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ABSTRACT

Introduction: In the context of managing
patients’ expectations and satisfaction regard-
ing visual acuity after cataract surgery, we
aimed to investigate the improvement in visual
acuity and patient satisfaction after small-inci-
sion lenticule extraction (SMILE) in pseu-
dophakic (trifocal intraocular lens, IOL)
patients with residual myopic refraction after
cataract surgery.
Methods: Seventy-six patients (82 eyes) who
underwent cataract surgery with ZEISS AT LISA
tri 839MP IOL implantation were included in
this retrospective study. The included patients
were 56–79 years old, wanted spectacle inde-
pendence, and had preoperative myopic refrac-
tion between - 1.0 and - 2.25 diopters (D) and
astigmatism between - 0.75 and - 1.75 D. The
treatment status of these patients was defined as
trifocal IOL (n = 82). SMILE was performed in
patients who were dissatisfied after cataract
surgery, and these patients were followed up for

1 year on average. We evaluated visual acuity
and satisfaction and further examined laser
vision correction and satisfaction levels in
patients who were dissatisfied after trifocal IOL
implantation.
Results: The possible reasons for patient dis-
satisfaction were reading books, using a com-
puter, and driving at night. After SMILE, the
residual myopic refractive error (spherical)
decreased significantly from - 2.08 ± 0.28
[- 2.25 to - 1.0] preoperatively to
- 0.25 ± 0.20 - 0.5 to 0] 1 year postoperatively
(p\ 0.001). Additionally, the uncorrected dis-
tance visual acuity increased from 0.65 ± 0.08
[0.52–0.7] logMAR preoperatively to
0.09 ± 0.02 [0.05–0.1] logMAR at 1 month
postoperatively (p\0.001), 0.09 ± 0.02
[0.05–0.1] logMAR at 6 months postoperatively,
and 0.06 ± 0.02 [0.05–0.1] logMAR at
12 months postoperatively (p\0.001). Patient
satisfaction measures after SMILE (reading,
night driving, and using a computer) were sig-
nificantly improved.
Conclusion: SMILE is a reliable method for
treating residual refraction after cataract sur-
gery, as it provides results in the shortest time
without complications and increases patient
satisfaction.
Trial Registration: The protocol was registered
on clinicaltrials.gov (NCT04693663).
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Key Summary Points

Why carry out this study?

Residual refraction has been ranked at the
top of the list of postoperative patient
complaints after cataract surgery and is
mainly caused by the inaccuracy of
predicted postoperative refraction.

The presence of residual refraction makes
it difficult for the patient to see and
perform daily activities and generally
reduces the quality of life.

We hypothesize that small-incision
lenticule extraction (SMILE) surgery may
improve the accuracy of predicted
postoperative visual acuity and increase
patient satisfaction without any
complications.

What was learned from the study?

This study demonstrated that the SMILE
technique is a safe and effective treatment
modality for pseudophakic myopic
fractures to improve patient visual
outcomes and satisfaction after cataract
surgery.

This study was the first to provide new
information about long-term (1 year)
optical quality changes after cataract
surgery using the SMILE module for
residual myopic refraction.

INTRODUCTION

Cataracts are one of the most common phys-
iological changes affecting vision and the
most common reason for visual impairment in
adults aged 50 years and older [1]. This eye
disease can lead to clouding of the lens inside
the eye and reduced vision. Currently, the
usual treatment for cataracts involves remov-
ing the opacified lens and replacing it with an
artificial monofocal or multifocal intraocular

lens (IOL). Cataract surgery is a refractive
surgery, as it will increase vision if a lens with
a suitable power is implanted in the patient’s
eye.

However, it is necessary to manage
patients’ expectations and satisfaction with
visual acuity after cataract surgery. These
treatments are only needed for postoperative
adjustment of the refractive error, such as IOL
exchange, overlay IOL implantation, laser-as-
sisted in situ keratomileusis (LASIK), and
photorefractive keratectomy (PRK) [2]. Addi-
tionally, corneal refractive surgeries are per-
formed. Methods such as small-incision
lenticule extraction (SMILE) and femtosecond
LASIK (FS-LASIK) are practical and comfort-
able options for patients who are not satisfied
with their visual acuity after cataract surgery
[3, 4]. This study aimed to provide evidence to
support SMILE as an alternative and comfort-
able option for both patients and surgeons for
improving both the visual outcome and
patient satisfaction after trifocal IOL
implantation.

