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ORIGINAL ARTICLE

Comparison of the Cost-Effectiveness of
SMILE, FS-LASIK, and PRK for Myopiain a
Private Eye Center in Spain

Marie Joan Therese D. Balgos, MD; David P. Pifiero, PhD; Mario Canto-Cerdan, PhD;
Jorge L. Alié del Barrio, MD, PhD; Jorge L. Alié, MD, PhD

ABSTRACT

PURPOSE: To describe and compare the cost-effectiveness of
small incision lenticule extraction (SMILE), femtosecond laser-
assisted in situ keratomileusis (FS-LASIK), and photorefractive
keratectomy (PRK) for treating myopia and myopic astigmatism
in a private eye center.

METHODS: The perspectives for this cost-effectiveness anal-
ysis were for the payer and the health care sector. For the
payer’s perspective, a decision tree model was made, with a
time period of 30 years, and the average weighted utility val-
ues and quality-adjusted life years (QALY) were computed for
each procedure. The average weighted costs were derived for
each procedure and divided by the QALY to obtain the incre-
mental cost-effectiveness ratios (ICER). For the health care
sector’s perspective, the direct and indirect costs of acquiring
the equipment and maintaining the facilities—including con-
sumables and personnel salaries—were obtained to compute
the minimum number of patients treated per year.

efractive errors are among the most common
Rcauses of correctable visual impairment! and

the increasing prevalence of myopia may have
significant economic implications. The potential glob-
al productivity loss due to vision impairment from
uncorrected myopia is estimated to be 244 billion
US$ (220 billion euros).? The lifetime per capita cost
of treatment for a person diagnosed as having myopia
ranges from 9,300 to 17,020 US$ (range: 8,463 to 15,488
euros). A large part of these costs is due to the cost
of spectacles, contact lenses, and eye care services.?*

RESULTS: The weighted utility values were 0.8 for SMILE
and PRK and 0.77 for FS-LASIK. The weighted QALYs were
24 for SMILE and PRK, and 23.1 for FS-LASIK. The average

weighted costs were 335.45, 443, and 346.96€, respectively.
The resulting incremental cost-effectiveness ratios were

13.98 €/QALY for SMILE, 18.46 €/QALY for PRK, and 15.02 €/
QALY for FS-LASIK. There was a negative correlation between
the ICER and the time (in years) after the surgery. To achieve
a profit, the minimum number of patients treated per year is
155 for SMILE, 136 for PRK, and 155 for FS-LASIK.

CONCLUSIONS: Laser corneal refractive surgery is cost-effective
for a person desirous of refractive correction for myopia. SMILE
had the lowest ICER, followed by FS-LASIK and PRK. This trend
was noted at all time periods. The cost of investing in laser re-
fractive surgery facilities is outweighed by the potential income in
high-volume eye centers.

[J Refract Surg. 2022;38(1):21-26.]

Corneal refractive or keratorefractive surgery, such
as photorefractive keratectomy (PRK), femtosecond
laser—assisted in situ keratomileusis (FS-LASIK), or
small incision lenticule extraction (SMILE), neutralize
myopia by surgically remodeling the cornea to lessen
its refractive power. Higher up-front costs for these
procedures, which have been reported to be 3,851 US$
(3,504€) per patient,® may deter patients from opting
for corneal refractive surgery. However, refractive sur-
gery has been shown to be more cost-effective than
either contact lens or spectacle use for patients with
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myopia when its costs are prorated in all years with
benefit from the procedure.* Our study aimed to com-
pare the cost-effectiveness of three corneal refractive
procedures (PRK, FS-LASIK, and SMILE) for treating
myopia and myopic astigmatism.

METHODS

The perspectives for this cost-effectiveness analysis
were those of the payer (the patient), and the eye center
or the health care system; as such, this cost-effectiveness
analysis only included direct costs to the patient and
the eye center. The currency used was the euros (2020)
A cost-effectiveness analysis was conducted based on
the guidelines and recommendations of the Second
Panel on Cost-effectiveness of Health in Medicine.®

COST-EFFECTIVENESS ANALYSIS FROM THE PAYER'S
PERSPECTIVE

A review was made of published data on outcomes
and characteristics of patients with myopia and myo-
pic astigmatism who underwent SMILE, FS-LASIK,
or PRK. Full data from this review are available from
the authors. From this, a reference case was made of
a patient with myopia who is desirous of being free of
spectacles or contact lens use and is an equally good
candidate for either SMILE, FS-LASIK, or PRK. The pa-
tient’s age was set at 30 years, based on the published
average age that refractive surgery was performed in our
reference studies. For the reference case, the following
assumptions were made: there was no underlying ocu-
lar disease or comorbidity, there were no contraindi-
cations for the performance of the three modalities of
refractive surgery on the patient, the cost for the com-
plications incurred after the procedure would be shoul-
dered by the patient, and benefit from the procedure
prior to the onset of age-related conditions would be
30 years. The keratorefractive surgery was assumed to
be bilateral, and the complications were assumed to be
unilateral. We used a time period of 30 years for the
projection of outcomes and accompanying costs was 30
years, with a discount rate of 3%. Outcomes for the per-
spective of the payer included average weighted costs,
average weighted utility values, quality adjusted life
years (QALY), and cost per QALY (incremental cost-
effectiveness ratio [I[CER]).® For the health care system’s
perspective, the outcomes obtained were the income
from the procedures (in euros), and the costs (in euros)
to the health center.

COMPUTING FOR COST-EFFECTIVENESS FROM THE PAYER'S
PERSPECTIVE

A decision tree model (Figure A, available in the
online version of this article) was used. In keratorefrac-
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tive surgery, whether it involves lenticule extraction or
corneal ablation, corneal stromal tissue is permanently
removed. The decision tree model shows the procedure
followed by all patients who undergo laser refractive sur-
gery and their postoperative course. The probabilities for
obtaining specific utility values after SMILE, FS-LASIK,
and PRK, as well as the management and outcomes of
their complications, were outlined in the model. These
were derived from textbooks and published journal arti-
cles evaluating the effectiveness of the three procedures,
and our own database. The study was only limited to
the most reported or the most visually threatening post-
operative complications. The details of the references
used to create the decision tree model are included in
the supplemental material. Table A (available in the on-
line version of this article) describes the probabilities for
each of the outcomes and lists in detail, along with the
references, the resulting utility value from each branch
of the decision tree.

MEDICAL COSTS

Direct costs pertaining to the three corneal refrac-
tive procedures, and the management of any possi-
ble complication that might occur, were used for the
cost-effectiveness analysis from the payer’s perspec-
tive. This analysis did not include the indirect costs
of undergoing the procedure, such as transportation
to and from the eye center for the procedure and the
revisions, or absenteeism from work for the patient
and a companion. The costs associated with corneal
refractive surgery and its complications were taken
from multiple sources: institutional or facility costs
as set by our eye center and the standard retail prices
of medications in Spain or other European countries.
Annual costs reflect the total cost projected per com-
ponent of the procedure, from the initial consultation
to the total cost of management options of each com-
plication. Certain management options for the com-
plications are not required for every patient; these in-
clude penetrating keratoplasty for corneal infections
or corneal ectasia, or Nd:YAG for epithelial ingrowth.
To avoid overestimating the projected costs, we multi-
plied the cost by the frequency that it is performed for
such indications, as shown in the published literature
or based on the authors’ experience. The average for
all weighted costs (average weighted costs) was com-
puted and then multiplied by the incidence percent-
age of each complication. Discounted lifetime costs
were computed for treatments that are foreseen to last
more than 1 year. To be specific, discounted lifetime
costs were computed for the lifetime use of contact
lenses for corneal ectasia or the use of topical lubri-
cants for chronic dry eye over a period of 3 years. The

Copyright © SLACK Incorporated



defined time period for this cost-effectiveness analysis
was 30 years, and a 3% annual discount rate was ap-
plied in management options where prolonged or life-
time treatment is required.® The discounted lifetime
costs were multiplied by the frequency or probability
of a complication happening to obtain the weighted
discounted lifetime costs.

We computed for the total gain from undergoing any
of the above procedures or the QALYs using the formula
of Prieto and Sacristdn.® The utility values were solely
obtained from the visual acuity outcomes of each pro-
cedure and were based on the study by Brown et al.”
Utility values are a reflection of patient preference and
evaluate how patients are able to function in their ac-
tivities of daily life. These give an objective assessment
or quantification of the quality of life associated with a
health or disease state. The utility values used for this
study are standardized time trade-off vision utilities
solely based on bilateral visual acuity and unaffected by
the cause of vision loss, age, sex, or any comorbidity. The
closer the utility value is to 1.0, the better the visual acu-
ity and the implied quality of life. Time trade-off vision
utilities are obtained by asking patients how long they
are expected to live, and how many of those remaining
years of life would the patient be willing to trade in re-
turn for a therapy that would allow the current vision in
each eye to be perfect vision bilaterally.® Table A shows
the utility values based on the visual acuity outcomes
for each procedure. The average weighted utility value
was obtained from the utility value per branch of the de-
cision tree model multiplied by the probability of said
outcome. This was then multiplied by 30, the assumed
number of years with benefit from the procedure, to ob-
tain the QALY. The weighted average cost per procedure
was computed and subsequently divided by the QALY
to get the ICER or the cost per QALY gained.’ Sensitivity
analysis was performed by varying the average weighted
utility values, average weighted costs, and QALYs by
25%. We then performed cost-effectiveness analyses at
different time periods (1,5, 10, 15, 25, 35, and 45 years)
following the procedure described above. A correlational
analysis was performed using Excel software (Microsoft
Corporation) to compare the relationship of the ICER to
different time periods after the procedure.

COMPUTING FOR COST-EFFECTIVENESS FROM THE EYE
CENTER’S PERSPECTIVE

According to previous research on this topic,®°
the following formula was used to compute the
cost-effectiveness analysis:

Clients x Payment > Am + M + Cp + Ci— (Ceq x Ci) + G
where Am = annual amortization (Ceq-Vr)/Vu, Ceq =

Journal of Refractive Surgery ¢ Vol. 38, No. 1, 2022

financing mode of the equipment, Vr = residual value,
Vu = useful life, M = annual maintenance (including
consumables), Cp = costs of personnel, Ci = indirect
costs, and G = patents/marketing.

The information for amortization, financing, and
maintenance of the equipment and personnel and in-
direct costs was obtained from several sources, mainly
the eye center and the standard or recommended costs
in similar institutions in Spain or Europe. For the pur-
poses of this article, personnel costs refers only to the
salary of the personnel who interact with a patient from
the preoperative phase up to the keratorefractive proce-
dure and the postoperative follow-up visits—an oph-
thalmologist, an optometrist, and a nurse. The equip-
ment’s useful life was set at 5 years. The amount paid
by patients per eye was provided by the eye center.

