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Abstract
Purpose To assess post-operative outcomes following photorefractive keratectomy (PRK) in patients with posterior corneal
steepening compared to an age, gender and refraction matched control group.
Methods A retrospective matched case-control study that analysed outcomes of PRK in eyes with posterior corneal stee-
pening as shown by the Sirius tomography (Sirius, CSO, Italy), versus normal eyes. Both groups were age, gender and
refraction matched. Data collected include: demographic data, pre-operative and post-operative refraction, uncorrected
distance visual acuity (UDVA) and corrected distance visual acuity (CDVA), maximal ablation depth. Inferior–superior
ratio, central corneal thickness (CCT), mean posterior keratometry (K), Baiocchi Calossi Versaci index for the front (BCVf)
and back (BCVb) cornea, the symmetry index of front (SIf) and back (SIb) corneal curvature were assessed pre- and
postoperatively.
Results Overall, 89 study eyes and 954 normal myopic eyes were included. Compared to the control group, corneas with
posterior steepening demonstrated significantly reduced CDVA (p < 0.0001 and p= 0.007) and lower CCT (p < 0.0001 and
p= 0.03), before and following the operation, respectively. Pre-operative BCVf, BCVb, SIf and SIb were significantly higher
in corneas with posterior steepening (p < 0.0001) and remained higher following the surgery except for BCVf. Ectasia
occurred in one eye (1.1%). The safety and efficacy indices at 12 months were comparable for both groups.
Conclusion PRK on corneas with posterior steepening results in similar refractive outcomes compared to normal eyes, 1 year
following the surgery. Keratectasia is a rare, however a possible complication.

Introduction

Refractive surgery on irregular corneas has long been
contraindicated due to the post-operative risk of corneal
ectasia [1]. Numerous studies have reported ectasia devel-
opment following photorefractive keratectomy (PRK),
though the risk is significantly lower when compared to
laser in situ keratomileusis, which involves creating a flap
that, as a result, alters the biomechanics of the cornea and
renders the cornea more prone to keratectasia [2]. Eyes with
posterior steepening as demonstrated by tomography, are a
major concern once considered for refractive surgery,
however, the risk of operating on those eyes has yet to be
established.

Performing surface ablation on eyes with abnormal cor-
neas remains a controversial and challenging issue. Eyes
with posterior steepening as demonstrated by tomography,
are a major concern once considered for refractive surgery,
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however, the risk of operating on those eyes has yet to be
established.

Nowadays, the diagnosis of suspect and early keratoco-
nus is becoming more precise thanks to the different
tomography methods. The combined placido disk and
rotating Scheimpflug camera technique, obtains accurate
measurements of the whole cornea [3] which have been
reported to be highly reproducible and repeatable [4, 5].
Based on posterior corneal characteristics, regularity of the
anterior central corneal surface, pachymetry, epithelium
thickness and other new indices, subjects that were pre-
viously considered normal can now be defined as suspected
or early keratoconus [6].

Keratoconus suspects (KCS) display a slightly skewed
astigmatism on the anterior surface and markedly asym-
metric curvature and abnormal elevation on the posterior
corneal curvature [7]. Several studies reported the safety
and efficacy of surface ablation in forme fruste, keratoconus
suspect and keratoconus eyes. In a prospective non-
comparative study, Koller et al. [8] reported the efficacy
of customised surface ablation in forme fruste keratoconus.
Compared to pre-operative status, a significant reduction of
manifest refractive error, corneal irregularity, and ghosting
was shown. The 5 year outcomes of PRK in KCS were
published by Guedj et al. [9]. The study included 62 eyes
and no cases of keratectasia were reported. Khakshoor et al.
[10] reported prospectively long-term outcomes of PRK in
38 mild to moderate keratoconus eyes of 21 patients, with
predicted post-operative residual central corneal thickness
(CCT) ≥400 μm. Mean uncorrected and corrected distance
visual acuity (CDVA), spherical equivalent, cylindrical
power and keratometry readings were significantly
improved at the final endpoint compared to pre operation
measurements and no case of ectasia occurred during the
follow-up course.

