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Purpose: To report the first multicenter survey in Japan on infectious keratitis after excimer laser surgery.
Methods: The laser in situ keratomileusis (LASIK) Safety Network (LSN) Committee sent questionnaires to
28 LSN member hospitals to assess the total number of laser corneal surgeries, the number of infection
cases (including suspicious cases), and the postoperative follow-up rate during a 3-year period.
Results: Responses were obtained from 27 (96.4%) of 28 institutions. One phototherapeutic keratectomy
infection case was reported among 22,415 excimer laser surgery cases, which equates to an incidence
rate of 0.004%. The follow-up rate was 94.14% (67.2e100%), 80.11% (41.0e96.1%), 57.95% (11.5e93.0%), and
46.64% (4.7e93.0%) at 1 month, 3 months, 6 months, and 12 months of follow-up, respectively.
Conclusion: Infectious keratitis is a potentially devastating complication of excimer laser surgery. We did
not see any infectious keratitis for refractive cases. This first multicenter survey in Japan on infectious
keratitis provides important information on the safety of this therapy.
Copyright © 2014, The Ophthalmologic Society of Taiwan. Published by Elsevier Taiwan LLC. All rights

reserved.
1. Introduction

Excimer laser technology has evolved since it was first used in
the early 1970s to etch silicone computer chips. Approximately 2
decades ago, the excimer laser began its evolution from a largely
industrial cutting tool to the driving force behind precise, safe, and
effective corneal refractive surgery. Excimer lasers are widely
employed for laser in situ keratomileusis (LASIK), photorefractive
keratectomy (PRK), and phototherapeutic keratectomy (PTK). This
laser technology brought excimer laser surgery to the masses, and
these laser surgeries are today the second most commonly per-
formed ophthalmic procedure worldwide, after cataract surgery.

On February 25, 2009, the Japanese health authorities issued an
alert that 70 (i.e., more than 10%) of 639 LASIK patients developed
infectious keratitisdprimarily nontuberculous mycobacterial
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ciety of Taiwan. Published by Else
infectionsdafter undergoing LASIK surgery between late September
2008 and mid-January 2009. Several outbreaks of post-LASIK myco-
bacterial infectionhavebeen reported.1e3However, toourknowledge,
this is the largest number of reported cases.4 This outbreak occurred
surprisingly from a single private refractive surgery center in Tokyo,
Japan. As of March 19, 2009, four of the 70 patients required hospi-
talization for intensivemedical treatment; of these, twopatientswere
believed likely to require corneal transplantation.

At the time, however, the precedent data on the incidence of
infectious keratitis after excimer laser surgery had not been
collected in Japan. Neither health authorities nor academic in-
stitutions in Japan conducted surveys on the subject. In fact, most
academic university hospitals do not perform excimer laser sur-
geries on a regular basis. Because the number of patients under-
going these surgeries is increasing annually, the safety and efficacy
of excimer laser surgery is a public health issue of considerable
interest. We therefore established a network of physicians, the
LASIK Safety Network (LSN), to collate these data. The prerequisites
for joining this network were that the doctors should trust each
vier Taiwan LLC. All rights reserved.
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other and should be board certified. Furthermore, they should be
trained in the cornea/refractive field and should follow their
postoperative patients regularly.

The LSN Committee conducted a postexcimer laser surgery in-
fectious keratitis survey to investigate the incidence of infectious
keratitis after excimer laser surgeries among LSN institutions across
Japan. This report presents the results of this survey.

2. Methods

In November 2010, the LSN Committee sent questionnaires to
28 LSN member hospitals to assess the previous 3-year-period
(i.e., October 1, 2007 to September 30, 2010) concerning the total
number of laser corneal surgeries, the number of infection cases
Fig. 1. The questionnaire used for the survey. The questionnaire was originally wri
(including suspicious cases), and the postoperative follow-up
rate at several time points (1 month, 3 months, 6 months, and
12 months) (Fig. 1). The definition of infectious keratitis in this
report was the clinical appearance of a corneal ulcer and/or a
positive culture result. The LSN members were asked to complete
the questionnaire and send their responses back. No financial
incentive was provided to the members for returning the
questionnaire.

3. Results

We received responses from 27 (96.4%) of 28 institutions. One
infection case was reported among 22,415 patients, which equates
to an incidence rate of 0.004% (Table 1).
tten in Japanese. It has been translated into English for publication purposes.