RESULTS
CoST-EFFECTIVENESS FROM THE PAYER’S PERSPECTIVE

The average baseline utility value for patients with
myopia prior to undergoing refractive surgery was
0.61. The average weighted utility values were 0.8
for SMILE and PRK, and 0.77 for FS-LASIK. The cor-
responding QALYs were 24 for SMILE and PRK, and
23.1 for FS-LASIK. Table B (available in the online
version of this article) gives the breakdown of the costs
for undergoing SMILE, PRK, or FS-LASIK, and for
managing the complications of each of the procedures.
The projected total lifetime costs (with a time period
of 30 years) were 25,853.8€ for SMILE, 22,443.65€ for
PRK, and 25,889.47€ for FS-LASIK. When the prob-
ability of each complication was taken into consider-
ation, the projected total weighted lifetime costs were
3,019.082€ for SMILE, 3,101.1€ for PRK, and 3,122.63€
for FS-LASIK. The averages of these weighted lifetime
costs were 335.45, 443, and 346.96€, respectively. The
resulting incremental cost-effectiveness ratios were
13.98 €/QALY for SMILE, 18.46 €/QALY for PRK, and
15.02 €/QALY for FS-LASIK (Table 1). With sensitiv-
ity analysis, the ICER for SMILE ranged from 8.39 to
18.64 €/QALY, the ICER for PRK ranged from 11.08
to 30.76 €/QALY, and the ICER for FS-LASIK ranged
from 9.01 to 25.04 €/QALY.

Annual costs (in 2020 euros) reflect the total cost
projected per component of the procedure, from the
initial consultation to the total cost of management
options of each complication. In certain treatments
where not all patients will undergo a management
option, such as corneal transplant for corneal ectasia,
the cost was multiplied by the frequency by which pa-
tients would undergo these procedures as presented
in the published literature. Discounted lifetime costs
were computed for treatments that go beyond 1 year
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TABLE 1
Total and Average Weighted Cost, Weighted Utility Value,
Weighted QALY, and ICER Per Procedure for a 30-Year Time Period

Group Total Weighted Cost (€) Average Weighted Cost (€) Weighted Utility Value Weighted QALY ICER (€/QALY)
SMILE 3,019.08 355.45 0.8 24 13.98
PRK 3,101.1 443 0.8 24 18.46
FS-LASIK 3,122.63 346.96 0.77 23.1 15.02

FS-LASIK = femtosecond laser-assisted laser in situ keratomileusis

QALY = quality adjusted life year; ICER = incremental cost effectiveness ratio; SMILE = small incision lenticule extraction; PRK = photorefractive keratectomy;
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Figure 1. Scatter plots of the incremental cost-effectiveness ratio (ICER) versus the time period for small incision lenticule extraction (SMILE),
femtosecond laser-assisted in situ keratomileusis (FS-LASIK), and photorefractive keratectomy (PRK).

or foreseen to last the patient’s lifetime, such as 3 to 4
years of artificial tears for chronic dry eye or lifetime
use of contact lenses for corneal ectasia. The average
discounted lifetime costs for postoperative complica-
tions were multiplied by the corresponding frequency
of the complication to derive the weighted discounted
lifetime costs. The values for the frequency rates and
the references from which they were derived are listed
in Table A.

We computed the average weighted costs, weighted
QALY, and ICER for SMILE, PRK, and FS-LASIK at
different time periods. Table C (available in the online
version of this article) summarizes these values for all
three procedures. There was a moderately strong nega-
tive correlation between the ICER and the QALY for
SMILE (R = -0.79), PRK (R = 0.79), and FS-LASIK (R =
0.68). This is illustrated in Figure 1.

CoST-EFFECTIVENESS FROM THE EYE CENTER’S PERSPECTIVE

Table 2 shows the yearly direct and indirect costs
for the eye center (in euros). The useful life of the
equipment was assumed to be 5 years. In our center,
the annual costs of maintaining and operating facilities
for keratorefractive surgery are 403,000€ for SMILE,
353,000€ for PRK, and 403,000€ for LASIK. All of our
patients pay 2,600€ for bilateral keratorefractive sur-
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gery regardless of the procedure. With that in mind,
the minimum number of patients undergoing SMILE,
FS-LASIK, and PRK needed per year to achieve a prof-
it would be 155, 155, and 136 patients, respectively.

DISCUSSION

Cost-effectiveness analysis is a form of economic
evaluation that assesses health outcomes and costs of
interventions designed to improve health. The ICER
gives the prorated cost in the years with projected
benefit from the procedure, taking into account the
possible cost from complications associated with the
procedure. This value shows, for one intervention
compared with another, the cost of achieving an addi-
tional unit of health.? Thus, the ICER for SMILE means
that a patient who undergoes the procedure will have
spent 13.98€ per year over 30 years with good vision.
Likewise, for FS-LASIK and PRK, a patient will have
spent 15.02 and 18.46€ per year, respectively, over 30
years with good vision. Cost-effectiveness is indicat-
ed when an ICER is lower than the cost-effectiveness
threshold for a country. The cost-effectiveness thresh-
old for Spain is between 22,000 and 25,000€,'! and the
ICER values of all three procedures at all time periods
are below the cost-effectiveness threshold. Given that
a statistical analysis could not be performed between

Copyright © SLACK Incorporated



these values, we cannot conclude that one procedure
is more cost-effective than the other. However, SMILE,
PRK, and FS-LASIK are all cost-effective from the pay-
er’s perspective when done between the ages of 20 and
60 years.

The ICERs for SMILE, PRK, and FS-LASIK were ob-
tained at different time periods and analyzed. It is in-
teresting to note the exponential and moderately nega-
tive correlation between the ICER and the time period
for all three. The ICER is highest 1 year after SMILE,
PRK, or FS-LASIK is performed. At 10 to 20 years after
the procedure, there is a more significant exponential
decrease in ICER, with less steep changes in the ICER
beyond that. Alternatively, we can say that the earlier
a corneal refractive procedure is performed, mean-
ing the longer the time period, the lower the ICER be-
comes and the more cost-effective it is. This is a trend
we noted for SMILE, PRK, and FS-LASIK, and is prob-
ably due to the effect induced by the QALYs that can
be experienced with good vision over a longer time pe-
riod when a procedure is performed at an earlier age.
Similar studies that compare cost-effectiveness and
the timing of treatment are mostly focused on cataract
surgery,'*! but to our knowledge, there are none per-
taining to corneal refractive procedures.

Cost is a significant consideration for patients who are
contemplating undergoing keratorefractive procedures.
These procedures are mostly not covered by health in-
surance policies. However, they have been shown to be
more cost-effective than lifetime use of spectacles or con-
tact lenses for the correction of ammetropia.*'® Moham-
madi et al* have shown that correction with refractive
surgery entails an annual and lifetime cost of 19.1 US$
and 568.1 USS$. This is opposed to the respective annual
and lifetime cost for spectacle correction of 342.5 US$
and 9,373 US$ and for contact lenses at 198.3 US$ and
5,203.1 US$. Lamparter et al'® reported in 2005 expect-
ed costs of 518.51€ per gained refractive benefit unit for
myopic LASIK. Although our model was different, our
results mirror those of Mohammadi et al and we surmise
that the expected lower costs for myopic corneal refrac-
tive surgery in our study would be due to the improve-
ments in the technology and machines, hence a lower
incidence of complications and associated costs. Most of
the value-based studies pertaining to cost-effectiveness,
cost-benefit, or cost-utility in ophthalmic procedures or
conditions pertain to cataract surgery. Table D (available
in the online version of this article) lists the results of
similar value-based studies on cataract surgery, other
ophthalmic interventions, and a few non-ophthalmic
interventions. Our ICER values (ranging from 10.47 to
538.47 €/QALY for all three procedures at all time pe-
riods) are lower than the values of these studies and we
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TABLE 2
Direct and Indirect Costs for Obtaining
and Maintaining the Facilities for Laser
Corneal Refractive Surgery

Item Cost (€)
Cost of the femtosecond laser (VisuMax; Carl 250,000
Zeiss Meditec AG)

Annual amortization of the femtosecond 50,000
laser

Cost of the excimer laser (Schwind Amaris 250,000
750S; SCHWIND eye-tech-solutions)

Annual amortization of the excimer laser 50,000
Annual maintenance/consumables 48,000
Personnel costs 135,000
Indirect costs 60,000
Marketing costs 60,000

suppose that this is due to the chronic, recurrent, lifelong,
and visually debilitating nature of these ophthalmic con-
ditions. The non-ophthalmic interventions in the table
are also described for chronic, recurrent, potentially life-
threatening or life-altering conditions, and it is difficult
to compare quality adjusted life years and the definition
of utility of an intervention between ophthalmology
studies and those of other specialties because of the vary-
ing measures of utility and quality of life or health status.
There have been motions to standardize the procedure
for performing cost-effectiveness analyses, and this is af-
fected by the existence of a multitude of variables that
may affect the analysis, from the assignment of utility to
determine the impact of the intervention to the determi-
nation of which cost to include. However, these would
be interesting to pursue, especially in the field of corneal
refractive surgery, because the outcomes of these studies
could potentially aid in decision-making for a prospec-
tive patient or in a setting with limited resources.

With regard to the health care sector perspective,
SMILE, FS-LASIK, and PRK are not widely available
in more eye centers because of the direct and indirect
costs associated with purchasing of the equipment
needed and other expenses (eg, the consumable ma-
terials in the operating room or the maintenance and
storage expenses for the lasers) to ensure the continu-
ous availability of these services. We have found that,
at least for high-volume centers such as ours, the cost
of investing in these laser refractive surgery facilities
is outweighed by the potential income.

Our study has several limitations. It only considered
the payer and health care sector perspectives such that
certain costs related to productivity, potential disability,
or work absenteeism of the patient and companion were
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not included in this analysis. We used a simple deci-
sion tree model and did not include other outcomes or
other complications to prevent our data from having too
much information to the point of it being impractical or
unwieldy. One of the further limitations of our model
is that, to account for the evidence-based treatment mo-
dalities for managing certain complications of laser re-
fractive surgery, it may overestimate the total costs of
treating complications. These were considered and cor-
rected for by multiplying the cost of the procedure with
the frequency by which it is done, as described in the
Methods section. Costs entailed from both the payer and
eye center’s perspective may be biased because these re-
flect the costs used in the setting of our eye center and
in Spain, which may be lower than those in other coun-
tries. Our data are based on an eye center with a high
volume of refractive procedures performed and a long
history of providing said procedures, and we advise cau-
tion when extrapolating our data for the use of other eye
centers because it may not be reflective of others’ expe-
riences. Future long-term data, especially regarding the
complication rates and outcomes for each of the three
procedures with the development of new laser platforms
and surgical techniques, may affect similar studies on
cost-effectiveness from the payer’s perspective and even
a societal perspective. It would also be interesting to
compare the cost-effectiveness of the three procedures
for treating hyperopia. Another interesting future study
could involve subgroup analysis and comparison of cost-
effectiveness between different stages of severity of myo-
pia, or between extremes of age groups.