METHODS

Study Population

This study was performed in accordance with
the Declaration of Helsinki. The protocol was
registered on clinicaltrials.gov (NCT04693663).
Approval was obtained from the national
research ethics committee of the Ministry of
Health, Kosovo. Written informed consent was
obtained from each patient for the publication
of all patient information. Each patient was
informed about the SMILE surgery.

This retrospective study included 82 eyes of
76 consecutive patients who underwent cat-
aract surgery with ZEISS AT LISA tri 839MP
IOL implantation. We included patients who
underwent cataract surgery at various clinics
between 2017 and 2018 and YAG laser cap-
sulotomy with or without posterior capsule
opacity 3 months after cataract surgery. SMILE
surgery was performed 1 month after YAG
laser surgery. Patients with a history of
hyperopia, less than 23 mm in axial length,
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and implanted ZEISS AT LISA tri 839MP IOL
were included. In addition, the patients had
residual myopia between - 1.0 and - 2.25 D
and astigmatism between - 0.75 and
- 1.75 D. The same surgeon (FS) performed all
SMILE surgeries with the patient under local
anesthesia at the Eye Hospital of Pristina
(Kosovo). We excluded patients with a history
of high myopia, retinal detachment, corneal
disease, irregular corneal astigmatism, glau-
coma, macular degeneration, advanced
retinopathy, keratoconus, ocular inflamma-
tion, an endothelial cell count less than
1900/mm2, and/or dry eye.

Pre- and Postoperative Evaluations

Slit-lamp examination, Goldmann applanation
tonometry, and visual acuity examination
using an ETDRS chart with the Sloan 5 9 5
family of letters as optotypes were performed
under photopic conditions using room illu-
mination of 90 cd/m2 and mesopic illumina-
tion of 0.7 cd/m2. The uncorrected distance
visual acuity (UDVA), uncorrected near visual
acuity (UNVA) at 35 cm, corrected near visual
acuity (CNVA) and uncorrected intermediate
visual acuity (UNVA) at 70 cm, and corrected
intermediate visual acuity (CNVA) were asses-
sed by simulating normal daily life activities.
Determination of the total root mean square
(RMS) and Q value, keratometry, corneal
topography (ATLAS, Carl Zeiss Meditec,
Dublin, USA), endothelial cell count analysis
(SP-3000P, Topcon, Japan), axial length of
each preoperative patient measured with the
ZEISS IOLMaster 500 (Carl Zeiss Meditec,
Dublin, CA, USA), and fundoscopy were per-
formed in all patients preoperatively and at 1,
6, and 12 months after SMILE surgery. All
patients completed questionnaires before and
1 year after SMILE. The questionnaire assessed
patients’ perceptions of vision and vision dif-
ficulties associated with daily activities such as
reading, using a computer, or driving at night
in the preoperative period. Another question-
naire was used to evaluate these conditions as
well as to investigate patient satisfaction and
quality of life postoperatively.

SMILE Surgery

The Carl ZEISS VisuMax femtosecond laser
(frequency 500 kHz) was used to treat residual
myopic refractive error with the SMILE tech-
nique 4 months after cataract surgery [5–9].
First, topical anesthetic drops were applied to
the cornea. After docking the cornea with a
curved cone, a low vacuum was applied so that
the patient could see the fixation light during
docking. Then, an intrastromal lenticule with a
diameter of 6.6 mm was created in the appro-
priate shape to achieve the desired refractive
correction, and a cap with a minimum diameter
of 7.7 mm and thickness of 10 lm was created
using a femtosecond laser (spot energy 130 nJ).
With the cap cut, a 2-mm incision was created,
and the lenticule was opened for accessibility,
manually dissected with a Mallorca 1297 spoon-
type spatula, and removed with forceps. Fig-
ure 1a shows the preoperative low, high, and
total RMS. Figure 1b shows the postoperative
low, high, and total RMS. Figure 1c shows the
preoperative Q value, and Fig. 1d shows the
postoperative Q value. The postoperative ther-
apy included antibiotic eye drops (moxifloxacin
hydrochloride) and steroidal eye drops (dex-
amethasone), administered four times per day
for 1 month.

