H2022-008-K-08-01) and adhered to 
the tenets of the Declaration of Helsinki. All the participants 
provided written informed consent.
Participants  The inclusion criteria were as follows: age 
≥18y, myopia from −1.00 to −10.00 D, with up to −3.00 D 
cylinder, manifest spherical equivalent of up to −11.50 D, 
stable refraction over the past year (change by <0.25 D), and 
corrected distance visual acuity (CDVA) of 20/20 or better. 
Exclusion criteria were central corneal thickness of <480 µm, 
calculated residual stromal thickness of <280 µm, abnormal 
corneal topographic features, clinically significant dry eye, 
eyelid or corneal diseases, previous intraocular or corneal 
surgery, glaucoma or preoperative intraocular pressure (IOP) 

of >21 mm Hg, diabetes, hypertension, pregnancy, and 
breastfeeding. Preoperative and postoperative measurements 
included refractive error assessment (sphere, cylinder, and 
axis), NRA, PRA, pupil size (Atlas, Carl Zeiss Meditec, Jena, 
Germany), slit-lamp examination, fundus examination, corneal 
topography (Pentacam HR type 70900, Oculus, Wetzlar, 
Germany), IOP (non-contact tonometer, Topcon, Japan), axial 
length (IOL Master 700; Carl Zeiss Meditec, Jena, Germany), 
and SS-OCT examination (VG200S; SVision Imaging, Henan, 
China). Postoperative examinations were scheduled at 1d, 1wk, 
and 1mo postoperatively. IOP measurement and Pentacam 
were avoided 1d after surgery to avoid patient discomfort. 
Patients had both eyes evaluated for surgical assessment, and 
the data output all eyes that underwent surgery was enrolled 
in the analysis. All enrolled eyes were grouped into the more 
myopic group (spherical equivalent, SE≤-4.50 D) and the 
less myopic group (SE>-4.50 D).
On measuring NRA and PRA with correction, 20/20 on a high-
contrast near chart at 40 cm was set as the fixation target. To 
test NRA and PRA, we changed the accommodation using 
minus and plus lenses, respectively. The lenses were added 
binocularly in 0.25 D steps until the first slight sustained blur 
appeared. We recorded the total number of plus lenses added 
for NRA testing and minus lenses for PRA testing. NRA was 
assessed before PRA.
The Pentacam HR device uses a rotating Scheimpflug 
camera to obtain elevation data and form a three-dimensional 
reconstruction of the corneal structure. Root mean square 
higher-order aberrations (RMS HOAs), spherical aberrations 
(SAs), and coma were automatically converted from the 
corneal elevation profile (Figure 1).
Surgical Procedure  All surgeries were performed by the 
same surgeon (Ye YF). SMILE was performed using a 500-kHz 
VisuMax femtosecond laser system (Carl Zeiss Meditec, Jena, 
Germany) with a pulse energy of 140 nJ. When patients laid 
down, head position was readjusted by cross-assistance before 
the standard SMILE procedure[21]. After femtosecond laser 
application was completed, the lenticule was dissected and 
completely extracted. The lenticule diameter (optical zone) 
was set between 6.00 and 6.80 mm, and the cap thickness was 
110–120 µm. A single-sided cut of 2 mm length was created 
at the 110° position of the cornea. After the femtosecond laser 
cutting procedure was completed, the suction was switched 
off, followed by lenticule extraction through the side-cut. After 
surgery, topical 0.5% levofloxacin (Cravit; Santen, Inc., Japan) 
eye drops were applied four times daily for 1wk, and 0.1% 
fluorometholone (Allergan, Inc., USA) eye drops and non-
preserved artificial tears were administered four times daily for 
the first week, then sequentially reduced to three, two, and one 
time every 1wk.