AUTHOR CONTRIBUTIONS

Study concept and design (MJTDB, DPP, JLA); data
collection (MJTDB); analysis and interpretation of
data (MJTDB, DPP, MC-C, JA); writing the manuscript
(MJTDB, MC-C); critical revision of the manuscript
(DPP, JA, JLA); statistical expertise (MC-C); adminis-
trative, technical, or material support (JLA); supervi-
sion (DPP, JA, JLA)

REFERENCES
1.  World Health Organization. The Impact of Myopia and High
Myopia: Report of the Joint World Health Organization-Brien
Holden Vision Institute Global Scientific Meeting on Myopia,
University of New South Wales, Sydney, Australia, March 16-
18, 2015. World Health Organization; 2017.

26

10.

11.

12.

13.

14.

15.

16.

Naidoo KS, Fricke TR, Frick KD, et al. Potential lost productiv-
ity resulting from the global burden of myopia. Ophthalmol-
ogy. 2019;126(3):338-346. d0i:10.1016/j.ophtha.2018.10.029

Zheng Y-F, Pan G-W, Chay J, Wong TY, Finkelstein E, Saw S-M.
The economic cost of myopia in adults aged over 40 years in
Singapore. Invest Ophthalmol Vis Sci. 2013;54(12):7532-7537.
doi:10.1167/iovs.13-12795

Mohammadi S-F, Alinia C, Tavakkoli M, Lashay A, Chams H.
Refractive surgery: the most cost-saving technique in refractive
errors correction. Int ] Ophthalmol. 2018;11(6):1013-1019.

Neumann P, Sanders G, Basu A, et al. Cost-Effectiveness in
Health and Medicine, 2nd ed. Oxford University Press; 2017.

Prieto L, Sacristdn JA. Problems and solutions in calculating
quality-adjusted life years (QALYs). Health Qual Life Out-
comes. 2003;1(80):80. http://www.hqlo.com/content/1/1/80
doi:10.1186/1477-7525-1-80

Brown MM, Brown GC, Sharma S, Landy J. Health care eco-
nomic analyses and value-based medicine. Surv Ophthalmol.
2003;48(2):204-223. doi:10.1016/S0039-6257(02)00457-5

Brown GC. Vision and quality-of-life. Trans Am Ophthalmol
Soc. 1999;97:473-511.

Trigueros JA, Pifiero DP, Ismail MM. Profitability analysis of
a femtosecond laser system for cataract surgery using a fuzzy
logic approach. Int ] Ophthalmol. 2016;9(7):1046-1050.

Muralikrishnan R, Venkatesh R, Prajna NV, Frick KD. Eco-
nomic cost of cataract surgery procedures in an established
eye care centre in Southern India. Ophthalmic Epidemiol.
2004;11(5):369-380. doi:10.1080/09286580490888762

Vallejo-Torres L, Garcia-Lorenzo B, Serrano-Aguilar P. Estimat-
ing a cost-effectiveness threshold for the Spanish NHS. Health
Econ. 2017;1:1-16. doi:10.1002/hec.3633

Naeim A, Keeler EB, Gutierrez PR, Wilson MR, Reuben D,
Mangione CM. Is cataract surgery cost-effective among older
patients with a low predicted probability for improvement in
reported visual functioning? Med Care. 2006;44(11):982-989.
d0i:10.1097/01.mlr.0000228216.18270.3e

Cernat A, Jamieson M, Kavelaars R, et al. Immediate versus de-
layed sequential bilateral cataract surgery in children: a cost-
effectiveness analysis. Br ] Ophthalmol. Published online No-
vember 20, 2020. doi: 10.1136/bjophthalmol-2020-316507

Frampton G, Harris P, Cooper K, Lotery A, Shepherd J. The
clinical effectiveness and cost-effectiveness of second-eye cat-
aract surgery: a systematic review and economic evaluation.
Health Technol Assess. 2014;18(68):1-205,v-vi. d0i:10.3310/
hta18680

Berdeaux G, Alié JL, Martinez J-M, Magaz S, Badia X. So-
cioeconomic aspects of laser in situ keratomileusis, eye-
glasses, and contact lenses in mild to moderate myopia. J
Cataract Refract Surg. 2002;28(11):1914-1923. doi:10.1016/
S0886-3350(02)01496-7

Lamparter J, Dick HB, Krummenauer F. Clinical benefit, com-
plication patterns and cost effectiveness of laser in situ ker-
atomileusis (LASIK) in moderate myopia: results of indepen-
dent meta analyses on clinical outcome and postoperative
complication profiles. Eur ] Med Res. 2005;10(9):402-409.

Copyright © SLACK Incorporated



UV 0.94, P 83.91%

No complication
encountered

Medical Therapy (lubricant eyedrops and PRP)

12.2%——
Transient Dry
Eye

Complicationls.
encountered

P6.03%——
Chronic Dry
Eye

Infectious. P0.066%.
keratitis
Corneal P0.0015%
Ectasia
UV 0.94, P 79.9%
No complication
encountered
Diffuse lamellar P0.4%
Keratitis

Transient Dry
SMILE Eye i
Chronic Dry hiad Medical Therapy (lubricant eyedrops and PRP)
\ B
Retreatment/ Enhancement with LASIK or PRK
e eatme: me
Retreatment Medical
/ therapy
Complicationls \ Jo——
encountered i
‘Secondary lenticule removal
Retained lenticule or
o Medical therapy with or without interface
o astn
P0.0004¢ <
Infectious
Keratits T comen —
transplant
edical
7 therapy
Nd:YAG
laser
Epithelial !
ingrowth Mechanical
removal
Rigid or scleral contact
lenses.
/ Crosslinking with or without
- PRK
Corneal Po.001T% ~—_ Intracomeal ing -
ectasia segments
UV 0.94, P 70.88% PKPIDALK -
No complicationis
encountered
Myopia, Myopic Astigmatism — ——————pRK—#
Retreatment/Enhancement
Retreatment P28z%
Comeal scraping with
" mitomycinC
Visually significant al P0.3% ¥
isually significant corne: :
Pt TS~ Phototherapeutic

Keratectomy

Medical Therapy (lubricant eyedrops and PRP)

Medical Therapy (lubricant eyedrops and PRP)

Medical
therapy

Surgery -
PKp
Rigid or scleral contact
lenses.
Crosslinking with or without

~ PRK
Intracorneal ring
segments.

PKPIDALK

Medical

— therapy

Flap
scraping

it uvo.87,P

Flap P0.98%
FS-LASIK complications

Infectious.
keratitis

Retreatment

Complicationls,

Medica therapy with or without flap_
<'"‘

Swgey-
PP

Retreatment/Enhancement with PRK or LASIK

encountered

— Transient Dry
eye

Chronic Dry o
eye

Gomedi PO57%

ectasia

Epithelial Pae;

ingrowth

Medical Therapy PRP)

Medical Therapy (lubricant eyedrops and PRP)

Rigid or scleral contact
lenses.

e
Crosslinking with or without
PRK
——  Intracomeal ring
segments
PRPIDALK %

Medical

Flap lifting and
scraping

NA:YAG
laser

UV 0.94, P 100%

UV 0.94, P 97.85%

UV 0.94, P 76.62%
UV 0.94, P 93%

UV 0.94, P 93%

UV 0.94, P 100%

UV 0.87, P 50%

UV 0.87, P 60%

UV 0.94, P 100%
UV 0.94, P 100%
UV 0.94, P 100%

UV 0.87, P 80%

UV 0.87, P 94.4%

UV 0.87, P 100%

UV 0.87, P 75%

UV 0.94, P 89.2%

UV 0.94, P 100%

UV 0.87, P 100%

UV 0.94, P100%

UV 0.94, P97.85%

UV 0.94, P 63.64%

UV 0.87, P 60%
UV 0.87, P 80%
UV 0.87, P 94.4%
UV 0.87, P 75%

UV 0.87, P 100%

UV 0.87,P100%
UV 0.87, P 100 %
88%

UV 0.94, P 70%
UV 0.87, P 60%

UV 0.94, P 87.38%

UV 0.94, P 100%

UV 0.94, P 97.85%

UV 0.87, P 80%
UV 0.87, P 94.4%
UV 0.87, P 100%

UV 0.87, P 77.5%
UV 0.94, P 65%

UV 0.87, P 86.75%

UV 0.94, P 90%

Average Weighted Utility Values
SMILE 08
PRK0.8
FS-LASIK 0.77

Figure A. The decision tree model for a patient with myopia who is eligible for either small incision lenticule extraction (SMILE), femtosecond
laser-assisted in situ keratomileusis (FS-LASIK], or photorefractive keratectomy (PRK). Outcomes and their probabilities (P) are designated by a
circle. Squares designate the evidence-based management options for the complications. The utility values (UV) based on the end visual acuity
outcomes, and their probabilities (P) are to the right of the triangles.



