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Purpose. To evaluate the change in intraocular pressure (IOP), central corneal thickness (CCT), axial length, peripapillary retinal
nerve ﬁber layer (RNFL) thickness, and macular ganglion cell complex (GCC) thickness after small incision lenticule extraction
(SMILE) surgery. Methods. This prospective observational study was conducted in Espace Nouvelle Vision, Ophthalmological
Clinic, Paris, France. Fifty eyes of 25 patients were enrolled in this study and underwent SMILE surgeries. IOP, central corneal
thickness (CCT), axial length (AL), peripapillary RNFL thickness, and macular GCC thickness were measured before and at 3
months after SMILE. Results. The mean preoperative spherical equivalent was −3.15 ± 1.50 diopters (D), and the mean postoperative value was 0.15 ± 0.28 D. After SMILE surgery, IOP decreased from 15.03 ± 2.79 mmHg to 11.02 ± 2.73 mmHg and
10.02 ± 2.21 mmHg at 1 and 3 months, respectively (P < 0.01 for both comparisons). The mean decrease in measured IOP as a
function of ablation depth was 0.065 ± 0.031 mmHg/μm. CCT decreased from 545.98 ± 26.61 μm to 478.40 ± 30.26 μm after SMILE
surgery (P < 0.01). AL decreased from 24.80 ± 0.84 mm to 24.70 ± 0.83 mm (P < 0.01). There was no statistically signiﬁcant change
in mean peripapillary RNFL or mean GCC thickness after SMILE surgery. Conclusions. SMILE surgery modiﬁed IOP measurement, CCT, and AL but did not change peripapillary RNFL and macular GCC thicknesses. The postoperative drop in
measured IOP might be explained by the decreased CCT. An accurate re-evaluation of AL should be performed before cataract
surgery among post-SMILE patients.

1. Introduction
Small incision lenticule extraction (SMILE) is a novel form of
refractive surgery for the treatment of myopia and myopic
astigmatism. With the development of the femtosecond laser
in 2006, SMILE has become the newest refractive laser
procedure, after photorefractive keratectomy (PRK) and
femtosecond-assisted laser in situ keratomileusis (FS-LASIK)
[1, 2]. During the SMILE procedure, an intrastromal lenticule

is created using the femtosecond lenticule extraction (FLEx)
technique [3, 4]. Then, the lenticular interfaces are separated
by a dissector through a small 2-3 mm incision so that the
lenticule can be removed in a ﬂapless fashion. With the
advantages of better ocular surface stability and biomechanical strength, SMILE is gaining worldwide acceptance
and increasing popularity in recent years. Therefore, its eﬀects
on eyes, particularly on IOP, and, consequently, the retinal
nerve ﬁber layer should be fully understood.
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Intraocular pressure (IOP) has been reported to increase
during both FS-LASIK [5, 6] and SMILE refractive surgeries
[7, 8]. A transient elevated IOP up to 65–80 mmHg has been
reported during FS-LASIK ﬂap creation using the femtosecond laser [6]. Intraoperative and postoperative complications such as macular hole [9] and retinal detachment [10]
related to the sudden increase in IOP have been reported in
FS-LASIK patients. In addition, previous studies have shown
mild, reversible, and localized macular edema and thinning
of the retinal nerve ﬁber layer (RNFL) soon after FS-LASIK
in adults [11–13]. During the SMILE procedure, a curved
lens is applied to the edge of the cornea and limbus, and the
suction pressure generated by the VisuMax laser system is
lower than in FS-LASIK, approximately 35 mmHg [14];
consequently, SMILE should not induce complications related to a sudden increase in IOP, as the pressure is low
enough to maintain the intraocular circulation. However,
the FLEx procedure takes signiﬁcantly more time (25–28
seconds) than FS-LASIK; therefore, eyes undergoing FLEx
are exposed to a longer duration of increased IOP [8].
In addition, measured IOP has been reported to decrease
both after FS-LASIK and SMILE surgeries, as refractive
surgeries ﬂatten the corneal proﬁle [15]. IOP seems to remain more stable after SMILE than FS-LASIK [15]. As a
ﬂapless technique, SMILE might have less inﬂuence on
corneal biomechanical stability as compared to FS-LASIK
[16]. Given the frequency of refractive surgeries and the
incidence of glaucoma in the general population [17], the
risk of glaucoma in patients undergoing refractive surgeries
and the intraoperative impact of the SMILE procedure on
optic nerve ﬁbers, IOP, and CCT should be evaluated. Thus,
the purpose of this study was to evaluate the eﬀect of SMILE
surgery on IOP, CCT, axial length, peripapillary retinal
nerve ﬁber layer (RNFL) thickness, and macular ganglion
cell complex (GCC) thickness.

