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ABSTRACT

Introduction: The incidence of ectasia follow-
ing refractive surgery is unclear. This review
sought to determine the worldwide rates of
ectasia after photorefractive keratectomy (PRK),
laser-assisted in situ keratomileusis (LASIK), and
small incision lenticule extraction (SMILE)
based on reports in the literature.
Methods: A systematic review was conducted
according to modified Preferred Reporting Items
for Systematic Reviews and Meta-Analyses

(PRISMA) guidelines. Publications were identi-
fied by a search of eight electronic databases for
relevant terms between 1984 and 2021. Patient
characteristics and preoperative values includ-
ing manifest refractive spherical refractive
equivalent (MRSE), central corneal thickness
(CCT), anterior keratometry, postoperative
residual stromal bed (RSB), and percent tissue
altered (PTA) were summarized. In addition,
annual rates of each refractive surgery were
determined, and incidence of post-refractive
ectasia for each type was calculated using the
number of ectatic eyes identified in the
literature.
Results: In total, 57 eyes (70 eyes including
those with preoperative risk factors for ectasia)
were identified to have post-PRK ectasia, while
1453 eyes (1681 eyes including risk factors) had
post-LASIK ectasia, and 11 eyes (19 eyes
including risk factors) had post-SMILE ectasia.
Cases of refractive surgery performed annually
were estimated as 283,920 for PRK, 1,608,880
for LASIK, and 96,750 for SMILE. Reported post-
refractive ectasia in eyes without preoperative
identifiable risk factors occurred with the fol-
lowing incidences: 20 per 100,000 eyes in PRK,
90 per 100,000 eyes in LASIK, and 11 per
100,000 eyes in SMILE. The rate of ectasia in
LASIK was found to be 4.5 times higher than
that of PRK.
Conclusion: Post-refractive ectasia occurs at
lower rates in eyes undergoing PRK than LASIK.
Although SMILE appears to have the lowest rate
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of ectasia, the number of cases already reported
since its recent approval suggests that post-
SMILE ectasia may become a concern. Consid-
ering that keratoconus is a spectrum of disease,
pre-existing keratoconus may play a larger role
in postoperative ectasia than previously
accounted for in the literature.

Keywords: Ectasia; Ectasia risk score system;
Incidence; Keratectasia; Keratoconus; LASIK;
Prevalence; PRK; SMILE

Key Summary Points

Based on a literature review of all reported
cases of ectasia, the incidence of post-
refractive ectasia in eyes without
identifiable preoperative risk factors is 20
per 100,00 eyes for PRK, 90 per 100,000
eyes for LASIK, and 11 per 100,000 eyes for
SMILE

Ectasia was found to be 4.5 times more
likely after LASIK than PRK

Although SMILE appears to have the
lowest rate of ectasia, its incidence may
increase as more procedures are performed
and cases are reported

The prevalence of keratoconus in the
general population may contribute to
postoperative ectasia, as patients seeking
refractive surgery could have subclinical
disease

The present study poses the question
whether iatrogenic post-refractive ectasia
may be a progression of pre-existing
keratoconus

INTRODUCTION

Corneal refractive surgery encompasses multi-
ple modalities, including photorefractive kera-
tectomy (PRK), laser-assisted in situ
keratomileusis (LASIK), and small-incision

lenticule extraction (SMILE). Since its approval
by the Food and Drug Administration (FDA) in
1999, LASIK has emerged as the most prevalent
of these surgical options because of the rapid
improvement in visual outcomes with relatively
few adverse effects [1, 2]. However, LASIK carries
a risk of ectasia, characterized by inferior cor-
neal steepening, worsening myopic astigma-
tism, and loss of best corrected visual acuity [3].
The first cases of post-LASIK ectasia were docu-
mented by Theo Seiler in 1998 in three highly
myopic patients with thin corneas [4]. With the
high annual volume of LASIK cases, post-LASIK
ectasia has become a well-known adverse event,
though high variability of incidence recorded in
the literature (0.013% [5] to 0.935% [6]) limits
preoperative risk counseling. Furthermore, the
incidence of ectasia after PRK and SMILE is
poorly understood. The present study sought to
report the incidence of ectasia in three modali-
ties of corneal refractive surgery (PRK, LASIK,
and SMILE) based on currently reported cases
worldwide. This incidence was stratified by
presence of identifiable preoperative risk factors
for ectasia. Patient characteristics are also sum-
marized to identify trends in the development
of post-refractive ectasia.

