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Surgical outcomes of re-excimer
laser phototherapeutic
keratectomy (re-PTK)

Osamu Hieda'™, Chie Sotozono?, Yo Nakamura?, Koichi Wakimasu? & Shigeru Kinoshita®

To assess the surgical outcomes of re-excimer laser phototherapeutic keratectomy (re-PTK) for
recurrent disease after initial PTK. Retrospective cohort study with historical comparison group. This
study involved 56 patients who underwent re-PTK (mean follow-up period: 47.9 + 36.2 months) at the
Baptist Eye Institute, Kyoto, Japan. In all subjects, corrected-distance visual acuity (CDVA) before
and after re-PTK was compared. Postoperative recurrence of corneal lesion with a decrease of CDVA
of two lines or more was compared with postoperative best CDVA deemed as a significant relapse.
The Kaplan-Meier method was used to compare the recurrence rate post-re-PTK with that after

the initial PTK. The disease classification in the 78 eyes was heterozygous-type GCD (hetero-GCD,
n=47 eyes), homozygous-type GCD (homo-GCD, n=13 eyes), band keratopathy (n=7 eyes), lattice
corneal dystrophy (n=6 eyes), and other (n=5 eyes). After re-PTK, homo-GCD recurred statistically
significantly earlier than hetero-GCD (P =0.0042). No significant difference was found in the recurrence
rate for all diseases between post-re-PTK and post initial PTK (P> 0.05). Surgical outcomes after
re-PTK were nearly equal to those after initial-PTK.

Phototherapeutic keratectomy (PTK) is a surgical treatment for anterior corneal disease that involves the use
of a 193-nm-wavelength argon fluoride excimer laser'. PTK can ablate superficial corneal opacification, such
as in corneal dystrophy (CD) or corneal degeneration?. It has been reported that in some pathologies, such as
Reis-Biicklers CD* and homozygous granular CD (GCD) type II (GCD2)®, early recurrence of the disease can
occur following PTK. Although cases of heterozygous GCD are often treated with PTK, they can gradually recur
with a relatively slow decrease of visual acuity (VA)*°. However, the recurrence of band keratopathy (BK) and
gelatinous drop-like CD after PTK is rare®.

To date, there have been a few reported case studies on the outcomes of PTK after the recurrence of the
corneal pathology post initial-PTK”® and keratoplasty®!°. A few previous studies have reported adverse events
resulting from PTK being performed multiple times'"'?, however, and to the best of our knowledge, there have
been no published reports on the differences in the recurrence rate between the initial PTK and a re-excimer
laser PTK (re-PTK).

Since 1998, our group has been performing re-PTKs, and we feel that no change between the improvement
in VA and recurrence rate after re-PTK compared with the initial PTK. Thus, the purpose of this retrospective
study was to investigate and assess the surgical outcomes and statistically analyze the rate of disease recurrence
following re-PTK.

Methods

This retrospective cohort study involved patients who underwent re-PTKSs at the Baptist Eye Institute, Kyoto,
Japan between October 1998 and May 2015 for the treatment of disease recurrence following the initial PTK.
Exclusion criteria included cases of re-PTKs with a follow-up period of less than 1 month and re-PTKs with
the first PTK institute unknown. The study protocols were approved by the Institutional Review Board of Kyoto
Prefectural University of Medicine and the Institutional Review Board of the Baptist Eye Institute, and in accord-
ance with the tenets set forth in the Declaration of Helsinki. The possibility of using the data was explained to
the patient at the time of the surgery and the patient’s consent was obtained.
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The indications for re-PTK included a decrease in corrected-distance VA (CDVA) or reported episodes of
pain, and the recurrence of the original disease following the initial PTK. Disease diagnoses were performed via
clinical observation using slit-lamp microscopy.

In this study, the historical comparison group consisted of patients who underwent initial PTK for hete-
rozygous-type GCD (hetero-GCD), BK, LCD, recurrent erosion, bullous keratopathy, amyloid deposition, and
Reis-Biicklers CD at the Baptist Eye Institute between August 1998 and March 2010. We previously reported the
postoperative outcomes of initial PTK, including the cases in this study®. The initial PTKs were performed for
the cases of homo-GCD seen at Kyoto Prefectural University of Medicine and the Baptist Eye Institute between
October 1993 and October 2006.