2. Methods
This prospective observational study included 50 eyes of 25
consecutive patients (29.42 ± 4.47 years of age) undergoing
SMILE between November 2018 and July 2019 at the Espace
Nouvelle Vision in Paris, France. All patients were informed
of the purpose of the study, and their consent was obtained
according to the Declaration of Helsinki. Inclusion criteria
were the standard SMILE criteria: age less than 60 years,
history of stable refractive error, minimum corneal thickness
of 500 μm, minimum residual bed of 250 μm, and regular
topography as determined by the ATLAS 9000 corneal topography system (Zeiss, Germany).
Exclusion criteria were as follows: previous ocular refractive surgeries; presence of glaucoma; IOP higher than
21 mmHg; evidence of glaucomatous optic nerve damage;
presence of severe dry eye, progressive corneal degeneration,
keratoconus or corneal scars; pregnancy or breast feeding; or
presence of diseases that aﬀect the regenerative process of
the cornea (diabetes mellitus and collagen-related disease).
Preoperative examination included refraction, IOP measurement, topography, slit-lamp biomicroscopy, and optic
nerve head and macular OCT scanning. At each visit,
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logMAR uncorrected distance visual acuity (UDVA) and
manifest refraction were also recorded.
2.1. IOP and CCT Measurement. IOP and CCT were measured before and at 1 month and 3 months after surgery
using a noncontact tono/pachymeter (NT-530P, NIDEK).
The tono/pachymeter was calibrated according to the
manufacturer’s guidelines prior to its use in this study. At
least three measurements of IOP without CCT correction
were obtained for each patient. The means of those measurements were noted for analysis.
2.2. Axial Length Measurement. Axial length was measured
using the IOLMaster 500 (Zeiss, Germany) before and 3
months after SMILE surgery. At least three measurements
with signal-to-noise ratios of greater than 2.0 were obtained
for each patient so as to minimize positional inaccuracies or
repeatability issues. The means of those 3 measurements
were recorded for analysis.
2.3. Peripapillary RNFL and Macular GCC Complex
Measurements. All patients underwent OCT scanning using
the Zeiss Cirrus HD-OCT device before and 3 months after
surgery. Peripapillary RNFL was measured using the glaucoma analysis mode of the Cirrus SD OCT device (model
4000, software version 6.0, Carl Zeiss Meditec, Inc.). The
optic nerve head was automatically scanned over an area of
6 × 6 mm at 200 × 200 pixels resolution. The peripapillary
RNFL thickness within the circular maps in each quadrant
(superior, inferior, temporal, and nasal quadrants) was
recorded for each patient. The ganglion cell analysis algorithm of the Cirrus SD OCT was used to process and
measure the thickness of the macular ganglion cell layer
(GCL) and inner plexiform layer (IPL). The mean and
minimum GCL thicknesses were measured from the elliptical annulus centered on the fovea. Representative images
were selected for analysis by considering criteria such as best
focus, good contrast, and least motion artifacts with signal
strength above seven. RNFL and GCL segmentation were
veriﬁed for every OCT image.
2.4. Surgical SMILE Procedure. All procedures were performed under topical anesthesia (preservative-free benoxinate hydrochloride 0.4% eye drops) in all cases. The
VisuMax (Carl Zeiss Meditec AG) femtosecond laser system
was used to perform the surgical refractive corrections for
patients using the SMILE protocol, with a repetition rate of