METHODS

Literature Search

A systematic review was conducted according to
modified Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA)
guidelines [7]. The following criteria were not
applied to this review: protocol registration;
public reporting of data analysis; and assess-
ment of risk of bias, certainty, confi-
dence/credibility interval, heterogeneity, and
sensitivity. The reviewers claim no conflicts of
interest. The following electronic databases
were searched, with last access on June 2, 2021:
PubMed, Scopus, Ovid Medline, Embase, Sci-
enceDirect, Google Scholar, Cochrane, and
Clinicaltrials.gov. Key words used in the search
queries included a combination of the following
terms: ‘‘ectasia,’’ ‘‘keratectasia,’’ ‘‘keratoconus,’’
‘‘photorefractive keratectomy,’’ ‘‘PRK,’’ ‘‘laser
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epithelial keratomileusis,’’ ‘‘LASEK,’’ ‘‘epiker-
atome laser-assisted keratomileusis,’’ ‘‘Epi-
LASIK,’’ ‘‘laser-assisted in situ keratomileusis,’’
‘‘LASIK,’’ ‘‘small incision lenticule extraction,’’
‘‘SMILE,’’ ‘‘ReLEx SMILE,’’ and ‘‘incidence.’’
There were no language restrictions. Publica-
tions retrieved included any cases of postoper-
ative ectasia reported worldwide since the
introduction of each refractive surgery
(1984–2021 for PRK, 1998–2021 for LASIK, and
2012–2021 for SMILE).

Two independent examiners reviewed
resulting publications and excluded articles that
met any of the following criteria: unrelated
search results; duplicate publications; refractive
procedures other than PRK, LASIK, SMILE,
LASEK, and epi-LASIK; non-refractive ectasia,
and studies that did not differentiate patients
with primary keratoconus versus postoperative
ectasia. Due to the multitude of publications on
LASIK that may potentially report the same
cases, the reviewers excluded subsequent pub-
lications from the same author in which a
unique patient population was not clearly
identified. Inconsistencies in identifying the
number of patients in each population of ectatic
eyes prevented the reviewers from reporting
results as such. A visual representation of the
literature review process is reflected in Fig. 1.

Included articles were categorized by the
presence of preoperative identifiable risk factors
for ectasia. Risk factors were defined as ‘‘kera-
toconus suspect,’’ forme fruste keratoconus, and
pellucid marginal degeneration. Eyes without
identifiable risk factors were those with no
preoperative abnormalities or preoperative
topography with asymmetric bowtie, inferior
steepening, and skewed radial axis. If preoper-
ative topography was not mentioned, patients
were assumed to be good surgical candidates
and were thus grouped in the no risk factor
subcategory. This review did not consider
patient characteristics including age, manifest
refractive spherical refractive equivalent
(MRSE), central corneal thickness (CCT), and
predicted residual stromal bed (RSB) among the
identifiable preoperative risk factors. These
patient characteristics have been validated for
ectasia risk assessment in LASIK but not PRK
and SMILE. Thus, these factors were not

considered for patient stratification to maintain
consistency across the included corneal refrac-
tive surgeries.

Rates of Refractive Surgery

Exact yearly refractive surgical rates are not
publicly available for PRK, LASIK, and SMILE.
Thus, estimations were made by extrapolation
from rates reported in the literature [8], as out-
lined in Figs. 2 and 3 and described below. Rates
within the US and internationally were calcu-
lated separately to account for the introduction
of SMILE, then were added together to yield a
worldwide annual estimate of each refractive
procedure.

Fig. 1 Diagram of article selection adapted from PRISMA
guidelines (n = number of articles)
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United States
The number of laser vision correction (LVC)
procedures, which include LASIK, PRK, and
SMILE, among others, is reported by Joffe as a

yearly estimate from 1990 to 2020 [8]. Because
of the varied prevalence of LVCs over time, the
number of annual LVCs was averaged based on
pre- and post-FDA approval of SMILE in 2016.

Fig. 2 Schematic displaying extrapolated annual surgical
rates of PRK, LASIK, and SMILE in the US. Weighted
average was calculated to account for changes in refractive

surgery rates with the introduction of SMILE. Laser vision
correction (LVC) represents PRK, LASIK, and SMILE
procedures combined
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Using Joffe’s estimate that SMILE comprises \
5% of LVCs, 34,750 cases of SMILE were
deducted from the LVCs between 2016 and
2020. A weighted average was then calculated

for PRK and LASIK between 2000 and 2020
(21 years). Since this annual rate included only
LASIK and PRK cases, Joffe’s estimate then was
applied such that 15% of cases were calculated

Fig. 3 Schematic displaying extrapolated annual surgical
rates of PRK, LASIK, and SMILE internationally.
Weighted average was calculated to account for changes

in refractive surgery rates with the introduction of SMILE.
Laser vision correction (LVC) represents PRK, LASIK,
and SMILE procedures combined
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as PRK and 85% as LASIK to yield an annual rate
of each procedure in the US (Fig. 2).

