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Aim: To evaluate predictability, safety, efficacy, and visual outcome of StreamLight. ™
(SL.), the newly released single-step transepithelial photorefractive keratectomy platform by
Alcon WaveLight™ (WL).

Methods: In this prospective cohort study, photorefractive keratectomy (PRK) was con-
ducted on 500 eyes of 250 patients seeking myopic refractive vision correction. The new
single-step transepithelial PRK method was applied, using the SL. platform installed in the
WL. Ex 500 excimer laser machine. Patients were followed up to monitor intensity and
duration of postoperative pain, as well as speed of epithelial healing in the early post-
operative period and visual acuity, postoperative refraction and development of postoperative
haze for one year post-operatively.

Results: Average pain duration was 1.5 days, and the mean pain intensity score on a scale of
0-10 was 3.74 + 1.51. Mean postoperative spherical equivalence was 0.01 £ 0.38 D, and the
final postoperative uncorrected distance visual acuity (UCDVA) was 20/20 in 98% of eyes
included in this study. None of the eyes lost more than one Snellen chart line or developed
visually significant postoperative haze during the follow-up period.

Conclusion: The new SL. platform for transepithelial PRK is a safe, accurate platform,
offering an easier early post-operative recovery, with no compromise in final visual outcome.
Keywords: transepithelial PRK, SL., photorefractive keratectomy, myopic refractive
correction

Introduction
Photorefractive keratectomy (PRK) is a well-known procedure for correction of
refractive errors and is one of the primary surgical techniques for laser vision
correction.” PRK involves epithelial removal followed by stromal ablation for
laser vision correction. The epithelium can be removed either chemically using
alcohol or mechanically using a blade or brush. Alternatively, the epithelium can be
removed by laser. Laser epithelial removal is known as phototherapeutic keratect-
omy (PTK) and when this method was introduced the PRK procedure was con-
ducted in two successive steps: first, PTK, then PRK. Adoption of this two-step
technique was limited resulting hyperopic postoperative refractions (hyperopic
shifts), caused by a myopic ablation profile.?

A single-step technique involves ablation of both the epithelium and the stroma
in one procedure.’ Clinical outcomes of single-step ablation have shown several
advantages over the former two-step procedures including less dehydration, no

Received: 29 June 2021
Accepted: 27 July 2021
Published: 9 August 2021

Clinical Ophthalmology 2021:15 3305-3313 3305
© 2021 Abdelwahab et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/
BY N

terms.php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http:/creativecommons.org/licenses/by-nc/3.0/). By accessing
the work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed.
For permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0002-4083-390X
http://orcid.org/0000-0001-6601-2272
mailto:sherif.abdelwahab@fmed.bu.edu.eg
http://www.dovepress.com/permissions.php
https://www.dovepress.com

Abdelwahab et al

Dove

unwanted hyperopic shift, less pain, lower grade of haze
and faster reepithelialization.’ The hyperopic shift in the
two-step procedure could be minimized by surgical proce-
dure to approximately 50% of the expected level,* but the
need for this correction was eliminated with the single-step
procedures.

Single-step transepithelial PRK platforms are available
on the Amaris 1050RS (Schwind) and on the Technolas
Teneo, (Bausch+Lomb) and the recently introduced SL. on
the (WL. EX500.)

The Amaris platform uses a reverse single-step transe-
pithelial PRK procedure, in which the ablation to eliminate
the refractive error is performed first followed by another
defined ablation to simulate the epithelium thickness pro-
file of a normal population.” The Technolas platform also
combines PRK and PTK and allows for additional PTK
after treatment if needed. SL., however, involves epithelial
ablation first followed by the refractive correction.

This study is one of the first to evaluate the predict-
ability, safety, efficacy, and visual outcomes of SL.™, the
newly released single-step transepithelial PRK platform by
Alcon WL. This evaluation is needed to encourage more
surgeons to adopt the technique and use the newly released
platform with confidence.

During the final steps of preparing our present paper
for publication a recent paper (April 2021) studying the
difference between Trans-Prk using the SL. platform and
PRK?® was published; the study, however, is a short time
postoperative study (6 weeks) and evaluated the early
outcome of SL. PRK and concluded the procedure to be
safe and effective.

Subjects and Methods
This study enrolled patients with a manifest spherical
refractive error ranging from —0.25 to —6.5 diopters (D)
with up to 4 D of astigmatism. The study followed the
tenets of the Declaration of Helsinki and was approved by
the medical ethics committee of Benha University Faculty
of Medicine. All patients were given an informed consent
form to read and sign before participation in the study.
Two hundred and fifty patients were selected, surgery was
conducted between November 2019 and February 2020
and patients were followed up for one year post-
operatively. All surgeries were performed and followed
up by three well experienced refractive surgeons (SMA,
MHS, MAE).