Table 1
Case responses from LSN institutions for excimer laser surgery performed during a
3-year period from October 1, 2007 to September 30, 2010.

No. Type of institution Cases Infection Geographic area

1 Private 6182 0 Kanto
2 Private 4202 0 Chubu
3 Private 1788 0 Kanto
4 Private 1421 0 Shikoku
5 University 1324 0 Kansai
6 Private 1255 0 Kyusyu
7 Private 728 0 Kansai
8 Private 697 0 Kansai
9 Private 651 0 Chubu
10 Private 591 0 Tohoku
11 Private 560 0 Kyusyu
12 Private 551 0 Kanto
13 Private 364 0 Shikoku
14 Private 259 0 Tohoku
15 University 236 0 Kanto
16 Private 234 0 Hokkaido
17 Private 220 0 Hokkaido
18 Private 215 0 Kanto
19 Private 169 0 Chubu
20 Private 163 0 Chubu
21 University 147 0 Kanto
22 University 135 0 Hokkaido
23 University 118 1 Chugoku
24 Private 63 0 Kyusyu
25 Private 60 0 Chubu
26 University 48 0 Tohoku
27 University 34 0 Shikoku

TOTAL 22,415 1

LSN ¼ LASIK Safety Network.

Fig. 2. The geographic area of each excimer laser clinic. The regions of Japan are not
officially administrative units. However, Japan has been divided into eight regions:
Hokkaido, Tohoku, Kanto, Chubu, Kansai, Chugoku, Shikoku, and Kyushu. We deter-
mined the number of cases in each area.
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This single infection case occurred after PTK for corneal dys-
trophy in the patient's left eye. The infection was evident 1 week
after surgery, and intensive topical and oral antibiotic treatments
were initiated. Treatment involved the administration of topical
levofloxacin, topical cefmenoxime hydrochloride, ofloxacin eye
ointment, and oral minocycline hydrochloride for 1 week. The or-
ganisms that were cultured were Corynebacterium spp. The pre-
operative uncorrected visual acuity (UCVA) and best spectacle-
corrected visual acuity (BSCVA) were 0.05 and 0.08, respectively,
whereas the postinfection UCVA and BSCVA were 0.1 and 0.2,
respectively. We did not see any infectious cases in the refractive
surgery group.

The follow-up rate at each time point was 94.14% (67.2e100%),
80.11% (41.0e96.1%), 57.95% (11.5e93.0%), and 46.64% (4.7e93.0%)
at 1 month, 3 months, 6 months, and 12 months, respectively.

4. Discussion

Excimer laser-assisted cornea surgery is the mainstay in
refractive surgery (e.g., LASIK, PRK) and in therapeutic treatment
(e.g., PTK). As with other surgical procedures, case reports have
described postoperative bacterial keratitis,5e11 fungal keratitis,12e14

or mycobacterial keratitis after refractive surgeries.15,16 Compared
with other refractive procedures, LASIK preserves the integrity of
Bowman's membrane and the overlying epithelium, thus
decreasing the risk of microbial keratitis.17 However, infectious
keratitis after LASIK or excimer surface ablation such as PRK has
become an increasingly recognized sight-threatening complication
of refractive surgery. The incidence of infectious keratitis is un-
known and varies widely in studies. Based on a comprehensive
review and analysis of the literature, Chang et al18 report that the
incidence of infection after LASIK can vary widely from 0% to
1.5%.To our knowledge, the largest outbreak of infectious keratitis
after LASIK surgery originated from a single center in Tokyo, Japan.
The incidence of this infection outbreak was more than 10%.
Predisposing factors of infectious keratitis generally include a
history of corneal surgery,8,19 breaks in the epithelial barrier,8

excessive surgical manipulation,5 intraoperative contamination,3

and delayed postoperative re-epithelialization of the cornea.8,16

The outbreak in Tokyo was from a nosocomial infection resulting
from improper sterilization procedures for each patient and from a
problem with the clinic's autoclave system, which had not under-
gone proper maintenance inspections.