Table A

Incidence Rates (Inc) of the Selected Complications for SMILE, PRK, and FS-LASIK

Inc References Management uv Prob References Inc References Management uv Prob References Inc References Management uv Prob References
SMILE 0.94 83.91 -2 PRK 0.94 70.88 2212,13,17,23-34 FS-LASIK 0.94 79.9 1:4,18,24,28,35-43
Retreatment 44,45,47-50 12,13,51—
or 1-3,5-7,15— 54,17,23,25,27,28,32
Enhancement | 2.45 19,21,40,44-46 PRK 0.94 80.43 2.82 -4 Repeat PRK 0.87 90.35 55-58 1.78 1,18,28,35,39,50-62 PRK 0.94 91.5 63-65
LASIK/CIRCLE
cap-to-flap
conversion 0.94 | 72.8 454850 LASIK 0.94 | 88.13 65-67 Flap Lift 0.87 | 100 64.65,68,69
Diffuse 12.17-
Lamellar 19,21,40,46,70- Medical Medical
Keratitis 0.46 7235-7.10-12.16 Management 0.94 | 93 0 0.4 . Management 0.87 | 100 “
Flap lift and
Interface interface
washout 0.94 | 93 i Table A washout 0.94 | 93 IS
Retained
lenticule or 121315
lenticule 19.21,4046703.7%, | Secondary
fragment 0.09 S7.9-12 removal 0.94 | 100 6
Transient Dry
Eye 4.65 10,77-62 Lubricants 0.94 | 100 83-87 12.2 86-91 Lubricants 0.94 | 100 83-85,87,88,92 9.37 | 7988909193 Lubricants 0.94 | 100 83-85,87.88,92
Chronic Dry
Eye 3.75 79,94 Lubricants 0.94 | 97.85 83-85.87,92,95 6.03 86,90.96 Lubricants 0.94 | 97.85 83-85.87,92.95 2.87 | 889096 Lubricants 0.94 | 97.85 83-85,87.92,95
97,98
Infectious Medical Medical 0.01 Medical
Keratitis 0.0004 Management 0.87 | 50 7 0.066 | *° Management 0.94 | 63.64 9 1 9 Management 0.94 | 70 99
Corneal Corneal Corneal
Transplant 0.87 | 60 100 Transplant 0.87 | 60 100 Transplant 0.87 | 60 100
1.213.15- Medical/Conser Medical/Conser
Epithelial 19,214046,7037% | yative vative
Ingrowth 0.02 5-7.8-12 Management 0.94 | 100 101 3.9 102 Management 0.94 | 65 108
102,103,105
Nd:YAG Laser 0.94 100 104 Nd:YAG Laser 0.94 90
Mechanical Flap lift and
Removal 0.94 | 100 104 scraping 0.87 | 65 103,106
Corneal RGP contact 0.001 RGP contact RGP contact
ectasia 0.0017 107-112 lenses 0.87 | 80 113114 5 115-123 lenses 0.87 | 80 113 0.57 | * lenses 0.87 | 80 13
Collagen Collagen Cross- Collagen
Cross-linking 0.87 | 94.4 108,113.125,126 linking 0.87 | 94.4 118.125-127 Cross-linking 0.87 | 94.4 113.125-128
Intracorneal Intracorneal ring Intracorneal
ring segments 0.87 | 100 129 segments 0.87 | 100 129 ring segments 0.87 | 100 129
113,130,132
Penetrating Penetrating Penetrating
Keratoplasty 0.87 | 50 113,130,131 Keratoplasty 0.87 | 55 113130 Keratoplasty 0.87 | 55
DALK 0.87 100 133 DALK 0.87 100 133 DALK 0.87 100 131
Corneal scraping
Corneal Haze 134-153 with MitomycinC | 0.94 | 100 154
Phototherapeutic
0.3 keratectomy 0.87 | 100 156
Visually
significant Flap
flap repositioning
complications 0.98 | %6 and suturing 0.87 | 88 157




REFERENCES

1. Ang M, Ho H, Fenwick E, et al. Vision-related quality of life and visual outcomes after small-incision lenticule
extraction and laser in situ keratomileusis. J Cataract Refract Surg. 2015;41(10):2136-2144.
doi:10.1016/j.jcrs.2015.10.049

2. Sekundo W, Gertnere J, Bertelmann T, Solomatin I. One-year refractive results, contrast sensitivity, high-order
aberrations and complications after myopic small-incision lenticule extraction (ReLEx SMILE). Graefes Arch Clin
Exp Ophthalmol. 2014;252(5):837-843. doi:10.1007/s00417-014-2608-4

3. Kamiya K, Shimizu K, Igarashi A, Kobashi H. Visual and refractive outcomes of femtosecond lenticule
extraction and small-incision lenticule extraction for myopia. Am J Ophthalmol. 2014;157(1):128-134.e2.
doi:10.1016/j.aj0.2013.08.011

4. Kobashi H, Kamiya K, Igarashi A, Takahashi M, Shimizu K. Two-years results of small-incision lenticule
extraction and wavefront-guided laser in situ keratomileusis for Myopia. Acta Ophthalmol. 2018;96(2):e119-
e126. doi:10.1111/a0s.13470

5. Miao H, Tian M, Xu Y, Chen Y, Zhou X. Visual outcomes and optical quality after femtosecond laser small
incision lenticule extraction: an 18-month prospective study. J Refract Surg. 2015;31(11):726-731.
doi:10.3928/1081597X-20151021-01

6. Pedersen IB, Ivarsen A, Hjortdal J. Three-year results of small incision lenticule extraction for high myopia:
refractive outcomes and aberrations. J Refract Surg. 2015;31(11):719-724. doi:10.3928/1081597X-20150923-11
7. Reinstein DZ, Carp Gl, Archer TJ, Gobbe M. Outcomes of small incision lenticule extraction (SMILE) in low
myopia. J Refract Surg. 2014;30(12):812-818. doi:10.3928/1081597X-20141113-07

8. Han T, Xu Y, Han X, et al. Three-year outcomes of small incision lenticule extraction (SMILE) and
femtosecond laser-assisted laser in situ keratomileusis (FS-LASIK) for myopia and myopic astigmatism. Br J
Ophthalmol. 2019;103(4):565-568. doi:10.1136/bjophthalmol-2018-312140

9. Sanchez-Gonzalez JM, Alonso-Aliste F. Visual and refractive outcomes of 100 small incision lenticule
extractions (SMILE) in moderate and high myopia: a 24-month follow-up study. Graefes Arch Clin Exp
Ophthalmol. 2019;257(7):1561-1567. doi:10.1007/s00417-019-04349-4

10. lvarsen A, Asp S, Hjortdal J. Safety and complications of more than 1500 small-incision lenticule extraction
procedures. Ophthalmology. 2014;121(4):822-828. doi:10.1016/j.ophtha.2013.11.006

11. Vestergaard AH, Grauslund J, lvarsen AR, Hjortdal J@. Efficacy, safety, predictability, contrast sensitivity,
and aberrations after femtosecond laser lenticule extraction. J Cataract Refract Surg. 2014;40(3):403-411.
doi:10.1016/j.jcrs.2013.07.053

12. Yildirim Y, Olcucu O, Alagoz C, et al. Visual and Refractive Outcomes of Photorefractive Keratectomy and
Small Incision Lenticule Extraction (SMILE) for Myopia. J Refract Surg. 2016;32(9):604-610.
doi:10.3928/1081597X-20160602-02

13. Taneri S, KieB3ler S, Rost A, Schultz T, Dick H. Clinical outcomes of small incision lenticule extraction versus
advanced surface ablation in low myopia. Eur J Ophthalmol. 2020;30(6):1278-1286.
doi:10.1177/1120672119865699

14. Blum M, Lauer AS, Kunert KS, Sekundo W; M B. Lauer A, Kunert K, Sekundo W. 10-year results of small
incision lenticule extraction. J Refract Surg. 2019;35(10):618-623. d0i:10.3928/1081597X-20190826-02

15. Taneri S, KieB3ler S, Rost A, Schultz T, Dick B. Small incision lenticule extraction for the correction of high
myopia. Eur J Ophthalmol. 2019;00(0). doi:10.1177/1120672119861481

16. Agca A, Tulu B, Yasa D, Yildirm Y, Yildiz B, Demirok A. Long-term (5 years) follow-up of small incision
lenticule extraction in mild-to-moderate myopia. J Cataract Refract Surg. 2019;45(4):421-426.
doi:10.1016/j.jcrs.2018.11.010

17. Ganesh S, Brar S, Patel U. Comparison of ReLEx SMILE and PRK in terms of visual and refractive
outcomes for the correction of low myopia. Int Ophthalmol. 2018;38(3):1147-1154. doi:10.1007/s10792-017-
0575-6

18. Lin F, Xu Y, Yang Y. Comparison of the visual results after SMILE and femtosecond laser-assisted LASIK for
myopia. J Refract Surg. 2014;30(4):248-254. doi:10.3928/1081597X-20140320-03

19. Xu Y, Yang Y. Small-incision lenticule extraction for myopia: results of a 12-month prospective study. Optom
Vis Sci. 2015;92(1):123-131. doi:10.1097/0OPX.0000000000000451

20. Chansue E, Tanehsakdi M, Swasdibutra S, McAlinden C. Efficacy, predictability and safety of small incision
lenticule extraction (SMILE). Eye Vis (Lond). 2015;2(1):14. doi:10.1186/s40662-015-0024-4

21. Kim JR, Kim BK, Mun SJ, Chung YT, Kim HS. One-year outcomes of small-incision lenticule extraction
(SMILE): mild to moderate myopia vs. high myopia. BMC Ophthalmol. 2015;15(59):59. doi:10.1186/s12886-015-
0051-x

22. Bababeygy SR, Manche EE. Wavefront-guided photorefractive keratectomy with the VISX platform for
myopia. J Refract Surg. 2011;27(3):173-180. doi:10.3928/1081597X-20100527-01

23. Diakonis VF, Kankariya VP, Kymionis GD, et al. Long term follow up of photorefractive keratectomy with
adjuvant use of mitomycin C. J Ophthalmol. 2014;2014:821920. doi:10.1155/2014/821920

24. Miraftab M, Hashemi H, Asgari S. Two-year results of femtosecond assisted LASIK versus PRK for different
severity of astigmatism. J Curr Ophthalmol. 2017;30(1):48-53. d0i:10.1016/j.joc0.2017.09.003

25. Sorkin N, Rosenblatt A, Smadja D, et al. Early refractive and clinical outcomes of high-myopic
photorefractive keratectomy as an alternative to LASIK surgery in eyes with high preoperative percentage of
tissue altered. J Ophthalmol. 2019;2019:6513143. doi:10.1155/2019/6513143

26. Hashemi H, Miraftab M, Asgari S. Comparison of the visual outcomes between PRK-MMC and phakic I0L
implantation in high myopic patients. Eye (Lond). 2014;28(9):1113-1118. doi:10.1038/eye.2014.115

27. Jun |, Kang DSY, Reinstein DZ, et al. Clinical outcomes of SMILE with a triple-centration technique and
corneal wavefront-guided transepithelial PRK in high astigmatism. J Refract Surg. 2018;34(3):156-163.
doi:10.3928/1081597X-20180104-03

28. Gershoni A, Mimouni M, Livny E, Bahar I. Z-LASIK and Trans-PRK for correction of high-grade myopia:
safety, efficacy, predictability and clinical outcomes. Int Ophthalmol. 2019;39(4):753-763. doi:10.1007/s10792-
018-0868-4

29. Bakhsh AM, Elwan SAM, Chaudhry AA, El-Atris TM, Al-Howish TM. Comparison between transepithelial
photorefractive keratectomy versus alcohol-assisted photorefractive keratectomy in correction of myopia and
myopic astigmatism. J Ophthalmol. 2018;2018:5376235. doi:10.1155/2018/5376235



30. He L, Manche EE. Contralateral eye-to-eye comparison of wavefront-guided and wavefront-optimized
photorefractive keratectomy: a randomized clinical trial. JAMA Ophthalmol. 2015;133(1):51-59.
doi:10.1001/jamaophthalmol.2014.3876

31. Jun |, Yong Kang DS, Arba-Mosquera S, et al. Clinical outcomes of mechanical and transepithelial
photorefractive keratectomy in low myopia with a large ablation zone. J Cataract Refract Surg. 2019;45(7):977-
984. doi:10.1016/j.jcrs.2019.02.007

32. Chan TC, Yu MC, Ng A, Wang Z, Cheng GP, Jhanji V. Early outcomes after small incision lenticule
extraction and photorefractive keratectomy for correction of high myopia. Sci Rep. 2016;6(1):32820.
doi:10.1038/srep32820