In all patients, CDVA was measured via Landolt C charts at a distance of 5 m, and the logarithm of the mini-
mum angle of resolution (logMAR) CDVA was assessed. Corneal clouding and disease recurrence was diagnosed
based on the slit-lamp microscopy findings. Moreover, CDVA measurement and slit-lamp examination of the
patients was performed prior to re-PTK and at 1-, 3-, and 6-months postoperatively, with continued follow-up
examines then being performed semi-annually. The postoperative CDVA was the highest value of CDVA recorded
after re-PTK. When cataract surgery was performed within 6-months post-re-PTK, the highest CDVA after
cataract surgery was regarded as the postoperative CDVA.

At all follow-up examinations, any adverse events were noted. The postoperative hyperopic shift was calculated
among the eyes with a preoperative CDVA of 0.52 logMAR or more. We took difference between preoperative
refractive spherical equivalent, and 3-months-postoperative refractive error without cataract surgery cases after
re-PTK.

Surgical technique. PTK was performed using one of the following three commercially-available excimer
laser systems: (1) EC-5000 (Nidek Co. Ltd., Gamagori, Japan), (2) VISX Star S4 IR® (Johnson & Johnson Vision
Care Inc., Jacksonville, Florida, USA), and (3) Technolas® 217z (Bausch & Lomb, Rochester, New York, USA).
The details of the laser settings have been reported previously®. Briefly, at 3-days prior to the PTK procedure
being performed, all patients received 0.5% cefmenoxime hydrochloride eye drops (Bestron®; Senju Pharma-
ceutical Co. Ltd., Osaka, Japan) 4-times daily and 100 mg cefcapene pivoxil hydrochloride hydrate (Flomox®;
Shionogi & Co., Ltd., Osaka, Japan) orally 3-times daily. On the day of PTK, the epithelium was directly removed
by excimer laser, and the ablation continued into the corneal stroma until the pathological cornea was removed
under topical anesthesia. In cases in which an irregularity was prominent on the resected surface, the corneal
surface was wetted with eye drops and laser ablation was performed to smooth it out. After laser ablation, the
corneal bed was left at a thickness of at least 250 um. Post PTK, all patients were initially prescribed 0.1% fluo-
rometholone eye drops (Flumetholon®; Santen Pharmaceutical Co., Ltd., Osaka, Japan) and antibiotic eye drops
4-times daily, with the dosage tapered off over the following 12 weeks. Each patient wore a continuous-use soft
contact lens on the operated cornea until the epithelial defect closed.

Statistical analysis. The average CDVA before and after re-PTK was compared by use of the paired #-test.
In accordance with the previous study*®, the definition of the recurrence of the corneal pathology is different in
relation to the type of corneal disease. As for the corneal diseases without recurrent erosion, the recurrence was
defined by the level of increased opacification at the superficial layer of the central cornea that was associated
with the decrease in the CDVA of 0.2 or more logMAR. When cataract progression occurred during the post-re-
PTK period, cataract surgery was performed, and if the CDVA decrease remained at 0.2 or more logMAR lower
than the highest CDVA after re-PTK, we identified it as a recurrence. As for the recurrent erosion, the recurrence
was defined by the reported episodes of pain.

Recurrence rates after re-PTK were compared between the 5 groups, and a Cox proportional-hazards model
was constructed using the explanatory variables, such as the disease groups, age, sex, laterality, ablation depth,
excimer laser models, and preoperative CDVA. Some of the hazard ratios were corrected based on the Firth’s
penalized partial likelihood criteria'®. Recurrence rates after re-PTK were compared with the recurrence rates
after the initial PTK on a disease-by-disease basis using the Kaplan-Meier method and the log-rank test. JMP
version 13.2.1 Statistical Software for Windows (SAS Institute Inc., Cary, North Carolina, USA) was used for
statistical analysis, and a P-value of <0.05 was considered statistically significant.

Ethical approval. This retrospective review of patient data was approved by the Human Studies Committee
of Kyoto Prefectural University of Medicine.