Excimer laser surgery requires soft and hard resources such as
space, lasers, clean rooms, and skilled technicians and nurses. This
surgery is selective to healthy eyes, other than eyes with refractive
errors (except PTK patients), and creates the hurdle for a
government-covered insurance system, which is primarily con-
cerned with diseased patients. A similar number of LASIK surgeries
are performed per capita in the United States and in Japan, although
a higher percentage of the total number of surgeries is executed
mostly by private surgical centers in Japan. However, in the United
States, LASIK surgeries are performed nationwide, including in
many academic centers. In Japan, excimer laser surgeries are not
widely accepted in resident and fellowship programs, and physi-
cians are not exposed to the procedures on a regular basis. In
addition, little collaboration has been established between aca-
demic and private institutions in Japan. Some claim the Japanese
reticence is precipitated by its conservative culture and by media
reports that “clouded the market with negativism for excimer laser
surgery.”20 These attitudes may partly explain why official or aca-
demic surveys have not been conducted in Japan, despite growing
public interest.

Refractive surgeons in universities and private clinics in Japan
therefore established a voluntary and collaborative group, called
the LASIK Safety Network (Fig. 2). At the time of the survey, the
institutions composing this group were 28 hospitals (8 universities
and 20 private clinics) that performed excimer laser surgeries. As of
February 2013, the number increased to 34 institutions (9 univer-
sities and 25 private clinics). There were no cases of infectious
keratitis after LASIK or PRK in 22,415 patients during the 3-year
survey period; however, a single case of infectious keratitis after
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PTK has been reported. For the first time, this survey of LSN
members provides useful information about infectious keratitis
after excimer laser procedures in Japan. We believe that the re-
sponses from 27 institutions of the 28 institutions, which are based
on 22,415 procedures, are representative of infectious keratitis after
excimer laser procedures.

The low incidence of infection reported in this paper may be
because of increased awareness and improved sterile techniques. A
high degree of suspicion can result in good visual recovery from
infectious keratitis, when coupled with a rapid diagnosis and
appropriate therapy. Furthermore, preventativemeasures and great
care are important before, during, and after surgery. Most laser
surgeons in Japan use sterile drapes, gowns, gloves, and masks, just
as they do for intraocular surgeries. Proper sterilization techniques
canprevent theuseof contaminated instruments. Several epidemics
of atypical mycobacteria have been associated with the use of non-
sterile water to clean instruments or the use of ice during laser
surgery2,3,21; therefore, all fluids applied to the eye before, during,
and after refractive surgery should be sterile.22 To reduce the risk of
developing infectionsafter theoperation, patients shouldbeadvised
to avoid exposure to contaminated water, close contact with pets,
and contaminated work environments until the epithelium heals.23

However, with all efforts to avoid infection, doctors have to
remember that some normal ocular bacterial flora is resistant to
fluoroquinolone antibiotics (which are frequently used for laser
refractive surgery) and that the infectious risk is not zero.24

Major limitations of the survey include: (1) the retrospective
noncontrolled nature of the study; (2) the responses of non-LSN
members were not considered; (3) the period of the survey
(2007e2010) was different from period of the infection outbreak
(2008e2009); (4) the follow-up rate appeared widely variable
among the members; and (5) the small percentage of infection
cases relative to the number of reported total cases
(400,000e500,000 cases in 2008).

It is possible that the infected patients may have gone to other
institutions for help. However, in a small country such as Japan that
has a small number of doctors performing laser vision correction,
doctors usually hear rumors of postoperative infection cases, as we
did, with an infection outbreak.

Despite these limitations, we believe this is a very important
first step in the Japanese Excimer Laser Society, which academic
societies and officials have not conducted to date. In conclusion,
infectious keratitis is a potentially devastating complication of
excimer laser surgery. This article reports the results of the first
multicenter survey on infectious keratitis in Japan. We are moving
towards conducting a nationwide survey of all institutions using
excimer lasers for eye surgeries.

