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This study aimed to determine and validate that use of a nomogram could enhance the predictability of small-
incision lenticule extraction (SMILE) surgery.

195 eyes from 98 patients were enrolled in group 1, and 46 eyes from 26 patients in group 2. Uncorrected and
corrected distance visual acuity (UDVA and CDVA), manifest refraction spherical equivalent (SE) preoperative-
ly and 1 day, 1 week, 1 month, and 3 months postoperatively were measured. A nomogram based on the er-
ror in SE correction was generated by using multifactor regression method in group 1. After applying this no-
mogram to redesign the refraction target, the predictability, safety, and efficacy of the SMILE procedure were
determined.

A linear regression formula (SE error=0.259+0.113xSEpvecperaﬁve) was derived as a nomogram to adjust the SE
target. In group 2, the predictability of error was 86.21% within 0.50 D and 97.83% within 1.00 D, compared
with 70.25% and 95.90%, respectively, in group 1. The use of the nomogram significantly reduced the vari-
ance in postoperative SE. The efficacy and safety of SMILE did not differ significantly in the 2 groups 3 months
postoperatively.

The nomogram can optimize the target refractive prediction of the SMILE procedure without compromising
safety and efficiency.

Myopia ¢ Nomograms ¢ Regression Analysis
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Material and Methods

In 1990s, femtosecond laser technology was first used by Dr.
Kurtz at the University of Michigan, then it was rapid devel-
oped for use in surgical ophthalmology [1]. Because the fem-
tosecond laser causes minimal collateral damage, this tech-
nology can perform bladeless incisions at various depths and
patterns, with high precision [2,3]. Thus, use of the femtosec-
ond laser has been introduced into corneal refractive surgery
to create corneal flaps. Previous studies showed that the vi-
sual results after femtosecond laser-assisted in situ keratomi-
leusis (FS-LASIK) are at least as good as after microkeratome
LASIK, and it is safer, which led FS-LASIK to become even more
popular [4,5]. Then, following the introduction of the VisuMax
femtosecond laser (Cark Zeiss Meditec, Jena, Germany), the
intrastromal lenticule method was readopted, and together it
is called the Femtosecond Lenticule Extraction (FLEx) meth-
od. The results of FLEx in refractive correction were similar to
those of LASIK, but the visual recovery time was longer [5].
Afterwards, small-incision lenticule extraction (SMILE), a no-
flap procedure to extract the corneal lenticule through a small
arcuate incision using femtosecond laser-based techniques,
has become a less invasive alternative method compare to the
previous LASIK in myopia correction [6,7]. In previous studies,
the refractive outcome was stable and predictable after SMILE
surgery, but the refraction could be overcorrected or under-
corrected, which may put the patients and surgeons in an awk-
ward position [8]. Compared to SMILE, a variety of additional
treatments, including laser-assisted subepithelial keratectomy
(LASEK) and subepithelial photorefractive keratectomy (PRK),
have been introduced to reduce the postoperative compro-
mised thickness of the corneas, ectasia, and the flap-related
complications. There was no formally established method for
enhancement after SMILE procedures [9-12]. However, it was
also reported that corneal opacity problems emerged after
PRK-derived enhancement treatment, and these supplemen-
tary enhancement treatments negate the principles of SMILE
surgery; therefore, the accuracy of preoperative design is very
important for SMILE surgery. Nomograms are considered as re-
liable and pragmatic prediction tools. Nomograms incorporate
multiple significant prognostic factors to quantify individual
risk and they achieve good performance in prediction [13-15]

We carried out this study to establish an appropriate preop-
erative design. Linear regression analysis was conducted to
determine possible factors influencing postoperative spheri-
cal equivalent (SE) error. Patient satisfaction with the surgery
also needs to be improved. Thus, we aimed to conduct this
study to develop a nomogram that could refine the visual re-
covery assessment.

We retrospectively analyzed 195 eyes from 98 patients (group 1)
and 46 eyes from 26 patients (group 2). Patients were randomly
allocated to the 2 groups. We used the nomogram for patients
in group 2, but group 1 we did not use the nomogram. There
was no significant difference in the ophthalmic parameters
between the 2 groups. The eye operations were performed in
Beijing Tongren Hospital of Capital Medical University. The study
protocols were approved by the Institutional Review Board
and complied with the tenets of the Declaration of Helsinki.
Written informed consent was obtained from all participants.

Inclusion criteria for the study were as follows: spherical my-
opia up to -8.00 D, myopic astigmatism up to —3.00 D cylin-
der, corrected distance visual acuity (CDVA) of 20/40 or better
(the Logarithm of the Minimum Angle of Resolution (logMAR)
>0.3), and minimum calculated postoperative residual stro-
mal bed of 250 pm.