674

SS-OCT Image Analysis  To limit the effect of the circadian 
rhythm on choroidal parameters, SS-OCT images were 
collected between 9.00 a.m. and 12.00 a.m. A cutoff signal 
strength index value of ≥6 was used as the inclusion criterion. 
A horizontal OCT line scan encompassing the fovea was 
obtained (Figure 2A). ONH OCT was performed using 
4.5 mm×4.5 mm scans. CVI and CT were assessed using a 
circle scan of 3.4-mm diameter centered on the ONH (Figure 
2B) and the horizontal scan centered on the macula (Figure 
2C), respectively. After semiautomatic choroidal segmentation 
using a custom-built algorithm in MATLAB R2017a 

(MathWorks, Natick, MA, USA)[16,22], two trained examiners 
(Ruan KM and Qiao YL) manually modified the segments. 
Further, each picture was binarized to demarcate the luminal 
area and stromal area. The mean macular CT, total choroidal 
area, luminal area, and stromal area were estimated after image 
processing, and the size was adjusted to account for changes in 
magnification between the eyes due to differing axial length. 
The ratio of luminal area to total choroidal area was used to 
calculate CVI. 
The macular zone was split into three concentric rings with 
diameters of 1 (central fovea, C), 3, and 6 mm. The central 

Figure 2 Measurement of CT and CVI around the macula and ONH  A: Infrared fundus photography of the retina including the macula and 

ONH. B: CT and CVI around the ONH were measured along the outer edge of a 3.4-mm-diameter circle centered on the ONH using MATLAB. 

The ONH zone was divided into four parts, including superior, inferior, nasal, and temporal. C: CT and CVI around the macula were measured 

along the horizontal scan passing through the fovea and calculated into five parts. T1 and T2: Temporal region extended from the inner 

diameter of 1 and 3 mm to the outer diameter of 3 and 6 mm, respectively. C: A diameter of 1 mm centered on fovea. N1 and N2: Nasal region 

extends from the inner diameter of 1 and 3 mm to the outer diameter of 3 and 6 mm, respectively. CT: Choroidal thickness; CVI: Choroidal 

vascularity index; ONH: Optic nerve head.

Figure 1 Zernike analysis using the Pentacam HR device to achieve RMS higher-order aberration (HOA), spherical aberration (SA), and coma 

automatically  RMS: Root mean square.
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region centered on the fovea had a diameter of 1 mm. T1 
and T2 within the temporal regions extended from an inner 
diameter of 1 and 3 mm to an outer diameter of 3 and 6 mm, 
respectively. N1 and N2 were defined as the nasal region 
extending from an inner diameter of 1 and 3 mm to an outer 
diameter of 3 and 6 mm, respectively. The ONH zone was split 
into four parts: temporal, superior, inferior, and nasal regions. 
CT and CVI were calculated along the line within each region 
of the macula and ONH. 
Statistical Analysis  Statistical analysis was performed using 
the SPSS statistical software version 26 (SPSS 157 Inc., 
Chicago, IL, USA). The Shapiro-Wilk test was used to evaluate 
the normality of data. The generalized estimating equation with 
Bonferroni’s post-hoc test was used to compare the difference 
of more myopic and less myopic group between preoperative 
and postoperative values. Linear regression analyses were used 
to investigate the influence of CT and CVI on NRA, PRA, SE, 
and aberrations. Statistical significance was set at a P value of 
<0.05.
RESULTS
Demographic Data  A total of 76 eyes from 39 patients 
were included (Table 1) in this study. The mean age of the 
patients was 29.26±6.77y. Twenty-three patients were women 
(58.97%) and 16 (41.03%) were men. The mean manifest SE 
was −4.86±1.93 D and 0.25 (0, 0.50) D before and 1mo after 
surgery respectively (P<0.001).
Before the SMILE surgery, sphere error, cylinder error, and 
SE of the more myopic group were significantly less than 
the less myopic group (P<0.001, P=0.040, and P<0.001, 
respectively). 
At 1mo postoperatively, 73 (96%) eyes had uncorrected 
distance visual acuity (UDVA) of 20/20 or better (Figure 3). 
Eleven (14%) eyes lost one line of CDVA after surgery. The 
linear regression model of attempted SE versus achieved SE 
achieved an R2 of 0.951. SE predictability was within ±0.5 D in 
83.78% of eyes. Astigmatism predictability was within -0.50 D 
in 96% of eyes.

