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Several infiltrates appeared in the upper midperipheral cornea of a 29-year-old woman who had
had uneventful corneal collagen crosslinking (CXL) with riboflavin and ultraviolet-A light (UVA)
for the treatment of keratoconus in the right eye. Staphylococcus epidermidis keratitis was con-
firmed by microbiological studies, which guided treatment with topical fortified antibiotic agents.
Before CXL, the best spectacle-corrected visual acuity (BSCVA) in the right eye was 20/25, the
manifest refraction was �0.25 �0.25 � 125, and the anterior segment was normal under biomi-
croscopy. Five months after the procedure, the BSCVA was 20/22, the manifest refraction was
C1.00 �2.50 � 40, and slitlamp examination revealed a mild residual haze in the upper midper-
ipheral cornea. Collagen crosslinking with riboflavin–UVA is a minimally invasive method but tra-
ditionally requires epithelial removal, which could be a predisposing factor to bacterial keratitis.
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Keratoconus is a noninflammatory ectasia of the cor-
nea that is usually bilateral. The condition typically
starts at puberty, progressing in approximately 20%
of cases to the extent that keratoplasty is necessary.1

Hard contact lenses and corneal grafting have been
the major treatment modalities for keratoconus,
although some patients can now benefit from intracor-
neal ring segment implantation.1,2 None of these tech-
niques treat the underlying cause of ectasia and,
therefore, cannot stop the progression of keratoconus.3

In recent years, the technique of corneal collagen
crosslinking (CXL) with riboflavin and ultraviolet-A

light (UVA) has been developed.3 This technique in-
creases the corneal rigidity of treated corneas, and pre-
liminary clinical studies have shown improvement
and stabilization of keratectasia with few, if any, com-
plications in patients with keratoconus.4,5

We report a case of microbial keratitis that devel-
oped after CXL with riboflavin and UVA for the treat-
ment of keratoconus. To our knowledge, this is the first
report of microbial keratitis after CXL with riboflavin–
UVA treatment.

CASE REPORT

A 29-year-old white woman was referred to the Cornea Sec-
tion, Vissum-Instituto Oftalmológico de Alicante, Alicante,
Spain, in February 2008 for the correction of progressive ker-
atoconus. The patient was unable to wear contact lenses; she
did not have general health problems.

The best spectacle-corrected visual acuity (BSCVA) was
20/25 in the right eye and 20/32 in the left eye, and the man-
ifest refraction was �0.25 �0.25 � 125 and �1.00 � 120,
respectively. Biomicroscopy results of the anterior segment
were normal for the right eye; light Vogt striae were
observed in the left eye. Intraocular pressure was 12 mm Hg
in each eye. Ophthalmoscopy revealed normal fundus in
botheyes.Corneal thickness,measuredwithultrasonicpachy-
metry (DGH-500 pachymeter, DGHTechnology), was 450 mm
and 430 mm in the right eye and left eye, respectively. Video-
keratography showed a pattern consistent with keratoconus
in both eyes (asymmetric bowtie with skewing of the radial
axis above and below the horizontalmeridian and inferonasal
steepening).6 The videokeratography-derived indices kera-
tometry (K) (central K-reading) and inferior–superior (I–S) di-
optric asymmetrywere 47diopters (D) and2.3D, respectively,
in the right eye and 51.2D and the 4.1D respectively, in the left
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eye. Based on these data, Krumeich stage 1 keratoconus was
diagnosed in the right eye and Krumeich stage 2 keratoconus
was diagnosed in the left eye.7 The patient was scheduled for
CXL with riboflavin–UVA light in the right eye and intracor-
neal ring segment implantation in the left eye. The risks of the
surgerywere fully explained to the patient in accordancewith
the Declaration of Helsinki.