Exclusion criteria were previous ocular pathology, ocular sur-
gery history, and operative complications that influence the vi-
sual results such as unintended abandonment of residual in-
trastromal lenticule fragments.

All patients underwent the SMILE procedure by the same sur-
geon (G.L) under topical anesthesia using the VisuMax femto-
second laser (Carl Zeiss Meditec AG, Jena, Germany) between
February 2014 and September 2014. A thorough preoperative
evaluation was performed, including uncorrected distance vi-
sual acuity (UDVA) and corrected distance visual acuity (CDVA),
cycloplegic refraction, corneal pachymetry, intraocular pres-
sure measurement, slit lamp biomicroscopy examination, dilat-
ed fundus examination, dry eye assessment, and topography.

The patients were positioned under the curved contact lenses
in the VisuMax femtosecond laser system and asked to stare
at the target light for centration. The vacuum suction was ac-
tivated afterwards. After laser treatment, the lenticule was
separated using standard surgical techniques and removed
through the incision.

The pulse frequency of the VisuMax femtosecond laser sys-
tem was set to 500 kHz. The spot distance and track distance
were 4.5 um and the energy was set to 140 nJ. The cap thick-
ness was 120 um, the lenticule diameter was from 6.0 to 6.8
mm, the minimum lenticule thickness was from 10 to 15 um,
the side cut angle was set as 110°, and the incision was set at
120° at a circumferential width of 2.0 mm. During the investi-
gation, patients had complications as follows: 4 eyes had lenti-
cule broken and the patients were excluded from the study, 5
eyes had errhysis at incision edge, 5 eyes had suction loss, 12
eyes had a minor tear at the incision edge, 12 eyes had black

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS] [Index Copernicus]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)




Liang G. et al.:
A nomogram to improve the predictability of SMILE surgery
© Med Sci Monit, 2017; 23: 5168-5175

CLINICAL RESEARCH

Table 1. The preoperative baseline characteristics of included patients.

Group 1 (N=195)

Group 2 (N=46)
Parameter

Age (years) 24.45+5.59 17-45 25.00+3.97 20-37 0.44
Csphere(®  -4235091 -675--225 4124119 -700--225 045
CGylnder@®)  -0591046  -225-0  -0431049  -225-0 006
 Spherical Equivalent Refraction (0) ~ -453:090 -7.00--225 433113 -738--225 02
ComealPower(®)  4325s141  3925-4675 43174137 40304670 071
Central Comneal Thickness 0) 54078:2829  487-606 5409642375  491-58 096
 Spherical Treatment Attempt (0)  -4624088  -7.25--275 468119 -750--275 066
 Cylinder Treatment Attempt (0) ~ -044:040  -200-000  -038:043  -200-000 036
 Spherical Equivalent Treatment Attempt (0) ~ -4.841087  -7.50--2.75 4884115 -788--275 081

P<0.05 means statistically significant.

spots, and 35 eyes had an opaque bubble layer. Of the 5 eyes
with suction loss, 2 of them immediately restarted the proce-
dure and completed surgery uneventfully, 1 received surgery
2 weeks later, and the other 2 were excluded from the study.

Patients were examined at 1 day, 1 week, 1 month, and 3
months postoperatively. Recordings of UDVA, CDVA, topogra-
phy, and slit lamp examination for corneal state and any ad-
verse effects were done on all postoperative visits.

At each postoperative follow-up, intraoperative parameter,
uncorrected visual acuity (UCVA), best corrected visual acuity
(BCVA), and refraction correction of the 2 groups were recorded.
The main refractive outcome measures included predictability,
safety, and efficacy. Safety was evaluated by CDVA before and
after surgery, while the safety index was the mean postopera-
tive CDVA divided by the mean preoperative CDVA (expressed
in decimal notation). Efficacy was evaluated by the change of
CDVA before surgery and the UDVA 3 months postoperative-
ly, and the efficacy index was the UDVA 3 months postopera-
tively divided by the CDVA preoperatively (expressed in deci-
mal notation). Predictability was evaluated by calculating the
error in SE correction: the attempted change in SE refraction
subtracted by the achieved change, including the arithmetic
and absolute refractive error of the SE correction (expressed
as the percent of SE correction error within 0.5 D and 1.0 D).