LASIK Safety Network

Minamiaoyama Eye Clinic, Minatomirai Eye Clinic, Eguchi Eye
Hospital, Miyata Ophthalmic Hospital (Miyazaki Prefecture),
Miyata Ophthalmic Hospital (Kagoshima Prefecture), Hayashi Eye
Hospital, TaneMemorial Eye Hospital, Okamoto Eye Clinic, Hara Eye
Hospital, Baptist Eye Clinic, Ogasawara Eye Clinic, Nagoya Eye
Clinic, Tsuboi Eye Center, Kaiya Eyes Clinic, Sugita Eye Hospital,
Fujita Eye Clinic, Miyake Eye Hospital, Tokai Eye Clinic, Seishin Eye
Hospital, Satoh Yuya Eye Clinic, Ishida Eye Clinic, Kobayashi Eye
Clinic, Obihiro Eye Clinic, Inouye Eye Hospital, Yoshino Eye Clinic,
Keio University, Iwate Medical University, Asahikawa Medical
College, Dokkyo Medical University, Kyoto Prefectural University of
Medicine, Ehime University, Tottori University, Osaka University,
Tokyo Dental College, Suido-bashi Hospital (Feb, 2013).
Acknowledgments

We employed a professional English editing company, Editage
(http://www.editage.jp), for the preparation of this manuscript. The
editing fee was paid by the LASIK Safety Network.
References

1. Chandra NS, Torres MF, Winthrop KL, et al. Cluster of Mycobacterium chelonae
keratitis cases following laser in-situ keratomileusis. Am J Ophthalmol.
2001;132:819e830.

2. Winthrop KL, Steinberg EB, Holmes G, et al. Epidemic and sporadic cases of
nontuberculous mycobacterial keratitis associated with laser in situ kerato-
mileusis. Am J Ophthalmol. 2003;135:223e224.

3. Freitas D, Alvarenga L, Sampaio J, et al. An outbreak of Mycobacterium chelonae
infection after LASIK. Ophthalmology. 2003;110:276e285.

4. Yamaguchi T, Bissen-Miyajima H, Hori-Komai Y, et al. Infectious keratitis
outbreak after laser in situ keratomileusis at a single laser center in Japan.
J Cataract Refract Surg. 2011;37:894e900.

5. Dada T, Sharma N, Dada VK, Vajpayee RB. Pneumococcal keratitis after laser in
situ keratomileusis. J Cataract Refract Surg. 2000;26:460e461.

6. Solomon R, Donnenfeld ED, Perry HD, Biser S. Bilateral methicillin-resistant
Staphylococcus aureus keratitis in a medical resident following an uneventful
bilateral photorefractive keratectomy. Eye Contact Lens. 2003;29:187e189.

7. Solomon R, Donnenfeld ED, Perry HD, et al. Methicillin- resistant Staphylo-
coccus aureus infectious keratitis following refractive surgery. Am J Ophthalmol.
2007;143:629e634.

8. Levartovsky S, Rosenwasser GOD, Goodman DF. Bacterial keratitis after laser in
situ keratomileusis. Ophthalmology. 2001;108:321e325. errata, 1012.

9. Rubinfeld RS, Negvesky GJ. Methicillin-resistant Staphylococcus aureus ulcera-
tive keratitis after laser in situ keratomileusis. J Cataract Refract Surg. 2001;27:
1523e1525.

10. Webber SK, Lawless MA, Sutton GL, Rogers CM. Staphylococcal infection under
a LASIK flap. Cornea. 1999;18:361e365.

11. Lindbohm N, Moilanen JA, Vesaluoma MH, Tervo TMT. Acinetobacter and
Staphylococcus aureus ulcerative keratitis after laser in situ keratomileusis
treated with antibiotics and phototherapeutic keratectomy. J Refract Surg.
2005;21:404e406.

12. Sridhar MS, Garg P, Bansal AK, Gopinathan U. Aspergillus flavus keratitis after
laser in situ keratomileusis. Am J Ophthalmol. 2000;129:802e804.

13. Peng Q, Holzer MP, Kaufer PH, Apple DJ, Solomon KD. Interface fungal infection
after laser in situ keratomileusis presenting as diffuse lamellar keratitis: a
clinicopathological report. J Cataract Refract Surg. 2002;28:1400e1408.

14. Alfonso JF, Baamonde MB, Santos MJ, Santos MJ, Astudillo A, Fernandez-Vega L.
Acremonium fungal infection in 4 patients after laser in situ keratomileusis.
J Cataract Refract Surg. 2004;30:262e267.

15. Yang K-S, Chen Y-F, Lin K-K, Hsiao C-H. Mycobacterium keratitis after laser in
situ keratomileusis. Cornea. 2005;24:344e346.