Change in Choroidal Parameters, NRA, PRA, and 
Corneal Aberrations Following SMILE  Table 2 depicted 
the variations in SE, NRA, PRA, corneal aberration, CT, and 
CVI around the macula and ONH before and 1mo after the 
SMILE procedure of the more myopic and less myopic group, 
respectively. After surgery, RMS HOAs (0.29±0.26) and coma 
(0.16±0.19) increased significantly in both groups (P<0.001). 
In the more myopic group, NRA (0.41±0.51) decreased at 1mo 
and PRA (0.10±1.30) decreased at 1d (P=0.013 and P<0.001, 
respectively), and SA (0.21±0.21) increased at both time points 
(P<0.001).
In the more myopic group, a significant increase occurred in 
the macular CT in the central (P=0.010) and T1 (P=0.001) 
region at 1wk and 1mo after surgery. There was significant 
change in macular N2 CVI (P=0.043) and ONH temporal 
CVI (P=0.009). In the less myopic group, the macular CT 
in all regions increased after surgery (P<0.05). Except the 
ONH temporal CT, there were significant changes in all ONH 
CTs after surgery. Macular mean and central CVI showed 
significant changes after the surgery.
Correlation of Choroidal Parameters with NRA, PRA, SE, 
and Corneal Aberrations  Table 3 showed the relationships 
between CT, CVI, NRA, PRA, and SE. We adopted NRA, 
PRA and SE as explanatory variables in the regression models. 
According to the univariate and multivariate analyses, NRA 
was correlated with mean (β=−0.003, P=0.017) and inferior 
(β=−0.004, P=0.040) CTs on ONH and mean CVI on ONH 
(β=−0.026, P=0.019). SE was correlated with macular CT 
(β=0.004, P<0.001) and CVI (β=0.047, P=0.018) and ONH 
CT (β=0.003, P=0.043).
Table 4 depicted the associations between CT, CVI, RMS 
HOA, SA, and coma. Corneal aberration parameters were 
adopted as explanatory variables in different regression 
models. Mean CTs around macular and ONH were associated 
with RMS HOA (β=−0.001, P=0.004; β=−0.001, P=0.034), 
SA (β=−0.001, P<0.001; β=−0.001, P=0.043) and coma 
(β=−0.001, P=0.016; β=−0.001, P=0.023). Macular CT in 

Table 1 Characteristics of eyes that underwent SMILE

Characteristics More myopic group Less myopic group P

Eyes 43 33 Not applicable

Sphere error (D) -5.25 (-6.25, -4.75) -2.80±0.85 <0.001

Cylinder error (D) -0.75 (-1.50, -0.50) -0.50 (-1.13, 0.00) 0.040

Spherical equivalent (D) -6.00 (-7.00, -5.00) -3.12±0.84 <0.001

CDVA, logMAR 0.00 (0.00, 0.00) 0.00 (0.00, 0.00) 0.599

CCT (µm) 537.14±26.93 526.30±22.47 0.106

IOP corrected (mm Hg) 13.84±1.67 14.47±3.07 0.362

Ablating depth (μm) 122.95±16.57 77.82±17.19 <0.001

Residual thickness of stromal bed (μm) 407 (394, 427) 447.58±27.23 <0.001

CDVA: Corrected distance visual acuity; IOP: Intraocular pressure; CCT: Central corneal thickness.
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Table 2 Evaluation of choroidal parameters, NRA, PRA and corneal aberrations following SMILE

Parameters Pre-operation
Post-operation

P
1-day 1-week 1-month

More myopic group
SE -6.00 (-7.00, -5.00) 0.06 (-0.13, 0.25)a 0.25 (0.00, 0.38)a 0.18±0.32a <0.001
NRA 3.00 (2.50, 3.00) 2.63 (2.44, 3.00) 2.50 (2.00, 3.25) 2.43±0.54a 0.013
PRA -3.50 (-5.50, -2.75) -2.75 (-3.50, -1.50)a -3.00 (-4.13, -2.44) -4.00±1.33 <0.001
RMS HOA 0.35±0.07 Not applicable 0.63 (0.52, 0.82)a 0.70 (0.53, 0.87)a <0.001
SA 0.18±0.08 Not applicable 0.31 (0.19, 0.45)a 0.36 (0.28, 0.47)a <0.001
Coma 0.14±0.06 Not applicable 0.27 (0.15, 0.38)a 0.29 (0.19, 0.48)a <0.001
Macula