Results

This retrospective study involved a total of 78 eyes of 55 subjects (34 eyes of 24 males; 44 eyes of 31 females).
The mean (+ standard deviation) patient age was 64.4 + 17.9 years (range, 10-89 years), and the mean follow-up
period was 47.9 + 36.2 months (range, 1-144 months). The average ablation depth setting was 114.7 + 31.3um
(range, 30-250 pum), and the ablation settings contained smoothing ablation; the real ablation depth was smaller
than 200um. The average elapsed time from first PTK to re-PTK was 97.2 + 53.3 months (range, 7-244 months),
and 17 eyes (21.8%) underwent cataract surgery after re-PTK.

Of the patients in Japan with GCD, 80% to 90% are reportedly afflicted with GCD2'*'. The appearance of
heterozygous-type GCD?2 is superficial whitish round patches and translucent short dash-like linear or dot-
like deposits in the stroma. Dashes in GCD2 appear whiter and rarely cross each other, and these signs can be
distinguished from the lattice lines in lattice CD (LCD). GCD type 1 has characteristic granules and is easily
distinguishable from LCD. Homozygous-type GCD (homo-GCD) is characterized by strong opacity and rapid
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The time CDVA (LogMAR)
between
re-PTK and Mean 2 lines or
Mean age Gender (F/M) | first-PTK Ablation follow-up 2 lines or more | more worse
(years) (eyes) (months) depth (um) (months) Cat-op (cases) | Pre Post improved (%) | (%)
y Y pth (um P P
Hetero-type
67+13.1 119.2+45.5 111.5+15.5 46.6+34.8
granular cor- | )7 26/21 (49-244) (66-151) (1-120) 15 0.48+0.41 |021+£023 |51 2.1
neal dystrophy
Homo-type
46.6+24.4 82.8+44.4 152.2+43.1 58.6+33.8
granular cor- (10-81) (31-206) (101.4-250) (18-126) 0 1.15+0.46 |0.31+£0.31 | 100 0
neal dystrophy .
Band kera- 7494 36.3+29.1 96.7+£34.9 27.9+29.1
topathy (60-84) (13.95) (50-150) (3.78) 1 0.61£0.64 |0.37+0.62 |42.9 0
Lattice corneal | 67+12.1 77+31.0 96.5+7.2 38.4+15.7
dystrophy (49-78) (33-107) (82-100) (60-144) 0 0.90£037 10.30+£027 833 0
51.6+22.3 22.8+21.6 110.4+66.6 14.6+13.6
Others (19-74) (7-60) (30-200) (1-36) 1 046078 | 0.38+0.56 |80 0
64.4+17.9 96.3+52.5 115.7+£32.6 47.9+36.2
Total (10-89) 44/34 (7-244) (30-250) (1-144) 17 0.66+0.52 | 0.26+032 |64.1 13

Table 1. Re-Excimer laser phototherapeutic keratectomy: preoperative diagnoses, corrected distance visual
acuity and related characteristics. The postoperative CDVA =the best CDVA recorded after PTK. Cat-op =the
eyes in which cataract surgery was performed post PTK. Ablation Depth = the mean calculated total ablation
depth (epithelium and stroma). () =range.

Mean age (years) | Gender (F/M) (eye)
Hetero-type granular corneal dystrophy (6261%391)18 253/123
Homo-type granular corneal dystrophy ?57;172)24'3 6/5

729+12.2
Band keratopathy (6-101) 180/58

. 51.1+£15.6
Lattice corneal dystrophy (33-76) 6/7
Others; 6 amyloid deposite, 9 recurrent erosion, 6 bullous keratopathy and one Reis-Buckler 51.1+20.1
17/5

corneal dystrophy (9-81)

Table 2. Initial-excimer laser phototherapeutic keratectomy group: preoperative background.

progression from early childhood"®. The homo-GCD patients in this study were diagnosed based on characteristic
clinical appearance, family history, age at disease onset, and/or genetic analysis.

