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ABSTRACT

Introduction: Laser-assisted in situ ker-
atomileusis (LASIK) exacerbates granular cor-
neal dystrophy type 2. Post-LASIK granular
corneal dystrophy type 2 is treated by several
surgical techniques. To the best of our knowl-
edge, no report has addressed the results of deep
anterior lamellar keratoplasty in affected
patients. Here, we report our experience
regarding deep anterior lamellar keratoplasty
treatment of patients with post-LASIK granular
corneal dystrophy type 2.
Methods: We describe two Japanese women
who underwent deep anterior lamellar kerato-
plasty to treat corneal opacities that worsened
after LASIK.

Results: One patient had a family history of
corneal dystrophies. During the initial visit to
our clinic, numerous fine opacities were found
at the LASIK flap interface in both patients. The
clinical findings were compatible with post-
LASIK granular corneal dystrophy type 2. Both
patients underwent deep anterior lamellar ker-
atoplasty by one of the authors (T.C.). In both
procedures, the surgeon used a visco-dissection
technique and successfully removed the whole
corneal stroma. Histopathological examination
of the excised corneal button from each eye
revealed amyloid and hyaline deposits at the
LASIK flap interface. Neither patient experi-
enced recurrent corneal opacity during the fol-
low-up visit at 8 years (patient 1) and 6 years
(patient 2).
Conclusion: Deep anterior lamellar kerato-
plasty can be used for the treatment of post-
LASIK granular corneal dystrophy type 2.
Removal of the entire host stroma may be
important for the prevention of recurrent cor-
neal opacity.
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Key Summary Points

Laser-assisted in situ keratomileusis
(LASIK) promotes protein accumulation in
the corneal stroma of patients with
granular corneal dystrophy (GCD) type 2,
leading to severe corneal opacity.

The surgical outcome of deep anterior
lamellar keratoplasty (DALK) in patients
with post-LASIK GCD type 2 has not been
reported, although other surgical
treatments are effective in affected
patients.

We report the relatively long-term
outcomes of DALK in two patients with
post-LASIK GCD type 2.

We successfully removed the entire host
stroma in both cases. DALK increased the
visual acuity of both patients and
prevented the recurrence of corneal
opacity for 6 and 8 years after DALK.

DALK can be used for the treatment of
post-LASIK GCD type 2 without
recurrence during relatively long-term
follow-up. Removal of the entire host
stroma may help prevent GCD recurrence.

INTRODUCTION

Granular corneal dystrophy (GCD) type 2, also
as known as Avellino corneal dystrophy or
granular-lattice corneal dystrophy, is an inher-
ited corneal disease in which one mutation
causes an arginine-to-histidine amino acid sub-
stitution at codon 124 in the transforming
growth factor beta-induced gene (located on
chromosome 5q31). This results in amyloid and
hyaline accumulation in the corneal stroma [1].
The course of GCD type 2 in heterozygous
patients is generally slow and mild. However,
laser-assisted in situ keratomileusis (LASIK)
accelerates protein accumulation and leads to
severe corneal opacities [1]. Several surgical

techniques are used to treat post-LASIK GCD
type 2 including opacity scraping after the flap
has been lifted [2–4], phototherapeutic kerate-
ctomy (PTK) [3, 5], and penetrating keratoplas-
ties [6–8]. However, to the best of our
knowledge, no report has addressed the results
of deep anterior lamellar keratoplasty (DALK) in
affected patients. Here, we report our experi-
ence regarding DALK treatment of patients with
post-LASIK GCD type 2.

METHODS

We performed retrospective chart reviews of 3
eyes of 2 patients who underwent DALK to treat
corneal opacities that worsened after LASIK.
This case report was conducted in accordance
with the Helsinki Declaration and was approved
by the Institutional Review Board of Hiroshima
University (E-709). Written informed consent
was obtained from the patients for publication
of this case report and any accompanying ima-
ges. This manuscript includes no identifiable
patient information.