CT
Mean 222.42±45.04 224.59±48.14 229.29±50.03 228.31±47.18 0.153
T2 260.67±50.08 257.34 (232.16, 317.96) 264.18±57.83 266.55±57.13 0.305
T1 262.04±58.13 269.15±63.89 273.15±63.38a 276.45±62.52a 0.001
C 235.66±55.65 241.02±64.16 247.612±66.07a 247.58±63.81a 0.010
N1 203.95±52.93 204.13±52.68 212.26±52.81 207.70±51.15 0.176
N2 155.04 (127.17, 189.90) 155.55 (125.08, 182.30) 164.35±43.08 152.24 (130.45, 179.76) 0.357

CVI
Mean 58.82 (56.14, 61.19) 58.00±4.90 59.15±3.27 58.89±4.38 0.141
T2 58.08±5.22 59.21 (54.85, 62.19) 58.65±4.48 58.31±5.44 0.678
T1 58.59±4.78 58.23±4.81 59.15±4.68 57.84±4.69 0.139
C 58.50±5.33 57.76±5.96 59.47±5.61 58.84±5.65 0.177
N1 60.58±7.18 60.90±8.16 61.96±5.76 62.09±6.78 0.053
N2 57.02±6.82 56.38±8.04 57.87±7.03 59.18±7.98 0.043

ONH
CT

Mean 175.30±38.26 172.82±37.43 178.09±39.62 174.35±34.67 0.430
T 144.49±36.99 141.76±38.24 149.39±42.23 145.91±38.01 0.057
S 195.94±48.25 194.72±42.75 198.60±42.92 197.70±41.59 0.658
N 59.21 (54.85, 62.19) 185.05 (165.59, 218.48) 198.89±52.30 190.82 (169.56, 221.60) 0.730
I 161.97±31.89 159.62±31.92 155.73 (143.52, 188.52) 158.91±31.98 0.380

CVI
Mean 49.50±5.40 49.48 (44.53, 51.78) 49.64±5.39 49.27±5.60 0.120
T 46.10±6.99 44.03 (40.02, 50.02)a 46.32±8.12 45.77 (42.21, 51.41) 0.009
S 52.39±6.33 51.97 (46.53, 55.51) 52.10±6.38 51.97±5.50 0.267
N 49.86±6.4 49.46 (43.39, 51.48) 49.97±5.72 49.27±7.18 0.299
I 49.13±5.08 48.32 (43.70, 53.39) 49.66±5.23 49.56±5.75 0.168

Less myopic group
SE -3.12±0.84 0.00 (-0.13, 0.25)a 0.26±0.29a 0.30±0.36a <0.001
NRA 2.75 (1.75, 3.00) 2.50 (2.00, 2.75) 2.75 (2.00, 3.00) 2.50 (1.81, 2.94) 0.144
PRA -2.75 (-3.75, -2.00) -3.10±1.43 -3.75 (-4.50, -3.00) -3.13 (-5.25, -2.50) 0.133
RMS HOA 0.34 (0.31, 0.40) Not applicable 0.42 (0.36, 0.48)a 0.51±0.14a <0.001
SA 0.19±0.07 Not applicable 0.17 (0.11, 0.25) 0.19 (0.12, 0.30) 0.150
Coma 0.14±0.06 Not applicable 0.15 (0.10, 0.24) 0.20 (0.15, 0.27)a <0.001
Macula

CT
Mean 294.17±63.07 298.53±62.53 313.17±65.27a 308.48±59.84a <0.001
T2 332.60±55.30 334.77±63.98 345.61±61.98 346.53±61.96 0.013
T1 341.38±72.04 348.96±72.14 362.64±75.08 362.08±71.13a 0.001
C 323.73±77.87 329.30±72.87 348.87±78.33a 341.47±70.77 <0.001

Change in CT and CVI after SMILE
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the T2 region was a significant predictor of SA (β=−0.001, 
P=0.037). Macular CT in the T2 (β=−0.005, P=0.019) and N1 
(β=0.005, P=0.026) regions were also correlated with coma.