The patients were divided into the following 5 groups: (1) hetero-GCD (32 subjects, 47 eyes), (2) homo-GCD
(10 subjects, 13 eyes), (3) BK (5 subjects, 7 eyes), (4) LCD (4 subjects, 6 eyes), and (5) other (5 subjects, 5 eyes).
The other’ cases contained two subjects with amyloid deposits, recurrent erosion, bullous keratopathy and Reis-
Biicklers CD. The characteristics of the patients and the depth of ablation, the follow-up period, the number of
cataract surgeries performed after re-PTK, and the change in VA before and after re-PTK are listed separately
by each group in Table 1. Among those cases, one-third (10/32) of the hetero-GCD cases and one-half (5/10) of
the homo-GCD cases were examined via genetic analysis. All analyses were compatible to the clinical diagnoses,
and all genetically diagnosed GCD cases were GCD2.

The profiles of the initial PTK group are shown in Table 2; i.e., hetero-GCD (229 subjects, 376 eyes), homo-
GCD (8 subjects, 11 eyes), BK (167 subjects, 238 eyes), LCD (8 subjects, 13 eyes), and other (20 subjects, 22 eyes).
In this study, the homo-GCD included 5 eyes post penetrating keratoplasty (PK) and the homo-GCD in initial
PTK group also included 5 post PK eyes, and no diseases other than the homo-GCD included eyes post PK.

The rate of disease recurrence after re-PTK is shown in Fig. 1. The difference in recurrence rate among the 5
groups was statistically significant (log-rant test, P=0.0004). The univariate Cox proportional-hazard model was
constructed using age, gender, laterality, preoperative CDVA, ablation depth, laser type, and disease type. The
gender and laterality were not significantly influenced by the recurrence rate. The multivariate Cox proportional-
hazard model was constructed using age, preoperative CDVA, ablation depth, laser type, and disease type. Only
disease type (homo/hetero) was found to be a significant variable influencing the recurrence rate (Table 3). Our
findings revealed that post-re-PTK, homo-GCD recurred at a faster rate than hetero-GCD.

The eyes with recurrent hetero-GCD (Fig. 2A,B) were treated by re-PTK, and the mean change of CDVA in
those eyes was — 0.27 £0.33 logMAR (range, -1.70 to 0.24 logMAR). CDVA improved significantly after surgery
(P<0.0001). After recurrence, GCD gradually progressed for several years, which eventually led to a decrease
in VA. No significant difference was found between the recurrence rate post-re-PTK and that post initial-PTK
(Kaplan-Meier-method analysis, P=0.20) (Fig. 3A).
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Figure 1. Graph showing the survival curve of the non-recurrence of disease after re-excimer laser
phototherapeutic keratectomy among 5 groups constructed via the Kaplan-Meier method.

Univariable Multivariable

HR 95% CI P value HR 95% CI P value
Age 0.975 | 0.956-0.997 0.03* 0.992 | 0.962-1.023 0.60
Sex (female/male) 0.733 | 0.315-1.716 0.47
Eye (OS/OD) 1.262 | 0.561-2.812 0.57
Pre-CDVA 0.141 | 0.062-0.316 <0.0001* | 0.374 |0.111-1.263 0.11
Ablation depth 1.022 | 1.009-1.034 0.001* 1.004 | 0.986-1.022 0.68
Laser type 0.009* 0.60
VISX/EC-5000 0.351 | 0.099-0.983 0.046* 0.487 | 0.181-2.645 0.33
T-217/EC-5000 0.225 | 0.052-0.671 0.006* 0.834 | 0.090-1.842 0.78
Disease type 0.0004* 0.06
Homo/hetero 92.167 | 12.409-684.588 <0.0001* | 27.877 | 2.852-272.465 | 0.0042*
Band/hetero 0.986 | 0.047-20.569 0.99 0.76 0.03-19.35 0.87
Lattice/hetero 9.991 | 1.993-50.087 0.0051* | 4.69 0.821-26.806 0.08
Others/hetero 49.517 | 3.824-641.146 0.0028* | 13.27 0.66-266.681 0.09

Table 3. The cox proportional hazard model of univariable and multivariable for disease recurrence.
Multivariable model is adjusted for age, pre-CDVA, ablation depth, laser type and disease type. CI confidence
interval. *P <0.05.

The eyes with recurrent homo-GCD were treated by re-PTK (Fig. 2C,D), and the mean change of CDVA in
those eyes was — 0.85+0.39 logMAR (range, — 1.35 to — 0.10 logMAR) (P <0.0001). No significant difference
was found between the recurrence rate of homo-GCD post-re-PTK and that post initial PTK (Kaplan-Meier-
method analysis, P=0.24) (Fig. 3B). The recurrence occurred at approximately 6-months after re-PTK, followed
by an increase of opacity. Five eyes of 4 patients had undergone PK prior to the initial PTK, however, there was
no significant effect on the recurrence rate of PTK, or not, after PK.