International
In the following description, ‘‘worldwide’’ refers
to the number of cases globally including the
US, while ‘‘international’’ refers to cases outside
the US. From 1991 through 2015, it was repor-
ted that 40 million LASIK procedures were per-
formed worldwide [2]. The average, as
calculated over 25 years, was 1.6 million LASIK
procedures performed annually worldwide.
Joffe’s estimate was applied such that the 1.6
million annual LASIK cases accounted for 85%
of LVCs performed worldwide per year from
1991 to 2012. The annual rate of LVCs pre-
SMILE in the US was subtracted from worldwide
LVCs (PRK ? LASIK) to yield total LVCs per year
internationally. Post-SMILE, the rate of LASIK
cases was assumed to be 82.5%, the average of
the 80–85% range set forth by Joffe to account
for the introduction of SMILE. The number of
LVCs per year in the US during the time period
in which SMILE was in practice was subtracted
to yield total LVCs (PRK ? LASIK ? SMILE)
performed internationally between 2012 and
2020. The estimated 5% of SMILE cases was
subtracted for a total of PRK and LASIK cases per
year internationally. The weighted average over
30 years was calculated between 1991 and 2020
(30 years), yielding an average number of PRK
and LASIK cases per year internationally. Joffe’s
estimate was then applied such that 15% of
cases were calculated as PRK and 85% as LASIK

to yield an annual rate of each procedure
internationally (Fig. 3).

Worldwide
The annual worldwide rates of PRK, LASIK, and
SMILE were calculated by adding the annual US
and international rates of each refractive
procedure.

Calculation of Incidence

To determine the annual incidence of post-re-
fractive ectasia worldwide, the total number of
ectatic eyes identified in this literature review
was divided by the yearly rate of each proce-
dure, as calculated above (Table 1).

Patient Characteristics

Two independent reviewers collected patient
characteristics when available, though not all
reported results were compatible with the
domains of characteristics being analyzed.
Patient characteristics were reviewed for age,
sex, MRSE, preoperative anterior keratometry,
CCT, preoperative topography findings, calcu-
lated or reported percent tissue altered (PTA),
RSB, and time to onset of ectasia. Studies that
reported summary characteristics rather than
individual patient data were included in calcu-
lations as a single value (represented as a mean)
and range. Myopia was categorized using the
following criteria: low: - 0.5 to\- 3.0 diop-
ters (D); moderate: - 3.0 to\- 6.0 D; high:

Table 1 Estimated incidence of reported ectasia in each cornea refractive surgery type

Refractive
surgery

Avg total procedures
per year

Ectatic eyes
w/o RF*

Incidence of ectasia
w/o RF (%)

Total ectatic
eyes**

Total incidence of
ectasia (%)

PRK 283,920 57 0.020 70 0.025

LASIK 1,608,880 1453 0.090 1681 0.100

SMILE 96,750 11 0.011 19 0.020

PRK photorefractive keratectomy, LASIK laser-assisted in situ keratomileusis, SMILE small-incision lenticule extraction,
w/o without, RF risk factors
*Ectatic eyes identified postoperatively without preexisting risk factors
**Ectatic eyes identified with and without preexisting risk factors
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- 6.0 to\- 9.0 D; or severe: C - 9.0 D. CCT
was stratified by thickness based on the average
CCT in normal eyes [9]:\ 500 lm; 500–524 lm;
525–570 lm;[570 lm. PTA, when not repor-
ted, was calculated using the following equa-
tions: PTA = (ablation depth ? 50 lm)/CCT for
PRK; PTA = (flap thickness ? ablation depth)/
CCT for LASIK; and PTA = (cap thick-
ness ? lenticule thickness)/CCT for SMILE. The
risk factors assessed in the Ectasia Risk Score
System (ERSS) [10] were reported for PRK, SMILE
and 10% of LASIK cases due to inconsistencies
in available data.

Keratoconus Incidence

To better understand the interplay between
post-refractive ectasia and pre-existing kerato-
conus, a literature search was conducted using
the aforementioned search engines. The fol-
lowing search terms were utilized: ‘‘incidence,’’
‘‘prevalence,’’ and ‘‘keratoconus.’’

Compliance with Ethics Guidelines

This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by any of the authors.

Statistical Analysis

Statistical analyses were performed using RStu-
dio (RStudio, Inc. Released 2018. RStudio for
Macintosh, Version 1.1.456. Boston, MA, USA:
RStudio Inc.). Patient characteristics were com-
pared across surgery type using ANOVA with
post-hoc Tukey HSD. A Fisher’s exact test was
used to determine if preoperative myopia level
and stratified CCT varied significantly.

RESULTS

Literature Review

PRK—The literature review of post-PRK ectasia
resulted in 11,980 articles, of which 11,951 were
excluded, yielding 29 articles [11–39]. In total,

70 eyes were reported to have ectasia related to
PRK. Of these eyes, 57 had post-PRK ectasia with
no identifiable preoperative risk factors,
including one eye from a LASEK case. Thirteen
eyes had identifiable preoperative risk factors
(Fig. 1). The literature review of post-LASEK and
epi-LASIK ectasia yielded 2331 articles, of which
2330 were excluded. The one eye with post-
LASEK ectasia was grouped into PRK as men-
tioned above [40].

LASIK—Search results for post-LASIK ectasia
resulted in 27,191 articles, of which 27,060 were
excluded, yielding 131 articles
[1, 3–6, 10, 23–25, 32, 33, 41–160]. In total,
1681 eyes were reported to have ectasia related
to LASIK. Of these eyes, 1453 had no identifi-
able preoperative risk factors, while 228 eyes
had identifiable preoperative risk factors
(Fig. 1).

