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Abstract

Twenty-eight case reports and case series published between 2000 and 2019 concerning laser refractive
surgery in patients with corneal dystrophies, resulting in 173 eyes from 94 patients, were included in this
systematic review. Best results were achieved in posterior corneal polymorphous and Cogan dystrophy.
Unfavorable results were found in Avellino dystrophy and Fuchs endothelial corneal dystrophy (FECD).
PRK was not indicated in Meesman and Avellino dystrophy. LASIK was indicated in PPCD but not in
FECD, Avellino, or Cogan dystrophy. SMILE technique and other dystrophies such as Lattice, Fleck,

Lisch or Frangois did not achieve enough scientific evidence to report any recommendation.
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Introduction

A corneal dystrophy is a bilateral, symmetric , genetic, progressive, and hereditary corneal disorder
unrelated to environmental or systemic factors, although there are some exceptions.! According to the
International Committee for the classification of Corneal Dystrophies (IC3D), there are twenty-two types
of dystrophies;? classified anatomically depending on the main affected corneal layer and their association
to gene mutations.> The most common and significant anterior corneal dystrophies include epithelial
basement membrane (EBMD),®> Meesmann corneal Dystrophy (MECD),* Lisch epithelial corneal
Dystrophy (LECD),® Reis-Biicklers corneal dystrophy (RBCD),® and Thiel-Behnke corneal dystrophy
(TBCD).” The main stromal dystrophies are granular corneal dystrophy type | (GCD-I), lattice corneal
dystrophy (LCD),® granular corneal dystrophy type Il (GCD-II) also known as Avellino corneal
dystrophy,® macular corneal dystrophy (MCD),!° Schnyder corneal dystrophy (SCD),'* fleck corneal
dystrophy (FCD),*? and central cloudy dystrophy of Frangois (CCDF).'* Most common posterior
dystrophies are Fuchs endothelial corneal dystrophy (FECD),** posterior polymorphous corneal dystrophy
(PPCD)* and congenital hereditary endothelial dystrophy (CHED).'® The recent update in 2015 by the
same group suggested a new anatomical classification, presumably with a better precision according to
whether or not dystrophies are positive for the TGFBI gene, as multiple corneal layers can be affected
instead of being limited to a single one in these group.! TGFBI gene is expressed by both corneal
epithelial cells and keratocytes.!” Therefore, the current classification divides dystrophies into epithelial
and subepithelial dystrophies, epithelial-stromal TGFBI dystrophies, stromal dystrophies, and endothelial
dystrophies.»” Tools such as histopathology,® optical coherence tomography (OCT)®, gene testing® or
confocal microscopy?* may help in the diagnosis. It is estimated that corneal dystrophies affects 0.09% of
the USA population, being 60% of endothelial origin, and its treatment is very varied; from simple

monitoring to phototherapeutic keratectomy (PTK) and lamellar or penetrating keratoplasty.?223

Regarding laser refractive surgery, laser-assisted in-situ keratomileusis (LASIK),?*? |aser-assisted sub-
epithelial keratomileusis (LASEK),?® photorefractive keratectomy (PRK)?” and Small-incision lenticule
extraction (SMILE)?2 have proven efficacy and safety for the treatment of refraction errors. However,
when the patient also presents corneal dystrophy, it is not always compatible with the classic refractive
treatment priorly mentioned.Z According to the food and drug administration (FDA), LASIK treatment is
relatively contraindicated when there are visually significant corneal stromal or endothelial dystrophies.

In 1995, PTK treatment was approved for the treatment of corneal opacities in anterior corneal
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dystrophies.?® This treatment seems to be safe for corneal opacifications due to dystrophy, but there is no
standardized ablation depth protocol. Some authors recommend the use of intraoperative OCT for corneal

opacity thickness measurements.°

The aim of this systematic review is to report outcomes of laser corneal refractive surgery, disregarding

therapeutic procedures, in corneal dystrophies in the available in scientific literature.

Methods:

This systematic review was performed according to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA)31%2 statement recommendations. We used Pubmed and Web of
Science as databases from January 1988 to April 29, 2020. Data search strategy with Boolean operators
were: (corneal dystrophies OR epithelial basement membrane OR Meesmann OR Lisch epithelial OR
Reis-Biicklers OR Bowman Layer Type | OR Thiel-Behnke dystrophies OR Bowman Layer Type Il OR
granular OR lattice OR Biber-Haab-Dimmer OR Avellino OR corneal macular dystrophies OR Schnyder
OR fleck dystrophies OR central cloudy dystrophy of Francois OR Fuchs endothelial corneal dystrophy
OR posterior polymorphous dystrophy OR Groenouw OR TGFBI OR congenital hereditary endothelial
dystrophy) AND (photorefractive keratectomy OR laser in-situ keratomileusis OR laser-assisted sub-
epithelial keratomileusis OR PRK OR LASIK OR LASEK OR SMILE OR Small incision lenticule
extraction) NOT phototherapeutic NOT ectasia. PTK studies were excluded as our aim is to analyze only
whether refractive surgery is recommended in corneal dystrophies. The achieved articles (226) were
assessed by one author who selected them according to inclusion and exclusion criteria. The data
collection was yielded by two unbiased authors who then verified for duplicates. The inclusion criteria
were human studies; full-length original article, case series or case reports, retrospective or prospective
studies with any subjects, any duration, and any results. Corneal dystrophy must be known prior to laser
refractive surgery. The exclusion criteria were non-English publication, unindexed journals, therapeutic
or phototherapeutics treatment for corneal dystrophies. Data from each study was summarized in tables

designed by the authors.

The following information was obtained from each of the articles: (1) author and date of publication
(year), (2) study design, (3) mean follow-up of all patients in the whole procedure (expressed in months),

(4) number of patients, (5) number of eyes involved, (6) mean age of the patients (expressed in years), (7)
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patients’ gender (female / male), (8) reported corneal dystrophy, (9) classic laser refractive surgery
procedure. Regarding results of the studies; (10) previous best spectacle corrected visual acuity (BSCVA)
expressed in Snellen scale, (11) previous refractive refraction prior to refractive surgery [expressed in
diopters (DP) and spherical equivalent (SE)], (12) postsurgical uncorrected visual acuity (UDVA,
expressed in Snellen scale), (13) refractive treatment after refraction (expressed in DP and SE), (14)
corneal dystrophy recurrence time after refractive laser procedure (expressed in months), (15) corneal
findings on slit-lamp, (16) complementary diagnostic test (such specular microscopy or confocal
microscopy), (17) visual symptoms reported, (18) topical or surgery treatment after recurrence and finally
(19) authors opinion expressed by commenting in favor or against refractive surgery in each particular

corneal dystrophy.

To avoid the risk of bias, two reliable authors created a synopsis table (Table 1) based on the Quality
Assessment Tool for Case Series Studies from the National Heart, Lung, and Blood Institute.®® When
disagreements occurred among the two assessors, a third non-blinded assessor decided the matter. The
questions included in this tool were as follows: (Q1): Is the study oriented to a clear question?; (Q2):
Were all the patients results taken into account?; (Q3): Was the follow-up complete?; (Q4): Were the
same conditions used in surgical treatment?; (Q5): Was the intervention clearly described?; (Q6): Was the
duration of follow-up adequate?; (Q7): Were the results described correctly? This assessment did not
determine the exclusion of any study. Articles with a high-level risk of bias had a lower weight for data

synthesis.