33. Alié JL, Soria FA, Abbouda A, Pefia-Garcia P. Fifteen years follow-up of photorefractive keratectomy up to
10 D of myopia: outcomes and analysis of the refractive regression. Br J Ophthalmol. 2016;100(5):626-632.
doi:10.1136/bjophthalmol-2014-306459

34. Zarei-Ghanavati S, Shandiz JH, Abrishami M, Karimpour M. Comparison of mechanical debridement and
trans-epithelial myopic photorefractive keratectomy: a contralateral eye study. J Curr Ophthalmol.
2019;31(2):135-141. doi:10.1016/j.joco.2019.01.003

35. Vega-Estrada A, Ali6 J. Femtosecond-assisted laser in situ keratomileusis for high myopia correction: long-
term follow up outcomes. Eur J Ophthalmol. 2020;30(3):446-454. doi:10.1177/1120672119834478

36. Li M, Li M, Chen Y, et al. Five-year results of small incision lenticule extraction (SMILE) and femtosecond
laser LASIK (FS-LASIK) for myopia. Acta Ophthalmol. 2019;97(3):e373-e380. doi:10.1111/a0s.14017

37.Han T, Zheng K, Chen Y, Gao Y, He L, Zhou X. Four-year observation of predictability and stability of small
incision lenticule extraction. BMC Ophthalmol. 2016;16(1):149. doi:10.1186/s12886-016-0331-0

38. Kataoka T, Nishida T, Murata A, et al. Control-matched comparison of refractive and visual outcomes
between small incision lenticule extraction and femtosecond laser-assisted LASIK. Clin Ophthalmol.
2018;12:865-873. doi:10.2147/OPTH.S161883

39. Chua D, Htoon H, Lim L, et al. Eighteen-year prospective audit of LASIK outcomes for myopia in 53,731
eyes. Br J Ophthalmol. 2018;0:1-7. doi:10.1136/bjophthalmol-2018-312587

40. Ganesh S, Gupta R. Comparison of visual and refractive outcomes following femtosecond laser- assisted
lasik with smile in patients with myopia or myopic astigmatism. J Refract Surg. 2014;30(9):590-596.
doi:10.3928/1081597X-20140814-02

41. Tomita M, Watabe M, Mita M, Waring GO IV. Long-term observation and evaluation of femtosecond laser-
assisted thin-flap laser in situ keratomileusis in eyes with thin corneas but normal topography. J Cataract Refract
Surg. 2014;40(2):239-250. doi:10.1016/).jcrs.2013.07.054

42. Liu M, Chen Y, Wang D, et al. Clinical outcomes after SMILE and Femtosecond Laser-assisted LASIK for
Myopia and Myopic Astigmatism: a prospective randomized comparative study. Cornea. 2016;35(2):210-216.
doi:10.1097/ICO.0000000000000707

43. Khalifa MA, Ghoneim A, Shafik Shaheen M, Aly MG, Pifiero DP. Comparative analysis of the clinical
outcomes of SMILE and Wavefront-guided LASIK in low and moderate myopia. J Refract Surg. 2017;33(5):298-
304. doi:10.3928/1081597X-20170222-01

44. Siedlecki J, Luft N, Kook D, et al. Enhancement after Small Incision Lenticule Extraction (SMILE) using
surface ablation. J Refract Surg. 2017;33(8):513-518. doi:10.3928/1081597X-20170602-01

45. Liu Y-C, Rosman M, Mehta JS. Enhancement after Small-Incision Lenticule Extraction: Incidence, Risk
Factors, and Outcomes. Ophthalmology. 2017;124(6):813-821. doi:10.1016/j.ophtha.2017.01.053

46. Kamiya K, Shimizu K, Igarashi A, Kobashi H. Visual and refractive outcomes of small incision lenticule
extraction for the correction of myopia: 1-year follow-up. BMJ Open. 2015;5(11):e008268. doi:10.1136/bmjopen-
2015-008268

47. Luft N, Siedlecki J, Sekundo W, et al. Small incision lenticule extraction (SMILE) monovision for presbyopia
correction. Eur J Ophthalmol. 2018;28(3):287-293. d0i:10.5301/ej0.5001069

48. Siedlecki J, Siedlecki M, Luft N, et al. Surface ablation versus CIRCLE for myopic enhancement after SMILE:
a matched comparative study. J Refract Surg. 2019;35(5):294-300. doi:10.3928/1081597X-20190416-02

49. Siedlecki J, Luft N, Mayer WJ, et al. CIRCLE enhancement after myopic SMILE. J Refract Surg.
2018;34(5):304-309. doi:10.3928/1081597X-20180308-02

50. Reinstein DZ, Carp GI, Archer TJ, Vida RS. Outcomes of re-treatment by LASIK after SMILE. J Refract Surg.
2018;34(9):578-588. d0i:10.3928/1081597X-20180717-02

51. Shalchi Z, O’'Brart DP, McDonald RJ, Patel P, Archer TJ, Marshall J. Eighteen-year follow-up of excimer
laser photorefractive keratectomy. J Cataract Refract Surg. 2015;41(1):23-32. doi:10.1016/j.jcrs.2014.05.034
52. Baz O, Kara N, Bozkurt E, et al. Photorefractive keratectomy in the correction of astigmatism using Schwind
Amaris 750s laser. Int J Ophthalmol. 2013;6(3):356-361.

53. Mifflin MD, Betts BS, Nguyen J, Pouly S. High myopic photorefractive keratectomy outcomes with the Alcon
Wavelight® EX500 excimer laser. Clin Ophthalmol. 2018;12:1041-1048. doi:10.2147/OPTH.S164110

54. Naderi M, Sabour S, Khodakarim S, Daneshgar F. Studying the factors related to refractive error regression
after PRK surgery. BMC Ophthalmol. 2018;18(1):198. d0i:10.1186/s12886-018-0879-y

55. Montard M, Fau JL, Perone JM. [Retreatment after PRK for low and medium myopia. Results and study of
contrast sensitivity]. J Fr Ophtalmol. 2000;23(4):333-339.

56. Vorotnikova EK, Kourenkov VV, Polunin GS. Retreatment of regression after photorefractive keratectomy for
myopia. J Refract Surg. 1998;14(2)(suppl):S197-S198. doi:10.3928/1081-597X-19980401-11

57. Pietila J, Makinen P, Uusitalo H. Repeated photorefractive keratectomy for undercorrection and regression. J
Refract Surg. 2002;18(2):155-161. doi:10.3928/1081-597X-20020301-10

58. Xia X, Liu S, Huang P, et al. [Retreatment after excimer laser photorefractive keratectomy]. Zhonghua Yan
Ke Za Zhi. 1999;35(3):203-206.

59. Pokroy R, Mimouni M, Sela T, Munzer G, Kaiserman |. Myopic laser in situ keratomileusis retreatment:
incidence and associations. J Cataract Refract Surg. 2016;42(10):1408-1414. doi:10.1016/}.jcrs.2016.07.032
60. Zhang Q, Wang J, Li M, Ding X, Tao L. Assessment of surgical outcomes of femtosecond laser-assisted in
situ keratomileusis in patients with low compliance to postoperative follow-up: a retrospective observational
study in a tertiary hospital in China. BMJ Open. 2019;8(11):e021702. doi:10.1136/bmjopen-2018-021702

61. Song YW, He R, Ma JX, Koch DD, Wang L. Long-term safety of laser in situ keratomileusis in eyes with thin
corneas: 5-year follow-up. Int J Ophthalmol. 2018;11(7):1227-1233.



62. Alio JL, Soria F, Abbouda A, Pefia-Garcia P. Laser in situ keratomileusis for -6.00 to -18.00 diopters of
myopia and up to -5.00 diopters of astigmatism: 15-year follow-up. J Cataract Refract Surg. 2015;41(1):33-40.
doi:10.1016/j.jcrs.2014.08.029

63. Villada J, Bilbao R, Acebal M, De La Llama A, Lamme M. Photokeratectomy retreatment of residual errors
after LASIK. Adv Ophthalmol Vis Syst. 2017;6(6):0020. doi:10.15406/a0vs.2017.06.00200

64. Schallhorn SC, Venter JA, Hannan SJ, Hettinger KA, Teenan D. Flap lift and photorefractive keratectomy
enhancements after primary laser in situ keratomileusis using a wavefront-guided ablation profile: refractive and
visual outcomes. J Cataract Refract Surg. 2015;41(11):2501-2512. doi:10.1016/j.jcrs.2015.05.031

65. Lee MD, Chen LY, Tran EM, Manche EE. A prospective comparison of wavefront-guided LASIK versus
wavefront-guided PRK after previous keratorefractive surgery. Clin Ophthalmol. 2020;14:3411-34109.
doi:10.2147/OPTH.S276381

66. Aslanides IM, Kolli S, Padroni S, Arba Mosquera S. Stability of therapeutic retreatment of corneal wavefront
customized ablation with the SCHWIND CAM: 4-year data. J Refract Surg. 2012;28(5):347-352.
doi:10.3928/1081597X-20120410-01

67. Lazaro C, Castillo A, Hernandez-Matamoros JL, et al. Laser in situ keratomileusis enhancement after
photorefractive keratectomy. Ophthalmology. 2001;108(8):1423-1429. doi:10.1016/S0161-6420(01)00635-2

68. Caster Al. Flap-lift LASIK 10 or more years after primary LASIK. J Refract Surg. 2018;34(9):604-609.
doi:10.3928/1081597X-20180703-02

69. Ali6 Del Barrio JL, Hanna R, Canto-Cerdan M, Vega-Estrada A, Ali6 JL. Laser flap enhancement 5 to 9 years
and 10 or more years after laser in situ keratomileusis: safety and efficacy. J Cataract Refract Surg.
2019;45(10):1463-1469. doi:10.1016/j.jcrs.2019.05.030

70. Reinstein D, Carp G, Archer T, et al. The Surgeon’s Guide to SMILE: Small Incision Lenticule Extraction. In:
Reinstein D, Carp G, Archer T, eds. SLACK Incorporated; 2018.