RESULTS

In case 1, a 54-year-old Japanese woman was
referred for the evaluation of bilateral corneal
opacities, which worsened after LASIK. She had
undergone bilateral LASIK twice in another
clinic and complained of blurred vision (espe-
cially in the right eye) at 7 years after the second
LASIK procedure. Records of the patient’s med-
ical history before LASIK were unavailable, and
corneal opacities were not evident at the time.
Notably, the patient’s father had been diag-
nosed with corneal dystrophy. The patient was
not prescribed any systematic or topical medi-
cation. At the initial visit to our clinic, the
patient’s best-corrected visual acuity (BCVA)
was 20/25 OU (-2.0 -1.25 9 175 OD, -1.00
-1.00 9 175 OS). Slit-lamp examination
showed numerous dense opacities at the ante-
rior corneal stroma in both eyes, and anterior-
segment optical coherence tomography detec-
ted hyperreflective materials at the surgical flap
interface (Fig. 1). Except for the corneal
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opacities, anterior and posterior segment ocular
examination was unremarkable in both eyes.
These opacities were more severe in the right
eye than in the left eye. The patient’s clinical
findings were suggestive of post-LASIK GCD
type 2. One of the authors (T.C.) performed
DALK in the right eye using a visco-dissection
technique [9]. The surgeon carefully removed
the entire host stroma and confirmed no rem-
nant stroma on the Descemet membrane.
Histopathological examination of the excised
corneal button revealed amyloid deposits
(stained with Congo red) and hyaline deposits
(stained with Masson’s trichrome) at the LASIK
interface (Fig. 2). Postoperative medication
included topical moxifloxacin hydrochloride
(VIGAMOX� [moxifloxacin HCl ophthalmic
solution] 0.5%, Novartis Pharmaceuticals, Basel,
Switzerland) four times a day and topical
betamethasone sodium phosphate (Rinderon�,
Shionogi Pharmaceuticals, Osaka, Japan) four

times a day. The patient’s postoperative course
was uneventful, and the patient’s blurred vision
was alleviated after surgery. The patient did not
experience corneal stromal rejection and the
graft remained clear. We removed the suture
2 years after the surgery, and the patient’s BCVA
improved to 20/16 OD (-1.50) at the time. The
patient’s BCVA remained stable during 8 years
of follow-up. The patient did not experience
recurrent corneal opacity during the follow-up
period (Fig. 1).

In case 2, a 32-year-old Japanese woman
complained of bilateral vision reduction. Five
years earlier, the patient had undergone bilat-
eral LASIK in another clinic. Corneal opacities
had not been evident before LASIK. The
patient’s family history did not include any
inherited corneal diseases. She was not pre-
scribed any systematic or topical medication.
Similar findings as those in case 1 were observed
in both eyes during the initial visit to our clinic

Fig. 1 Preoperative and postoperative clinical findings in a
patient with post-LASIK granular corneal dystrophy type 2
(case 1). Preoperative slit-lamp photograph captured by
sclerotic scatter and anterior segment optical coherence
tomography of the right eye in case 1. The images show
numerous and dense corneal opacities occupying over two-

thirds of the pupillary area (a) and hyperreflective materials
at the surgical flap interface (arrowheads) (b). Slit-lamp
photography and anterior segment optical coherence
tomography of the same eye at 8 years after deep anterior
lamellar keratoplasty. The images show a clear graft
without recurrent corneal opacities (c, d)
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(Fig. 3). The patient was not aware of any con-
comitant eye disease. The corneal opacities were
denser in the left eye than in the right eye at the
initial visit to our clinic. The patient’s BCVA
was 20/25 OD (not correctable) and 20/50 OS
(-0.5). The same surgeon (T.C.) as for case 1
performed DALK in the left eye. DALK was also
performed in the right eye 2 years later because
the patient’s BCVA in that eye subsequently
decreased to 20/50 (not correctable), while
BCVA of the left eye increased to 20/20 (not
correctable) after DALK. Similar to case 1, amy-
loid and hyaline deposits were detected at the

LASIK interface in the corneal buttons collected
from both eyes. Postoperative medication
included topical levofloxacin hydrochloride
(Cravit� ophthalmic solution 0.5%, Santen
Pharmaceuticals, Osaka, Japan) four times a day
and topical betamethasone sodium phosphate
(Rinderon�, Shionogi Pharmaceuticals) four
times a day. The patient’s postoperative course
was uneventful. We removed the suture in the
right eye 1 year after the surgery. The patient
did not experience corneal stromal rejection
and the graft remained clear in both eyes. The
patient’s BCVA was 20/16 OD (?2.75) and