Results

Study selection process of this systematic review was presented with a flowchart diagram (Figure 1),
resulting in 28 studies®®! published between 2000 and 2019. Studies were case reports or series of
cases. Cases follow-up, expressed in months, ranged from 6.5 months3* to 108 months*4. Mean follow-up
within all reported studies was 23.9 months. We studied 173 eyes from 94 patients. Patients mean age
was 38.50 years old. Gender distribution was 51 females (54.2%) and 39 males (41.5%). Regarding
corneal dystrophy distribution: 12 studies®’-3°41-46525661 raported GCDII, also called Avellino dystrophy
or granular-lattice corneal dystrophy; four studies®#4%35" described EBMD, also called Cogan corneal

dystrophy; three studies®>%>5° reported FECD; three series of cases*“*5® described PPCD; one case
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series® reported LCDI; two case reports®® described MECD; and finally, only a single study of the
following dystrophies were included: LECD*, FCD?% and CCDF.%° Regarding laser refractive surgery
procedures: LASIK procedure was performed in 19343941424652-61 of gl 28 studies. PRK o LASEK
refractive surgery were carried out in nine 4043-4547.48505161 and finally only a single case report®

described SMILE in a corneal dystrophy. Detailed studies’ characteristics were presented in Table 2.

Evaluation of visual and refractive signs and symptoms were presented in Table 3. In summary, mean
BCVA was 20/ 37 + 58.94, mean previous SE refraction was -4.68 = 3.26 DP. Mean UDVA was 20 / 51
+ 59.45 and postoperative SE refraction -0.82 + 1.32 DP. Mean recurrence time was 27.7 + 37.50 months.
Best visual and refractive results was achieved in PPCD with an UDVA of 20/19.1 + 3.11 and
postoperative refraction of -0.12 £ 0.15 DP. Secondly, with similar results to PPCD, EBMD achieved a
mean UDVA of 20/ 20.3 + 3.68 and -0.53 + 0.75 DP postoperative refraction. Worse findings were found
in GCDII with a mean UDVA of 20 / 67.5 = 63.63 and postoperative refraction of -0.95 + 1.19 DP.
Finally, FECD showed the worst results with a mean UDVA of 20 / 97.3 + 82.49 and postoperative
refraction of -1.73 + 2.50 D. LCDI, LCD, FCD, CCDF and MCD were not included in this analysis due
the lack of sufficient reported cases. This data was described in Table 3. Regarding the authors'
conclusion on whether to perform laser refractive surgery in corneal dystrophy or not: PRK was indicated
for MCD and not for GCDII. LASIK was indicated for PPCD and not for FECD, GCDII, or EBMD.
SMILE technique and other dystrophies such as LCDI, FCD, LCD or CCDF did not achieve enough
scientific evidence to declare a recommendation. Since only a case report was available, FCD, LCD and
CCDF achieved acceptable results with laser refractive surgery, however it is not recommended in LCDI

as it shares similar characteristics to GCDII.

Risk of bias assessment was classified into three evidence-level groups. Studies with yeses from zero to
three: Rezende et al.,%” Zaidi and MacLeod,®® Banning et al.,®* Roh et al.,*” Banning et al.,®® Aldave et
al.,*® Chiu,*® Kim et al.,*> Chao-Shern et al.,*? and Nithianandan et al.>* Studies with yeses from four to
five: Dastgheib et al.,3* Vroman et al.,* Wan et al.,*® Dastjerdi and Sugar,®® Lee et al.,** Moshirfar et
al., Park et al.,* Ha et al.,*> Bower et al.,*” and Wessel et al.® Finally studies with yeses from six to
seven: Jun et al.,%® Moshirfar et al.,>® Kymionis et al.,*° Kim et al.,** Park et al.,*® Greiner et al.,5! Ghanem

et al.,>° and Chuckpaiwong et al.>



©CO~NOOOTA~AWNPE

Discussion

Epithelial and subepithelial dystrophies

Epithelial basement membrane dystrophy

Former named as map-dot-fingerprint dystrophy, Cogan microcystic dystrophy or anterior basement
membrane dystrophy, is the most common corneal dystrophy, affecting 5-18% of the population.5263
Typically slit lamp findings resembled geographic maps, lines, dots, and fingerprints of thickened, round,
or linear hazy epithelium. It is associated to painful recurrent corneal erosions (RCE) that typically occur
from minor trauma characteristically with sharps objects.2>%% Vision could be affected due to irregular
astigmatism.! EBMD may have poor adherent corneal epithelium and is predisposed to epithelial
sloughing during the microkeratome pass of LASIK.?*62 Dastgheib et al.®? found epithelial sloughing
during LASIK surgery in 13 of 16 eyes with EBMD; in eight eyes, epithelial growth beneath the flap was
observed, and flap melting occurred in four eyes. Posteriorly, and in the same line, Rezende et al.%’
reported epithelial ingrowth and irregular astigmatism in 25,7% and 45,7% of the patients, respectively.54
Recently, Chuckpaiwong et al.5® reported corneal epithelial sloughing and diffuse lamellar keratitis
(DLK) in both eyes in a patient after wavefront-guided Femto-LASIK (FS-200 Wavelight femtosecond
laser and the EX-500 excimer laser- Alcon, Fort Worth, Tex.), surprisingly nine months post-surgery. The
author hypothesized® that less severe iatrogenic epithelial injury secondary to the advanced femtosecond
laser technology could be one of the factors that may explain why this patient suffered corneal erosion
nine months after the surgery, and not immediately after the intervention, as it is reported in the previous

research priorly mentioned.%3%5

PRK may be a safer alternative than LASIK for refractive error correction in patients with EBMD as it
may have a therapeutic effect due to the elimination of the abnormal epithelium.?® Kymionis et al.*°
reported successful outcomes after 12 months of follow-up in a single case of EBMD that was treated
with classic PRK in both eyes.®. In a recent retrospective study by Diez-Feijdo et al.®’, 116 eyes with
recurrent corneal erosion (RCE) were evaluated. Results showed that PRK was attributed as the main
cause, representing 20 eyes (17.1%), and LASIK in nine eyes (7.7%).%” Similarly, Ti and Tan®® reported
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the development of RCE syndrome in eight eyes of six patients after LASIK, one of them being an
undiagnosed EMBD prior to surgery. Similar findings were reported by Perez-Santoja et al.%®, observing
the occurrence of large intraoperative epithelium sloughing during LASIK. The authors®® suggested that
this finding could be a first diagnostic sign for subclinical EBMD. Therefore, clinicians must carefully
examine any patient with suspicion of EBMD, and most of the authors recommend not perform refractive
surgery if EBMD is present. Finally, as to 10% of EBMD patients could have a mutation in the TGFBI /
BIGH3 gene,® testing for TGFB1 mutations should be recommended in patients with EBMD, especially

if planning for refractive surgery.

Lisch cornea dystrophy

Former named as Band-shaped and whorled microcystic dystrophy of the corneal epithelium and with X-
chromosomal dominant inheritance is characterized by band-shaped and grayish lesions in whorled, radial
or feathery patterns.! Patients remain usually asymptomatic, being sometimes visual acuity affected if the
opacities reaches the pupillary axis.}” Only a single case report on refractive surgery in LCD has been
published. Wessel et al.®® performed a bilateral PRK with Mitomycin C (MMC) and followed the patient
for 13 months. Although the recurrence was first observed in the first four weeks; during the follow-up,
the lesions gradually decreased, turning into a faint linear opacity that covered just about a tenth of the
surface area of the initial injury, and observing a 20/15 VA at last follow-up.%® These results only
represent a single case of two eyes, being the only ones described in the literature and therefore being
difficult to find a strong evidence. However, according to these results, PRK could be a good option for

refractive correction in LCD patients.