SMILE—Search results for post-SMILE ectasia
resulted in 4366 articles, of which 4356 were
excluded, yielding 10 articles [161–170]. In
total, 19 eyes were reported to have ectasia
related to SMILE. Of these eyes, 11 had no
identifiable preoperative risk factors, while 8
eyes had identifiable preoperative risk factors
(Fig. 1).

Estimation of Refractive Surgery Rates

In the US pre-SMILE (2000 through 2015), there
were 1,022,500 estimated PRK and LASIK cases
per year. Post-SMILE (2016 through 2020), there
were 695,000 estimated LVCs (PRK ? LASIK ?

SMILE), of which 34,750 SMILE procedures were
subtracted for a total of 660,250 PRK and LASIK
procedures per year in the US. A weighted
average was calculated over 21 years, resulting
in 936,250 PRK and LASIK procedures per year.
Fifteen percent (140,438 procedures) were esti-
mated to be PRK, and 85% (795,813 procedures)
were estimated to be LASIK (Fig. 2).

Worldwide pre-SMILE (1991 through 2011),
there were 1,882,350 estimated PRK and LASIK
cases per year. Post-SMILE (2012 through 2020),
there were 1,939,394 estimated LVCs (PRK ?

LASIK ? SMILE). US LVCs were subtracted pre-
and post-SMILE, yielding 859,853 LVCs
(PRK ? LASIK) and 1,244,394 LVCs (PRK ?
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LASIK ? SMILE) internationally, respectively.
Five percent (62,220) of SMILE procedures were
subtracted from post-SMILE LVCs, resulting in
1,182,174 PRK and LASIK procedures per year
internationally from 2012 through 2020. A
weighted average was calculated over 30 years,
resulting in 956,549 PRK and LASIK procedures
internationally per year. Fifteen percent of
143,482 procedures were estimated to be PRK
and 85% (813,067 procedures) were estimated
to be LASIK (Fig. 3).

The annual worldwide rate of each procedure
was calculated as 283,920 for PRK, 1,608,880 for
LASIK, and 96,750 for SMILE.

Incidence

Table 1 summarizes the number of eyes with
post-refractive ectasia, including those with and
without identifiable preoperative risk factors for
PRK, LASIK, and SMILE. The calculated world-
wide incidence is also reported. In eyes without
risk factors, the incidence of post-refractive
ectasia was 0.020% (20 eyes per 100,000),
0.090% (90 eyes per 100,000), and 0.011% (11
eyes per 100,000) for PRK, LASIK, and SMILE,
respectively. The total incidence, including eyes

with preoperative risk factors, was 0.025% (25
eyes per 100,000), 0.100% (100 eyes per
100,000), and 0.020% (20 eyes per 100,000) for
PRK, LASIK, and SMILE, respectively. The
worldwide incidences over time are displayed in
Fig. 4, along with FDA approval of each refrac-
tive procedure. Reported incidences of post-PRK
and post-LASIK ectasia from large-scale case
series are organized by year in Table 2. Two of
these articles reported preoperative forme fruste
keratoconus, and an adjusted incidence without
identifiable preoperative risk factors is reflected.

Patient Characteristics

Patient characteristics are summarized in
Table 3. There was no significant difference in
the mean age of patients who developed ectasia
after each procedure (34 ± 11 years PRK,
33 ± 8 years LASIK, 28 ± 7 years SMILE;
p = 0.26). The onset of ectasia ranged from 0.2
to 192 months across the three procedures with
a mean of 41 ± 50 months in PRK,
35 ± 24 months in LASIK, and 18 ± 13 months
in SMILE; p = 0.06. Of cases that reported the
method of LASIK flap creation, 46% (135 cases)
utilized microkeratome and 54% (161 cases)

Fig. 4 Incidence of ectasia after PRK (orange), LASIK
(blue), and SMILE (yellow) worldwide between 1998 and
2021 for cases without identifiable preoperative risk

factors, in conjunction with relevant events in the history
of corneal refractive surgery
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utilized femtosecond laser. Stratified CCT
showed significantly thinner corneas pre-PRK
ectasia (495 ± 39 lm) compared to LASIK
(529 ± 37 lm) (p\0.01). RSB was significantly
higher in eyes that developed ectasia after PRK
(384 ± 41 lm) than LASIK (238 ± 55 lm) and
SMILE (349 ± 40 lm) (p\ 0.01). Reported or
calculated PTA was significantly lower in PRK
(24 ± 6%) compared to LASIK (45 ± 10%)
(p\ 0.01). Proportion of eyes in each procedure
is stratified by severity of myopia in Fig. 5, with
significantly higher rates of postoperative

ectasia occurring in patients with moderate
preoperative myopia (p = 0.002). Stratified CCT
showed that thinner corneas tended to undergo
PRK (49%), although not statistically significant
(p = 0.09; Fig. 6). ERSS showed a higher con-
centration of cases in the low-risk point range
(Table 4).