Before surgery, all patients underwent slit lamp exam-
ination including applanation tonometry, both uncorrected

and best corrected visual acuity were recorded, and man-
ifest and subjective refractions were conducted and
recorded. Corneal topography was conducted using the
WL. Oculyzer ™ II corneal topographer and data were
transmitted via the WaveNet™ to the WL. refractive Suite
(Alcon Laboratories, Fort Worth TX, USA.)

Inclusion criteria were stable refraction over the
preceding year of less than —7 D spherical equivalent
with astigmatism of not more than —4 D, normal corneal
topography and a calculated residual stromal bed of at
least 300 pum. Patients with pre-operative central corneal
thickness of less than 470 um, collagen vascular diseases,
history of keratoconus, or any prior ocular surgery were
excluded. To study the predictability of this new platform,
we compared the patient’s final visual postoperative out-
come with his best corrected preoperative visual acuity.

Surgical Technique

After sterilization and draping, 2-3 drops of benoxinate
hydrochloride 0.4% were instilled, a lid speculum was
inserted, and the patient was instructed to look at a green
fixation light in the straight-ahead position. The SL.™
platform requires the surgeon to select the depth of epithe-
lium to be ablated. The selected depth setting for PTK in
all cases was based on the SL.™ recommendations of 45—
65 um. The SL. platform allows selection of epithelium
ablation depth in Sum steps, allowing the surgeon to
customize this depending on the mode of ablation, depth
of ablation or optical coherence tomography examination
(Alcon Communication).

The eye was washed with chilled balanced salt solution
(BSS), adding a cooling effect to the cornea before laser
ablation, then dried with a wet micro sponge. The surgeon
then pressed on the centration pedal to activate the pupil
centration and eye tracker, then on the laser firing pedal to
start the epithelial ablation, tracking its progress on a green
progression bar visible in the surgeon’s microscope (yel-
low bar on WL. computer screen). The bar is divided into
two parts to track the epithelial ablation progress and the
stromal ablation progress, respectively (Figure 1).

Once tracking indicates the end of epithelial ablation
the surgeon releases pressure from the pedal and waits for
10 s allowing the cornea to cool down, after which the
pedal is depressed again to begin stromal laser ablation.

Immediately after ablation, the eye was washed again
with chilled BSS. Following surgery, a bandage contact
lens (BCL) soaked in 0.45% ketorolac for 20 minutes was
applied and the procedure was repeated in the fellow eye.
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Figure | The SL. platform computer display, showing the yellow bar denoting the end of epithelial ablation (yellow arrowhead) and beginning of stromal ablation.

0.02% Mitomycin C (MMC) was used when the cal-
culated ablation depth was more than 60p and was applied
for 20 seconds.

Patients were instructed to use non-steroidal anti-
inflammatory drops (Ketorolac tromethamine 0.45%) three
times daily for one-week, antibiotic eye drops (Moxifloxacin
hydrochloride 0.5%) four times daily for one-week, topical
steroid eye drops (dexamethasone 0.1%) four times a day for
one week then tapered and stopped after eight weeks, lubri-
cant eye drops at least four times daily for two months post-
operatively. Vitamin C 1000 milligram (once daily for one
month) was also prescribed. Patients were asked to wear their
UV protective sunglasses outdoors in sunlight throughout the
follow-up period.
first
postoperative day, then on the third day, and daily there-

Patients were followed up on the

after until the epithelium was completely healed, if not

healed by the third day. The patients were seen after one
week, one month, three months, six months and one year.
On the first visit, patients were asked about the severity of
the post-operative pain according to a pain scale diagram
graded from zero (no pain) to 10, by marking the level of
their pain on the scale. In the first follow-up visits, epithe-
lial healing was monitored by slit lamp examination, and
once completely healed, the time of healing was recorded
and the BCL was removed. Patients were seen again
on day 7 and after one month when refraction and uncor-
rected distance visual acuity (UCDVA) were evaluated,
and the anterior eye was examined for corneal clarity
and development of post-operative haze. Corneal haze
was evaluated using the Heitzmann grading system from
0 to 5. This system was introduced in 1993 and includes
the following grades: O=clear cornea; 0.5=haze slightly
detectable on slit lamp examination; l=reticular haze,
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easily detectable on slit lamp examination; 2 clinically
significant haze with areas of focal confluency; 3=clini-
cally significant haze with areas of diffuse confluency;
4=confluent and diffuse haze leading to difficulties in
examining the iris; S5=corneal opacity preventing iris
examination.® At three and six months postoperatively,
refraction and UCDVA were recorded. At one-year,
patients’ UCDVA was evaluated, and corneal haze was
graded.