Meesmann corneal dystrophy

Former alternative named as Juvenile hereditary epithelial dystrophy* and with AD inheritance and due to
a mutation in keratin 3 and keratin 12 genes ' is characterized by multiple, tiny intraepithelial vesicles
extend to the limbus and being more numerous in the interpalpebral area. Patients are typically
asymptomatic although some patients complain of glare and light sensitivity and even painful RCE had

been decribed.>'” Greiner et al.5! and Ghanem et al.*® performed bilateral PRK each in a single patient,
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with 20% alcohol assisted mechanical de-epithelization and with 0.02% MMC only in Ghanem’s patient.
A complete recurrence of the dystrophy was observed in both patients approximately one-year post-
surgery. Regarding VA, Greiner et al.>! reported 20 / 20 whereas Ghanem et al.*° reported 20 / 45 after re-
PRK enhancement in one-year follow-up. These results represent the outcomes of only four eyes, being
difficult to prove a strong evidence. According to these results, PRK should not be a good option for

refractive correction in MCD patients.

Epithelial-stromal and stromal dystrophies TGFBI

The molecular functions of the beta-induced transforming growth factor (TGFBI) in vivo are not
completely understood, although it has been suggested that it could act as a cell adhesion molecule and as
a bifunctional linker protein interconnecting different matrix molecules to each other and to cells.'’
TGFBI gene encodes keratoepithelin protein, which is secreted by the corneal epithelium. The mutated
keratoepithelin proteins penetrate the Bowman's layer and the stroma where they bind forming insoluble
deposits. It seems that mutations in this gene are the ones that cause certain corneal dystrophies that
characteristically associate RCE hence related to a poorer prognosis when laser refractive surgery is

carried out in these patients.?"°

Lattice Corneal Dystrophy, type 1 (Classic) (LCDI) and Variants

Former named as Biber-Haab-Dimmer dystrophy is clinically characterized by a refractile branching lines
and subepithelial, whitish, ovoid dots in the first stages. These lines start centrally and more superficially
in first decade of life, and spread centrifugally and deeper later, preserver the peripheral stroma,
Descemet membrane and the endothelium. In the last stages is associated with a diffuse subepithelial
central and paracentral ground-glass corneal haze along with the lattice lines in the central and paracentral
cornea, that diminish the visual acuity.*” LCDI is used to be associated to RCE.*'" Typically presents
amyloid deposits, that characteristically stain rose or orange with Congo red and display birefringence

under polarized light.

Only a single paper has been published regarding refractive surgery in LCDI. Nithianandan et al.”™

recently published one family (mother and son) with LCDI, both of them with a mutation in exon 14 of
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the TGFBI gene. LCDI was discovered after LASIK and tree branch trauma, respectively. This case
report lacks specific information of the surgical procedure and the follow-up was inadequate. Moreover,
due to the central lattice-like changes at the LASIK flap with an impairment of visual acuity reported by
the author,” it seems reasonable to assume that laser refractive surgery is not recommended in patients

with LCDI.

Granular corneal dystrophy type IlI:

Former named as Avellino corneal dystrophy, or combined granular-lattice corneal dystrophy is an AD
dystrophy also arising from a mutation in the TGFBI gene on chromosome 5g31.%%372 The disease-
causing mutation is a heterozygous substitution, Arg124His in TGFBI.Y" Characteristically, GCD-II have
clinical (crumb-like granular opacities and small spokes?® or stellate elements”) and histologic (hyaline
and amyloid deposits which stains with Masson trichrome and / or Congo red) of both granular and lattice
corneal dystrophy.>%"23 Patients generally experience episodes of painful RCE.» Vision decreases with

age as the central visual axis becomes affected and due to scarring and irregular astigmatism.*

Regarding refractive surgery, Wan et al.*® reported the first case of LASIK in a 23-year old female patient
with GCD-1l and an exacerbation of the disease one year after the surgery.” Since this case, several
reports had been published and, as a matter of fact, GCD-II is the most reported corneal dystrophy after
laser refractive surgery.”#2° Two years later, Jun et al.”* reported similar results in 11 GCD-II eyes that
experienced an exacerbation of the opacities, causing visual impairment. They suggested that surgical
elimination of the opacities does not prevent a recurrence of the latter and the use of MMC could help to
solve this issue. Nevertheless, reporting a single patient followed-up for scarcely 6 months, there is
insufficient evidence to support the use of MMC. Roh et al. 7® interestingly pointed out in their research
of 3 patients with GCD-I11 using scanning electron microscopy, how abnormal granular clusters deposit in
the LASIK flap and interface. Hypothesizing that LASIK surgery exacerbated these deposits, they
demonstrated that deposits observed in LASIK flaps of GCD-II corneas were not found in the paired
control corneas.” Banning et al.®* described the first case of post-LASIK recurrence of GCD-II in North
America.?! Kim et al.,*? studied stromal deposits in the LASIK flap of their patients, finding that these
displayed bright red colour staining with Masson trichrome; however, negative staining was observed
with Congo red. These authors suggested that hyaline was the main component of the TGFBIp deposits
rather than amyloid.” Interestingly, Awwad et al.®? described the histopathological characteristics of the

10
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Aldave® patient's left cornea. The authors found that the cornea stained deep red with Masson's trichrome
and positively, although weakly, with Congo red too, though showed no apple-green birefringence in light
cross-polarization. They suggested that this could be due to the production of amyloid-forming

keratoepithelin configurations.®

Kim et al.% compared 10 eyes from five patients with heterozygous GCD-II. Three patients underwent
bilateral LASIK and two patients bilateral PRK. Although a recurrence of the underlying disease was
observed in all the patients, curiously, fewer deposits were observed in patients operated with surface
ablation surgery compared to the abundant whitish and coalescing deposits at the post LASIK corneal
interface. Surprisingly, in a case of LASIK with an incomplete bilateral flap, they observed abundant
opacities in both corneas along the interface of the LASIK flap whilst a minimal increase of stromal
opacities was noted where no LASIK flap was present. In the same line as the case reported by Park et
al.,* who described the recurrence of corneal deposits in GCD-1l 9 years post-PRK. Lee et al.*® also
published exacerbations of the whitish opacities, manifesting them in the form of a diffuse and confluent
pattern, and resulting in a decrease in VA in 15 eyes of eight patients with GCD-II after laser-assisted
subepithelial keratomileusis (LASEK). Intraoperative MMC appears to have no benefit in controlling
exacerbations in patients with GCD-I1.%® This was subsequently confirmed in a 3-year follow-up study by
Ha et al.*> who compared 10 eyes, in which MMC was used, and other 10 eyes in which it was not. The
author did not observe any benefit in the prevention of recurrence of opacities in any patients who
underwent surface refractive ablation surgery. The latest published article as far as we know concerning
refractive surgery in GCD-II is the case reported by Chao et al.5?, who presented a 29-year-old Chinese
GCD-II male patient with a recurrence of opacities and VA deterioration 10 years after LASIK surgery.
The authors denote the importance of ruling out mutations in any asymptomatic refractive surgery

candidates with a positive family history to avoid future complications.