Keratoconus

The literature-reported incidence and preva-
lence of keratoconus were stratified into

Table 2 Reported incidence of post-LASIK and post-PRK ectasia with and without identifiable preoperative risk factors

Procedure Study Year Country Reported rate of
ectasia

Reported
incidence (%)

Rate of ectasia
w/o RF

Incidence w/o
RF (%)

LASIK Pallikaris et al.

[1]

2001 Greece 19/2873 0.661 – –

Randleman

et al. [3]

2003 US 1/2500 0.040 3/50,000 0.006

Rad et al.

[146]

2004 Iran 14/6941 0.202 – –

Reinstein

et al. [147]

2006 UK 6/5212 0.115 – –

Condon et al.

[6]

2007 Ireland 1/107 0.935 – –

Spadea et al.

[89]

2012 Italy 23/4027 0.571 – –

Moshirfar

et al. [85]

2014 US 5/1992 0.251 1/1992 0.050

Bohac et al.

[45]

2018 Croatia 10/30,167 0.033 – –

Chua et al.

[52]

2019 Singapore 12/53,731 0.022 – –

Schallhorn

et al. [5]

2020 UK 8/61,833 0.013 – –

PRK Sorkin et al.

[13]

2019 Israel 9/3105 0.290 – –

Schallhorn

et al. [5]

2020 UK 1/9467 0.011 – –

RF risk factor, PRK photorefractive keratectomy, LASIK laser-assisted in situ keratomileusis, SMILE small-incision len-
ticule extraction
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worldwide, high risk, and average risk subcate-
gories. Within each category, the articles were
reported according to year. Increasing incidence
and prevalence were observed over time
(Table 5).

DISCUSSION

This systematic review estimated the incidence
of post-refractive ectasia in PRK, LASIK, and
SMILE. For clarification of reporting, ‘‘inci-
dence’’ in its original statistical definition
means the number of new cases of a disease per

unit time, often over 1 year [171]. However, the
term incidence is used loosely in the literature
to represent the occurrence of disease or the
new cases observed within the time period of
the investigation. The data collected in the
present study also report disease occurrence
rather than true incidence, though ‘‘incidence’’
is utilized for consistency with the literature.

In the present study, there was no difference
between the frequency of ectasia in male and
female patients, even though keratoconus as a
whole tends to be more common in men [172].
Of the 296 LASIK cases with a documented
method of flap creation, ectasia occurred more

Table 3 Patient characteristics

Parameter PRK LASIK SMILE p value

Eyes, n (%)

R 17 (46) 177 (49) 7 (64)

L 20 (54) 183 (51) 4 (36)

Age* (years) 34 ± 11 (18 to 57) 33 ± 8 (18 to 62) 28 ± 7 (23 to 43) 0.26

Sex, n (%)

M 22 (71) 334 (51) 5 (71)

F 9 (29) 316 (49) 2 (29)

Preoperative MRSE*a - 4.2 ± 3.8 (- 12.8 to

7.6)

- 6.9 ± 5.6 (- 28.0 to

18.5)

- 5.0 ± 2.7 (- 8.8 to

- 2.0)

0.33

Preoperative anterior Km*

(D)

43.7 ± 1.6 (39.7 to

46.1)

43.6 ± 1.8 (39.4 to 49.9) 43.6 ± 1.7 (40.9 to 45.3) 0.97

Preoperative

CCT*a (lm)

495 ± 39 (363 to 555) 529 ± 37 (414 to 631) 508 ± 47 (418 to 582) \ 0.01�

Ectasia

onset*a (months)

41 ± 50 (0.25 to 192) 35 ± 24 (0.20 to 132) 18 ± 13 (1 to 48) 0.06

Postoperative RSB*a (lm) 384 ± 41 (285 to 433) 238 ± 55 (80 to 426) 349 ± 40 (305 to 389) \ 0.01��

PTA*a (%) 24 ± 6 (15 to 40) 45 ± 10 (23 to 66) 37 ± 4 (32 to 41) \ 0.01�#

PRK photorefractive keratometry, LASIK laser-assisted in situ keratomileusis, SMILE small-incision lenticule extraction,
MRSE manifest refractive spherical equivalent, D diopters, CCT central corneal thickness, RSB residual stromal bed, PTA
percent tissue altered
*Reported as mean ± SD (range)
� Significance between PRK and LASIK
� Significance between PRK and SMILE
# Significance between LASIK and SMILE
a Tukey HSD
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frequently with femtosecond laser (54%) com-
pared to microkeratome (46%), which may be
due to the larger proportion of cases in this lit-
erature search occurring after introduction of
the femtosecond laser. We would have expected
lower rates of ectasia with femtosecond flap

creation since this method is considered to
make thinner and more predictable flaps [173].
Regarding post-PRK ectasia, the higher RSB and
lower PTA compared to LASIK and SMILE are
likely a reflection of the larger proportion of low
myopes undergoing PRK. Ectatic eyes tended to
have thinner corneas preoperatively in PRK
than LASIK, aligning with the use of PRK for
patients with thin corneas who are not candi-
dates for LASIK. When assessing risk factors,
ERSS is a validated tool for predicting post-
LASIK ectasia [10]. Interestingly, the ERSS cal-
culated in the present study for patients who
underwent PRK and SMILE showed that many
eyes were considered low risk. Newer tech-
nologies, like the Corvis ST (Oculus Optikgeräte
GmbH, Wetzlar, Germany), attempt to fill this
void in predicting preoperative risk by incor-
porating biomechanical studies into traditional
Pentacam topography [174, 175]. However, the
data output by the Corvis ST is still not well
understood, and further studies are needed to
establish normal parameters before it can be a
useful tool in evaluating preoperative risk.