Statistical Methods

SPSS 25.0 (IBM Corporation, Armonk, New
York, USA) and PAST 3 (paleontological statis-
tics) programs were used to analyze the paired
corneal spherical aberration, total RMS, reading
satisfaction, computer use satisfaction, night
driving satisfaction, astigmatism, residual
refraction after trifocal IOL implantation, and
Q value samples using the bootstrap T test.
UNVA (35 cm) and UNVAN (70 cm) were tested
using Wilcoxon signed-ranks test and Monte
Carlo simulation results to compare measure-
ments preoperatively and 1 year postopera-
tively. For comparison of the preoperative
UDVA (logMAR) with the UDVA at 1, 6, and
12 months postoperatively, general linear
model repeated-measures analysis of variance
(ANOVA) with Bonferroni’s post hoc test was
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used. Quantitative variables are shown in
tables as the mean (standard deviation) [mini-
mum to maximum], while categorical variables
are shown as n (%). Differences with a p value
less than 0.05 at a 95% confidence level were
considered significant. Sampling and power
calculations were performed using the G Power
3.1 program. According to the results of the
analysis, the partial eta-squared value was 0.976
(effect size f = 6.37, n = 82, type I error
(a) = 0.05). The post power value was calculated
as 100% for single-group four-repetition Q value
measurements (effect size dz = 5.18, n = 82). In
addition, the post power calculated for trifocal
installed cataract residual refraction measure-
ments with two replicates in one group was
100% [type I error (a) = 0.05].

Statistical power is the probability that if a
significant difference is detected between the
groups, this difference is real. An 80% power
level is a standard goal. The number of samples
corresponding to an 80% power level is

determined as the minimum number of samples
to be included in the study. For Q value and
trifocal installed cataract residual refraction
measurements, which are the most important
variables of our study, the minimum number of
individuals to be included in the study was 82 at
a power level of 100%.

Fig. 1 Pre- and postoperative RMS and Q values. a Preoperative low, high, and total RMS. b Postoperative low, high, and
total RMS. c Preoperative Q value. d Postoperative Q value

Fig. 2 Q value before and 1 year postoperatively after
SMILE
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Characteristics of Study Participants

SMILE was performed in 82 eyes of 76 patients
after trifocal IOL implantation; the patient age
was 68 [56–79] years, with 45 women (59.21%)
and 31 men (40.78%). The mean time between

the last cataract surgery and SMILE was
4 months. Unilateral SMILE surgery was per-
formed in 70 (72.63%) patients, and bilateral
SMILE surgery was performed in 6 patients
(14.63%). All patients reported satisfaction
during the follow-up period after SMILE.

Table 1 Before and 1 year after SMILE

Parameter Preop (A) 1 month
postop (B)

6 months
postop (C)

1 year postop (D) p

Uncorrected distance visual

acuity (UDVA) (logMAR)

0.65 ± 0.08

[0.52–0.7]BCD
0.09 ± 0.02

[0.05–0.1]D
0.09 ± 0.02

[0.05–0.1]D
0.06 ± 0.02

[0.05–0.1]

\ 0.001a

Corneal spherical aberration 0.25 ± 0.02

[0.21–0.279]

0.23 ± 0.03

[0.174–0.279]

0.133b

Total RMS 0.84 ± 0.06

[0.7–0.9]

0.82 ± 0.08

[0.6–0.9]

0.072b

Reading satisfaction 78.66 ± 5.39

[70–90]

– – 88.54 ± 3.56

[80–90]

0.001b

Computer use satisfaction 80.12 ± 5.55

[70–90]

– – 88.29 ± 3.79

[80–90]

0.001b

Night driving satisfaction 64.27 ± 5.22

[60–80]

– – 86.95 ± 4.63

[80–90]

0.001b

SMILE astigmatism - 1.23 ± 0.37

[- 1.75 to

- 0.75]

– – - 0.37 ± 0.13

[- 0.5 to

- 0.25]

0.001b

Residual refraction after trifocal

IOL implantation

- 2.08 ± 0.28

[- 2.25 to - 1.0]

– – - 0.25 ± 0.20

[- 0.5 to 0]

0.001b

Q value - 0.43 ± 0.04

[- 0.49 to

- 0.36]

– – - 0.27 ± 0.05

[- 0.34 to

- 0.2]

0.001b

Preop UNVA (35 cm) 2 [2–3] – – 2 [2–3] 0.999c

Preop UNVA (70 cm) 5 [5–7] – – 3 [3–4] \ 0.001c

A–B A–C A–D B–C B–D C–D

\ 0.001 \ 0.001 \ 0.001 0.999 \ 0.001 \ 0.001

Data are presented as mean ± SD [min–max] or median [min–max]
A, statistical significance according to Preop; B, statistical significance according to 1 month postop; C, statistical signifi-
cance according to 2 months postop; D, statistical significance according to 1 year postop
SD standard deviation
aGeneral linear model repeated-measures ANOVA (Wilks’ lambda), post hoc test: Bonferroni
bPaired-samples t test (bootstrap)
cWilcoxon signed-ranks test (Monte Carlo)

Ophthalmol Ther (2022) 11:1539–1550 1543



RESULTS

Q Value

The SMILE Q value improved from
- 0.43 ± 0.04 [- 0.49 to - 0.36] preoperatively
to - 0.27 ± 0.05 [- 0.34 to - 0.2] 1 year post-
operatively (Fig. 2).