In March 2008, uneventful intracorneal ring segment
implantation (Ferrara ring, Mediphacos) was performed in
the left eye after a stromal tunnel was created with a femto-
second laser (IntraLase Corp.). Three months after surgery,
the uncorrected visual acuity (UCVA) was 20/20, the mani-
fest refractionwas�0.25� 130, and the cornea was clear and
quiet under biomicroscopy.

InApril 2008, the patient hadCXLwith riboflavin–UVA in
the right eye. The surgical procedure was conducted under
sterile techniques using topical anesthesia of oxybuprocaine
0.4%, 1 drop every 10 minutes twice before surgery. After
the patient was placed under the operating microscope, an
8.5 mm circle was traced on the epithelium with a corneal
marker and the epithelium within the circle removed with
a blunt spatula. This was followed by instillation of 4 drops
of a solution containing riboflavin 0.1% and dextran 20%
(Ricrolin) for approximately 10 minutes. Penetration of the
cornea and presence of riboflavin in the anterior chamber (ri-
boflavin shielding) was monitored by slitlamp examination.
After 2 to 4 additional drops of the riboflavin solution were
instilled, the UV lamp was turned on to irradiate an
8.0 mm diameter of central cornea. Riboflavin 0.1% solution
was applied every 5 minutes during the irradiation. The UV
(wavelength 370 nm) source was a solid-state device consist-
ing of 1 UV diode (Vega X linker, Compagnia Strumenti Of-
talmici). The source was focused on the apex of the cornea at
a distance of 50mm to obtain a radiant energy of 3mW/cm2.
The cornea was irradiated with the UVA diode for 30 min-
utes. After treatment, the eye surface was washed with 20
mL balanced salt solution, medicated with 2 drops of
ciprofloxacin (Oftacilox) and 2 drops of cyclopentolate
(Ciclopléjico), and dressed with a soft contact lens (Focus
Night & Day, Ciba Vision). After the procedure, the patient
was given paracetamol–codeine (500 mg/30 mg) every 8
hours for 2 days, cyclopentolate eyedrops 3 times a day for
2 days, and ciprofloxacin eyedrops 4 times a day for 5 days.

At the first follow-up visit, 2 days after surgery, the patient
complained of photophobia and blurring in the right eye.
Slitlamp examination revealed ciliary injection and 4 well-de-
fined white nodules surrounded by small satellite lesions and
hazy stromal infiltrate in the upper midperipheral cornea
(Figure 1). Epithelial defects were present overlying the cor-
neal infiltrates and in thecentral corneadue to epithelial repair.
The anterior chamber reaction was mild. This picture was
thought to represent microbial keratitis, and the immediate
management involved scraping the corneal stromal infiltrates
in the affected area with a spatula. The corneal samples were
placed on a microscope slide for Gram staining; on blood,
chocolate, and MacConkey agar and thioglycolate broth for
bacterial culture; and on Sabouraud agar for fungal culture.

The smears revealed no microorganisms, but hourly topi-
cal fortified cefazolin (50mg/mL) and topical fortified tobra-
mycin (15 mg/mL) were started on the same day. Cultures
were subsequently (after 48 hours of incubation) positive
for Staphylococcus epidermidis. The organisms were identified
based on their morphology, stain features, ability to produce
catalase, inability to produce coagulase, and antibiotic sus-
ceptibility to novobiocin. Twenty-four hours after organism

identification, an antibiotic-sensitivity test (Kirby-Bauer
disk-diffusion method) showed that the isolated organism
was sensitive to tobramycin/gentamicin, fluoroquinolones,
and vancomycin but resistant to cefazolin. The treatment
regimen was then changed to topical ofloxacin 0.3% (Exocin)
and topical fortified tobramycin (15 mg/mL), which were
given at 1-hour intervals around the clock for 2 days and de-
creased to 2-hour intervals for 5 days.