Surgeons should be cautious with the potential rapid TGFBI opacity deposition in the stromal interface
following any form of lamellar corneal surgery in these patients, since accelerated deposition would be
expected in TGFBI dystrophies.”™ Although most publications only report a single case or series of cases,
most of the authors agree with the early recurrence of these deposits, that moreover appear to be
deposited more aggressively, confluently and with a large visual impairment due to the injury of the

central cornea. This damage originates an accelerated opacification! that has required a penetrating or

11
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lamellar keratoplasty for visual correction in many occasions. Therefore, there seems to be enough
evidence to suggest the contraindication of laser refractive surgery, especially LASIK, in patients with

GCD-I1.

Stromal dystrophies

Fleck Corneal Dystrophy

Formerly known as Frangois-Neetens speckled (mouchetée) corneal dystrophy, FCD has an AD
inheritance. Clinically, FCD is asymptomatic and characterized by small, translucent opacities scattered
throughout the whole corneal stroma without a defined pattern that may extend to the limbus.>238
Regarding refractive surgery in FCD, just a single case report has been published. Banning et al.®
reported myopic LASIK outcomes in a 48-year-old with FCD. Six years after surgery, the patient had a
slight amount of myopic regression, but maintained BSCVA of 20 / 25 in both eyes being 20 / 20 in both
eyes with rigid gas-permeable contact lens fitting as a consequence of eight corneal incision scars from a
previous radial keratotomy. Therefore, as only one case has been reported added to the past medical
history of radial keratotomy surgery, it is difficult to establish strong evidence. Based on this case solely
and to the asymptomatic course of this dystrophy, it appears that laser refractive surgery may not cause

visually significant exacerbation of FCD.

Central Cloudy Corneal Dystrophy of Francois

CCDF has no known genetic locus, and in just few reports AD have been described as inheritance.623
Being mostly asymptomatic, slit-lamp exam reveals central polygonal or rounded stromal opacities
characteristic in a mosaic pattern and it is difficult or inclusive may be phenotypically indistinguishable
from posterior crocodile shagreen degeneration.'®1” There is only one case report of refractive surgery,
specifically LASIK, in CCDF published in the literature. At 5 years’ follow-up, the patient had no
progression of corneal opacities in either eye and VA remained 20 / 20. Once again, as it is a single case,

it is hard to obtain evidence. Based on the outcomes, the excellent refractive result, the great stability over

12
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time and the asymptomatic course of this dystrophy seem to imply that laser refractive surgery could be a

viable option in these patients.

Endothelial dystrophies

Fuchs Endothelial Corneal Dystrophy (FECD)

FECD is characterized by an enhanced loss of endothelial cells disabling its pump mechanism hence
developing corneal edema and visual impairment.® Early- first decade- and late- fourth decade- onset
have been described. Female predominance with a 2.5:1 in both onsets has been described.® Slit-lamp
examination reveals Descemet membrane excrescences (guttata) that can be directly observed in confocal
microscopy as focal thickening of Descemet membrane as well as increased endothelial cell size

variability (polymegathism) and shape variation (pleomorphism).%8

Healthy endothelium has reported to positively tolerate PRK®® as well as LASIK surgery®>%° proving no
significant endothelial cell changes throughout a long follow-up. Nevertheless, these results do not apply
for dysfunctional endothelium, particularly, LASIK surgery. We found no cases reported in the literature
describing PRK in patients with FECD. Vroman et al.®” reported a single patient with bilateral FECD in
both eyes and corneal edema in the left eye that underwent hyperopic LASIK surgery developing
persistent corneal edema in both eyes since day-one postoperative. Seven months after the surgery,
UDVA was 20/40 in the right eye and 20/100 in the left eye, requiring penetrating keratoplasty in the
latter after 14 months. Dastjerdi et al.®8 reported a single patient with a central corneal thickness (CCT) of
587um in the right eye and 549um in the left eye. Slit-lamp examination proved guttata in both eyes.
One-day postoperative, the patient suffered from corneal stromal edema and confluent guttata 4+.
Moshirfar et al.®° reported a retrospective case series with 1-year outcomes of seven eyes with corneal
guttata undergoing LASIK. A loss of two lines in BCSVA was observed in six out of seven eyes, as well

as a 12,4% decrease in ECD, increase in CCT and myopic shift.

Several mechanisms describing endothelial damage due to laser treatment have been postulated, such as
mechanical trauma due to shock waves, duration of intraocular pressure changes during LASIK and
stromal bed irrigation.5®%°! Single cases reporting FECD decompensation after LASIK may be biased as

the increase in I0OP due to the microkeratome itself may be responsible for this event.8” Femto-LASIK

13
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procedure in these patients would balance this issue. Although CCT may be in normal ranges
preoperatively, this value may signify corneal edema in thinner corneas.®® ECD rate loss in FECD not
undergoing surgery is unknown, therefore hindering the interpretation of ECD loss after LASIK
surgery.®® According to these cases, reported unfavorable outcomes of LASIK in FECD patients seem to
imply to restrain from this procedure in these patients, especially with evident corneal edema, or family

history of FECD.

Posterior Polymorphous Corneal Dystrophy (PPCD)

PPCD is an AD endothelial dystrophy, usually with a stable course.! Research suggests that the
pathogenesis arises from endothelial cell metaplasia into epithelial-like or fibroblast-like cells.*”%? Slit-
lamp examination shows geographic gray opacities, vesicular lesions, and band-like lesions (railroad
tracks) in Descemet membrane and endothelium.'® Endothelial decompensation is rare as the clinical
course is usually benign.’® However, diffuse PPCD affects the entire posterior corneal surface causing

edema and visual loss.*"9

Regarding refractive surgery, Moshirfar et al.* reported visual acuity, ECD and pachymetry outcomes in
4 eyes with vesicular PPCD undergoing LASIK. All eyes showed an equal or better BSCVA than 20/20
after one-year follow-up, despite a near-normal mean ECD loss of 2,3%. Bower et al.% reported PRK
outcomes in 14 eyes with vesicular and band-like subtypes. All treated eyes had an equal or better UDVA
than preoperative CDVA, no corneal decompensation was reported, and ECD, polymegathism and
pleomorphism was unchanged from preoperative baseline. Park et al.? described positive and safe results
of SMILE procedure in a patient with band-like PPCD and low ECD count (1745 cells / mm?) in one eye.
One-year postoperative, UDVA was 20/20 in both eyes and ECD count was 1859 cells / mm? after

surgery.

Despite the cases that report corneal decompensation in diseased endothelium, such as FED, the amount
of healthy endothelium required to tolerate LASIK surgery is unknown.* Risk of LASIK in PPCD is
unclear, as decreased VA may result if posterior corneal topographic changes occur.’**” Moreover,
studies show good results in mild forms of PPCD, vesicular or band-like,*”**%8 and not in diffuse forms or
associated with iris abnormalities or glaucoma. Overall, reported outcomes tend to favor both PRK and

LASIK in mild forms of PPMD.
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Strengths and limitations

To the best of our knowledge, this is the first systematic review that describes refractive surgery outcomes
in corneal dystrophies. We focus only on refractive surgery and do not include PTK results. Moreover, we
add to available scientific literature refractive outcomes in LCDI, MCD, and LCD, new cases of GCDI|I
and describe cases reporting Femto-LASIK and SMILE procedures. The main limitation of our review is
that all studies included are case reports or series of cases, many of them having a retrospective design
and short-term follow-up periods. No randomized clinical trials were included as there is yet none in the

available literature.