16. Solomon A, Karp CL, Miller D, Dubovy SR, Huang AJW, Culbertson WW.
Mycobacterium interface keratitis after laser in situ keratomileusis. Ophthal-
mology. 2001;108:2201e2208.

17. de Oliveira GC, Solari HP, Ciola FB, Lima AL, Campos MS. Corneal infiltrates after
excimer laser photorefractive keratectomy and LASIK. J Refract Surg. 2006;22:
159e165.

18. Chang MA, Jain S, Azar DT. Infections following laser in situ keratomileusis: an
integration of the published literature. Surv Ophthalmol. 2004;49:269e280.

19. Gelender H, Carter HL, Bowman B, Beebe WE, Walters GR. Mycobacterium
keratitis after laser in situ keratomileusis. J Refract Surg. 2000;16:191e195.

20. Daly R. Japanese refractive attitudes start to change. Fairfax, VA: Eye World
Newsmagazine; September 14, 2004. Available at http://www.eyeworld.org/
article.php?sid¼1946. Accessed 15.03.14.

21. Fulcher SFA, Fader RC, Rosa Jr RH, Holmes GP. Delayed-onset mycobacterial
keratitis after LASIK. Cornea. 2002;21:546e554.

22. Donnenfeld ED, Kim T, Holland E, et al. ASCRS white paper; management of
infectious keratitis following laser in situ keratomileusis. J Cataract Refract Surg.
2005;31:2008e2011.

23. Tuli SS, Yoo SH. Curvularia keratitis after laser in situ keratomileusis from a
feline source. J Cataract Refract Surg. 2003;29:1019e1021.

24. Park SH, Lim JA, Choi JS, Kim KA, Joo CK. The resistance patterns of normal
ocular bacterial flora to 4 fluoroquinolone antibiotics. Cornea. 2009;28:68e72.