The literature search in the present study
confirms that cases of post-PRK ectasia are rare,
with only 57 cases reported worldwide since
2000. Incidence of post-PRK ectasia from large
case series is lacking, as only two such studies
were identified [5, 13]. These reported inci-
dences were 0.011–0.029%, comparable to the
estimated incidence of worldwide post-PRK
ectasia in the present study (0.020%) in patients
with no identifiable preoperative risk factors.
LASIK has the most reports of post-refractive
ectasia, for an estimated 1453 procedures and a
worldwide incidence of 0.090%. Reports of post-
LASIK ectasia in the literature range from
0.013% [5] up to 0.935% [6], for an average of
0.284%. Although this study’s estimated inci-
dence falls within the range reported in the
literature, it likely underestimates post-LASIK
ectasia, and the large case studies in Table 4 that
utilize discrete populations may be more repre-
sentative of the true incidence. Post-LASIK
ectasia may be more likely due to differences in
postprocedural corneal tensile strength. It is
estimated that the stroma only regains
2.4–28.1% of its original strength after LASIK in
the central region and flap margin, respectively

Fig. 5 Distribution of preoperative myopia in ectatic eyes
without identifiable risk factors for ectasia that underwent
PRK (orange), LASIK (blue), or SMILE (yellow)
(p = 0.002). Proportion of eyes in each level of myopia
adds to 100% across each type of corneal refractive surgery.
*There was a significantly greater proportion of eyes in
PRK with low myopia preoperatively compared to other
myopia levels

Fig. 6 Distribution of preoperative central corneal thick-
ness (CCT) in ectatic eyes without identifiable risk factors
for ectasia that underwent PRK (orange), LASIK (blue), or
SMILE (yellow) (p = 0.09). Proportion of eyes in each
category of CCT adds to 100% across each type of corneal
refractive surgery
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[176]. This supports that the creation of a LASIK
flap permanently disrupts the corneal integrity,
predisposing patients to the onset or progres-
sion of ectasia.

Our calculations estimate that post-LASIK
ectasia is approximately 4.5 times more likely
than post-PRK ectasia in patients without
identifiable preoperative risk factors. If we
assume PRK volume accounts for 25% rather
than 15% of LVCs in some parts of the world
(536,182 PRK procedures worldwide), then the
incidence of post-LASIK ectasia in patients
without identifiable preoperative risk factors
would be approximately eight times more likely
than post-PRK ectasia. This suggests that the
incidence of post-PRK ectasia may be more or
less prevalent based on the frequency of
procedures.

SMILE is a newer refractive surgery option;
the pilot case was performed in 2007, and
widespread implementation occurred between
2012 and 2016 [177]. SMILE is believed to pre-
serve corneal integrity because the lenticule is
extracted through a small corneal incision,
leaving the anterior stroma unaffected [178].
Based on a mathematical model created by
Reinstein et al., SMILE has a higher postopera-
tive relative tensile strength than PRK and
LASIK [178]. In the present study, 19 total cases,
including 11 cases without identifiable preop-
erative risk factors, have already been reported
over the 8 years that SMILE has been in practice,
with more cases likely undocumented to date.
Although LASIK had an estimated incidence of
ectasia approximately eight times greater than
SMILE, the relative infancy of SMILE as a
refractive procedure impedes validation of the

Table 4 Distribution of eyes according to ERSS scores for each risk parameter based on refractive surgery type

Parameter Points

4 3 2 1 0

PRK Age – 13.9% 25.0% – 61.1%

Topography 5.9% 38.2% – 14.7% 41.2%

MRSE – 3.0% – 15.2% 81.8%

Pachymetry 6.3% 12.5% 50.0% – 31.3%

RSB – – – 9.1% 90.9%

LASIK Age – 5.2% 8.6% 18.3% 52.4%

Topography – 9.5% – 13.8% 46.6%

MRSE 8.4% 6.2% 5.8% 9.3% 56.9%

Pachymetry 2.3% 5.2% 20.7% – 56.3%

RSB 16.6% 16.0% 10.9% 11.4% 26.3%

SMILE Age – – 45.5% 27.3% 27.3%

Topography 11.1% – – 11.1% 77.8%

MRSE – – – 28.6% 71.4%

Pachymetry – – – – 100.0%

RSB – – – 28.6% 71.4%

A ‘‘–’’ indicates 0% reported for a given parameter
PRK photorefractive keratometry, LASIK laser-assisted in situ keratomileusis, SMILE small-incision lenticule extraction,
ERSS ectasia risk score system, RSB residual stromal bed, MRSE manifest refractive spherical equivalent
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claim that SMILE achieves equivalent visual
outcomes without the risk of postoperative
ectasia. Considering that SMILE accounts for a
substantially smaller proportion of refractive
surgeries than LASIK, it appears that the trajec-
tory of post-SMILE ectasia is concerning and
difficult to predict at this time. It may only be a
matter of time until additional cases of post-
SMILE ectasia are published.