In conclusion, this systematic review demonstrated that PRK was not indicated for Meesman corneal
dystrophy and Granular corneal dystrophy type Il. LASIK was indicated for posterior polymorphous
corneal dystrophy and not for Fuchs endothelial corneal dystrophy, granular corneal dystrophy type 11, or
epithelial basement membrane dystrophy. SMILE technique and other dystrophies such as Lattice-I,
Fleck, Lisch or central cloudy dystrophy of Francois did not achieve enough scientific evidence to report

a recommendation.

References

1. Weiss JS, Mgller HU, Aldave AJ, Seitz B, Bredrup C, Kivel& T, Munier FL, Rapuano CJ, Nischal
KK, Kim EK, Sutphin J, Busin M, Labbé A, Kenyon KR, Kinoshita S, Lisch W. IC3D
classification of corneal dystrophies-edition 2. Cornea. 2015;34(2):117-159.

doi:10.1097/1C0.0000000000000307

2. Weiss JS, Mgller HU, Lisch W. The Corneal Dystrophies—Does the Literature Clarify or

Confuse? Am J Ophthalmol. 2018;195:xv-xvii. doi:10.1016/j.aj0.2018.07.047

3. Torricelli AAM, Singh V, Santhiago MR, Wilson SE. The corneal epithelial basement membrane:
Structure, function, and disease. Investig Ophthalmol Vis Sci. 2013;54(9):6390-6400.

doi:10.1167/iovs.13-12547

4, Oette M, Stone MJ, Scholl HPN, Issa PC, Fleckenstein M, Schmitz-Valckenberg S, Holz FG,

15



©CO~NOOOTA~AWNPE

10.

11.

12.

13.

14.

Strauss O, Schulzke J-D, Fromm M, McCarthy T V., Schiller M, Grabbe S, Sunderkétter C,
Almogy G, Rivkind Al, Kato H, Finley JW, Finley JW, et al. Meesmann Corneal Dystrophy. In:
Encyclopedia of Molecular Mechanisms of Disease. ; 2009:1280-1280. doi:10.1007/978-3-540-

29676-8_9269

Alvarez-Fischer M, Alvarez De Toledo J, Barraquer RI. Lisch corneal dystrophy. Cornea.

2005;24(4):494-495. doi:10.1097/01.ic0.0000141224.32893.c2

Hieda O, Kawasaki S, Wakimasu K, Yamasaki K, Inatomi T, Kinoshita S. Clinical outcomes of
phototherapeutic keratectomy in eyes with thiel-behnke corneal dystrophy. Am J Ophthalmol.

2013;155(1):66-72.e1. doi:10.1016/j.aj0.2012.06.022

Yee RW, Sullivan LS, Lai HT, Lee Stock E, Lu Y, Khan MN, Blanton SH, Daiger SP. Linkage
mapping of Thiel-Behnke corneal dystrophy (CDB2) to chromosome 10g23-g24. Genomics.

1997;46(1):152-154. doi:10.1006/gen0.1997.5028

Sridhar MS, Laibson PR, Eagle RC, Rapuano CJ, Cohen EJ. Unilateral corneal lattice dystrophy.

Cornea. 2001;20(8):850-852. doi:10.1097/00003226-200111000-00014

Han KE, Kim T1, Chung WS, Choi S Il, Kim BY, Kim EK. Clinical findings and treatments of
granular corneal dystrophy type 2 (Avellino corneal dystrophy): A review of the literature. Eye

Contact Lens. 2010;36(5):296-299. doi:10.1097/1CL.0b013e3181ef0da0

Aggarwal S, Peck T, Golen J, Karcioglu ZA. Macular corneal dystrophy: A review. Surv

Ophthalmol. 2018;63(5):609-617. doi:10.1016/j.survophthal .2018.03.004

Weiss JS. Schnyder corneal dystrophy. Curr Opin Ophthalmol. 2009;20(4):292-298.

doi:10.1097/1CU.0b013e32832b753e

Purcell JJ, Krachmer JH, Weingeist TA. Fleck Corneal Dystrophy. Arch Ophthalmol.

1977;95(3):440-444. doi:10.1001/archopht.1977.04450030082009

Kobayashi A, Sugiyama K, Huang AJW. In vivo confocal microscopy in patients with central
cloudy dystrophy of Francgois. Arch Ophthalmol. 2004;122(11):1676-1679.

doi:10.1001/archopht.122.11.1676

Eghrari AO, Riazuddin SA, Gottsch JD. Fuchs Corneal Dystrophy. In: Progress in Molecular

16



©CO~NOOOTA~AWNPE

15.

16.

17.

18.

19.

20.

21,

22,

23.

24,

25.

Biology and Translational Science. Vol 134. ; 2015:79-97. doi:10.1016/bs.pmbts.2015.04.005

Presberg SE, Quigley HA, Forster RK, Green WR. Posterior polymorphous corneal dystrophy.

Cornea. 1985;4(4):239-248. doi:10.1097/00003226-198504000-00006

Weiss JS, Mgller HU, Lisch W, Kinoshita S, Aldave AJ, Belin MW, Kiveld T, Busin M, Munier
FL, Seitz B, Sutphin J, Bredrup C, Mannis MJ, Rapuano CJ, Van Rij G, Kim EK, Klintworth GK.
La Clasificacién IC3D de las distrofias corneales. Cornea. 2008;27(SUPPL. 2):S1-S42.

doi:10.1097/1C0.0b013e31817780fb

Lisch W, Weiss JS. Clinical and genetic update of corneal dystrophies. Exp Eye Res.

2019;186(June):107715. doi:10.1016/j.exer.2019.107715

Vemuganti GK, Rathi VM, Murthy SI. Histological landmarks in corneal dystrophy: Pathology of

corneal dystrophies. In: Corneal Dystrophies. Vol 48. ; 2011:24-50. doi:10.1159/000324261

Siebelmann S, Scholz P, Sonnenschein S, Bachmann B, Matthaei M, Cursiefen C, Heindl LM.
Anterior segment optical coherence tomography for the diagnosis of corneal dystrophies
according to the 1C3D classification. Surv Ophthalmol. 2018;63(3):365-380.

doi:10.1016/j.survophthal.2017.08.001

Aldave AJ, Han J, Frausto RF. Genetics of the corneal endothelial dystrophies: An evidence-

based review. Clin Genet. 2013;84(2):109-119. doi:10.1111/cge.12191

Lisch W, Seitz B. The clinical landmarks of corneal dystrophies. In: Corneal Dystrophies. Vol

48. ; 2011:9-23. doi:10.1159/000324075

Bourges JL. Corneal dystrophies. J Fr Ophtalmol. 2017;40(6):e177-e192.

doi:10.1016/j.jf0.2017.05.003

Woreta FA, Davis GW, Bower KS. LASIK and surface ablation in corneal dystrophies. Surv

Ophthalmol. 2015;60(2):115-122. doi:10.1016/j.survophthal.2014.08.003

Kanellopoulos AJ, Pamel GJ. Review of current indications for combined very high fluence
collagen cross-linking and laser in situ keratomileusis surgery. Indian J Ophthalmol.