Statistical analyses were performed using the SPSS software
(ver. 18; SPSS Inc., Chicago, IL, USA). The continuous data were
reported as the mean + standard deviation, and the range and
median values were also given. The independent-samples t test
was used to compare data in normal distribution between any
2 groups, as assessed by the Kolmogorov-Smirnov test. When
the data did not fit normal distribution, the Mann-Whitney

test was used for comparison. Linear regression analysis was
performed to evaluate the relationships between error in SE
correction and intraoperative parameters, including age, pre-
operative spherical equivalent, corneal power (CP), and cen-
tral corneal thickness (CCT). The chi-square test was used to
compare the proportions between the different groups. P val-
ues less than 0.05 were considered statistically significant.

Results

Baseline characteristics

The preoperative baseline characteristics of included patients
are presented in Table 1. There was no significant difference
in the ophthalmic parameters between the 2 groups. A total of
195 eyes from 98 patients (47 male, 51 female) were enrolled
in group 1, while 46 eyes from 26 patients (25 male, 21 fe-
male) were enrolled in group 2. The mean age was 24.45+5.59
years (range: 17 to 45 years) for group 1 and 25.00+3.97 years
(range: 20 to 37 years) for group 2.

Linear regression analysis in group 1

The linear regression analysis of groups 1 was done to ana-
lyze the relationship between the attempted correction and
the achieved correction. Figure 1 shows the scatterplot and
linear regression analyses of the attempted correction of SE
against the achieved correction of SE at month 3 postopera-
tively. Although the relationship between the attempted cor-
rection and achieved correction was strong (correlation coef-
ficient=0.868, P<0.01), there is a slight overcorrection in the
achieved SE refraction (Figure 1).
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Figure 1. Linear regression analysis of the SE attempted
correction against the SE achieved correction 3 months
postoperatively in group 1. The relationship between
the attempted correction and achieved correction is
high (correlation coefficient=0.868, P<0.01), and there
is a slight overcorrection in the achieved SE refraction.

Figure 2. Linear regression analysis of the SE attempted
correction against the SE achieved correction 3 months
postoperatively in group 2. 82.61% (38/46) of eyes
were within 0.5 D of the intended refractive target
and 97.83% (45/46) were within +1.0 D 3 months after
surgery.

Table 2. The regression analysis results of the relationship between the age, pre-SE, CP, CCT and the error in SE correction.

Model b SE b B Adjusted R? P value
First step
""""" Constant ~ -0%0 121 o789 045
""""" Age  -0003 0005  -0044 o057
""""" PreSE o1 003 0287 000
""""" e o015 o002 o000  oase
""""" cr o000t o000t o007 027
CoRnalstep
""""" Constant 0259 o000 o070 0087
""""" PreSE. 0133 003 028 000

P<0.05 means statistically significant; Pre-SE — preoperative SE; CP — corneal power; CCT — central corneal thickness.

In group 1, 70.25% (137/195) of eyes were within +0.5 D of
the intended refractive target and 95.90% (187/195) were
within +1.0 D at 3 months after surgery. The mean arithme-
tic error in SE correction was —0.34+0.43 D (median -0.25 D;
range: -1.50 to 1.00 D), while the median absolute error of SE
correction was 0.38 D (range: 0.00 to 1.50 D).

Multifactor regression analysis

The multifactor regression analyses results of the effects of oper-
ative parameter on predictability are summarized in Table 2. The
results indicated that only preoperative SE (pre-SE) predicted
changes in SE refractive error. Pre-SE increased by 1 diopter, and
the refractive error was overcorrected by 0.113 D. The specific

adjustments were derived in the new nomogram from the
equation: SE error=0.259+0.113xSE . ., or Adjusted Target
SE correction=Target SE correction—(0.259+0.113xSE

preoperative)'

Linear regression analysis in group 2

After applying the nomogram to adjust target SE correction
in group 2, 82.61% (38/46) of eyes were within +0.5 D of the
intended refractive target and 97.83% (45/46) were within
+1.0 D at 3 months after surgery (Figure 2). The mean arith-
metic error in SE refraction was —0.15+0.38 D (median: —0.50
D; range: -0.65 to 1.28 D), while the median absolute error
was 0.30 D (range: 0.00 to 1.28 D).
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Figure 3. Boxplot showing the prediction of SE errors in 2
groups. A significant difference of the error in the SE
correction between the 2 groups was seen.

In addition, there were significant differences of the error of
SE correction between group 1 and group 2 (P=0.026, Mann-
Whitney Test) (Figure 3), which indicated that the target SE
correction can be better predicated by applying the nomogram.

Safety in group 1 and group 2
The visual recovery safety was compared between the 2 groups.