The number of recurrent BK was 7 eyes in 7 patients (Fig. 2E), and the mean change of CDVA in those eyes
was — 0.24+0.16 logMAR (range, -0.48 to 0 logMAR) (P=0.008). No significant difference was found between
the recurrence rate of BK post-re-PTK and that post initial-PTK (P=0.80) (Fig. 3C). Moreover, there were no
cases of disease recurrence after re-PTK for BK.

In the LCD group eyes (Fig. 2F), the mean change of CDVA was -0.61 +0.28 logMAR (range, — 0.92 to — 0.18
logMAR) (P=0.003). No significant difference was found between the recurrence rate of LCD post-re-PTK and
that post initial-PTK (P=0.16) (Fig. 3D). Moreover, no significant difference was found between the recurrence
speed in the other-disease group post-re-PTK and that post initial-PTK (P=0.46) (Fig. 3E), and CDVA was also
improved in the other-disease group post-re-PTK (P=0.02).

In all subjects, no sight-threatening adverse events occurred. Mild circular haze was observed in some of
the cases, however, there were no cases that required another PTK for that opacity. Treatment with mitomycin
C (MMC) was used only in 3 homo-GCD eyes that underwent re-PTK. Hyperopic shift was observed, and the
mean change in spherical equivalent refractive errors between pre and post-re-PTK in 24 eyes was + 1.77 diopters
(D) (range, — 2.25 to + 5D). The hyperopic shift was correlated with ablation depth (P =0.0006), more ablation
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Figure 2. Slit-lamp microscopy photographs of the anterior segment at 18.5 years initial phototherapeutic
keratectomy (PTK) for hetero-type granular corneal dystrophy (GCD) prior to re-excimer laser PTK (re-PTK)
(A) and post 5 years (A-1). The photographs at 20 years initial PTK for hetero-type GCD prior to re-PTK
(B).These 2 eyes had the longest elapsed time period between the two PTK operations. The photographs

of 46 months (C) and 31 months (D) after the initial PTK for homozygous-type GCD before re-PTK. The
photographs at 6 months initial PTK homozygous-type GCD post re-PTK (D-1). Images showing the pre-re-
PTK findings of band keratopathy (E) and lattice corneal dystrophy (F).
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Figure 3. Graph showing the survival curve of the non-recurrence of disease after re-PTK compared with
initial PTK among the 5 groups. There was no difference in the recurrence rate after re-PTK and initial PTK
among the 5 groups.

depth caused more hyperopic shift. VA decreased by two lines or more in only 1 hetero-GCD eye after re-PTK,
and that patient had a cataract and was referred to another hospital for cataract surgery at 1-month post-re-PTK.

Discussion
All disease groups showed significant improvement in CDVA after re-PTK. However, compared with the hetero-
GCD cases, there was a significantly greater rate of disease recurrence in the homo-GCD cases after re-PTK.
There was no difference in recurrence rate between post-re-PTK and post-initial PTK.

To date, there have been a few published case reports on the rate of disease recurrence following re-PTK!®17,
In theory, repeated laser irradiation activates the stromal cells into fibroblasts, which increases the production of
collagen and corneal opacity. As the number of PTKs being performed has increased, this is reportedly a trend
towards a shorter elapsed time to re-operation'®. In our experience, the elapsed time to recurrence in all disease
groups is equal for re-PTK and initial PTK. It should be noted that most of the re-PTK surgeries at our institutes
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were performed 3 or more years after the initial PTK. The cornea stabilized after a period of time, re-PTK might
make equal response with initial PTK. Recurrent corneal dystrophy and degeneration can be treated with corneal
transplantation. However, due to the large postoperative astigmatism and the complications of infection and
rejection, corneal transplantation should be an option when visual improvement cannot be achieved with re-PTK.