2013;61(8):430-432. doi:10.4103/0301-4738.116074

Sugar A, Rapuano CJ, Culbertson WW, Huang D, Varley GA, Agapitos PJ, De Luise VP, Koch

17



©CO~NOOOTA~AWNPE

26.

27.

28.

29.

30.

31.

32.

33.

DD. Laser in situ keratomileusis for myopia and astigmatism: Safety and efficacy: A report by the
American Academy of Ophthalmology. Ophthalmology. 2002;109(1):175-187.

doi:10.1016/S0161-6420(01)00966-6

Taneri S, Zieske JD, Azar DT. Evolution, techniques, clinical outcomes, and pathophysiology of
LASEK: Review of the literature. Surv Ophthalmol. 2004;49(6):576-602.

doi:10.1016/j.survophthal.2004.08.003

Naderi M, Ghadamgahi S, Jadidi K. Photorefractive Keratectomy (PRK) is Safe and Effective for
Patients with Myopia and Thin Corneas. Med hypothesis, Discov Innov Ophthalmol J.

2016;5(2):58-62.

Sanchez-Gonzalez JM, Alonso-Aliste F. Visual and refractive outcomes of 100 small incision
lenticule extractions (SMILE) in moderate and high myopia: a 24-month follow-up study.

Graefe’s Arch Clin Exp Ophthalmol. 2019;257(7):1561-1567. doi:10.1007/s00417-019-04349-4

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

0024-4

Siebelmann S, Horstmann J, Scholz P, Bachmann B, Matthaei M, Hermann M, Cursiefen C.
Intraoperative changes in corneal structure during excimer laser phototherapeutic keratectomy
(PTK) assessed by intraoperative optical coherence tomography. Graefe’s Arch Clin Exp

Ophthalmol. 2018;256(3):575-581. doi:10.1007/s00417-017-3867-7

Moher D, Liberati A, Tetzlaff J, Altman DG, Altman D, Antes G, Atkins D, Barbour V,
Barrowman N, Berlin JA, Clark J, Clarke M, Cook D, D’ Amico R, Deeks JJ, Devereaux PJ,
Dickersin K, Egger M, Ernst E, et al. Preferred reporting items for systematic reviews and meta-

analyses: The PRISMA statement. PLoS Med. 2009;6(7). doi:10.1371/journal.pmed.1000097

Liberati A, Altman DG, Tetzlaff J, Mulrow C, Ggtzsche PC, loannidis JPA, Clarke M, Devereaux
PJ, Kleijnen J, Moher D. The PRISMA statement for reporting systematic reviews and meta-
analyses of studies that evaluate health care interventions: Explanation and elaboration. PLoS

Med. 2009;6(7):1000100. doi:10.1371/journal.pmed.1000100

Study Quality Assessment Tools | National Heart, Lung, and Blood Institute (NHLBI).

18



©CO~NOOOTA~AWNPE

34.

35.

36.

37.

38.

39.

40.

41.

42.

Dastgheib KA, Clinch TE, Manche EE, Hersh P, Ramsey J. Sloughing of corneal epithelium and
wound healing complications associated with laser in situ keratomileusis in patients with
epithelial basement membrane dystrophy. Am J Ophthalmol. 2000;130(3):297-303.

doi:10.1016/s0002-9394(00)00504-3

Vroman DT, Solomon KD, Holzer MP, Peng Q, Apple DJ, Bowie EM. Endothelial
decompensation after laser in situ keratomileusis. J Cataract Refract Surg. 2002;28(11):2045-

2049. doi:10.1016/s0886-3350(01)01352-9

Banning CS, Larson PM, Randleman JB. Outcome of LASIK in Fleck Corneal Dystrophy.

Cornea. 2006;25(10):1262-1264. doi:10.1097/01.ico.0000230345.64607.8a

Roh M, Grossniklaus HE, Chung S-H, Kang SJ, Kim WC, Kim EK. Avellino corneal dystrophy
exacerbated after LASIK: scanning electron microscopic findings. Cornea. 2006;25(3):306-311.

doi:10.1097/01.ic0.0000183536.07275.9a

Aldave AJ, Sonmez B, Forstot SL, Rayner SA, Yellore VS, Glasgow BJ. A clinical and
histopathologic examination of accelerated TGFBIp deposition after LASIK in combined
granular-lattice corneal dystrophy. Am J Ophthalmol. 2007;143(3):416-419.

doi:10.1016/j.aj0.2006.11.056

Chiu EK. Avellino Dystrophy in a Patient After Laser-Assisted In Situ Keratomileusis Surgery
Manifesting as Granular Dystrophy. Arch Ophthalmol. 2007;125(5):703.

doi:10.1001/archopht.125.5.703

Kymionis GD, Diakonis VF, Bouzoukis DI, Yoo SH, Pallikaris IG. Photorefractive keratectomy
in a patient with epithelial basement membrane dystrophy. Semin Ophthalmol. 2007;22(1):59-61.

doi:10.1080/08820530601162768

Kim T, Kim T, Kim SW, Kim EK. Comparison of corneal deposits after LASIK and PRK in eyes
with granular corneal dystrophy type 1. J Refract Surg. 2008;24(4):392-395.

doi:10.3928/1081597X-20080401-13

Kim T-I, Roh MlI, Grossniklaus HE, Kang SJ, Hamilton SM, Schorderet DF, Lee WB, Kim EK.
Deposits of transforming growth factor-beta-induced protein in granular corneal dystrophy type

Il after LASIK. Cornea. 2008;27(1):28-32. doi:10.1097/1C0.0b013e318156d36d

19



©CO~NOOOTA~AWNPE

43.

44,

45,

46.

47.

48.

49.

50.

51.

52.

Lee JH, Stulting RD, Lee DH, Lee CS, Kim WC, Kim EK. Exacerbation of granular corneal
dystrophy type Il (Avellino corneal dystrophy) after LASEK. J Refract Surg. 2008.

doi:10.3928/1081597x-20080101-06

Park SH, Mok J, Joo C-K, Kim MS. Heterozygous Avellino corneal dystrophy 9 years after
photorefractive keratectomy: natural or laser-induced accelerated course? Cornea.

2009;28(4):465-467. doi:10.1097/ICO.0b013e31818a7df7

Ha BJ, Kim T, Choi S, Stulting RD, Lee DH, Cho H-S, Kim EK. Mitomycin C does not inhibit
exacerbation of granular corneal dystrophy type Il induced by refractive surface ablation.