71. Ferndndez J, Valero A, Martinez J, Pifiero D, Rodriguez-Vallejo M. Short-term outcomes of small-incision
lenticule extraction (SMILE) for low, medium, and high myopia. Eur J Ophthalmol. 2017;27(2):153-159.
doi:10.5301/ej0.5000849

72. Kamiya K, Takahashi M, Nakamura T, Kojima T, Toda |, Kariya M. A multicenter study on early outcomes of
Small-Incision Lenticule Extraction for myopia. Sci Rep. 2019;9(1):4067. doi:10.1038/s41598-019-40805-1

73. Stulting RD, Randleman JB, Couser JM, Thompson KP. The epidemiology of diffuse lamellar keratitis.
Cornea. 2004;23(7):680-688. doi:10.1097/01.ic0.0000127477.14304.de

74. Hoffman RS, Fine IH, Packer M. Incidence and outcomes of lasik with diffuse lamellar keratitis treated with
topical and oral corticosteroids. J Cataract Refract Surg. 2003;29(3):451-456. doi:10.1016/S0886-
3350(02)01835-7

75. Wilson SE, Ambrésio R Jr. Sporadic diffuse lamellar keratitis (DLK) after LASIK. Cornea. 2002;21(6):560-
563. doi:10.1097/00003226-200208000-00005

76. Ganesh S, Brar S, Lazaridis A. Management and outcomes of retained lenticules and lenticule fragments
removal after failed primary SMILE: a case series. J Refract Surg. 2017;33(12):848-853. d0i:10.3928/1081597 X-
20171004-01

77. Vestergaard AH, Grgnbech KT, Grauslund J, Ivarsen AR, Hjortdal J@. Subbasal nerve morphology, corneal
sensation, and tear film evaluation after refractive femtosecond laser lenticule extraction. Graefes Arch Clin Exp
Ophthalmol. 2013;251(11):2591-2600. doi:10.1007/s00417-013-2400-x

78. Zhang H, Wang Y. Dry eye evaluation and correlation analysis between tear film stability and corneal surface
regularity after small incision lenticule extraction. Int Ophthalmol. 2018;38(6):2283-2288. do0i:10.1007/s10792-
017-0717-x

79. Denoyer A, Landman E, Trinh L, Faure J-F, Auclin F, Baudouin C. Dry eye disease after refractive surgery:
comparative outcomes of small incision lenticule extraction versus LASIK. Ophthalmology. 2015;122(4):669-676.
doi:10.1016/j.ophtha.2014.10.004

80. Qiu PJ, Yang YB. Early changes to dry eye and ocular surface after small-incision lenticule extraction for
myopia. Int J Ophthalmol. 2016;9(4):575-579. doi:10.18240/ijo.2016.04.17

81. Recchioni A, Sis6-Fuertes |, Hartwig A, et al. Short-term impact of FS-LASIK and SMILE on dry eye metrics
and corneal nerve morphology. Cornea. 2020;39(7):851-857. doi:10.1097/1CO.0000000000002312

82. Recchioni A, Hartwig A, Dermott J, et al. Early clinical outcomes after small incision lenticule extraction
surgery (SMILE). Cont Lens Anterior Eye. 2018;41(1):132-135. do0i:10.1016/j.clae.2017.10.009

83. Hazarbassanov RM, Queiroz-Hazarbassanov NGT, Barros JN, Gomes JAP. Topical osmoprotectant for the
management of postrefractive surgery-induced dry eye symptoms: a randomised controlled double-blind trial. J
Ophthalmol. 2018;2018:4324590. d0i:10.1155/2018/4324590

84. Sanchez-Avila R, Merayo-Lloves J, Fernandez M, et al. Plasma rich in growth factors for the treatment of dry
eye after LASIK surgery. Ophthalmic Res. 2018;60(2):80-86. doi:10.1159/000487951

85. Astakhov YS, Astakhov SY, Lisochkina AB. Assessment of dry eye signs and symptoms and ocular
tolerance of a preservative-free lacrimal substitute (Hylabak®) versus a preserved lacrimal substitute (Systane®)
used for 3 months in patients after LASIK. Clin Ophthalmol. 2013;7:2289-2297.

86. EImohamady MN, Abdelghaffar W, Daifalla A, Salem T. Evaluation of femtosecond laser in flap and cap
creation in corneal refractive surgery for myopia: a 3-year follow-up. Clin Ophthalmol. 2018;12:935-942.
doi:10.2147/OPTH.S164570

87. Alio JL, Rodriguez AE, Ferreira-Oliveira R, Wrobel-Dudzinska D, Abdelghany AA. Treatment of dry eye
disease with autologous platelet-rich plasma: a prospective, interventional, non-randomized study. Ophthalmol
Ther. 2017;6(2):285-293. doi:10.1007/s40123-017-0100-z

88. Murakami Y, Manche E. Prospective randomized comparison of self-reported post-operative dry eye and
visual fluctuation in LASIK and PRK. Ophthalmology. 2012;119:2220-2224. doi:10.1016/j.ophtha.2012.06.013
89. Jabbur NS, Sakatani K, O’Brien TP. Survey of complications and recommendations for management in
dissatisfied patients seeking a consultation after refractive surgery. J Cataract Refract Surg. 2004;30(9):1867-
1874. doi:10.1016/j.jcrs.2004.01.020

90. Bower K, Sia R, Ryan D, Mines M, Dartt D. Chronic dry eye in PRK and LASIK: manifestations, incidence
and predictive factors. J Cataract Refract Surg. 2015;41(12):2624-2634. doi;:10.1016/j.jcrs.2015.06.037

91. Shehadeh-Mashor R, Mimouni M, Shapira Y, Sela T, Munzer G, Kaiserman |. Risk factors for dry eye after
refractive surgery. Cornea. 2019;38(12):1495-1499. doi:10.1097/IC0O.0000000000002152



92. Wallerstein A, Jackson WB, Chambers J, Moezzi AM, Lin H, Simmons PA. Management of post-LASIK dry
eye: a multicenter randomized comparison of a new multi-ingredient artificial tear to carboxymethylcellulose. Clin
Ophthalmol. 2018;12:839-848. doi:10.2147/OPTH.S163744

93. Albietz JM, Lenton LM, McLennan SG. Dry eye after LASIK: comparison of outcomes for Asian and
Caucasian eyes. Clin Exp Optom. 2005;88(2):89-96. doi:10.1111/j.1444-0938.2005.tb06673.x

94. Xu Y, Yang Y. Dry eye after small incision lenticule extraction and LASIK for myopia. J Refract Surg.
2014;30(3):186-190. d0i:10.3928/1081597X-20140219-02

95. Alié JL, Rodriguez AE, Abdelghany AA, Oliveira RF. Autologous platelet-rich plasma eye drops for the
treatment of post-LASIK chronic ocular surface syndrome. J Ophthalmol. 2017;2017:2457620.
doi:10.1155/2017/2457620

96. Hovanesian JA, Shah SS, Maloney RK. Symptoms of dry eye and recurrent erosion syndrome after
refractive surgery. J Cataract Refract Surg. 2001;27(4):577-584. doi:10.1016/S0886-3350(00)00835-X

97. Chehaibou |, Sandali O, Ameline B, Bouheraoua N, Borderie V, Laroche L. Bilateral infectious keratitis after
small-incision lenticule extraction. J Cataract Refract Surg. 2016;42(4):626-630. doi:10.1016/j.jcrs.2016.03.024
98. Liu HY, Chu HS, Chen WL, Hu FR, Wang 1J. Bilateral non-tuberculous mycobacterial keratitis after Small
Incision Lenticule Extraction. J Refract Surg. 2018;34(9):633-636. doi:10.3928/1081597X-20180827-01

99. Ortega-Usobiaga J, Llovet-Osuna F, Djodeyre M, Llovet-Rausell A, Beltran J, Baviera J. Incidence of corneal
infections after LASIK and surface ablation whem moxifloxacin and tobramycin are used as post-operative
treatment. J Cataract Refract Surg. 2015;41:1210-1216. doi:10.1016/j.jcrs.2014.09.041

100. Rush SW, Rush RB. Outcomes of infectious versus sterile perforated corneal ulcers after penetrating
keratoplasty in the United States. J Ophthalmol. 2016;2016:6284595. doi:10.1155/2016/6284595

101. Chan C, Lawless M, Sutton G, Versace P, Hodge C. Small incision lenticule extraction (SMILE) in 2015.
Clin Exp Optom. 2016;99(3):204-212. doi:10.1111/cx0.12380

102. Mohamed TA, Hoffman RS, Fine IH, Packer M. Post-laser assisted in situ keratomileusis epithelial ingrowth
and its relation to pretreatment refractive error. Cornea. 2011;30(5):550-552.
doi:10.1097/1C0O.0b013e3182000ac3

103. Ting DSJ, Srinivasan S, Danjoux J-P. Epithelial ingrowth following laser in situ keratomileusis (LASIK):
prevalence, risk factors, management and visual outcomes. BMJ Open Ophthalmol. 2018;3(1):e000133.
doi:10.1136/bmjophth-2017-000133

104. Piccinini P, Vida RS, Piccinini R, et al. Epithelial implantation treatment after small-incision lenticule
extraction. J Cataract Refract Surg. 2020;46(4):636-640. doi:10.1097/j.jcrs.0000000000000126

105. Ayala MJ, Ali6 JL, Mulet ME, De La Hoz F. Treatment of laser in situ keratomileusis interface epithelial
ingrowth with neodymium:yytrium-aluminum-garnet laser. Am J Ophthalmol. 2008;145(4):630-634.
doi:10.1016/j.aj0.2007.11.022

106. Rapuano CJ. Management of epithelial ingrowth after laser in situ keratomileusis on a tertiary care cornea
service. Cornea. 2010;29(3):307-313. d0i:10.1097/IC0O.0b013e3181b7f3c5

107. Shetty R, Kumar NR, Khamar P, et al. Bilaterally asymmetric corneal ectasia following SMILE with
asymmetrically reduced stromal molecular markers. J Refract Surg. 2019;35(1):6-14. doi:10.3928/1081597 X-
20181128-01

108. Ge Q, Cui C, Wang J, Mu G. Combined transepithelial phototherapeutic keratectomy and corneal collagen
cross-linking for corneal ectasia after small-incision lenticule extraction-preoperative and 3-year postoperative
results: a case report. BMC Ophthalmol. 2018;18(1):175. doi:10.1186/s12886-018-0849-4

109. Pazo EE, McNeely RN, Arba-Mosquera S, Palme C, Moore JE. Unilateral ectasia after small-incision
lenticule extraction. J Cataract Refract Surg. 2019;45(2):236-241. doi:10.1016/j.jcrs.2018.10.018

110. Mattila JS, Holopainen JM. Bilateral ectasia after femtosecond laser-assisted small incision lenticule
extraction (SMILE). J Refract Surg. 2016;32(7):497-500. doi:10.3928/1081597X-20160502-03

111. EI-Naggar MT. Bilateral ectasia after femtosecond laser-assisted small-incision lenticule extraction. J
Cataract Refract Surg. 2015;41(4):884-888. d0i:10.1016/j.jcrs.2015.02.008

112. Sachdev G, Sachdev MS, Sachdev R, Gupta H. Unilateral corneal ectasia following small-incision lenticule
extraction. J Cataract Refract Surg. 2015;41(9):2014-2018. doi:10.1016/j.jcrs.2015.08.006