Herein, we report the safety, efficacy, corneal thickness
profile, visual and tomography outcomes of PRK for cor-
rection of myopia in eyes with suspected early corneal
ectatic changes (posterior steepening), compared to
normal eyes.

Methods

All data for the study were collected and analysed in
accordance with the policies and procedures of the Institu-
tional Review Board of the Barzilai Medical Centre and the
tenets set forth in the declaration of Helsinki.

Study participants

This retrospective case-control study included two groups
of patients, of various ethnicity groups, who underwent

PRK by multiple surgeons between July 2012 and
December 2015 at Care-Vision Laser Centres, Tel-Aviv,
Israel. The study group consisted of eyes with suspected
keratoconus as defined by the Sirius Scheimpflug–Placido
corneal tomography (CSO, Costruzione Strumenti Oftal-
mici, Florence, Italy), and a control group of normal myopic
candidates. We included eyes that demonstrate an abnormal
posterior cornea based on Baiocchi Calossi Versaci back
index (BCVb) and the symmetry index of the back (SIb), but
normal anterior corneal indices: Baiocchi Calossi Versaci
front index (BCVf) and the symmetry index of the front
(SIf). Those eyes were classified by the Sirius as ʻsuspect
keratoconus’. The above values’ ranges of normal and
suspected corneas were determined based on previous stu-
dies [11].

Eyes were considered ʻnormal’ if they had no ocular
pathology, no previous ocular surgery and no irregular
corneal pattern on Sirius tomography. Inclusion criteria for
surgery were: age over 18 years; a stable refraction for at
least 12 months; pre-surgical corneal thickness above 450
μm; predicted post-surgical thickness of at least 350 μm;
IOP <21 mmHg; a period without wearing contact lenses
(more than 2 weeks for rigid contact lenses and more than
4 days for soft contact lenses); and no history of auto-
immune disease, diabetes or previous ocular surgery. We
included patients with myopia up to −12 D or with a
cylinder of up to −6 D. Patients with a follow-up duration
of ~12 months were included. Patients with monovision
correction were excluded.

Data collection

The medical notes of all eligible patients were reviewed,
and the following were extracted: demographic and pre-
operative information: age, gender, date of surgery.
Intraoperative information: theatre humidity and tempera-
ture, optic zone, maximum ablation depth, percent of tissue
ablated and the involved eye (right or left). Post-operative
collected data included: SE, astigmatism, deviation from
target refraction and ectasia development. CDVA, pachy-
metry, inferior–superior keratometry (K) ratio, BCVf,
BCVb, SIf and SIb were noted pre- and postoperatively.

Tomography parameters’ acquisition

Tomography was obtained for all patients pre- and post-
operatively using the Sirius Scheimpflug–Placido tomo-
grapher (Sirius, CSO, Italy) that combines a monochromatic
rotating Scheimpflug camera and a Placido disk. The
scanning process acquires a series of 25 Scheimpflug ima-
ges (meridians) and 1 Placido top-view image to analyse the
anterior segment by obtaining 25 radial sections of the
cornea and anterior chamber. Anterior surface data from
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Placido and Scheimpflug images are merged using a pro-
prietary method. All the other measurements for internal
structures (posterior corneal curvature, anterior lens surface,
and iris) are derived solely from Scheimpflug data. Previous
studies have reported the system’s pachymetric and shape
measurements (curvature, eccentricity, elevation) to have
good repeatability [12].

Measurements were performed by a standard protocol.
The patient’s eye was aligned along the visual axis using a
central fixation light. The images were obtained with the
automatic mode. The system constantly monitored eye
movements of the subject, and quality factor was auto-
matically evaluated. In case of a poor-quality scan, artifacts
and irregularities (e.g. due to misalignment or blinks during
the scan), more shots were performed until a good quality
picture was obtained. The patient was excluded if the final
scan was of poor quality. Artificial tears were used to allow
better acquisition when a difficulty in obtaining the scan
was encountered.