Cornea. 2010;29(5):490-496. doi:10.1097/1C0O.0b013e3181¢c3258a

Wan XH, Lee HC, Stulting RD, Kim T, Jung SE, Kim MJ, Kim EK. Exacerbation of Avellino
corneal dystrophy after laser in situ keratomileusis. Cornea. 2002;21(2):223-226.

doi:10.1097/00003226-200203000-00021

Bower KS, Trudo EW, Ryan DS, Sia RK, Mines MJ, Stutzman RD, Wroblewski KJ.
Photorefractive keratectomy in posterior polymorphous dystrophy with vesicular and band

subtypes. J Cataract Refract Surg. 2011;37(6):1101-1108. doi:10.1016/j.jcrs.2010.12.045

Wessel MM, Sarkar JS, Jakobiec FA, Dang N, Bhat P, Michaud N, Starr CE. Treatment of lisch
corneal dystrophy with photorefractive keratectomy and mitomycin C. Cornea. 2011;30(4):481-

485. doi:10.1097/ICO.0b013e3181ec8e26

Park JH, Lee JH, Koo HJ. Small-incision lenticule extraction in posterior polymorphic corneal

dystrophy. J Cataract Refract Surg. 2016;42(5):795-797. doi:10.1016/j.jcrs.2016.04.001

Ghanem RC, Piccinini AL, Ghanem VC. Photorefractive Keratectomy With Mitomycin C in
Meesmann’s Epithelial Corneal Dystrophy. J Refract Surg. 2017;33(1):53-55.

doi:10.3928/1081597X-20161027-03

Greiner J V, Lindsay ME, Kenyon KR, Herman JP, Reddy C V. Meesmann epithelial corneal
dystrophy: recurrence following photorefractive keratectomy. Can J Ophthalmol.

2017;52(6):211-e213. doi:10.1016/j.jcjo.2017.05.009

Chao-Shern C, Me R, DeDionisio LA, Ke BL, Nesbit MA, Marshall J, Moore CBT. Post-LASIK

20



©CO~NOOOTA~AWNPE

53.

54,

55.

56.

57.

58.

59.

60.

61.

exacerbation of granular corneal dystrophy type 2 in members of a chinese family. Eye (Lond).

2018;32(1):39-43. d0i:10.1038/eye.2017.265

Chuckpaiwong V, Nithithanaphat C, Jongkhajornpong P, Lekhanont K. Epithelial basement
membrane dystrophy after femtosecond laser—assisted laser in situ keratomileusis. Can J

Ophthalmol. 2018;53(2):e44-e46. doi:10.1016/j.jcjo.2017.08.004

Nithianandan H, Chao-Shern C, DeDionisio L, Moore T, Chan CC. Trauma-induced exacerbation

of epithelial-stromal TGFBI lattice corneal dystrophy. Can J Ophthalmol. 2019;54(1):e47-e49.

doi:10.1016/j.jcjo.2018.05.001

Dastjerdi MH, Sugar A. Corneal decompensation after laser in situ keratomileusis in fuchs’

endothelial dystrophy. Cornea. 2003;22(4):379-381. doi:10.1097/00003226-200305000-00020

Jun RM, Tchah H, Kim T, Stulting RD, Jung SE, Seo KY, Lee DH, Kim EK. Avellino corneal

dystrophy after LASIK. Ophthalmology. 2004;111(3):463-468. doi:10.1016/j.ophtha.2003.06.026

Rezende RA, Uchoa UC, Cohen EJ, Laibson PR, Rapuano CJ. Complications associated with
anterior basement membrane dystrophy after laser in situ keratomileusis. J Cataract Refract

Surg. 2004;30(11):2328-2331. doi:10.1016/j.jcrs.2004.02.081

Moshirfar M, Barsam CA, Tanner MC. Laser In Situ Keratomileusis in Patients With Posterior
Polymorphous Dystrophy. Cornea. 2005;24(2):230-232.

d0i:10.1097/01.ico.0000139634.88153.bb

Moshirfar M, Feiz V, Feilmeier MR, Kang PC. Laser in situ keratomileusis in patients with
corneal guttata and family history of Fuchs’ endothelial dystrophy. J Cataract Refract Surg.

2005;31(12):2281-2286. doi:10.1016/j.jcrs.2004.05.061

Zaidi A, McLeod SD. Laser in situ keratomileusis in a patient with presumed central cloudy
corneal dystrophy of Francois. Am J Ophthalmol. 2005;139(2):376-377.

doi:10.1016/j.aj0.2004.08.007

Banning CS, Kim WC, Randleman JB, Kim EK, Stulting RD. Exacerbation of Avellino corneal
dystrophy after LASIK in North America. Cornea. 2006;25(4):482-484.

doi:10.1097/01.ic0.0000195949.93695.37

21



©CO~NOOOTA~AWNPE

62.

63.

64.

65.

66.

67.

68.

69.

70.

Dastgheib KA, Clinch TE, Manche EE, Hersh P, Ramsey J. Sloughing of corneal epithelium and
wound healing complications associated with laser in situ keratomileusis in patients with
epithelial basement membrane dystrophy. Am J Ophthalmol. 2000;130(3):297-303.

doi:10.1016/S0002-9394(00)00504-3

Pérez-Santonja JJ, Galal A, Cardona C, Artola A, Ruiz-Moreno JM, Alid JL. Severe corneal
epithelial sloughing during laser in situ keratomileusis as a presenting sign for silent epithelial
basement membrane dystrophy. J Cataract Refract Surg. 2005;31(10):1932-1937.

doi:10.1016/j.jcrs.2005.06.041

Rezende RA, Uchoa UC, Cohen EJ, Laibson PR, Rapuano CJ. Complications associated with
anterior basement membrane dystrophy after laser in situ keratomileusis. J Cataract Refract Surg.

2004;30(11):2328-2331. doi:10.1016/j.jcrs.2004.02.081

Ti SE, Tan DTH. Recurrent corneal erosion after laser in situ keratomileusis. Cornea.

2001;20(2):156-158. doi:10.1097/00003226-200103000-00008

Kymionis GD, Diakonis VF, Bouzoukis DI, Yoo SH, Pallikaris IG. Photorefractive keratectomy
in a patient with epithelial basement membrane dystrophy. Semin Ophthalmol. 2007;22(1):59-61.

doi:10.1080/08820530601162768

Diez-Feijoo E, Grau AE, Abusleme EI, Duran JA. Clinical presentation and causes of recurrent
corneal erosion syndrome: Review of 100 patients. Cornea. 2014;33(6):571-575.

doi:10.1097/1C0.0000000000000111

Boutboul S, Black GCM, Moore JE, Sinton J, Menasche M, Munier FL, Laroche L, Abitbol M,
Schorderet DF. A subset of patients with epithelial basement membrane corneal dystrophy have

mutations in TGFBI/BIGH3. Hum Mutat. 2006;27(6):553-557. doi:10.1002/humu.20331

Wessel MM, Sarkar JS, Jakobiec FA, Dang N, Bhat P, Michaud N, Starr CE. Treatment of lisch
corneal dystrophy with photorefractive keratectomy and mitomycin C. Cornea. 2011;30(4):481-

485. d0i:10.1097/1C0O.0b013e3181ec8e26

Bron AJ. Genetics of the corneal dystrophies: What we have learned in the past twenty-five years.

Cornea. 2000;19(5):699-711. doi:10.1097/00003226-200009000-00015

22



©CO~NOOOTA~AWNPE

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

Nithianandan H, Chao-Shern C, DeDionisio L, Moore T, Chan CC. Trauma-induced exacerbation
of epithelial-stromal TGFBI lattice corneal dystrophy. Can J Ophthalmol. 2019;54(1):e47-e49.

doi:10.1016/j.jcjo.2018.05.001

Kannabiran C, Klintworth GK. TGFBI gene mutations in coraeal dystrophies. Hum Mutat.