The incidences reported in the present study
reflect iatrogenic ectasia to the best of our
knowledge, though not all authors report whe-
ther patients had abnormal preoperative
topography. Furthermore, terms such as ‘‘sus-
picious topography’’ and ‘‘keratoconus suspect’’
are used loosely, and not all studies utilized the
ERSS definition of ‘‘abnormal’’ [10]. Regardless,
this study questions whether ectasia can truly

Table 5 Literature reported incidence and prevalence of keratoconus stratified into worldwide, average risk, and high-risk
subcategories

Study Time period Country Incidence per 100,000 Prevalence per 100,000

Rabinowitz [184] 1998 Worldwide – 50

Ferdi et al. [185] 2019 Worldwide – 86

Kennedy et al. [188] 1935–1982 US 2 54.5

Ihalainen [189] 1964–1984 Finland 1.5 30

Pearson et al. [180] 1989–1999 UK 4.5 –

Georgiou et al. [181] 1994–2000 England 3.3 –

Cozma et al. [182] 1997–2001 UK 3.5 –

Gorskova, Serosti’anov [190] 1998 Russia – 0.3

Bak-Nielsen et al. [183] 2003 Denmark 1.2 44

Grünauer-Kloevekorn, Duncker [191] 2006 Germany – 50

Bak-Nielsen et al. [183] 2011 Denmark 3.8 –

Godefrooij et al. [192] 2011–2014 Netherlands 13 –

Pearson et al. [180] 1989–1999 UK 20* –

Georgiou et al. [181] 1994–2000 England 25* 270

Cozma et al. [182] 1997–2001 UK 32* –

Assiri et al. [193] 2001–2002 Saudi Arabia 20 –

Ota et al. [172] 2002 Japan 12 M|5 F 50

Jonas et al. [194] 2009 India – 2300

Hwang et al. [195] 2009–2014 South Korea 5.6 37

Millodot et al. [196] 2011 Israel – 2340

Ziaei et al. [197] 2012 Iran 22.3 –

Althomali et al. [198] 2018 Saudi Arabia – 8590

Akowuah et al. [199] 2021 Africa 790

*Asian subset
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be classified as iatrogenic rather than a pro-
gression of pre-existing subclinical keratoconus.
To illustrate this point, one study reports a
patient who developed bilateral ectasia after
unilateral LASIK [145]. The patient had no evi-
dence of abnormal topography or family history
of ocular disease and thus was considered a
good candidate for LASIK. Since he developed
bilateral ectatic disease 20 months later, it
seems likely the patient was predisposed to
keratoconus, which emerged as a natural pro-
gression of the disease rather than a conse-
quence of his unilateral refractive surgery. We
propose that referring to post-refractive ectasia
as ‘‘iatrogenic’’ inaccurately reflects the com-
plexity of this disease and the multitude of
preoperative factors that may be unidentified
on initial surgical evaluation.

To better understand the interplay of kera-
toconus and post-refractive ectasia, we investi-
gated the incidence and prevalence of
keratoconus in the general population (Table 5).
Reports of keratoconus in the literature fall
short of representing the worldwide rates of
keratoconus. Studies from Northern Europe are
more readily available than other parts of the
world, such as South America, where no reports
were able to be obtained. However, keratoconus
is a known problem in South America, as evi-
denced by the Violet June campaign started in
Rio de Janeiro in 2018 to decrease eye rubbing
[179]. Studies that stratify by ethnic groups and
geographic regions demonstrate a wide range of
calculated incidences. One example is in the
UK, where the reported incidence of kerato-
conus for Asian patients was approximately four
to nine times higher than for white patients
from the same region [180–182]. When com-
pared across similar studies, the incidence and
prevalence of keratoconus seem to be increasing
over time. For example, an incidence of 1.2 per
100,000 in 2003 and 3.8 per 100,000 in 2011
was reported in Denmark [183]; similarly, the
Asian populations increased from 20 to 32 cases
per 100,000 between 1989 and 2001 [180–182].
Worldwide prevalence increased from 50 per
100,000 in 1998 [184] to 86 per 100,000 in 2019
[185]. These studies likely under-report rates of
keratoconus in the general population, as they
do not capture all of the cases being treated in

the private sector. However, it is important to
note that increasing access to more sensitive
technology may have uncovered previously
undiagnosed cases. Considering that kerato-
conus is a spectrum of disease, it is possible that
patients with keratoconus compose a larger
percentage of post-refractive ectasia than what
is currently documented.