We managed to follow up all our 250 patients for the
one-year follow-up period, we had to contact them some-
times several times to come for their scheduled follow-ups
specially after the six months visit when all our patients
had stable clear vision, we had no dropouts and did not
need to exclude any data in our statistical analysis.

Statistical Analysis

Pre- and post-operative UCDVA, preoperative best spec-
tacle corrected distance visual acuity (BCDVA) and post-
operative UCDVA at final follow-up as well as mean
manifest refractive spherical equivalence at different post-
operative stages were compared within individuals using
the paired Student’s #-test.

Results

This study included 500 eyes of 250 patients (110 male
and 140 female). The mean age of patients included in the
1849 years). All
patients were low to moderate myopes with or without

study was 27.3+6.1 years (range:

astigmatism Mean preoperative spherical error was —1.84
+0.86D (range: —0.25 to —6.5 D), mean preoperative astig-
matism was —0.55+0.53D (range: 0-2.25 D) and the mean
preoperative spherical equivalence (SE) was —2.12+0.83D.
(range: —0.87 to —6.5 D)

The mean size of the ablated epithelial zone was 8.2
+0.92 mm (range: 6.5-9 mm); this was calculated by the
SL.™ platform based on the manually entered ablation
zone size. In all cases, the selected epithelial ablation
depth was 55 p.

The mean depth of stromal ablation was 35 p+13 p
(range: 16-94 p). Mitomycin C (MMC) was used for 20
s in only 19 eyes with calculated ablation depth over 60 p.

Figure 2 shows the refractive and visual acuity results
at six months postoperatively. Because the three and six
month and one year refractive and visual acuity results
were almost identical, only the 6-month data were plotted.
The mean postoperative SE was 0.01+0.38D and was
significantly less than the preoperative value (P < 0.005).

Interestingly, in 94% of eye astigmatism was within+0.5
D cylinder. All patients achieved a postoperative unaided
visual acuity equal to or better than their preoperative best
corrected visual acuity (P < 0.005) indicating efficacy of
the platform, and best corrected distance Snellen visual
acuity was not reduced postoperatively in any of the
patients, suggesting safety.

On day one, the mean pain score was 3.74+1.51 (range:
1-8) on the 0—-10 pain scale, the mean pain duration was
1.5+1.2 days (range: 1-6 days). After epithelial healing
and BCL removal, none of the patients reported any eye
pain throughout the follow-up period.

When the epithelium was completely healed the BCL
was removed, and the timing of this occurrence was
recorded. In 90.6% of the eyes included in this study
(453 eyes) complete epithelial healing was reached
by day three, the remaining 9.4% of eyes needing a BCL
replacement on day three. All (100%) of the eyes were
completely healed by day six.

Postoperative corneal haze in all the eyes included in
this study throughout the one-year follow-up was never
graded higher than 0.5 on the Heitzmann grading system.
A grade 0.5 of corneal haze was seen on slit lamp exam-
ination in 17% of eyes (85 eyes) on the follow-up visit at
three and six months postoperatively. It was not affecting
the patients’ visual acuity, nor was it a source of complaint
from any patient. By the last follow-up visit, all patients
had a corneal haze score of zero.

Discussion

Transepithelial PRK has been used for refractive laser
correction since it was introduced in the early 1990s, and
became more popular after studies conducted by Aron-
Rosa et al” and Gimbel et al.® It is an effective and safe
technique and is well tolerated by patients.” Published
research'®™'? has compared clinical results between differ-
ent methods of epithelial removal, including the transe-
pithelial method using the Schwind Amaris laser platform
or other two-step procedures.

To our knowledge, no published studies to date have
focused on the new SL. Alcon WL.EX500 single-step
transepithelial PRK platform.

In 2019 Alcon added the SL. Platform to its EX500
Excimer laser. The present study assessed the safety, effi-
cacy, and reliability of the platform as well as the patients’
satisfaction in terms of postoperative pain and final visual
outcome at the end of the follow-up period. Comparison
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between this and other single-step transepithelial PRK
platforms was beyond the scope of the study.

The SL.™ Trans-epithelial PRK removes corneal
epithelium and stroma in a single step. In this technique,
the laser removes corneal epithelial tissue based on a preset
thickness of a normal corneal epithelium (45-65 p), sur-
geons’ preference and Alcon WL. recommendations.