DISCUSSION
In the current study, there was a more trend in macular and 
ONH CT increasing in the less myopic eyes, while the NRA 

N1 285.81±78.79 292.14±73.73 309.63±81.67a 299.15±72.56 <0.001
N2 210.21±73.94 212.47±76.45 226.41±79.80a 218.99±73.72 <0.001

CVI

Mean 60.05±3.70 59.98±3.08 59.69±2.94 60.69±2.88 0.001

T2 59.01±4.04 59.59±4.28 59.61±3.42 60.24±3.29 0.235

T1 61.05 (57.86, 63.90) 60.89±3.94 60.73±4.20 61.69±3.66 0.240

C 60.54±4.97 59.25±4.48 59.30±4.71 60.72±4.40 0.004

N1 61.31±6.22 60.87±5.72 60.22±5.60 61.10±5.99 0.257

N2 59.07±6.54 59.16±7.58 58.17±6.43 59.68±6.00 0.286

ONH

CT

Mean 205.40 (153.12, 269.93) 207.14±65.07 212.31±60.33 203.49±58.37 0.008

T 171.33 (126.90, 255.28) 178.75 (123.92, 255.65) 195.98±70.23 179.88 (135.98, 244.66) 0.496

S 232.82±68.95 224.02±69.82 237.19±69.42 235.41±69.07 0.008

N 215.32±68.83 217.04±65.54 227.67±63.96 209.85±63.25 0.003

I 180.68±54.86 191.28±63.55 188.82±52.24 166.88 (139.18, 200.68) 0.001

CVI

Mean 50.40±6.25 50.30±5.35 50.61±6.02 50.46±5.90 0.908

T 46.83±7.62 49.59 (42.42, 51.72) 48.02±6.79 47.28±7.15 0.143

S 52.57±6.20 53.50±5.32 52.63±5.16 51.83±5.260 0.185

N 51.98±8.09 50.82±6.96 50.95±8.11 50.95±6.69 0.163
I 50.09±7.28 49.84±6.41 50.62±7.10 51.87±7.91 0.086

NRA: Negative relative accommodation; PRA: Positive relative accommodation; RMS HOA: The root-mean-square values of higher-order 

aberrations; SA: Spherical aberration; ONH: Optic nerve head; CT: Choroidal thickness; CVI: Choroidal vascularity index; C: Central; T: Temporal; 

S: Superior; N: Nasal; I: Inferior; SMILE: Small-incision lenticule extraction. aSignificant differences between pre-operative and post-operative values.

Table 2 Evaluation of choroidal parameters, NRA, PRA and corneal aberrations following SMILE (continued)

Parameters Pre-operation
Post-operation

P
1-day 1-week 1-month

Figure 3 Six standard graphs for corneal refractive surgery.
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and PRA decreased, and corneal aberration increased more 
significantly in the more myopic eyes. NRA was associated 
with ONH CT and CVI. We further found that mean macular 
and ONH CTs were the significant predictors of SE and 
corneal aberrations, including RMS HOA, SA and coma. 
Macular regional CTs were the significant predictor of SA and 
coma. Macular mean CVI was also associated with SA.
Using SS-OCT, we precisely demonstrated a transient variation 
in CT and CVI after SMILE. An increasing trend in CTs was 
observed after surgery, especially in the less myopic eyes. 
We speculate this can be attributed to several mechanisms. 
During surgery, the application of a suction ring leads to a 
rapid increase in IOP, changes in the shape of the anterior 
segment, displacement of the lens, and compression and 
decompression of the posterior segment[5]. The anteroposterior 
traction or compression potentially leads to decrease in lens 
thickness and an increase in vitreous distance, especially in 
young patients aged <40y, whose posterior capsule of the 
lens strongly adheres to the anterior hyaloid. The decrease 
in lens thickness is accompanied by a forward movement of 
the anterior hyaloid, causing traction at the vitreous base, and 
posterior pole, and further conducting the power vector to 
the retina or choroid. Some researchers theorized that laser 
energy may cause disturbances in the ocular microstructure 
and biomechanics, although minimal but still present[23]. We 
speculate that choroidal structural changes may be explained 
by the increased accommodation demand in the early 
postoperative period because of overcorrection[7]. As the ciliary 
muscle is inserted into regions of the choroid, contraction 
of the ciliary muscle may be transmitted to the choroid. On 
the other hand, rather than CT fluctuation in the macular and 
ONH regions, few CVI variations were found in the current 
study, demonstrating a limited fluctuations of choroidal 
vasculature. Moreover, most regions of macular CT were 
thickened at 1mo after SMILE, especially in the less myopic 
group. Linear regression analysis showed a strong positive 
correlation between all regions of macular CT and SE. The 
same trend of changes was also shown in the previous study[24]. 
There was a common understanding that the more myopic 
eyes possess thinner retinal and CT owing to the elongation 
of ocular axial length[25], which might leads to relative small 
changes in CTs in more myopic eyes after surgery. However, 
a previous study speculated that the thickening of CTs 
following myopic excimer laser surgery improves patients’ 
visual function to a certain extent[7]. Patients with high myopia 
suffered more severe corneal aberrations and less significant 
CT changes postoperatively, warranting tailored monitoring 
and management strategies. Recent studies have shifted the 
focus of myopic research to the choroid, which is an important 
initial factor in myopia[17,26]. We firstly characterized choroidal 