The corneal spherical aberration improved
from 0.25 ± 0.02 [0.21–0.279] preoperatively to
0.23 ± 0.03 [0.174–0.279] lm postoperatively,
which was not statistically significant
(p = 0.133) (Table 1), and the total RMS
improved from 0.84 ± 0.06 [0.7–0.9] preopera-
tively to 0.82 ± 0.08 [0.6–0.9] lm postopera-
tively, which was also not statistically
significant (p = 0.072) (Table 1).

Questionnaire Results

All patients completed questionnaires before
and after SMILE. The questionnaire assessed
patients’ perceptions of vision and vision diffi-
culties associated with daily activities such as
reading, using a computer, and driving at night
in the preoperative period. Another question-
naire was applied to evaluate these conditions
and to investigate patient satisfaction and
quality of life postoperatively. Reading satisfac-
tion significantly improved from 78.66 ± 5.39
[70–90] preoperatively to 88.54 ± 3.56 [80–90]
1 year postoperatively (p\ 0.001) (Table 1).
Computer use satisfaction significantly
improved from 80.12 ± 5.55 [70–90]

preoperatively to 88.29 ± 3.79 [80–90] 1 year
postoperatively (p\0.001). Night driving sat-
isfaction significantly improved from
64.27 ± 5.22 [60–80] preoperatively to
86.95 ± 4.63 [80–90] 1 year postoperatively
(p\ 0.001) (Table 1).

Distant Visual Acuity

The UDVA increased from 0.65 ± 0.08
[0.52–0.7] logMAR preoperatively to
0.09 ± 0.02 [0.05–0.1] logMAR 1 month post-
operatively (p\0.001), 0.09 ± 0.02 [0.05–0.1]
logMAR 6 months postoperatively, and
0.06 ± 0.02 [0.05–0.1] logMAR 12 months
postoperatively (p\ 0.001) (Fig. 3). Preopera-
tive corrected distance visual acuity, postoper-
ative uncorrected distance visual acuity
(Fig. 4a), and attempted SEQ (D) values are
presented in Fig. 4b and Table 2.

After SMILE, the residual myopic refractive
error (spherical) decreased significantly from
- 2.08 ± 0.28 [- 2.25 to - 1.0] preoperatively
to - 0.25 ± 0.20 [- 0.5 to 0] 1 year postopera-
tively (p\ 0.001) (Table 1). Additionally, astig-
matism decreased from - 1.23 ± 0.37 [- 1.75
to - 0.75] preoperatively to - 0.37 ± 0.13
[- 0.5 to - 0.25] 1 year postoperatively
(p\ 0.001) (Fig. 4c) and (Table 1).

Near Visual Acuity

In all patients, the UNVA (35 cm) did not
change postoperatively; it was J2 (Fig. 5). How-
ever, the UNVA (70 cm) increased from J5 to J3
(Fig. 6). This study included patients with a
history of hyperopia and AT LISA tri839MP tri-
focal IOL (Carl Zeiss Meditec) implantation.
This IOL is a one-piece diffractive, aspheric,
plate-type collapsible, hydrophilic acrylate IOL
with a surface of principal and phase regions.
This lens provides ? 3.33 and ? 1.66 D to add
power for near and intermediate vision,
respectively, reducing negative visual symp-
toms and improving retinal image quality.

In this study, we benefited from this feature
of the trifocal lens and increased the distance
and intermediate vision ratio without compro-
mising the comfort of near vision. In addition,

Fig. 3 UDVA (logMAR) before and 1 year postopera-
tively after SMILE
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Fig. 4 Preoperative corrected distance visual acuity and postoperative uncorrected distance visual acuity
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since the axial lengths of the patients were
hyperopic, SMILE surgery was performed with-
out drastically increasing the Q value and
without drastically decreasing the total RMS.

DISCUSSION

Trifocal IOLs have been developed to treat cat-
aracts to help increase patients’ far, intermedi-
ate, and near vision. However, the emergence of
refractive error with this intervention can lead
to patient dissatisfaction [10–16]. Irrespective of
the location at which the cataract surgery is
performed and the technology used, additional
refractive surgery is needed to increase patient

satisfaction. Therefore, we propose a new and
comfortable treatment using SMILE technology
for patients with residual myopic refraction
causing dissatisfaction after trifocal IOL
implantation. This study demonstrates that a
residual myopic refractive error, one reason for
dissatisfaction, can be corrected easily and effi-
ciently using SMILE surgery.