Since one epithelial ablation algorithm is used for all
eyes in transepithelial PRK, regardless of the actual
epithelial topometry, more stroma might be ablated than
necessary in eyes with a thin epithelium, whereas in eyes
with a thick epithelium the refractive part of the ablation
might begin with some epithelium remaining on the

surface.!® Reinstein et al'*

found that the mean epithelial
thickness at the corneal vertex was 53.444.6 , and that the
epithelium is thicker inferiorly than superiorly (5.9 p at the
3-mm radius, P < 0.001) and thicker nasally than tempo-
rally. The thinnest part of the epithelium was at a mean
location of 0.33 mm temporal and 0.90 mm superior to the
corneal vertex. Using spectral-domain anterior-segment
optical coherence tomography, Kanellopoulos and
Asimellis'®> found mean epithelial thickness at the pupil
center to be 53.28+3.34 p, superiorly 51.86+3.78 p, and
inferiorly 53.8143.44 p. These findings suggest that it may
not be safe to assume that the epithelium thickness map is
rotationally symmetrical, and in fact both studies found
high inter-individual variability of the central epithelial
thickness and 3-dimensional epithelial maps. These varia-
tions may affect the predictability, safety, and efficacy of
transepithelial PRK ablations in comparison to the stan-
dard PRK procedures in which the surgeon manually
removes and visually confirms epithelial removal.

SL.™, however, uses special epithelial lists (EPI List)
which are a set of corrections or algorithms that provide
a uniform ablation of the epithelium. The Lists are calcu-
lated individually for each patient so that epithelium thick-
ness variations over the corneal surface are taken in
account and a complete removal of the epithelium can be
expected. The lists have been calculated to consider the
difference in ablation behavior between epithelium and
stated by the (Alcon

Communication), yet further research studies are needed

stroma, as manufacturer
to document this.

The single-step treatment profile in which both PTK
and PRK are conducted sequentially with only one centra-
tion required, enhances precision. The PTK zone is auto-
matically adjusted to the required optical zone for the

consecutive refractive correction — As small as possible,
as big as necessary. (Alcon communication)

In this study, the selected PTK depth was 55 p in all
eyes, based on calculated wave front optimized optical
ablation zone and PTK calculated optical zone, based on
the Alcon supplied table for selection of PTK depth.

The development of corneal haze is one of the limits of
PRK.'® Postoperative haze may appear 1-3 months after
surgery and then disappear after one year, or may appear
three months after surgery (late-onset corneal haze) and
persist for 2-3 years.!” Corneal haze after transepithelial
PRK is attributed to the higher total excimer laser energy
load during PTK. Most of the laser energy is delivered to
the epithelium but causes an increase in temperature of the
stromal tissue, which is the main risk factor for haze
formation after surface ablation. Studies on high degrees
of myopia reported some degree of corneal haze in the first
postoperative months, with values ranging between 5%
and 20%."®

Luger et al'® compared one year postoperative results
after myopic correction with a transepithelial method used
on one eye and an alcohol-assisted PRK used on the fellow
eye. They found slightly hyperopic (+0.07+0.23D) post-
operative mean spherical equivalent in transepithelial PRK
and results of 0.01+0.27 with alcohol assisted PRK. They
used the Schwind Amaris system and included 66 eyes of
33 patients with a range of preoperative myopic spherical
equivalence from —1.0 to —9.38. In the present study, the
mean postoperative spherical equivalent was 0.01+0.38
which appears to be slightly lower and could be attributed
to our lower range of preoperative myopic spherical
equivalence, larger sample, as well as use of the SL.™
optimized ablation profile.

Variations in preoperative epithelial thickness might poten-
tially also contribute to post-operative refractive error. In our
study, choice of the 55u depth and inclusion of de-novo eyes
with no previous ocular surgery or corneal pathology assured
a full thickness epithelial removal in all cases avoiding
encroachment on the stroma during PTK. Reinstein et al*
found a difference in epithelial behavior after myopic correc-
tion for low, moderate and high grades of myopia, and
reported mean epithelial thickening at the corneal vertex of
7.41 £1.09n 9.29+1.22u,and12.33 £ 1.054 respectively.
This change in behavior may explain the low variation in our
study in which most eyes were in the low to moderate myopia
range rather than moderate to high. The pause between PTK
and PRK which is marked both visually and audibly on the
SL.™ platform is intended to allow time for the eye to cool
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down before proceeding with the planned PRK and gives the
surgeon time to inspect and visually confirm full epithelial
removal before continuing. In the present study, we observed
no residual epithelium after PTK and none of the cases
required further surgical intervention prior to PRK. All eyes
treated in this study were in the low to moderate range of
myopia with or without astigmatism, so choosing an epithelial
ablation depth in the mid-range of the manufacturer’s recom-
mendations and visually confirming the complete epithelial
removal before proceeding could also favor our results.