structural and vasculature alterations before and after SMILE 
precisely using the SS-OCT system.
We found a trend of decreasing in NRA and PRA at 1d after 
surgery was observed. Further, the variations of NRA and 
PRA after surgery were more significant in the more myopic 
group. First, we propose that the application of the suction 
ring beneath the limbus leads to circular traction on the 
sclera, adjacent ciliary body, and zonula ciliaris, resulting 
in traction on the equatorial region of the lens, causing a 
decrease in lens thickness[5]. We speculate that this effect on 
the ocular accommodative apparatus, including the ciliary 
body, ciliary muscle, and choroid, may be preserved in the 
early postoperative period, especially 1d after surgery, leading 
to a decrease in NRA, PRA, and CT. Second, the early blurred 
vision due to increased HOAs, corneal edema, and cavity after 
surgery may lead to decreased accommodative stimulation[27], 
resulting in decreased NRA and PRA. To decrease the impact 
of refractive error on statistical analysis, we set two groups 
according to the severity of myopia. Our result showed that the 
stability ability in the more myopic eyes might be weaker.
Linear regression analysis showed that ONH CT and CVI 
were associated with NRA, while no parameter was associated 
with PRA. Accommodation is a mechanism that affects visual 
clarity and binocular vision[28]. The NRA and PRA have two 
different nervous pathways and measures the maximum ability 
to stimulate accommodation while maintaining binocular 
single vision[29-30]. A previous study reported that NRA was the 
highest in hyperopic participants[29]. Our result confirmed the 
contribution of the structural choroid to the accommodation 
system. In addition, the decrease in the PRA following SMILE 
was more obvious than that of NRA, which was accordance 
with the previous study that a direct relationship was found 
only between accommodation facilities and NRA, as PRA was 
proven to decrease with age. The detection of disorders of the 
accommodation and choroid may explain the mechanism of 
asthenopia after SMILE in the clinic.
We found the correlation between aberrations and CT and CVI 
values. Our study was similar to previous studies in which 
HOAs increased after SMILE[31-32]. Previous studies on the 
effects of HOAs on accommodation have reported that both 
SA and coma change with accommodation[19,33]. However, no 
study has associated HOAs with the choroid after SMILE. 
HOAs contribute to visual quality after refractive surgery. 
We speculate that following visual recovery after surgery, the 
visual information being transferred through neurotransmitters 
from the retina to the choroid may lead to microstructural 
changes in the choroid[34]. As the choroid is composed of 
numerous large blood vessels[35], macular CVI may be a 
predictor of RMS HOAs.

Change in CT and CVI after SMILE
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The current study had several limitations. First, this study only 
included a horizontal OCT scan line passing through the fovea 
to analyze CT. However, previous studies have demonstrated 
that choroidal thinning is most prominent in the temporal 
parafoveal zone under high accommodative stimuli using 
OCT[18]. Second, the eyes at postoperative 1d had a slightly 
lower signal strength score than those at other times. Therefore, 
we used a value of 6 as the cutoff signal strength index and 
further excluded images with obvious artifacts. Third, the 
postoperative follow-up was only continued until 1mo after the 
surgery. Longer follow-up period would be needed in future study.
In conclusion, we demonstrated more variations in NRA, 
PRA and corneal aberrations, and less CT thickens around the 
macular and ONH in more myopic eyes after SMILE using 
SS-OCT. NRA was mainly correlated with ONH CT and CVI 
values. Aberrations were mainly correlated with macular CTs. 
Our results suggest that the SS-OCT system with functional 
analysis has the potential to become a technique for the 
evaluation of ocular changes and to understand the mechanisms 
underlying the various changes during accommodation and 
visual recovery after refractive surgery.
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