Tomographical analysis

The diagnosis of suspected keratoconus was inferred based
on measurements obtained by Sirius corneal tomography.
The following indices were evaluated: tangential curvature
of the anterior and posterior corneal surface; thickness
profile; inferior/superior ratio of K; symmetry index of front
corneal curvature (SIf) defined as the difference in mean
anterior tangential curvature (expressed in dioptres)
between two circular zones centred on the vertical axis in
the inferior and superior hemispheres. Positive values
indicate a steeper inferior hemisphere, whereas negative
values indicate a steeper superior hemisphere. Likewise, the
symmetry index of back curvature (SIb) is defined as the
difference in mean posterior tangential curvature between
two circular zones centred on the vertical axis in the inferior
and superior hemispheres [13]; BCVf, expressed in micro-
metres, is a combination of vertical trefoil Z(3,3), vertical
coma Z(3,1), horizontal coma Z(3,C1), primary spherical
aberration Z(4,0), and 2nd-order vertical coma Z(5,1)
coefficients, likewise, a linear combination of Z(3,3), Z
(3,1), Z(3,C1), Z(4,0), and Z(5,1) and information about the
coma axis on the posterior Zernike decomposition defines
the BCVb [13].

The Baiocchi Calossi Versaci index of the front and
back, (BCVf) and (BCVb), is a combination of higher order
aberrations, that was reported to demonstrate a progressive
increase in eyes with suspected keratoconus and keratoco-
nus [11]. Moreover, it can be used to detect the grade of
keratoconus as reported by Alio et al. [14]. Surface asym-
metry index (SAI) is an average value indicating differences
between points spatially located at 180° from 128 equidi-
stant meridians on the front (SAIf) and back (SAIb) surfaces

[15]. The SAI of a radially symmetric surface is zero, and
this value will increase as the asymmetry is greater, as such
in irregular astigmatism of keratoconus eyes. Shetty et al.
demonstrated a 100% sensitivity and specificity of BCV and
SAI in differentiating between KC and normal eyes [16].

By combining and processing the above parameters, in
addition to data regarding steepening and ectasia, the device
classifies the eyes into: normal, suspect keratoconus and
keratoconus.

Surgical technique

The PRK procedures were performed by five surgeons at
the same institution. All patients underwent PRK in a
similar manner with residual stromal bed >300 μm in all
cases. One drop of a topical anaesthetic (benoxinate
hydrochloride 0.4%) was instilled in the conjunctival fornix
of the eye prior to the procedure, after which a lid speculum
was inserted. Epithelial removal was performed by means
of alcohol delamination (20% ethyl alcohol placed on the
cornea for 15 s). Following removal of epithelium, the
WaveLight® Allegretto Wave® (EX200) excimer laser sys-
tem was used and after ablation a sponge soaked with
0.02% mitomycin C was placed on the stroma for 20–60 s
(depending on the amount of ablation). MMC time is 30, 40
and 60 s for corrections of up to 6 D, between 6 and 8 D and
above 8 D correction, respectively. A bandage contact lens
was placed after rinsing the mitomycin.

Following the operation, patients were prescribed mox-
ifloxacin 0.5% (q.i.d), dexamethasone 0.1% or fluor-
ometholone 0.1% (q.i.d) and artificial tears (q.i.d).

Follow-up

Patients were examined at the first post-op day and 1 week,
1, 3, 6 and 12 months post operatively and encouraged to
return for examination if vision deteriorated at any time
after surgery. On post-operative days 1 and 7, we deter-
mined UDVA and a slit-lamp inspection was performed.
During the following appointments, we performed auto-
refractometry, corneal tomography acquired by Sirius
tomography, manifest refraction using the fogging techni-
que, uncorrected distance visual acuity (UDVA) and
CDVA, applanation tonometry and slit-lamp inspection of
the anterior and posterior segments of all the eyes. The
average follow- up period was 328.24 ± 197.45 for the
suspects group and 334.47 ± 156.67 for the controls.