113. Woodward MA, Randleman JB, Russell B, Lynn MJ, Ward MA, Stulting RD. Visual rehabilitation and
outcomes for ectasia after corneal refractive surgery. J Cataract Refract Surg. 2008;34(3):383-388.
doi:10.1016/j.jcrs.2007.10.025

114. Wolle MA, Randleman JB, Woodward MA. Complications of refractive surgery: ectasia after refractive
surgery. Int Ophthalmol Clin. 2016;56(2):127-139. doi:10.1097/110.0000000000000102

115. Navas A, Ariza E, Haber A, Fermén S, Velazquez R, Suéarez R. Bilateral keratectasia after photorefractive
keratectomy. J Refract Surg. 2007;23(9):941-943. doi:10.3928/1081-597X-20071101-14

116. Kim H, Choi J-S, Joo C-K. Corneal ectasia after PRK: clinicopathologic case report. Cornea.
2006;25(7):845-848. d0i:10.1097/01.ic0.0000224634.72309.43

117. Reznik J, Salz JJ, Klimava A. Development of unilateral corneal ectasia after PRK with ipsilateral
preoperative forme fruste keratoconus. J Refract Surg. 2008;24(8):843-847. doi:10.3928/1081597X-20081001-
14

118. Malecaze F, Coullet J, Calvas P, Fournié P, Arné J-L, Brodaty C. Corneal ectasia after photorefractive
keratectomy for low myopia. Ophthalmology. 2006;113(5):742-746. doi:10.1016/j.ophtha.2005.11.023

119. Leccisotti A. Corneal ectasia after photorefractive keratectomy. Graefes Arch Clin Exp Ophthalmol.
2007;245(6):869-875. doi:10.1007/s00417-006-0507-z

120. Parmar D, Claoué C. Keratectasia following excimer laser photorefractive keratectomy. Acta Ophthalmol
Scand. 2004;82(1):102-105. doi:10.1111/j.1395-3907.2003.0189b.x

121. Randleman JB, Caster Al, Banning CS, Stulting RD. Corneal ectasia after photorefractive keratectomy. J
Cataract Refract Surg. 2006;32(8):1395-1398. doi:10.1016/j.jcrs.2006.02.078

122. Roszkowska AM, Sommario MS, Urso M, Aragona P. Post photorefractive keratectomy corneal ectasia. Int
J Ophthalmol. 2017;10(2):315-317.

123. Sorkin N, Kaiserman |, Domniz Y, Sela T, Munzer G, Varssano D. Risk assessment for corneal ectasia
following photorefractive keratectomy. J Ophthalmol. 2017;2017:2434830. doi:10.1155/2017/2434830

124. Spadea L, Cantera E, Cortes M, Conocchia NE, Stewart CW. Corneal ectasia after myopic laser in situ
keratomileusis: a long-term study. Clin Ophthalmol. 2012;6:1801-1813. doi:10.2147/OPTH.S37249



125. Tong JY, Viswanathan D, Hodge C, Sutton G, Chan C, Males JJ. Corneal collagen crosslinking for post-
LASIK ectasia: an Australian study. Asia Pac J Ophthalmol (Phila). 2017;6(3):228-232.

126. Kanellopoulos AJ, Binder PS. Management of corneal ectasia after LASIK with combined, same-day,
topography-guided partial transepithelial PRK and collagen cross-linking: the Athens protocol. J Refract Surg.
2011;27(5):323-331. doi:10.3928/1081597X-20101105-01

127. Richoz O, Mavrakanas N, Pajic B, Hafezi F. Corneal collagen cross-linking for ectasia after LASIK and
photorefractive keratectomy: long-term results. Ophthalmology. 2013;120(7):1354-1359.
doi:10.1016/j.0phtha.2012.12.027

128. Wallerstein A, Adiguzel E, Gauvin M, Mohammad-Shahi N, Cohen M. Under-flap stromal bed CXL for early
post-LASIK ectasia: a novel treatment technique. Clin Ophthalmol. 2016;11:1-8. doi:10.2147/OPTH.S118831
129. Kymionis GD, Siganos CS, Kounis G, Astyrakakis N, Kalyvianaki MI, Pallikaris IG. Management of post-
LASIK corneal ectasia with Intacs inserts: one-year results. Arch Ophthalmol. 2003;121(3):322-326.
doi:10.1001/archopht.121.3.322

130. Romashko M, Zaidman G. Penetrating keratoplasty for post-LASIK ectasia. Invest Ophthalmol Vis Sci.
2014;55(3136).

131. McAllum PJ, Segev F, Herzig S, Rootman DS. Deep anterior lamellar keratoplasty for post-LASIK ectasia.
Cornea. 2007;26(4):507-511. doi:10.1097/IC0O.0b013e318033b4e9

132. Kucumen RB, Yenerel NM, Gorgun E, Oncel M. Penetrating keratoplasty for corneal ectasia after laser in
situ keratomileusis. Eur J Ophthalmol. 2008;18(5):695-702. doi:10.1177/112067210801800506

133. Chiou AG, Bovet J, de Courten C. Management of corneal ectasia and cataract following photorefractive
keratectomy. J Cataract Refract Surg. 2006;32(4):679-680. doi:10.1016/j.jcrs.2005.09.027

134. Ghoreishi M, Attarzadeh H, Zandi A, et al. Outcomes of photorefractive keratectomy with intraoperative
mitomycin-C. J Ophthalmic Vis Res. 2009;4(3):142-146.

135. Hashemi H, Taheri SM, Fotouhi A, Kheiltash A. Evaluation of the prophylactic use of mitomycin-C to inhibit
haze formation after photorefractive keratectomy in high myopia: a prospective clinical study. BMC Ophthalmol.
2004;4(1):12. d0i:10.1186/1471-2415-4-12

136. Mounir A, Mostafa EM, Ammar H, et al. Clinical outcomes of transepithelial photorefractive keratectomy
versus femtosecond laser assisted keratomileusis for correction of high myopia in South Egyptian population. Int
J Ophthalmol. 2020;13(1):129-134. doi:10.18240/ij0.2020.01.19

137. Vestergaard AH, Hjortdal JJ, Ivarsen A, Work K, Grauslund J, Sjglie AK. Long-term outcomes of
photorefractive keratectomy for low to high myopia: 13 to 19 years of follow-up. J Refract Surg. 2013;29(5):312-
319. doi:10.3928/1081597X-20130415-02

138. Liu YL, Tseng CC, Lin CP. Visual performance after excimer laser photorefractive keratectomy for high
myopia. Taiwan J Ophthalmol. 2017;7(2):82-88. doi:10.4103/tjo.tjo_92_17

139. Ali6 JL, Artola A, Claramonte PJ, Ayala MJ, Sdnchez SP. Complications of photorefractive keratectomy for
myopia: two year follow-up of 3000 cases. J Cataract Refract Surg. 1998;24(5):619-626. doi:10.1016/S0886-
3350(98)80256-3

140. Koshimizu J, Dhanuka R, Yamaguchi T. Ten-year follow-up of photorefractive keratectomy for myopia.
Graefes Arch Clin Exp Ophthalmol. 2010;248(12):1817-1825. doi:10.1007/s00417-010-1312-2

141. Costa E, Franqueira N, Rosa A, et al. Photorefractive keratectomy for myopia and myopic astigmatism
correction using the WaveLight Allegretto Wave Eye-Q excimer laser system. Int Ophthalmol. 2014;34(3):477-
484. do0i:10.1007/s10792-013-9833-4

142. Adib-Moghaddam S, Soleyman-Jahi S, Adili-Aghdam F, Arba Mosquera S, Hoorshad N, Tofighi S. Single-
step transepithelial photorefractive keratectomy in high myopia: qualitative and quantitative visual functions. Int J
Ophthalmol. 2017;10(3):445-452. doi:10.18240/ijo.2017.03.19

143. Gadde AK, Srirampur A, Katta KR, Mansoori T, Armah SM. Comparison of single-step transepithelial
photorefractive keratectomy and conventional photorefractive keratectomy in low to high myopic eyes. Indian J
Ophthalmol. 2020;68(5):755-761. doi:10.4103/ijo.1JO_1126_19

144. Ali6é JL, Muftuoglu O, Ortiz D, et al. Ten-year follow-up of photorefractive keratectomy for myopia of more
than -6 diopters. Am J Ophthalmol. 2008;145(1):37-45. doi:10.1016/j.ajo.2007.09.009

145. Aslanides IM, Padroni S, Arba Mosquera S, loannides A, Mukherjee A. Comparison of single-step reverse
transepithelial all-surface laser ablation (ASLA) to alcohol-assisted photorefractive keratectomy. Clin
Ophthalmol. 2012;6:973-980. doi:10.2147/OPTH.S32374

146. Razmjoo H, Kooshanmehr MR, Peyman A, Kor Z, Mohammadesmaeil E. Comparison of standard and low
dose intraoperative mitomycin C in prevention of corneal haze after photorefractive keratectomy. Int J Prev Med.
2013;4(2):204-207.

147. Pop M, Payette Y. Photorefractive keratectomy versus laser in situ keratomileusis: a control-matched study.
Ophthalmology. 2000;107(2):251-257. doi:10.1016/S0161-6420(99)00043-3

148. Ali6 JL, Muftuoglu O, Ortiz D, et al. Ten-year follow-up of photorefractive keratectomy for myopia of less
than -6 diopters. Am J Ophthalmol. 2008;145(1):29-36. doi:10.1016/j.aj0.2007.09.007

149. Mohammadi S-F, Nabovati P, Mirzajani A, Ashrafi E, Vakilian B. Risk factors of regression and
undercorrection in photorefractive keratectomy: a case-control study. Int J Ophthalmol. 2015;8(5):933-937.
doi:10.3980/j.issn.2222-3959.2015.05.14

150. Carones F, Vigo L, Scandola E, Vacchini L. Evaluation of the prophylactic use of mitomycin-C to inhibit
haze formation after photorefractive keratectomy. J Cataract Refract Surg. 2002;28(12):2088-2095.
doi:10.1016/S0886-3350(02)01701-7

151. Ali6é JL, Ortiz D, Muftuoglu O, Garcia MJ. Ten years after photorefractive keratectomy (PRK) and laser in
situ keratomileusis (LASIK) for moderate to high myopia (control-matched study). Br J Ophthalmol.
2009;93(10):1313-1318. d0i:10.1136/bjo0.2007.131748

152. Naderi M, Jadidi K, Mosavi SA, Daneshi SA. Transepithelial photorefractive keratectomy for low to
moderate myopia in comparison with conventional photorefractive keratectomy. J Ophthalmic Vis Res.
2016;11(4):358-362. d0i:10.4103/2008-322X.194070

153. Shojaei A, Mohammad-Rabei H, Eslani M, Elahi B, Noorizadeh F. Long-term evaluation of complications
and results of photorefractive keratectomy in myopia: an 8-year follow-up. Cornea. 2009;28(3):304-310.
doi:10.1097/IC0O.0b013e3181896767