http://www.editage.jp
http://refhub.elsevier.com/S2211-5056(14)00043-X/sref1
http://refhub.elsevier.com/S2211-5056(14)00043-X/sref1
http://refhub.elsevier.com/S2211-5056(14)00043-X/sref1
http://refhub.elsevier.com/S2211-5056(14)00043-X/sref1
http://refhub.elsevier.com/S2211-5056(14)00043-X/sref2
http://refhub.elsevier.com/S2211-5056(14)00043-X/sref2
http://refhub.elsevier.com/S2211-5056(14)00043-X/sref2
http://refhub.elsevier.com/S2211-5056(14)00043-X/sref2
http://refhub.elsevier.com/S2211-5056(14)00043-X/sref3
http://refhub.elsevier.com/S2211-5056(14)00043-X/sref3
http://refhub.elsevier.com/S2211-5056(14)00043-X/sref3
http://refhub.elsevier.com/S2211-5056(14)00043-X/sref4
http://refhub.elsevier.com/S2211-5056(14)00043-X/sref4
http://refhub.elsevier.com/S2211-5056(14)00043-X/sref4
http://refhub.elsevier.com/S2211-5056(14)00043-X/sref4
http://refhub.elsevier.com/S2211-5056(14)00043-X/sref5
http://refhub.elsevier.com/S2211-5056(14)00043-X/sref5
http://refhub.elsevier.com/S2211-5056(14)00043-X/sref5
http://refhub.elsevier.com/S2211-5056(14)00043-X/sref6
http://refhub.elsevier.com/S2211-5056(14)00043-X/sref6
http://refhub.elsevier.com/S2211-5056(14)00043-X/sref6
http://refhub.elsevier.com/S2211-5056(14)00043-X/sref6
http://refhub.elsevier.com/S2211-5056(14)00043-X/sref7
http://refhub.elsevier.com/S2211-5056(14)00043-X/sref7
http://refhub.elsevier.com/S2211-5056(14)00043-X/sref7
http://refhub.elsevier.com/S2211-5056(14)00043-X/sref7
http://refhub.elsevier.com/S2211-5056(14)00043-X/sref8
http://refhub.elsevier.com/S2211-5056(14)00043-X/sref8
http://refhub.elsevier.com/S2211-5056(14)00043-X/sref8
http://refhub.elsevier.com/S2211-5056(14)00043-X/sref9
http://refhub.elsevier.com/S2211-5056(14)00043-X/sref9
http://refhub.elsevier.com/S2211-5056(14)00043-X/sref9
http://refhub.elsevier.com/S2211-5056(14)00043-X/sref9
http://refhub.elsevier.com/S2211-5056(14)00043-X/sref10
http://refhub.elsevier.com/S2211-5056(14)00043-X/sref10
http://refhub.elsevier.com/S2211-5056(14)00043-X/sref10
http://refhub.elsevier.com/S2211-5056(14)00043-X/sref11
http://refhub.elsevier.com/S2211-5056(14)00043-X/sref11
http://refhub.elsevier.com/S2211-5056(14)00043-X/sref11
http://refhub.elsevier.com/S2211-5056(14)00043-X/sref11
http://refhub.elsevier.com/S2211-5056(14)00043-X/sref11
http://refhub.elsevier.com/S2211-5056(14)00043-X/sref12
http://refhub.elsevier.com/S2211-5056(14)00043-X/sref12
http://refhub.elsevier.com/S2211-5056(14)00043-X/sref12
http://refhub.elsevier.com/S2211-5056(14)00043-X/sref13
http://refhub.elsevier.com/S2211-5056(14)00043-X/sref13
http://refhub.elsevier.com/S2211-5056(14)00043-X/sref13
http://refhub.elsevier.com/S2211-5056(14)00043-X/sref13
http://refhub.elsevier.com/S2211-5056(14)00043-X/sref14
http://refhub.elsevier.com/S2211-5056(14)00043-X/sref14
http://refhub.elsevier.com/S2211-5056(14)00043-X/sref14
http://refhub.elsevier.com/S2211-5056(14)00043-X/sref14
http://refhub.elsevier.com/S2211-5056(14)00043-X/sref15
http://refhub.elsevier.com/S2211-5056(14)00043-X/sref15
http://refhub.elsevier.com/S2211-5056(14)00043-X/sref15
http://refhub.elsevier.com/S2211-5056(14)00043-X/sref16
http://refhub.elsevier.com/S2211-5056(14)00043-X/sref16
http://refhub.elsevier.com/S2211-5056(14)00043-X/sref16
http://refhub.elsevier.com/S2211-5056(14)00043-X/sref16
http://refhub.elsevier.com/S2211-5056(14)00043-X/sref17
http://refhub.elsevier.com/S2211-5056(14)00043-X/sref17
http://refhub.elsevier.com/S2211-5056(14)00043-X/sref17
http://refhub.elsevier.com/S2211-5056(14)00043-X/sref17
http://refhub.elsevier.com/S2211-5056(14)00043-X/sref18
http://refhub.elsevier.com/S2211-5056(14)00043-X/sref18
http://refhub.elsevier.com/S2211-5056(14)00043-X/sref18
http://refhub.elsevier.com/S2211-5056(14)00043-X/sref19
http://refhub.elsevier.com/S2211-5056(14)00043-X/sref19
http://refhub.elsevier.com/S2211-5056(14)00043-X/sref19
http://www.eyeworld.org/article.php?sid=1946
http://www.eyeworld.org/article.php?sid=1946
http://www.eyeworld.org/article.php?sid=1946
http://refhub.elsevier.com/S2211-5056(14)00043-X/sref21
http://refhub.elsevier.com/S2211-5056(14)00043-X/sref21
http://refhub.elsevier.com/S2211-5056(14)00043-X/sref21
http://refhub.elsevier.com/S2211-5056(14)00043-X/sref22
http://refhub.elsevier.com/S2211-5056(14)00043-X/sref22
http://refhub.elsevier.com/S2211-5056(14)00043-X/sref22
http://refhub.elsevier.com/S2211-5056(14)00043-X/sref22
http://refhub.elsevier.com/S2211-5056(14)00043-X/sref23
http://refhub.elsevier.com/S2211-5056(14)00043-X/sref23
http://refhub.elsevier.com/S2211-5056(14)00043-X/sref23
http://refhub.elsevier.com/S2211-5056(14)00043-X/sref24
http://refhub.elsevier.com/S2211-5056(14)00043-X/sref24
http://refhub.elsevier.com/S2211-5056(14)00043-X/sref24

	First multicenter survey on infectious keratitis following excimer laser surgery in Japan
	1 Introduction
	2 Methods
	3 Results
	4 Discussion
	LASIK Safety Network
	Acknowledgments
	References