The patient’s condition improved rapidly, with regression
of the ocular inflammation and corneal infiltrates, and topical
antibiotic agents were reduced to 4 times a day for 2 more
weeks. One week after the antibiotic-sensitivity test, topical
fluorometholone 0.10% (FML) 3 times a day was added to
the antibiotic regimen. One month after CXL, an eye exami-
nation revealed moderate leucomas surrounded by stromal
haze in the upper midperipheral cornea. Topical fluorome-
tholone was continued twice a day for 1 additional month.

Fivemonths after the treatment, the UCVA in the right eye
was 20/32 and the BSCVA, 20/22. The postoperative refrac-
tion was C1.00 �2.50 � 40. Slitlamp examination disclosed
a mild haze in the upper midperipheral area (Figure 2),
and the central corneal thickness was 405 mm.

DISCUSSION

In contrast to other therapeutic measures for treating
keratoconus, such as hard contact lenses, thermal kera-
toplasty, epikeratoplasty, or intracorneal rings, which
are transient corrections,2,8,9 the new technique of CXL
with riboflavin–UVA seems to be the first approach to
stop or even reduce the progression of keratoconus.3,5

Preliminary clinical studies have shown long-term sta-
bilization and improvement of keratoconus after CXL,
with no vision-threatening complications.3,5 To our
knowledge, no case of microbial keratitis related to
CXLwith riboflavin–UVA treatment has been reported.

In our case, the lesion appearance was suspected
of being microbial keratitis, probably related to
intraoperative or early postoperative contamination,
and a proper microbiologic workup was undertaken.

Figure 1. Right eye slitlamp photograph showing 4 well-defined,
gray–white stromal infiltrates surrounded by small satellite lesions
in the upper midperipheral cornea 4 days after CXL with ribofla-
vin–UVA.
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Collagen crosslinking with riboflavin–UVA is
aminimally invasivemethod but traditionally requires
epithelial removal for surgery and corneal stroma
exposure for 30 minutes for irradiation; the epithelial
defect usually takes from 2 to 5 days to heal com-
pletely. An intact corneal epithelium is an important
defense barrier, and only a few bacteria, such asNeisse-
ria gonorrhoeae, Corynebacterium diphtheriae, and Listeria
monocytogenes, can penetrate an intact epithelium;
most cannot. The compromised corneal epithelial in-
tegrity caused by CXL was probably the predisposing
factor to bacterial keratitis in our patient, in the same
way as corneal epithelial damage caused by contact
lens wear, corneal trauma, or other corneal surgery
procedures is a predisposing factor tomicrobial kerati-
tis.10,11 It seems reasonable to postulate that the risk for
infection might be lower in a transepithelial CXL tech-
nique,12 since the epithelium remains intact, but more
studies are necessary to confirm this statement.

Coagulase-negative staphylococci, including S epi-
dermidis, are usually present in normal ocular flora,
and more than 85% of eyelid cultures from the normal
population are positive for coagulase-negative staphy-
lococci.10,13 These microorganisms are very common
etiologic agents of bacterial keratitis in theUnited States
and Europe and usually cause opportunistic infection
when the epithelium is compromised.10,14 With these
data, we have enough information to identify S epider-
midis as the causative organism isolated in our patient.

In our case, scraping the corneal infiltrates allowed
us to obtain enough material for microbiologic pro-
cessing and fast microbial identification that guided
the proper treatment. We emphasize that the routine
use of antibiotic agents after surgery was unable to
prevent bacterial keratitis development in our patient.

This case illustrates the risk formicrobial keratitis after
CXLwith riboflavin–UVA for the treatment of keratoco-
nus. It represents our firstmicrobial keratitis in a series of
18 CXL procedures, an incidence of 5.5%. The case also
emphasizes the need for a surgical procedure conducted
under sterile techniques, for postoperative surveillance,
for the use of postoperative topical antibiotic agents,
and for an informed consent for patients who elect this
procedure for keratoconus treatment.
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Figure 2. Slitlamp view of the right eye showingmild haze in the up-
per midperipheral cornea 5 months after treatment.
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