There are several limitations to the present
review. First, the estimated incidences in this
study are limited by an absence of data report-
ing annual refractive procedures. Extrapolation
was performed to approximate the number of
cases of PRK, LASIK, and SMILE worldwide
based on the ratios proposed by Joffe for US data
[8]. However, Zeiss reports that over 3 million
cases of SMILE were performed in 70 countries
by 2020 [186], suggesting a higher prevalence of
SMILE than the 5% accounted by the present
study. Until a more transparent process of
reporting refractive surgeries is developed, a
truly representative number of annual cases is
not achievable.

It is also imperative to have a more stream-
lined mechanism of reporting ectasia in order to
understand the absolute incidence. In 2008, the
European Registry of Quality Outcomes for
Cataract and Refractive Surgery (EUREQUO)
database was formed as a web-based system of
reporting, though only 27,339 procedures have
been documented over 10 years by 47 cen-
ters/surgeons [187]. Similarly, the International
Society of Refractive Surgery (ISRS) ectasia reg-
istry has limited data access and transparency,
making it difficult for the scientific community
to readily understand rates of ectasia.

Underestimation of surgical volume and
underreporting of ectatic eyes may have mis-
represented the incidence of post-refractive
ectasia. Furthermore, manual identification of
eligible publications may have missed reports of
post-refractive ectasia. Additionally, true inci-
dence cannot be calculated as many articles do
not indicate the time period over which their
patients were included. Utilizing a weighted
average as a step in the calculation of total
procedures does not account for confounding
factors causing annual fluctuation in the num-
ber of surgeries being performed, including
financial insecurity, economic and population
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growth, disease outbreaks/pandemics, political
climate, and technological advances. A more
dynamic approach that could capture a real-
time annual refractive procedure rate would
provide more representative calculations. Addi-
tionally, this study identifies a need for
streamlined documentation of patient charac-
teristics such that robust evaluations of poten-
tial preoperative ectasia risk factors can be
conducted.

CONCLUSION

In summary, conclusions about absolute inci-
dence of post-refractive ectasia are elusive in the
present climate of inconsistent reporting of
both ectasia and cases of laser vision correction.
We found that post-refractive ectasia occurs at
low rates in eyes undergoing PRK, with an esti-
mated incidence of 20 per 100,000 eyes
(0.020%). The preservation of corneal integrity
with PRK is thought to be the reason for the low
incidence, despite the observation that eyes
with thinner corneas underwent PRK. The rate
of ectasia in LASIK is 4.5 times higher than that
of PRK, with an incidence of 90 per 100,000 eyes
(0.090%). SMILE has the lowest rate of ectasia in
the present study with an incidence of 11 per
100,000 eyes (0.011%), though the relative
novelty of this procedure precludes confirma-
tion that SMILE is superior to LASIK and PRK in
this regard. The discussion of iatrogenic post-
refractive ectasia is complicated by baseline
rates of keratoconus in the general population,
which are likely even higher than what has
historically been reported. Considering that
keratoconus is a spectrum of disease, it is pos-
sible that some patients diagnosed with iatro-
genic ectasia actually had progression of pre-
existing subclinical keratoconus. In fact, there
may be a selection bias in which patients seek-
ing refractive surgery have a higher incidence of
preoperative keratoconus because they are
unhappy with their vision in contact lenses and
glasses. The present study concludes that pre-
existing keratoconus may play a larger role in
postoperative ectasia than what has been
accounted for in the literature. Iatrogenic ecta-
sia may in fact be a more complex phenomenon

related to previously subclinical or mild kera-
toconus in the postoperative setting.
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Suárez R. Bilateral keratectasia after photorefractive
keratectomy. J Refract Surg. 2007;23(9):941–3.

18. Reznik J, Salz JJ, Klimava A. Development of uni-
lateral corneal ectasia after PRK with ipsilateral
preoperative forme fruste keratoconus. J Refract
Surg. 2008;24(8):843–7.

19. Hashem AN, Hashem AN. Bilateral corneal ectasia
after PRK with bowing posterior corneal float as the
only preoperative positive topographic finding-case
report. J Ophthalmol Related Sci. 2019;3:1–5.

20. Spadea L. Collagen crosslinking for ectasia follow-
ing PRK performed in excimer laser-assisted

768 Ophthalmol Ther (2021) 10:753–776

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://www.aao.org/eyenet/article/look-at-lasikpast-present-future
https://www.aao.org/eyenet/article/look-at-lasikpast-present-future
https://doi.org/10.5005/jp-journals-10025-1013
https://doi.org/10.5005/jp-journals-10025-1013


keratoplasty for keratoconus. Eur J Ophthalmol.
2012;22(2):274–7.

21. Roszkowska AM, Sommario MS, Urso M, Aragona P.
Post photorefractive keratectomy corneal ectasia.
Int J Ophthalmol. 2017;10(2):315–7.
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