500 kHz and a pulse energy of 130 nJ. The laser created a
peripheral corneal incision of 2.2 mm at 135° at depths from
120 to 140 μm. The cap diameter was 6.9 to 7.6 mm, and the
optical zone varied from 5.9 to 6.6 mm. Special SMILE
forceps were used to enter the incision and remove the
intrastromal lenticule. All surgical procedures were performed by a single surgeon (Dr. SM). An aspirating speculum (no 15961, Geuder, Heidelberg, Germany) was used to
keep the eye open.
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3.2. Peripapillary RNFL Thickness Changes. Pre- and postoperative peripapillary RNFL values in the 4 quadrants are
shown in Table 2. The mean peripapillary RNFL thickness
was 94.42 ± 8.26 μm prior to SMILE and 95.16 ± 8.50 μm at
the third postoperative month (P > 0.05).
3.3. Macular GCL Thickness Changes. Pre- and postoperative mean and minimum values for GCL thickness are
shown in Table 2. The mean macular GCL thickness was
78.08 ± 11.00 μm prior to SMILE and 79.78 ± 6.22 μm after 3
months (P > 0.05). The mean minimum GCL thickness was
78.54 ± 5.08 μm preoperatively and 79.22 ± 5.14 μm at 3
months postoperatively (P > 0.05). The diﬀerence was approximately 0.7 mm, which is within the minimal resolution
of OCT scans.
3.4. Correlation Analysis. Postoperative IOP values were
signiﬁcantly correlated with the preoperative IOP values
(R2 � 0.46, P < 0.01; Figure 2(a)). The decrease in IOP was
correlated with the spherical refractive changes (R2 � 0.1342,
P < 0.01; Figure 2(b)). Linear regression analysis showed that
IOP decreased by 1.187 mmHg for each diopter of spherical
equivalent treated. No diﬀerence was observed in IOP values
based on preoperative spherical refraction (R2 � 0.005428,
P � 0.6111). There was a positive correlation between IOP
changes and CCT changes (R2 � 0.1234, P > 0.05;
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3.1. Clinical Parameters. Fifty eyes of 25 consecutive patients
(29.42 ± 4.47 years of age) undergoing bilateral SMILE were
enrolled in this study. The mean preoperative spherical
equivalent was −3.15 ± 1.50 diopters (D), and the postoperative spherical equivalent was 0.15 ± 0.28 D. The mean
programmed ablation thickness was 81.24 ± 24.76 μm. After
SMILE surgery, IOP decreased from 15.03 ± 2.79 mmHg to
11.02 ± 2.73 mmHg and 10.02 ± 2.21 mmHg at 1 and 3
months, respectively (P < 0.01 for both comparisons; Figure 1). The mean decrease in IOP at 3 months was
5.01 ± 2.08 mmHg as compared to preoperative data. The
mean decrease in IOP as a function of ablation depth was
0.065 ± 0.031 mmHg/μm.
CCT
decreased
from
545.98 ± 26.61 μm to 478.40 ± 30.26 μm 3 months after
SMILE surgery (P < 0.01). AL decreased from
24.80 ± 0.84 mm (range: 23.12 to 26.27 mm) to
24.70 ± 0.83 mm (range: 23.02 to 26.14 mm) (P < 0.01). The
clinical parameters are presented in Table 1.
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2.5. Statistical Analysis. The one-way repeated measures
ANOVA test was used for comparisons of IOP and CCT
before and at 1 month and 3 months after surgery. Pearson
correlation analyses were calculated between data using
adjusted R [2]. A P value <0.05 (paired t-test, GraphPad
Prism version 6.00 for Mac) was considered statistically
signiﬁcant for comparisons among preoperative and 3month postoperative RNFL and GCC data. Data were
expressed as mean ± standard error (SD).
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Figure 1: IOP decrease at 1 month and 3 months after SMILE.
F � 142.8, P < 0.01; ∗∗ compared with preoperative data, P < 0.01.