Preoperative and postoperative (month 3) LogMAR CDVAs were
-0.072+0.023, —0.076+0.016 in group 1, and -0.070+0.053,
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-0.079+0.055 in group 2, respectively. We found no significant
difference between preoperative and postoperative (3 months
after the surgery) CDVAs in either group (P=0.55, P=0.26, respec-
tively). In addition, the safety index was 1.00+0.14 in group 1 and
1.02+0.15 in group 2, respectively. There was no significant differ-
ence in the safety index between the 2 groups (P=0.56) (Table 3).

Efficacy in group 1 and group 2

The visual recovery efficacy was compared between the 2
groups. At 3 months postoperatively, LogMAR UDVA was
-0.064 +0.065 in group 1 and —0.077+0.060 in group 2. The
change of UDVA before surgery and 3 months after surgery was
0.008+0.069 in group 1 and —=0.001+0.0065 in group 2. There
was a significant difference in the UDVA change between the
2 groups (P<0.05) (Table 4).

The efficacy index was 1.00+0.16 in group 1 and 1.01+0.16 in
group 2. There was no significant difference in efficacy index
between the 2 groups (Table 4).

In group 1, all eyes had CDVA of 20/20 or better preoperative-
ly; 78.97% (154/195) of the eyes had UDVA of 20/20 or better
at 1 day after the operation, 96.92% (189/195) at 1 week after
the operation, 97.95% (191/195) at 1 month after the opera-
tion, and 93.84% (183/195) at 3 months after the operation.
In group 2, 86.96% (40/46) of the eyes had CDVA of 20/20
or better at 1 day after the operation, and 97.83% (45/46) of
eyes at 1 week, 1 month, and 3 months after the operation.

Table 3. The safety analysis.

LogMAR CDVA P value Safety index P value
Group 1 pre —0.072+0.023 0.550 1.00+0.14
""""" Grouplpost  -0076:0006  ose¢
""""" Goup2pre  -007010053 o260  1omo1s
""""" Group2post 007910055

Pre — preoperative; post :— postoperative; LogMAR CDVA — the Logarithm of the Minimum Angle of Resolution corrected distance visual
acuity.

Table 4. The efficacy analysis.

LogMAR UDVA Efficacy index P value
Group 1 post —0.064+0.065 1.00+0.16
""""""" Group 1postpre  0008:0069 P00s
""""""" Goup2post  -0077s0060 10016
""""""" Group2postpre 000100065

Post — postoperative; post-pre — postoperative vs. preoperative; logMAR UDVA — the Logarithm of the Minimum Angle of Resolution
uncorrected distance visual acuity. * P<0.05 vs. Group 1 post-pre.
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Figure 4. A histogram illustrating the percentage of eyes that
reached UDVA of 20/20 or better after SMILE surgery
in the 2 groups. There is no significant difference of
the cumulative percentages of 20/20 or better CDVA
postoperatively between the 2 groups at any indicating
time points.

More eyes in group 1 had 20/20 or better UDVA than in group
2 at 1 day after the operation; however, no significant differ-
ence was found between them (P=0.187, Pearson’s chi-square
test). In addition, there is no significant difference of the cu-
mulative percentages of 20/20 or better CDVA postoperative-
ly between the 2 groups (Figure 4).

Disscussion

We conducted the current study to investigate the correla-
tions between the operative parameters and the predictabili-
ty of SMILE surgery. The findings indicate that the nomogram
used in this study resulted in good eye refraction outcomes
within 3 months after the operation. This study found the no-
mogram could be used in SMILE surgery.

There is mounting evidence demonstrating that the promising
clinical outcomes of SMILE are comparable to those of femto-
second LASIK [7,16-18]. During the learning phase, mini-ad-
justments based on manufacturer’s suggestions or experts’
experiences are often implemented to get more accurate re-
fraction results. Liyanage et al. [19] reported that factors such
as Wavefront SE and central pachymetry could affect visual
outcomes after femtosecond LASIK using multifactor regression
analysis and established the model for analyzing the nomo-
gram to achieve target SE. Allan et al. [20] also described a new
multiple regression—derived nomogram to guide adjustments
to the treatment cylinder alongside nomograms designed to
optimize postoperative SE results in myopic LASIK procedure.
Previous studies used the nomograms to achieve more precise