Performing a re-PTK does not have a negative effect on the cornea. In fact, the excimer laser has been used
clinically for more than 20 years as a laser that can ablate corneas without opacity with proper prophylaxis'. It has
been reported that the cornea after excimer laser ablation maintains a stable morphology®® and corneal shape?!
for a long period of time. It is also known that the corneal surface normalizes after PTK** and that, except for
some CDs, disease recurrence occurs slow1y4’6. Based on our observations and the fact that the ablation depths
of the first and second resections were almost the same, the location of the recurrent corneal opacities are same
as the depth of the original diseases. The mean ablation depth in the first PTK, granular corneal dystrophy was
106.7 um and band keratopathy was 100.3 um. In this re-PTK, granular corneal dystrophy was 111.5 um and
band keratopathy was 96.7 pum, with no obvious difference. After a sufficient period, the second PTK should not
affect the cornea any differently than the initial PTK.

Compared with the postoperative outcomes post initial PTK, the same side effects and complications can
occur post-re-PTK. PTK causes a large epithelial defect, so caution is needed in regard to corneal infection.
Our findings showed that hyperopic shift after PTK occurred at the same level as after the initial PTK. Due to a
rapid recurrence of homo-GCD in 3 eyes, MMC was applied during surgery to gain the effect to slow down the
recurrence®*?*, not to prevent corneal haze®. In all cases that underwent re-PTK, there was no haze affecting
the VA post surgery. Moreover, the use of MMC was generally not necessary for re-PTK.

In this study, two-thirds of the hetero-GCD cases, one-half of the homo-GCD cases, and all of the LCD
and other disease cases were not genetically tested. Other than in the homozygous and heterozygous types of
GCD, the effect of genotype on relapse was unknown. In some cases of inflammation, such as conjunctivitis, the
opacity recurred quickly, and the risk factors for recurrence for each disease will be examined in greater detail
in the future.

In conclusion, re-PTK was found to be safe and effective for treating disease recurrence following an initial
PTK. Statistically, we found that the elapsed time to disease recurrence following re-PTK was nearly the same as
that post initial-PTK. Thus, re-PTK should be considered after the recurrence of the disease.

Received: 9 March 2021; Accepted: 17 May 2021
Published online: 01 June 2021

References

1. Nagpal, R. et al. Phototherapeutic keratectomy. Surv. Ophthalmol. 65(1), 79-108 (2020).

2. Stark, W.J. et al. Clinical follow-up of 193-nm ArF excimer laser photokeratectomy. Ophthalmology 99(5), 805-812 (1992).

3. Sher, N. A. et al. Clinical use of the 193-nm excimer laser in the treatment of corneal scars. Arch. Ophthalmol. 109(4), 491-498
(1991).

4. Dinh, R,, Rapuano, C. J., Cohen, E. J. & Laibson, P. R. Recurrence of corneal dystrophy after excimer laser phototherapeutic
keratectomy. Ophthalmology 106(8), 1490-1497 (1999).

5. Inoue, T. et al. Different recurrence patterns after phototherapeutic keratectomy in the corneal dystrophy resulting from homozy-
gous and heterozygous R124H BIG-H3 mutation. Am. J. Ophthalmol. 132(2), 255-257 (2001).

6. Hieda, O. et al. Clinical outcomes and time to recurrence of phototherapeutic keratectomy in Japan. Medicine 98(27), e16216
(2019).

7. Maini, R. & Loughnan, M. S. Phototherapeutic keratectomy re-treatment for recurrent corneal erosion syndrome. Br. J. Ophthalmol.
86(3), 270-272 (2002).

8. Zeng, L. et al. Multiple phototherapeutic keratectomy treatments in a Chinese pedigree with corneal dystrophy and an R124L
mutation: A 20-year observational study. BMC Ophthalmol. 19(1), 191 (2019).

9. Ellies, P. et al. Phototherapeutic keratectomy for BIGH3-linked corneal dystrophy recurring after penetrating keratoplasty. Oph-
thalmology 110(6), 1119-1125 (2003).

10. Reddy, J. C., Rapuano, C. J., Nagra, P. K. & Hammersmith, K. M. Excimer laser phototherapeutic keratectomy in eyes with corneal
stromal dystrophies with and without a corneal graft. Am. J. Ophthalmol. 155(6), 1111-1118 (2013).