Statistical analysis

Data were analysed using the SPSS statistical software
version 23.0 (SPSS, Cary, NC, USA). When comparing the
groups of posterior corneal steepening patients with normal
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corneas, Student’s T test was utilised for the analysis of
continuous data. For the analysis of categorical variables,
Chi-Square was used. In all analyses a two-sided P value <
0.05 was considered statistically significant. All presented
means are accompanied by their respective standard
deviations.

Results

Overall, 89 suspected keratoconus eyes that demonstrated
abnormal posterior parameters and 954 normal matched
control eyes met the inclusion criteria and were included in
the final analysis of this study. Only one eye of each patient
was assessed. All surgeries were uneventful and the ban-
dage lens were removed on post-operative days 5–7.

Demographic and pre-operative data are shown in
Table 1. At baseline, both arms were age, gender and
refraction matched. A statistically significant difference was
found in pre-operative CDVA. Compared to the study
group, normal eyes demonstrated a better pre-operative
CDVA (0.03 ± 0.04 logMAR, Snellen equivalent 20/21 ±
0.4 lines, vs. 0.01 ± 0.05 logMAR, Snellen equivalent 20/
20 ± 0.5 lines, p= <0.0001, respectively). Corneal thick-
ness was lower in the study group before and following the
operation (Table 2) compared to the normal controls (pre-
operative values: 499.26 ± 25.14 and 517.33 ± 36.45, p <
0.0001, respectively. Post-operative values: 430.11 ± 46.52
and 440.92 ± 40.99, p= 0.03, respectively).

Table 2 presents outcomes at the last follow-up. Post
operatively, we found a statistically significant difference
between eyes with posterior steepening and the control
eyes in terms of CDVA (0.03 ± 0.05 logMAR, Snellen
equivalent 20/21 ± 0.5 line, vs. 0.01 ± 0.05 logMAR, Snel-
len equivalent 20/20 ± 0.5 lines, respectively. P= 0.007).

No significant difference was found in post-operative SE,
astigmatism and deviation from target refraction. Efficacy
was defined as the ratio of post-operative UDVA divided by
pre-operative CDVA. Efficacy in eyes with posterior stee-
pening and their matched controls (Fig. 1) did not differ
(0.96 ± 0.24 vs. 0.93 ± 0.23, p= 0.264, respectively).

Safety was calculated by dividing post-operative CDVA
by pre-operative CDVA. There were no differences among
groups with regards to safety outcomes (Fig. 2) (1.01 ± 0.11
vs. 1 ± 0.13, p= 0.134, for the study and the control groups,
respectively).

The BCV and SI values are presented in Table 3. Prior to
surgery BCVf, BCVb, SIf and SIb were significantly higher
among corneas with suspected keratoconus. Following the
operation, these parameters remained significantly higher
except for the anterior BCV (p= 0.48).

Comparison of the surgically induced changes (ʻpre-op’
minus ʻpost-op’) in BCVf, BCVb, SIf, SIb and
inferior–superior ratio of anterior K values between the two
groups, yields insignificant differences for each parameter
(P > 0.05).

Corneal ectasia was diagnosed if visual acuity was
deteriorating and keratometry and SI were increasing.
Among the keratoconus-suspect group, one participant
(1.1%), has developed corneal ectasia about 27 months
following the surgery. Ectasia did not occur in the
control group.

Discussion

In the current study, we present the clinical and tomo-
graphic outcomes of PRK in eyes diagnosed with suspected
keratoconus, compared to normal myopic eyes, and fol-
lowed up for at least 1 year.