2006;27(7):615-625. doi:10.1002/humu.20334

Xiu HW, Hyun CL, Stulting RD, Kim T, Seung EJ, Moon JK, Eung KK. Exacerbation of
Avellino corneal dystrophy after laser in situ keratomileusis. Cornea. 2002;21(2):223-226.

doi:10.1097/00003226-200203000-00021

Jun RM, Tchah H, Kim TI, Stulting RD, Jung SE, Seo KY, Lee DH, Kim EK. Avellino corneal

dystrophy after LASIK. Ophthalmology. 2004;111(3):463-468. doi:10.1016/j.ophtha.2003.06.026

Aldave AJ, Sonmez B, Forstot SL, Rayner SA, Yellore VS, Glasgow BJ. A Clinical and
Histopathologic Examination of Accelerated TGFBIp Deposition After LASIK in Combined
Granular-Lattice Corneal Dystrophy. Am J Ophthalmol. 2007;143(3):416-419.

doi:10.1016/j.a0.2006.11.056

Roh MI, Grossniklaus HE, Chung SH, Kang SJ, Kim WC, Kim EK. Avellino corneal dystrophy
exacerbated after LASIK: Scanning electron microscopic findings. Cornea. 2006;25(3):306-311.

d0i:10.1097/01.ico.0000183536.07275.9a

Kim TI, Roh MlI, Grossniklaus HE, Kang SJ, Hamilton SM, Schorderet DF, Lee WB, Kim EK.
Deposits of transforming growth factor-f-induced protein in granular corneal dystrophy type Il

after LASIK. Cornea. 2008;27(1):28-32. d0i:10.1097/IC0O.0b013e318156d36d

Park SH, Mok J, Joo CK, Kim MS. Heterozygous avellino corneal dystrophy 9 years after
photorefractive keratectomy: Natural or laser-induced accelerated course? Cornea.

2009;28(4):465-467. doi:10.1097/IC0O.0b013e31818a7df7

Ha BJ, Kim TI, Choi S Il, Stulting RD, Lee DH, Cho HS, Kim EK. Mitomycin C does not inhibit
exacerbation of granular corneal dystrophy type Il induced by refractive surface ablation. Cornea.

2010;29(5):490-496. doi:10.1097/IC0O.0b013e3181c3258a

Chao-Shern C, Me R, Dedionisio LA, Ke BL, Neshit MA, Marshall J, Moore CBT. Post-LASIK

23



©CO~NOOOTA~AWNPE

81.

82.

83.

84.

85.

86.

87.

88.

89.

exacerbation of granular corneal dystrophy type 2 in members of a Chinese family. Eye.

2018;32(1):39-43. d0i:10.1038/eye.2017.265

Banning CS, Kim WC, Randleman JB, Kim EK, Stulting RD. Exacerbation of Avellino corneal
dystrophy after LASIK in North America. Cornea. 2006;25(4):482-484.

doi:10.1097/01.ic0.0000195949.93695.37

Awwad ST, Di Pascuale MA, Hogan RN, Forstot SL, McCulley JP, Cavanagh HD. Avellino
Corneal Dystrophy Worsening after Laser In Situ Keratomileusis: Further Clinicopathologic
Observations and Proposed Pathogenesis. Am J Ophthalmol. 2008;145(4):656-661.

doi:10.1016/j.aj0.2007.12.008

Kim TI, Kim T, Kim SW, Kim EK. Comparison of corneal deposits after LASIK and PRK in
eyes with granular corneal dystrophy type Il. J Refract Surg. 2008;24(4):392-395.

doi:10.3928/1081597x-20080401-13

Rocha-De-Lossada C, Alba-Linero C, Ayala CH, Rodriguez-Calvo-De-Mora M. Corneal Fleck
dystrophy in a Spanish family. Indian J Ophthalmol. 2020;68(5):918.

doi:10.4103/ij0.1J0_1702_19

Banning CS, Larson PM, Randleman JB. Outcome of LASIK in Fleck corneal dystrophy.

Cornea. 2006;25(10):1262-1264. doi:10.1097/01.ico.0000230345.64607.8a

Elhalis H, Azizi B, Jurkunas U V. Fuchs endothelial corneal dystrophy. Ocul Surf. 2010;8(4):173-

184. doi:10.1016/51542-0124(12)70232-X

Vroman DT, Solomon KD, Holzer MP, Peng Q, Apple DJ, Bowie EM. Endothelial
decompensation after laser in situ keratomileusis. J Cataract Refract Surg. 2002;28(11):2045-

2049. doi:10.1016/S0886-3350(01)01352-9

Dastjerdi MH, Sugar A. Corneal decompensation after laser in situ keratomileusis in Fuchs’

endothelial dystrophy. Cornea. 2003;22(4):379-381. doi:10.1097/00003226-200305000-00020

Moshirfar M, Feiz V, Feilmeier MR, Kang PC. Laser in situ keratomileusis in patients with
corneal guttata and family history of Fuchs’ endothelial dystrophy. J Cataract Refract Surg.

2005;31(12):2281-2286. doi:10.1016/j.jcrs.2004.05.061

24



©CO~NOOOTA~AWNPE

90.

91.

92.

93.

94,

95.

96.

97.

98.

Krueger RR, Seiler T, Gruchman T, Mrochen M, Berlin MS. Stress wave amplitudes during laser
surgery of the cornea. Ophthalmology. 2001;108(6):1070-1074. doi:10.1016/S0161-

6420(01)00570-X

Bigar F, Witmer R. Corneal Endothelial Changes in Primary Acute Angle-closure Glaucoma.

Ophthalmology. 1982;89(6):596-599. doi:10.1016/S0161-6420(82)34744-2

Ross JR, Foulks GN, Sanfilippo FP, Howell DN. Immunohistochemical Analysis of the
Pathogenesis of Posterior Polymorphous Dystrophy. Arch Ophthalmol. 1995;113(3):340-345.

doi:10.1001/archopht.1995.01100030096027

Cibis GW, Krachmer JA, Phelps CD, Weingeist TA. The Clinical Spectrum of Posterior

Polymorphous Dystrophy. Arch Ophthalmol. 1977. doi:10.1001/archopht.1977.04450090051002

Moshirfar M, Barsam CA, Tanner MC. Laser in situ keratomileusis in patients with posterior
polymorphous dystrophy. Cornea. 2005;24(2):230-232.

doi:10.1097/01.ic0.0000139634.88153.bb

Bower KS, Trudo EW, Ryan DS, Sia RK, Mines MJ, Stutzman RD, Wroblewski KJ.
Photorefractive keratectomy in posterior polymorphous dystrophy with vesicular and band

subtypes. J Cataract Refract Surg. 2011;37(6):1101-1108. doi:10.1016/j.jcrs.2010.12.045

Park JH, Lee JH, Koo HJ. Small-incision lenticule extraction in posterior polymorphic corneal

dystrophy. J Cataract Refract Surg. 2016;42(5):795-797. doi:10.1016/j.jcrs.2016.04.001

Lee DH, Seo S, Jeong KW, Shin SC, Vukich JA. Early spatial changes in the posterior corneal
surface after laser in situ keratomileusis. J Cataract Refract Surg. 2003;29(4):778-784.

doi:10.1016/S0886-3350(02)01842-4

Lee JH, Stulting RD, Lee DH, Lee CS, Kim WC, Kim EK. Exacerbation of granular corneal
dystrophy type Il (Avellino corneal dystrophy) after LASEK. J Refract Surg. 2008;24(1):39-45.

d0i:10.3928/1081597x-20080101-06

25



©CO~NOOOTA~AWNPE

Figure Legends

Figure 1 — Flow chart diagram
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