A potential solution to increase patient sat-
isfaction after cataract surgery is a lens-based
procedure (IOL exchange or piggyback IOL
implantation) [2, 17–25], in which the original
cataract wound is reopened to repair the resid-
ual refractive error immediately after cataract
surgery. Subsequently, another IOL can be

Table 2 Surgically induced astigmatism vector (D), target-induced astigmatism vector (D), achieved SEQ (D), and
attempted SEQ (D)

Variable Mean – SD Median [minimum–maximum]

Surgically induced astigmatism vector (D) 1.23 ± 0.37 1.25 [0.75–1.75]

Target induced astigmatism vector (D) 0.87 ± 0.39 0.875 [0.25–1.5]

Achieved SEQ (D) - 2.31 ± 0.43 - 2.25 [- 4 to - 1.5]

Attempted SEQ (D) - 2.07 ± 0.47 - 2 [- 4 to - 1.25]

SD standard deviation

Fig. 5 Preoperative and postoperative UNVA (35 cm) J2
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implanted (IOL replacement), changing the lens
immediately after the first surgery, but there is a
risk of posterior capsule defect formation,
glaucoma, zonular defect formation, endothe-
lial damage, or postoperative pigment disper-
sion, which occurs when the dorsal lens rubs
against the posterior surface of the iris; fur-
thermore, endophthalmitis can occur during
these procedures. Hence, laser treatment is
more appropriate for these patients. Moreover,
LASIK and PRK often provide better pre-
dictability and accuracy than IOL exchange or
lens overlay techniques, especially regarding
astigmatic outcomes, and prevent several risks
associated with subsequent intraocular surg-
eries. Both PRK and LASIK have been used to
correct residual refractive error after cataract
surgery [4, 26–30]. However, LASIK has been
shown to cause more severe and permanent
damage to corneal sensation, corneal barrier
function, and tear film stability than PRK.
Moreover, sometimes, the residual refractive
error remains after LASIK, necessitating further
lens replacement. In our series, aberrations such
as coma and astigmatism were not observed in
any of the patients after SMILE. However, Seiler
et al. [27] found such aberrations in 12.5% of
treated eyes, and De Vries et al. [14] showed that
the wavefront anomalies thought to be

responsible for conditions reducing vision, such
as high-grade coma and astigmatism, occurred
in a similar percentage of eyes and could not be
corrected with wavefront-optimized ablation.
ZEISS AT LISA tri 839MP IOL implantation helps
increase patients’ far, intermediate, and near
vision, and these IOLs show greater central
power than peripheral power. This study
demonstrates two important concepts, i.e.,
success was achieved by following the path
without excessively increasing the Q value or
excessively reducing the total RMS (Fig. 1). Sei-
ler et al. [27] reported that 96% of patients were
completely independent of glasses, while four
patients used reading glasses from time to time.
However, in our study, none of the patients
needed to use glass for distance or near vision
after SMILE.

The strengths of this study are that the
sample size was sufficient to investigate the
differences between the patients and the long
follow-up period. Furthermore, to our knowl-
edge, this is the first attempt to implement
SMILE surgery as a solution for correcting
residual refractive error after trifocal IOL
implantation. This study also has some
notable limitations.

First, as there was no SMILE hyperopic
module when we started the study, we could

Fig. 6 Preoperative UNVA (70 cm) J5 and postoperative UNVA (70 cm) J3
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not include hypermetropic residual refraction
in this study, and some patients were satisfied
with their near vision without glasses or cor-
rected distance vision after cataract surgery,
while others used correction for near vision
(monovision). No comparison was made with
patients who underwent LASIK as another
means of correcting postoperative myopia. A
comparative study involving SMILE with selec-
tive wavefront-guided LASIK provides clearer
evidence as to whether SMILE will be superior to
selective wavefront-guided LASIK in residual
refractive error after trifocal IOL implantation.

CONCLUSION

This treatment modality should be applied in
the future, followed by an investigation of the
residual refractive error, visual outcomes, and
satisfaction of patients from different geo-
graphic regions, cultures, and socioeconomic
statuses. Such future studies with larger samples
are also warranted to confirm our results. In
conclusion, the SMILE technique is a safe and
effective treatment modality for pseudophakic
myopic fractures to improve the visual out-
comes and satisfaction of patients after cataract
surgery. With this surgical technique, there is
no need for glasses, and the improvement of
vision in a short time increases patient
satisfaction.
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