Based on analysis of several morphological maps—
thickness, anterior and posterior elevation, anterior and
posterior tangential curvature—and through specific indices
with normative values, a keratoconus summary is delivered
by the Sirius Scheimpflug–Placido disk device, which
guides in the diagnosis of suspected and early stages of
keratoconus. In our study, we included eyes diagnosed as
ʻkeratoconus suspect’ by the instrument, excluding corneas
with abnormal anterior indices, therefore, defined as pos-
terior corneal steepening.

At baseline, the mean CDVA of the study group was
significantly worse than the normal eyes. A study by Jafri
et al. [17] found a significantly higher rate of HOA’s in
keratoconus-suspect eyes compared to normal myopic eyes.
We assume this is due to the impact of higher order aber-
rations (HOA’s), induced by the posterior cornea, on visual
acuity [18, 19] which might likewise explain the post-
surgical outcome of worse CDVA in those subjects.

Table 1 Pre-operative comparison.

Parameter Posterior
steepening
(n= 89)

Controls
(n= 954)

P value

Age (year) 30.83 ± 8.88 30.67 ± 6.37 0.83

Gender (M%) 48.30% 48.10% 0.97

Cylinder (D) −0.78 ± 0.85 −0.77 ± 0.47 0.9

Spherical
equivalent (D)

−3.49 ± 1.74 −3.49 ± 0.99 0.97

CDVA 0.94 ± 0.08 0.99 ± 0.12 <0.0001

LogMar (CDVA) 0.03 ± 0.04 0.01 ± 0.05 <0.0001

Pre-op
pachymetry (µm)

499.26 ± 25.14 517.33 ±
36.45

<0.0001

Pre-operative comparison of demographics, refraction and corneal
thickness.

CDVA corrected distance visual acuity.
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Corneal thickness was significantly lower in eyes with
posterior steepening at baseline and following the surgery,
with average residual corneal thickness of 430.11 μm versus
440.92 μm in normal corneas. However, it is uncertain
whether a post-surgical mean difference of about 10 μm
carries any clinical significance. Safarzadeh and Nasiri [11]
and Schlegel et al. [20] reported lower mean central and
thinnest pachymetry values in keratoconus-suspect eyes
compared to normal eyes. In a non-comparative study,
Khashkoor et al. [21] accepted a minimum residual CCT of
≥400 μm as to be safe in mild and moderate keratoconus
patients following PRK. In their study, mean follow-up
duration was 35 months and no case of ectasia occurred
during the follow-up course.

In our study, following PRK, there were no statistically
significant differences between the two groups in SE,

cylinders and deviation from target refraction. This is con-
sistent with the findings of several studies. Sun et al. [22]
reported comparable refractive outcomes of PRK in three
patients suspected of keratoconus and a control group.
Similarly, Alpins and Stamatelatos [23] reported stable
UDVA and CDVA, 1-year after PRK in forme fruste and
mild keratoconus with no case of keratoconus progression
observed during the follow-up course.

Prior to surgery, eyes with posterior steepening demon-
strated higher front and back BCV values compared to
normal eyes. Similarly, Fathy et al. [24] found progressive
increase in BCVf and BCVb values in suspect keratoconus
and keratoconus subjects than normal corneas. Interestingly,
the reduction in post-surgical BCVf values were comparable
among both groups, demonstrating a favourable effect
of the treatment on suspected corneas in terms of HOA’s.

Table 2 Post-operative
parameters’ outcomes.

Parameter Posterior steepening
(n= 89)

Controls
(n= 954)