154. Spadea L, Giovannetti F. Main complications of photorefractive keratectomy and their management. Clin
Ophthalmol. 2019;13:2305-2315. doi:10.2147/OPTH.S233125



155. Choi H, Ju L, Kim J, Choi S, Lee D. Successful treatment with combined PTK/PRK guided by intraoperative
skiascopy of patients with corneal haze after surface ablation. Korean J Ophthalmol. 2015;29(1):74-76.
doi:10.3341/kjo.2015.29.1.74

156. Tucker S, Sood P. Flap complications from femtosecond laser-assisted in situ keratomileusis. US
Ophthalmic Rev. 2019;12(1):21-27. doi:10.17925/USOR.2019.12.1.21

157. Lyle WA, Jin GJ. Results of flap repositioning after laser in situ keratomileusis. J Cataract Refract Surg.
2000;26(10):1451-1457. doi:10.1016/S0886-3350(00)00571-X



Table B

Medical Costs (in 2020 Euros) for SMILE, LASIK, and PRK

LASIK

Medical Costs for SMILE Frequency
Annual | Discounted | Weighted
Cost Lifetime Discounted
Costs Lifetime
Costs
Consultation 100 100
Screening for refractive surgery 100 100
Bilateral surgery 2,600 2,600
Postoperative medications 80 80
Total 2,880 2,880 2,880
Transient dry eye 4.65%
Consultation 80 80
Medical treatment: topical lubricants, protein 445 445
rich plasma eyedrops (full course of two
months)
Total 525 525 24.41
Chronic dry eye 3.75%
Consultation 80 80
Medical treatment: topical lubricants, protein 445 1,861.71
rich plasma eyedrops (full course of two
months)
Total 525 1,941.71 72.81
Retreatment 2.45%
Consultation 80 80
Retreatment or enhancement with PRK or 1,300 1,300




Postoperative medications 60 60
Total 1,440 1,440 35.28
Diffuse lamellar keratitis 0.46%
Consultation 80 80
Interface irrigation 1,000 1,000
Topical medications 60 60
Total 1,140 1,140 524
Retained lenticule or lenticule fragment 0.09%
Consultation 80 80
Secondary lenticule removal 1,000 1,000
Postoperative medications 60 60
Total 1,140 1,140 1.03
Infectious Kkeratitis 0.0004%
Consultation 80 80
Interface irrigation 1,000 1,000
Topical antibiotic or antifungal medication 100 100
Corneal transplant 263 263
Postoperative medications 60 60
Total 1,502.5 1,502.5 0.006
Epithelial ingrowth 0.02%
Consultation 80 80
Medical treatment — steroid eyedrops 0.23 0.23
Epithelial scraping and washout 89.3 89.3
Nd:YAG laser 25 25
Postoperative or post-laser medications 60 60
Total 232.03 232.03 0.27
Corneal ectasia 0.0017%




Consultation 80 80
Diagnostics 80 80
Contact lenses (changed every quarter, annual 304 14,462.56
cost)

Crosslinking 36 36
Intrastromal rings 34 34
Penetrating keratoplasty/lamellar keratoplasty 300 300
Postoperative medications 60 60

Total 894 15,052.56 0.26

Overall Cost 9,978.53 28,853.8 3,019.82
Average Cost 1,108.73 2,872.64 335.45
Medical costs for PRK
Consultation 100 100
Screening for refractive surgery 100 100
Bilateral surgery 2,600 2,600

Postoperative medications 80 80

Total 2,880 2,880 2880

Retreatment 2.82%
Consultation 80 80
Retreatment or enhancement 1,300 1,300
Total 1,380 1,380 38.92
Visually significant corneal haz 0.3%

Consultation 80 80
Corneal scraping with mitomycin C 10 10
Phototherapeutic keratectomy 10 10
Postoperative medications 60 60

Total 160 160 0.48




Transient dry eye 12.2%
Consultation 80 80
Medical treatment: topical lubricants, protein 445 445
rich plasma eyedrops (full course of two
months)
Total 525 525 64.05
Chronic dry eye 6.03%
Consultation 80 80
Medical treatment: topical lubricants, protein 445 1,861.71
rich plasma eyedrops (full course of two
months)
Total 525 1,941.71 117.09
Infectious keratitis 0.066%
Consultation 80 80
Topical antibiotic or antifungal medication 100 100
Corneal transplant 264.38 264.38
Postoperative medications 60 60
Total 504.38 504.38 0.33
Corneal ectasia 0.0015%
Consultation 80 80
Diagnostics 80 80
Contact lenses (changed every quarter, annual 304 14,462.56
cost)
Crosslinking 36 36
Intrastromal rings 34 34
PKP/DALK 300 300
Postoperative medications 60 60




Total 894 15,052.56 0.23
Overall Cost 6,868.38 22,443,65 3,101.1
Average 981.20 3,206 443
Medical costs for LASIK
Consultation 100 100
Screening for refractive surgery 100 100
Bilateral surgery 2,600 2,600
Postoperative medications 80 80
Total 2,880 2,880 2,880
Diffuse lamellar keratitis 0.4%
Consultation 80 80
Medical treatment — steroid eyedrops 60 60
Flap irrigation and repositioning 1,000 1,000
Total 1,140 1,140 4.56
Visually significant flap complications requiring treatment 0.98%
Consultation 80 80
Flap repositioning and/or suturing 1,000 1,000
Postoperative medication 60 60
Total 1,140 1,140 11.17
Infectious Kkeratitis 0.011%
Consultation 80 80
Flap lifting and interface irrigation 1,000 1,000
Topical antibiotic or antifungal medication 100 100
Corneal transplant 264.38 264.38
Postoperative medications 60 60
Total 1,504.38 1,504.38 0.165
1.78

Retreatment




Consultation 80 80
Retreatment or enhancement with PRK or 1,300 1,300
LASIK
Postoperative medications 60 60
Total 1,440 1,440 25.63
Transient dry eye 9.37%
Consultation 80 80
Medical treatment: topical lubricants, Protein 445 445
rich plasma eyedrops (full course of two
months)
Total 525 525 49.19
Chronic dry eye 2.87%
Consultation 80 80
Medical treatment: topical lubricants, Protein 445 1,861.71
rich plasma eyedrops (full course of two
months)
Total 525 1,941.71 55.74
Corneal ectasia 0.57%
Consultation 80 80
Diagnostics 80 80
Contact lenses (changed every quarter, annual 304 14,462.56
cost)
Crosslinking 36 36
Intrastromal rings 34 34
PKP/DALK 300 300
Postoperative medications 60 60
Total 894 15,052.56 85.8




Epithelial ingrowth 3.9%
Consultation 80 80
Medical treatment — steroid antibiotics 11.52 11.52
Flap lift, epithelial scraping and washout 89.3 89.3
Nd:YAG laser 25 25
Postoperative or post-laser medications 60 60
Total 265.82 265.82 10.37
Overall Cost 10,314.20 | 25.889.47 3,122.63
Average cost 1,146.02 | 2,876.61 346.96




Table C

Comparison of Average Weighted Costs (AWC), Weighted QALY (QALY) and ICER at Different
Time Periods

40 year time period 35 year time period 30 year time period
AWC QALY ICER AWC QALY ICER AWC QALY ICER
(€) (€ € (€ € (€
QALY) QALY) QALY)
SMILE 335.47 | 32.04 10.47 335.46 | 28.04 11.96 335.45 24 13.98
PRK 443 32 13.84 443 28 15.82 443 24 18.46
FS- 357.07 30.8 11.59 354.19 | 26.95 13.14 346.96 231 15.02
LASIK
25 year time period 20 year time period 15 year time period
AWC QALY ICER AWC QALY ICER AWC QALY ICER
(€ (€ € (€ € (€
QALY) QALY) QALY)
SMILE 335.45 | 20.03 16.75 335.44 | 16.02 20.94 335.44 | 12.02 27.91
PRK 443 20 22.15 443 16 27.69 443 12 36.92
FS- 349.57 | 19.25 18.16 347.73 15.4 22.58 346.13 | 11.55 29.97
LASIK
10 year time period 5 year time period 1 year time period
AWC QALY ICER AWC QALY ICER AWC QALY ICER
(€ (€ € (€ (€) (€
QALY) QALY) QALY)
SMILE 335.43 8 41.93 335.43 4 83.86 329.54 0.8 411.92
PRK 443 8 55.37 443 4 110.75 431 0.8 538.47
FS- 344.76 1.7 44.77 340.93 3.85 88.55 335.58 0.77 435.81
LASIK




Table D

Similar Studies for Other Ophthalmic Procedures and Several Non-ophthalmic Procedures or

Devices
Author/s Procedure Type of Study Currency/Year ICER
Done
Brown et al Ranibizumab for Cost-utility US dollars($)/ 50,691/QALY
subfoveal neovascular | analysis 2008
macular degeneration
Kobelt et al? Bilateral cataract Cost-effectiveness | US dollars($)/ 4,500/QALY
surgery (type analysis 2002
unspecified)
Brown et al® Silicone oil versus Cost-utility US dollars($)/ 40,252/QALY
perfluoropropane for analysis 2002
severe proliferative
vitreoretinopathy without
previous vitrectomy
Perfluoropropane US dollars($)/ 62,383/QALY
versus silicone oil for 2002
severe proliferative
vitreoretinopathy with
previous vitrectomy
Javitt and Screening and Cost-effectiveness | US dollars($)/ 3,190/QALY
Aiello* treatment of eye analysis 1996
disease in patients with
Diabetes Mellitus
Eye Care Cataract surgery (type Cost-utility us 2,049/QALY
Comparative unspecified) analysis dollars($)/2013
Effectiveness
Research
Team
(ECCERT)®
Busbee et al® | Cataract surgery inthe | Cost-utility us 2,727/QALY
second eye analysis dollars($)/2003
(phacoemulsification
and extracapsular
cataract extraction)
Brown et al” Unilateral Cataract Cost-utility us 1,636/QALY
surgery analysis dollars($)/2013
Brown et al® Bilateral Cataract Cost-utility us 1,514/QALY
surgery analysis dollars($)/2018
First eye cataract 1,001/QALY
surgery
Second eye cataract 3,101/QALY

surgery




Author/s Procedure Type of Study Currency/Year ICER

Done

Brunner- Drug eluting stents for Cost-effectiveness | Euros(€)/2007 40,467/QALY

LaRocca et al° | patients at high or low analysis

risk of cardiac events

Kumar et al’® | Risk-targeted lung Cost-effectiveness | US 53,000-

cancer screening analysis dollars($)/2018 75,000/QALY
Osnabrugge et | Coronary artery bypass | Cost-effectiveness | Euros(€)/2015 2,967-3,757/QALY
al*t graft analysis
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