Haze was evaluated by slit lamp examination and was
graded according to the Heitzmann grading system on a scale
from 0 to 5. We found no significant haze in any of our cases.
A grade 0.5 haze was found in 17% of eyes (n=85), which did
not affect the patient’s visual acuity and was not a source of
patient complaint. This slit lamp finding was observed
between the 3rd and 6th months postoperatively and disap-
peared from all eyes by the final one-year follow-up visit.
The lack of significant haze could be attributed to our pre-
operative patient selection criteria, with cases of low to
moderate myopia, with or without astigmatism, being eligi-
ble to participate, and the use of MMC whenever the calcu-
lated stromal depth was more than 60p.

Transepithelial platforms result in less heat generation
at the corneal surface.”' Effective control of the maximum
temperature rise during laser ablation could reduce the
incidence of postoperative haze. The baseline ocular sur-
face temperature, immediately prior to beginning excimer
laser, ranges from 32°C to 34.9°C. The maximum ocular
surface temperature during epithelial ablation ranges from
35.2°C to 39.7°C, and during high and low fluence laser
stromal ablation ranges from 32.9°C to 36.5°C and from
34.4°C to 37.7°C, respectively. De Ortueta et al*' con-
cluded that limiting the maximum temperature to below
the safety limit of 40°C reported in the literature could
decrease the occurrence of postoperative corneal haze. The
routine usage of chilled BSS before and immediately after
laser ablation, and the time gap of about 10 s between PTK
and PRK add a cooling effect to the cornea compensating
for heat generated by the excimer laser. The new techno-
logical advances in the SL. platform reduce the likelihood
of thermally induced postoperative corneal haze. The
SL.™ EPI lists as well as the wave front optimized
(WFO) lists are calculated using an algorithm that mini-
mizes the thermal side effects of ablation. Each pulse is
directed at a position on the corneal surface which has had
time to cool since a previous pulse at that location.
A 10 second pause between EPI and WFO lists as well

as cooling by chilled BSS supports temperature control
reducing the incidence of postoperative haze development
(Alcon communication).

0.02% Mitomycin C (MMC) was used when the cal-
culated ablation depth was more than 60u, and was
applied for 20 seconds when the cornea was at high risk
of developing postoperative haze, based on previous find-
ings that haze is more likely to occur when planned abla-
tion depth is >75 p.*

Transepithelial PRK, PRK, and LASIK significantly
decrease the levels of ascorbic acid in tear film.** The highest
concentration of vitamin C levels in corneal tissue is found in
the corneal epithelium,?* so its removal decreases the ascorbic
acid concentration in the corneal tissue and the harmful effects
of superoxide radicals may be more evident in PRK and
transepithelial PRK. Postoperative administration of systemic
vitamin C may improve the concentration of the ascorbic acid
in the corneal tissue reducing the incidence of post-operative
haze.

One of the main drawbacks of PRK surgery is significant
postoperative pain secondary to removal of epithelium and
exposure of the nerve endings.>> This pain usually continues
for the first 2-3 days until corneal surface re-epithelialization
occurs. Topical NSAID drugs are among the most popular
medications to control post-PRK pain. Diclofenac and
Ketorolac have been approved by the FDA for pain control
after surface ablations.”> Pre- and post-operative cooling in
PRK effectively reduces post-operative pain without any addi-
tional adverse effect.”® The use of a bandage contact lens
soaked in Ketorolac 0.45% solution acts as a repository for
Ketorolac, releasing it on the ocular surface over time provid-
ing postoperative pain relief immediately after photorefractive
surgery.”?’

The limitations of our study include the fact that only low
and moderate grades of myopia, with or without astigmatism,
were studied. Further research is needed to evaluate this
approach in higher degrees of myopia and in treatment of
hyperopia. We also did not study the effect of the SL. transe-
pithelial PRK on the development of postoperative aberra-
tions, and a separate study is needed to further evaluate these.

In a recently published clinical observational study by
Harald, C Gaekle,28 his results on short-term follow-up of
trans-PPK cases done using the SL. platform showed that
it is a safe and effective method for correction of low to
moderate myopia with or without astigmatism and consid-
ered it a good option for patients who refuse or are not
eligible for femto-LASIK and demand a fast and more
comfortable recovery time than that of PRK.
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In conclusion, the new SL.™ is a safe and reliable
platform for performing transepithelial PRK. Patients
were happy to finish their surgical procedure rapidly and
with no surgical instruments other than the eye speculum
and the laser beam touching their eyes.
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