P value

Efficacy index 0.96 ± 0.24 0.93 ± 0.23 0.264

Safety index 1.01 ± 0.11 1 ± 0.13 0.134

LogMar (UDVA) 0.07 ± 0.15 0.06 ± 0.15 0.54

LogMar (CDVA) 0.03 ± 0.05 0.01 ± 0.05 0.007

Post-operative cylinder (D) −0.37 ± 0.42 −0.39 ± 0.5 0.73

Post-operative autorefraction cylinder (D) −0.52 ± 0.26 −0.66 ± 0.72 0.12

Post-operative spherical equivalent (D) −0.1 ± 0.43 −0.14 ± 0.55 0.51

Distance from target refraction −0.1 ± 0.43 −0.14 ± 0.55 0.51

Maximal ablation depth (µm) 59.17 ± 25.04 62.22 ± 15.12 0.92

Post-op pachymetry (µm) 430.11 ± 46.52 440.92 ± 40.99 0.03

Percent of tissue ablateda (µm) 11.85 ± 5.1 12.12 ± 2.96 0.46

UDVA uncorrected distance visual acuity, CDVA corrected distance visual acuity.
aCalculated as: maximal ablation depth/pre-op pachymetry × 100.

Fig. 1 Efficacy index. Efficacy index of PRK in corneas with posterior
steepening vs. controls.

Fig. 2 Safety index. Safety index of PRK in corneas with posterior
steepening vs. controls.
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The difference in BCVb values remained significant at last
follow-up following the operation, however, the surgically
induced changes in both BCVf and BCVb were comparable
among the groups after the surgery.

The front and back surface asymmetry indices were
significantly higher in the study group. However, following
the surgery, the difference in the front SAI is almost
insignificant (p= 0.04). Furthermore, the surgically induced
changes in the front and back SAI, were similar in both
groups. The SAI will not be increased by regular astigma-
tism or centrally located cones but will detect irregular
astigmatism and decentred cones [25]. This value will
increase as the irregular astigmatism increases or the
decentred cone becomes steeper. Consequently, it should
act as a disease progression marker.

The inferior/superior keratometry ratio is a value of
curvature symmetry, with respect to the horizontal mer-
idian, as the axis of reflection [26]. Li et al. [27] found a
statistically significant difference in I–S value between
normal and keratoconus suspected eyes. In our study, the
surgically induced change in anterior I–S value was com-
parable between the groups, showing that corneas with
posterior steepening initially, did not develop increased
anterior inferior steepening post operatively, suggesting
corneal stability after surgery.

Given the sensitivity and specificity of the I/S ratio, SAI
and BCV parameters in the assessment of ectasia progression,
the similar surgically induced changes in both groups suggest
corneal stability following PRK in eyes with posterior corneal
steepening. To the best of our knowledge, this is the first
comparative study to assess BCV and SAI indices following
PRK in corneas with abnormal posterior parameters.

All patients received wavefront-optimised treatment.
wavefront-optimised treatments take some eye variables
into account and use preprogrammed ablation profiles based
on population analysis [28]. This technique offers advan-
tages over traditional standard ablation. Wavefront-
optimised will minimise the induction of new higher order
aberrations, compared to the conventional treatment
[29, 30]. Consequently, wavefront-optimised treatment

often results in better-quality vision and fewer night vision
complaints [31]. However, this method involves increase in
ablation depth in the midperiphery of the optical zone [32].

Numerous studies have reported the outcomes of com-
bining PRK with crosslinking (CXL) for corneas with kera-
toconus and post refractive surgery keratectasia, to halt the
ectatic process and enhance functional visual outcomes.
Simultaneous topography-guided PRK and CXL was shown
to be more effective for visual rehabilitation as compared to
CXL alone (Athens protocol) [33]. Studies comparing
simultaneous vs. sequential CXL followed by PRK report
variable outcomes. Some studies have not found significant
difference between the two approaches [34], while others
reported superior effect on visual rehabilitation with the same-
day PRK and CXL as compared to sequential treatments [35].
Moreover, concurrent laser refractive surgery and CXL (PRK
Xtra) has been performed in patients requiring high pre-
scription correction to reduce the incidence of regression [36],
thin corneas and corneas that demonstrate subtle changes
suspected for early ectasia [37]. The current study excluded
thin corneas and any anterior surface abnormalities. More
studies are needed in order to assess the long- term outcomes
of PRK on corneas with posterior changes only and evaluate
the role of combining CXL with PRK.