Figure 2(c)). IOP tended to decrease more when CCT
changed more (IOP � 0.07083∗CCT). There was no correlation between IOP and axial length change (R2 � 0.04032,
P > 0.05; Figure 2(d)). There was a positive correlation between AL changes and programmed ablation thickness
(R2 � 0.17, P < 0.01; Figure 2(e)) and a positive correlation
between programmed ablation thickness and decreased CCT
(R2 � 0.93, P < 0.01; Figure 2(f )).

4. Discussion
SMILE is a new femtosecond laser-based ﬂapless keratorefractive surgical procedure, taking a growing place among
refractive surgeries to treat myopia and/or astigmatism.
However, myopic patients are particularly at risk of developing open-angle glaucoma due to a variety of mechanisms,
including increased susceptibility of the optic nerve head to
damage by elevated IOP and the increased eﬀect of shearing
forces in optic nerve head damage [18, 19]. IOP is the main
risk factor for the development and progression of glaucoma
[20], and IOP measurement is an important test to diagnose
and monitor glaucoma. In addition, the decrease in CCT
may account for IOP underestimation, which may represent
a signiﬁcant risk of delayed diagnosis of glaucoma. Since
SMILE respects Bowman’s layer more so than procedures
using larger incisions, it might be assumed that corneal
biomechanics could be less aﬀected and that the impact on
IOP decrease might therefore be lower than in other procedures with a comparable decrease in CCT.
Patients undergoing SMILE or FS-LASIK surgery are
exposed to IOP variations during the surgery and the
postoperative period. Our study demonstrated a drop in IOP
of 5.01 ± 2.08 mmHg at 3 months (mean ablation depth:
81.24 ± 24.76 μm) after surgery, and this postoperative IOP
decrease was positively correlated with CCT changes. Li et al.
found no diﬀerence between SMILE and FS-LASIK surgeries
in postoperative IOP values or in IOP decrease as a function
of ablation thickness (SMILE vs. FS-LASIK, 0.05 ± 0.02 vs.
0.05 ± 0.03 mmHg/μm) using NCT [15]. Our study showed a
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Table 1: Clinical parameters of study subjects.

Parameters
Mean age (years)
Programmed ablation depth (μm)
CCT (μm)
Spherical equivalent refraction (D)
Axial length (mm)

Preoperative (mean ± SD)
29.42 ± 4.47
81.24 ± 24.76
545.98 ± 26.61
−3.15 ± 1.50
24.80 ± 0.84

3 months postoperatively (mean ± SD)
NA
NA
478.40 ± 30.26
0.15 ± 0.28
24.70 ± 0.83

P
NA
NA
P < 0.01
P < 0.01
P < 0.01

Data are presented as mean ± SD.

Table 2: Mean peripapillary RNFL thickness (μm), RNFL thickness in 4 quadrants of optic papilla, mean macular GCC thickness and
minimum macular GCC thickness before and 3 months after SMILE surgery.
Parameters
RNFL avg
RNFL T
RNFL N
RNFL I
RNFL S
GCC avg
GCC min

Preoperative (mean ± SD)
94.42 ± 8.26
70.54 ± 17.33
70.94 ± 11.85
121.0 ± 14.71
114.7 ± 11.92
78.08 ± 11.00
78.54 ± 5.08

3 months postoperatively (mean ± SD)
95.16 ± 8.50
70.80 ± 18.42
69.44 ± 12.53
120.5 ± 20.51
117.7 ± 13.67
79.78 ± 6.22
79.22 ± 5.14

P
P > 0.05
P > 0.05
P > 0.05
P > 0.05
P > 0.05
P > 0.05
P > 0.05
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RNFL avg, retinal nerve ﬁber layer average; RNFL T, retinal nerve ﬁber layer in temporal quadrant; RNFL N, retinal nerve ﬁber layer in nasal quadrant; RNFL
I, retinal nerve ﬁber layer in inferior quadrant; RNFL S, retinal nerve ﬁber layer in superior quadrant; GCC avg, GC-IPL ganglion cell layer + inner plexiform
layer average thickness; GCC min, GC-IPL ganglion cell layer + inner plexiform layer minimal thickness. Data are presented as mean ± SD.
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Figure 2: (a) Postoperative IOP being positively correlated with preoperative IOP values (R2 � 0.46, P < 0.01). (b) The decrease in IOP being
correlated with preoperative spherical refraction (R2 � 0.1083, P > 0.05). (c) Correlation analysis between IOP decrease and pachymetry
changes (R2 � 0.1231, P > 0.05). (d) Correlation analysis between IOP decrease and axial length changes (R2 � 0.04032, P > 0.05). (e)
Correlation analysis between programmed ablation thickness and axial length changes (R2 � 0.1696, P < 0.01). (f ) Correlation analysis
between programmed ablation thickness and pachymetry changes (R2 � 0. 9309, P < 0.01).