Fig. 2 Histopathological findings in a corneal button from
a patient with post-LASIK granular corneal dystrophy type
2. Histopathological analysis of tissues from case 1 revealed
eosinophilic deposits along the LASIK flap interface (a,
hematoxylin–eosin; original magnification 9100). Hyaline

deposits were intensely stained with Masson’s trichrome
(b, Masson’s trichrome; original magnification 9400).
Amyloid deposits were weakly stained with Congo red
(arrowheads) (c, Congo red; original magnification 9400)
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20/12.5 OS (?2) at the last visit, corresponding
to 4 and 6 years after the surgeries, respectively.
She did not experience recurrent corneal opac-
ity during the follow-up period (Fig. 3).

DISCUSSION

To the best of our knowledge, this case series is
the first report of the long-term outcomes of
DALK in eyes with post-LASIK GCD type 2.
Importantly, no GCD recurrences were
observed during 4 to 8 years of follow-up after
DALK. Although there have been several reports
of other surgical treatments for post-LASIK GCD

type 2 [2–8], their long-term outcomes are
poorly understood and only two relevant
reports have been published [3, 5]. Jun et al.
performed PTK in one patient with post-LASIK
GCD type 2, and they scraped the interface
deposits after lifting the LASIK flap in another
affected patient. Notably, scraping deposits after
lifting the flap resulted in a clinically significant
recurrence with decreased visual acuity at
16 months. In contrast, corneal opacities did
not recur in the patient treated with PTK, but
the follow-up period was limited to 6 months
after surgery [3]. In the other published report,
PTK with LASIK flap removal yielded a lower
recurrence rate than did flap-conserving PTK.

Fig. 3 Preoperative and postoperative slit-lamp pho-
tographs of case 2. Dense corneal opacities occupy almost
the entire pupil area in both eyes before deep anterior
lamellar keratoplasty (a: the right eye, b: the left eye). In
both eyes, the corneal opacities were successfully removed

by deep anterior lamellar keratoplasty, and the patient did
not experience recurrence of corneal opacities through the
follow-up period (c: the right eye, 4 years after the surgery,
d: the left eye, 6 years after the surgery)
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Notably, subtle recurrence occurred in the flap
removal group, although this did not affect
visual acuity [5].

Because keratocytes in the corneal stroma
may be an important source of recurrent cor-
neal opacity in patients with GCD types 1 and 2
[10], we recommend that surgeons carefully
remove the entire host corneal stroma during
the treatment of patients with LASIK-aggravated
GCD. This recommendation is consistent with a
report by Oke et al. that involved DALK with
the big-bubble technique on both corneas of a
patient with GCD. In the right eye, the bubble
was evident in the stromal layer, suggesting that
host stroma remained on the Descemet mem-
brane. In contrast, the surgeon cleaved a plane
between the Descemet membrane and corneal
stroma in the left eye. Corneal opacities recur-
red only in the right eye at 6 years after surgery
[10]. In our patient, exposure of the Descemet
membrane without preservation of the corneal
stroma presumably prevented recurrent corneal
opacity during long-term follow-up. Consider-
ing that the mean duration of GCD recurrence
after DALK in the literature was 2.4 years (19
cases, range: 0.5 to 8.5 years) [10], our follow-up
duration might be sufficient.

The histological examination of our patients
showed Masson’s trichrome-positive and Congo
red-positive deposits, corresponding to hyaline
and amyloid accumulation. Four previous
reports have described Masson’s trichrome and
Congo red staining results in specimens from
patients with LASIK-aggravated GCD type 2.
Three of these reports showed that deposits at
the LASIK interface consisted of hyaline stained
with Masson’s trichrome, whereas amyloid
stained with Congo red was not detected; the
remaining report described hyaline and amy-
loid deposits at the LASIK flap [4, 6–8].

A notable limitation in this case report is that
neither patient underwent genetic analysis.
Nevertheless, amyloid and hyaline deposits in
the patients’ corneal specimens and clinical
findings were characteristic of GCD type 2 [1],
strongly supporting the diagnosis for each
patient.

CONCLUSIONS

Our report demonstrates that DALK can be used
for the treatment of patients with post-LASIK
GCD type 2; our patients did not exhibit
recurrence during long-term follow-up.
Removal of the entire host stroma may help
prevent recurrent corneal opacities.
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