In our study, one case of ectasia occurred in the study
group (1.1%). Adverse events including complications and
undesired consequences were not encountered during the
follow-up course. In the literature, no cases of ectasia were
reported in a study by Guedj et al. [9] who published the 5-
year results of PRK in suspected keratoconus eyes. Simi-
larly, no adverse effect of this type of surgery on the cornea
and the disease process was observed in Cinnamo et al. [38]
and Bilgihan et al. [39] studies. However, Chelala et al. [40]
reported two cases of keratoconus progression out of 119
eyes with grade I and II whom ultimately underwent CXL.

This study is subject to certain limitations. Though a
large number of eyes were included, one must bear in
mind its retrospective nature making it vulnerable to
certain biases such as selection bias which we believe was
dealt with sufficiently by including all consecutive

Table 3 Corneal outcomes—
pre- and post-operative
topographic parameters.

Parameter Posterior steepening Controls P value

Pre-operative anterior BCV 0.38 ± 0.24 0.21 ± 0.34 <0.0001

Post-operative anterior BCV 0.34 ± 0.39 0.27 ± 0.61 0.48

Pre-operative posterior BCV posterior 0.36 ± 0.29 0.09 ± 0.17 <0.0001

Post-operative posterior BCV posterior 0.43 ± 0.32 0.18 ± 0.32 <0.0001

Pre-operative anterior curve assymetry SIf 0.73 ± 0.37 0.31 ± 0.45 <0.0001

Post-operative anterior curve asymmetry SIf 0.82 ± 0.75 0.49 ± 0.91 0.04

Pre-operative posterior curve asymmetry SIb 0.19 ± 0.11 0.03 ± 0.13 <0.0001

Post-operative posterior curve asymmetry SIb 0.19 ± 0.16 0.02 ± 0.14 <0.0001

BCV Baiocchi Calossi Versaci, SIf symmetry index front, SIb symmetry index back.
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patients that met the inclusion\exclusion criteria.
Regarding the study course, our follow-up is inadequate
to evaluate ectasia development, but it is a practical
starting point. Several reported cases show development
of post-PRK ectasia as late as 5 and even 9 years after
PRK [41, 42]. As a result, longer follow-up times are
necessary for more accurate assessment of PRK safety in
eyes with posterior abnormalities. Keratoconus suspect is
an ill-defined entity. Recognising posterior abnormality is
difficult as there is a lack of defined threshold criteria and
a persistent ambiguity regarding the exact definition of
this condition [20, 43]. In our study, we included eyes
with normal anterior surface indices, however, posterior
surface abnormalities and defined as suspect keratoconus
by the Sirius device (combined Scheimpflug camera and
Placido disk). This corneal tomography has a software
that features a machine-learning classifier, the support
vector machine (SVM), which aims to detect the presence
of keratoconus or KCS [44]. Based on a study by Arbe-
laez et al. [45] the classification algorithm of the SVM
machine included in the Sirius analyser showed high
accuracy, precision, sensitivity, and specificity in dis-
criminating among abnormal eyes, eyes with KC or sub-
clinical KC, and normal eyes, particularly, when data of
posterior surface and corneal thickness were included.

In summary, this study found good surgical outcomes for
PRK in eyes suspected of keratoconus due to posterior cor-
neal steepening. Differences in post-operative tomography
were similar to the control normal myopic eyes. The refractive
results at 12 months were excellent, with a mean spherical
equivalent close to zero. Yet, a certain risk for post-surgical
ectasia development exists. Further studies with longer
follow-up periods and a larger sample of candidates are
required to determine whether these results are repeatable.

Summary

What was known before

● Corneal changes suspected for ectasia are relative
contraindication for refractive surgery.

● The outcomes of refractive surgery in corneas with
posterior steepening are not well established.

What this study adds

● PRK is safe to perform in corneas with posterior
steepening and suspected for keratoconus.

● PRK yields excellent refractive outcomes in posteriorly
steep corneas.
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