11. Rapuano, C. J. Excimer laser phototherapeutic keratectomy in eyes with anterior corneal dystrophies: Preoperative and postop-
erative ultrasound biomicroscopic examination and short-term clinical outcomes with and without an antihyperopia treatment.
Trans. Am. Ophthalmol. Soc. 101, 371-399 (2003).

12. Nassaralla, B. R. & Nassaralla Junior, J. ]. Ten-year results of phototherapeutic keratectomy on recurrent corneal erosions. Arg.
Bras. Oftalmol. 75(1), 33-37 (2012).

13. Firth, D. Bias reduction of maximum likelihood estimates. Biometrika 80(1), 27-38 (1993).

14. Konishi, M. et al. The classic form of granular corneal dystrophy associated with R555W mutation in the BIGH3 gene is rare in
Japanese patients. Am. J. Ophthalmol. 126(3), 450-452 (1998).

15. Weiss, J. S. et al. IC3D classification of corneal dystrophies: Edition 2. Cornea 34(2), 117-159 (2015).

16. Moon, J. W. et al. Homozygous granular corneal dystrophy type II (Avellino corneal dystrophy): Natural history and progression
after treatment. Cornea 26(9), 1095-1100 (2007).

17. Koiwa, C. et al. Multiple excimer laser phototherapeutic keratectomies for Avellino corneal dystrophy: A case report. Int. . Oph-
thalmol. 13(5), 841-844 (2020).

18. Rathi, V. M. et al. Phototherapeutic keratectomy for recurrent granular dystrophy in postpenetrating keratoplasty eyes. Indian J.
Ophthalmol. 64(2), 140-144 (2016).

19. Trokel, S. Evolution of excimer laser corneal surgery. J. Cataract. Refract. Surg. 15(4), 373-383 (1989).

20. Bilgihan, K. et al. Evaluation of long-term corneal morphology after photorefractive keratectomy by in vivo confocal microscopy
and specular microscopy; 20-year follow-up. Eye Contact. Lens 45(6), 360-364 (2019).

21. O’Brart, D. P. et al. Twenty-year follow-up of a randomized prospective clinical trial of excimer laser photorefractive keratectomy.
Am. J. Ophthalmol. 158(4), 651-663 (2014).

22. Dogru, M., Katakami, C., Nishida, T. & Yamanaka, A. Alteration of the ocular surface with recurrence of granular/avellino corneal
dystrophy after phototherapeutic keratectomy: Report of five cases and literature review. Ophthalmology 108(4), 810-817 (2001).

23. Ayres, B. D., Himmersmith, K. M., Laibson, P. R. & Rapuano, C. ]. Phototherapeutic keratectomy with intraoperative mitomycin
C to prevent recurrent anterior corneal pathology. Am. J. Ophthalmol. 142(3), 490-492 (2006).

Scientific Reports |

(2021) 11:11503 | https://doi.org/10.1038/s41598-021-91121-6 nature portfolio



www.nature.com/scientificreports/

24. Miller, A. et al. Prevention of recurrent Reis-Bucklers dystrophy following excimer laser phototherapeutic keratectomy with topical
mitomycin C. Cornea 23(7), 732-735 (2004).

25. Lee, Y. C., Wang, L. ], Hu, E R. & Kao, W. W. Immunohistochemical study of subepithelial haze after phototherapeutic keratectomy.
J. Refract. Surg. 17(3), 334-341 (2001).

Acknowledgements
The authors wish to thank John Bush for editing the manuscript and Satomi Sakabayashi for statistical analysis.

Author contributions

Involved in the design of the study (O.H.); conduct of the study (O.H., S.K.); collection, management, analysis,
and interpretation of the data (O.H., Y.N., K.W.); preparation, review (O.H., S.K.,C.S.); and approval of the
manuscript (O.H., Y.N., KW, S.K.,C.S.).

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to O.H.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International
BY

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2021

Scientific Reports|  (2021) 11:11503 | https://doi.org/10.1038/s41598-021-91121-6 nature portfolio


www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Surgical outcomes of re-excimer laser phototherapeutic keratectomy (re-PTK)
	Methods
	Surgical technique. 
	Statistical analysis. 
	Ethical approval. 

	Results
	Discussion
	References
	Acknowledgements