CLINICAL RESEARCH

target SE from the refractive surgery. The preoperative design
for SMILE is similar to LASIK, thus the operative parameters of
age, CP, CCT, and preoperative manifest refraction should be
considered as the factors influencing the SE correction errors
or the risk of enhancement surgery. Hjortdal et al. [21] report-
ed that age, CP, sex (female), and eye (left) were predictors
that could influence SE correction errors in the SMILE proce-
dure. According to Kim et al. [22], however, none of these fac-
tors were the predictors that influenced SE correction errors.
In the present study, the calculation suggested that preoper-
ative SE was the only factor to influence the SE correction er-
rors. Until now, there has been no nomogram available for the
SMILE procedure to improve the predictability of SE correction
in the Chinese population. This study evaluated a new mul-
tiple-regression analysis-based nomogram for myopic SMILE
procedure that incorporated a simple method of refining tar-
get refraction results by calculation of preoperative parame-
ter. The R2 values of linear regression between the achieved
and attempted SE correction were 0.868 in group 1 and 0.914
in group 2, respectively, and the errors in SE correction were
also significantly different in the 2 groups. Previous studies
found the predictability of SMILE procedure ranged widely
from 77% to 100% of eyes within 0.50 D and 94.2% to 100%
of eyes within 1.00 D of the attempted refraction [6,17,21,23-
26]. This study determined the predictability to be 70.25%
of eyes within 0.50 D and 95.90% within 1.00 D, which was
slightly lower than in previous studies. The discrepancy could
be explained by the surgeons’ techniques. Overcorrection was
found in our study, especially with increasing attempt treat-
ment, and it was also caused by the inexperienced surgeons
who prefer the overcorrection to the under-corrected design.
After utilizing the nomogram, the predictability improved to
82.61% and 97.83% of eyes being within 0.50 D and 1.00 D
of the attempted SE correction, respectively.

As to the stability and efficacy, Vestergaard et al. [17] report-
ed that the logMAR CDVA was —0.03+0.07 and 95% of eyes
had UDVA of 20/40 or more 3 months postoperatively. Kamilya
et al. [26] reported that the LogMAR UDVA and CDVA were
-0.16+0.11 and -0.22+0.07, respectively, 1 year postoperative-
ly. Correspondingly, the findings of this study showed that a
LogMAR UDVA of —0.064+0.065 in group 1 at 3 months postop-
eratively. In group 2, the UDVA of -0.077+0.060 showed similar
results with group 1. Hjortdal et al. also stated that the safety
and efficacy indices were 1.07+0.22 and 0.90+0.25 at month 3
postoperatively, while Sekundo et al. reported safety and effi-
cacy indices of 1.08 and 0.99, respectively. This study’s safety
and efficacy indices in this research were 1.00+0.14, 1.02+0.15
in group 1 and 1.00+0.16, 1.01+0.16 in group 2. These results
indicated that the nomogram adjustment did not impact the
safety and efficacy of the surgery.
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However, there are several limitations in our study. One is that
both eyes of every patient were included in this study. Because
of the compounding (correlation) of data between bilateral
eyes, it is better to include only 1 eye of each patient in the
study [27]. Analyses were performed on either eye and showed
similar outcomes, but only half of the data were included in
previous one-eye studies. Hjortdal et al. [21] had indicated that
the correction was associated with a small worsening in CDVA
in left eyes compared with right eyes. The small sample size
is another limitation. A larger sample size could help identify
more accurate predictors and regression formulas to the per-
sonalized SMILE procedure. In addition, the long-term stabili-
ty of SMILE surgery was not evaluated in this study. Pedersen
found that 82% and 93% of the eyes were within 0.50 D and
1.00 D, respectively, at 3 months postoperatively, while 78%
and 90% were within 1.00 D of the attempted refraction at 3
years postoperatively [28], indicating that the long-term sta-
bility of SMILE can decrease. Therefore, a long-term follow-up
study is necessary to confirm whether refractive regression oc-
curs months or years after the surgery. Advanced investiga-
tion of the relationship between the refractive regression and
surgical parameters is needed to determine the final accuracy
of the refraction. There are many factors affecting the refrac-
tion, such as lenticule diameter, anterior chamber depth, axial
length, white-to-white distance, and other corneal biomechanics
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or ocular surface parameters, and we only addressed the pre-
SE in this work. The lenticule diameter varies among different
surgeons, even in the same case, so it is not a preferred pred-
icator. The anterior chamber and axial length are more rele-
vant to refractive stability and may be included in future ad-
vanced long-term investigations. Discussion of femtosecond
laser system error and other inherent errors needs to be con-
sidered in further studies.

Conclusions

In conclusion, SMILE surgery using the novel nomogram can be
beneficial for the correction of myopia and shows significant
improvement of predictability throughout the 3-month follow-
up period. It is worth noting that the nomogram used in this
study is not available to other surgeons. In addition, patient
diversity [21] may influence eye biometric parameters, which
would demand special design. We suggest that surgeons use
this approach to enhance the results of their SMILE procedures.
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