similar
preand
postoperative
diﬀerence
of
0.065 ± 0.031 mmHg/μm as a function of ablation thickness.
However, SMILE requires a slightly thicker corneal ablation
depth using the VisuMax system [16] to correct the same
refraction as compared to PRK and LASIK using the
Munnerlyn formula [21]. For example, LASIK removes

48 μm to correct −4 D, while SMILE creates a lenticular
depth of 81 μm to correct the same amount of myopia. Our
results for postoperative drop in IOP per diopter after
SMILE (1.187 mmHg/D) were higher than those reported
after LASIK or PRK (about 0.5 mmHg/D) [22], suggesting
that SMILE probably results in a lower postoperative IOP
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than LASIK or PRK. Studies have demonstrated that SMILE
might better preserve the anterior residual stroma than PRK
or LASIK, which means a better postoperative total corneal
tensile strength [16, 23] after SMILE. Nevertheless, this
diﬀerence in anterior corneal architecture after surgery
might not impact the measurement of IOP using NCT.
Glaucoma is generally described as a loss of retinal
ganglion cell axons, demonstrated by the thinning of the
peripapillary RNFL and GCC complex. In particular, GCC
now serves as an early marker of glaucoma progression, as it
contains the ganglion cell axons, cell bodies, and dendrites,
which are preferentially aﬀected by elevated IOP. Over 50%
of the ganglion cells are localized [24] to the macular region,
including the ganglion cell layer and inner plexiform layer.
The macular GCL thickness was therefore measured in our
study to represent the GCC complex. We found that neither
average peripapillary RNFL thickness nor average macular
GCL thickness changed at 3 months in spite of the acute IOP
spike during the SMILE procedure. Although postoperative
minimum GC-IPL thickness was greater than the preoperative data, the diﬀerence was only in the order of 0.7 μm,
which is within the minimal resolution of OCT scans. Some
authors [12] have reported minor early-postoperative variations of RNFL thickness after SMILE surgery which was
below the axial resolution limit of optical coherence tomography devices. Our results are consistent with previous
studies on SMILE [12], laser-assisted subepithelial keratomileusis (LASEK) [25], FS-LASIK [26], and PRK [27]
showing the absence of postoperative eﬀects on RNFL and
GCL thickness.
Axial length is essential for intraocular lens (IOL) power
calculation in lens-based surgery [28]. With the increasing
number of patients undergoing laser refractive surgery, a
predictable and accurate IOL selection is more challenging
in these patients than in those without prior refractive
surgery. As for patients having undergone FS-LASIK or PRK
surgery, various formulas such as OCT-based intraocular
lens power formula, the Barrett True-K formula, and the
formulas on the American Society of Cataract and Refractive
Surgery (ASCRS) calculator [29] have been proposed for
their accurate IOL power calculation. The IOLMaster is a
noncontact device that measures the length from the corneal
surface to the retinal pigment epithelium along the visual
axis using partial coherence interferometry. It measures the
delay and intensity of reﬂected infrared laser light to determine distances, which is shown to be faster and more
accurate than traditional ultrasonic pachymetry [30, 31]. We
chose to measure the axial length at 3 months after surgery to
allow any stromal bed edema resulting from surgical manipulation to resolve. Our results demonstrated decreased
AL values after SMILE surgeries, which were correlated with
programmed ablation thickness. An accurate re-evaluation
of AL should thus be performed before cataract surgery
among post-SMILE patients.
SMILE surgery thus modiﬁed IOP, CCT, and AL
measurements. A larger sample size of patients would be
needed to evaluate the IOP reduction based on preoperative
IOP baseline and refractive errors. Further studies using
diﬀerent IOP measurement methods along with
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postoperative corneal biomechanical analysis in comparison
with LASIK/PRK would help to better understand the eﬀects
of corneal structural changes on IOP after refractive
surgeries.

Data Availability
The data used to support the ﬁndings of this study are
available from the corresponding author upon request.
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