
 
  

     

       
      

          

 

 

     

          
       

         
   

         

        
     

          
    

        

 

        
        
         
        

      
        

        

      
        

       
      

      

      

 

      

       

        

R E P O R T  

Accelerated Photoactivated 
Chromophore for Keratitis–Corneal 
Collagen Cross-linking as a First-line and 
Sole Treatment in Early Fungal Keratitis 

David Tabibian, MD; Olivier Richoz, MD; Arnaud Riat, MS; 
Jacques Schrenzel, MD; Farhad Hafezi, MD, PhD 

ABSTRACT 

PURPOSE: To report the use of accelerated photoactivated chro­
mophore for keratitis–corneal collagen cross-linking (PACK-CXL) as 
a first-line treatment in a patient with an atypical fungal keratitis. 

METHODS: Case report and literature review. 

RESULTS: A patient who presented with a painful peripheral cor­
neal infiltrate underwent PACK-CXL with a local limited abrasion 
and accelerated ultraviolet-A irradiation at 365 µm and 9 mW/cm2 

for 10 minutes. Cultures grew Aureobasidium pullulans. The cor­
neal epithelium closed completely within 3 days and the infiltrate 
was completely eradicated without administration of antibiotics. 

CONCLUSIONS: Accelerated PACK-CXL was successfully used 
as a first-line and sole treatment in a case of early fungal kera­
titis caused by Aureobasidium pullulans. Further characteriza­
tion of the antifungal effect of PACK-CXL is needed in prospec­
tive studies. 

[J Refract Surg. 2014;30(12):855-857.] 

Besides the established indication of corneal 
ectatic disorders, corneal collagen cross-linking 
(CXL) has more recently been used as photoac­

tivated chromophore for keratitis–CXL (PACK-CXL) to 
treat infectious keratitis.1-5 
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Iseli et al. published the first report on the use of 
PACK-CXL as a treatment in microbial ulcers resistant 
to conventional therapy in 2008. Two of the five cases 
presented were of fungal origin.1 In 2012, Makdoumi 
et al. observed 16 eyes of 16 patients with bacterial 
keratitis that received PACK-CXL as first-line treat­
ment. Postoperatively, only 2 of the 16 eyes required 
additional topical antibiotic treatment and epithelial 
healing occurred within a mean of 7.1 days in 15 of 
the 16 cases.3 These promising results encouraged 
others to explore PACK-CXL as a treatment for fungal 
keratitis, both clinically4,5 and experimentally in ani­
mal models.6 

We report successful PACK-CXL as a first-line and 
sole treatment in a patient with an atypical keratitis 
caused by Aureobasidium pullulans, a fungus with 
rare occurrence in corneal infections. 

CASE REPORT 
A 27-year-old woman presented to our depart­

ment in June 2014 complaining about a red, painful, 
and tearing right eye since the morning. The patient 
had worn daily soft contact lenses since 7 years of 
age and had no other relevant medical and ocular 
history. Corrected distance visual acuity (CDVA) was 
0.1 logMAR (6/7.5 Snellen) in the right eye (with 
-3.50 -0.25 × 9) and 0.0 logMAR (6/6.0 Snellen) in the 
left eye (with -3.50 -0.75 × 174). Slit-lamp examina­
tion showed a marked conjunctival hyperemia and 
a round corneal stromal infiltrate with a diameter of 
1 mm at the 2-o’clock position in the peripheral cor­
nea, surrounded by a mild localized corneal edema 
(Figure 1A). Minimum corneal thickness was 519 µm, 
as measured optically by Scheimpflug imaging (Pen­
tacam; Oculus, Wetzlar, Germany), and the infiltrate 
extended to a stromal depth of 170 µm (Figure 1D, 
arrow), as assessed by anterior segment optical coher­
ence tomography (Spectralis; Heidelberg Engineering, 
Inc., Heidelberg, Germany). A slight anterior chamber 
reaction with few cells was present. 

Corneal and conjunctival swabs were taken and sent 
to the bacteriology laboratory. The patient’s contact 
lens was not available. With the consent of the local 
Institutional Review Board, PACK-CXL was offered as 
a first-line and sole treatment to the patient. The pa­
tient’s consent was obtained and surgery was planned 
for the same day. No topical or systemic antibiotics 
were administered prior to surgery. 

The patient was treated as described previously5 

with two modifications: an accelerated protocol was 
used and the epithelium was only removed partially. 
Briefly, prior to the irradiation, the epithelium was 
removed locally 1 mm around the infiltrate with a 
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hockey knife, creating a round abrasion of 3 mm di­
ameter total. Proparacaine hydrochloride 0.5% eye 
drops containing 0.01 benzalkonium chloride were 
administered three times within 10 minutes, followed 
by instillation of 0.1% hypo-osmolaric riboflavin solu­
tion (MedioCross TE; Peschke Meditrade, Zug, Swit­
zerland) on the entire cornea every 3 minutes for 30 
minutes. Irradiation was performed at 365 µm using 9 
mW/cm2 for 10 minutes (CCL365; Peschke Meditrade). 
During the procedure, riboflavin solution was added 
once after 5 minutes. After the procedure, the ribo­
flavin was rinsed off with saline solution, vitamin A 
ointment was applied, and the eye was patched. Acet­
aminophen was administered for analgesia. No topical 
or systemic antibiotics were prescribed. 

The following day, CDVA in the right eye was 0.1 
logMAR (6/7.5 Snellen) and slit-lamp examination 
showed a deepithelialized zone of 2.5-mm diameter. 
Slight conjunctival hyperemia was observed and the 
minimal anterior chamber reaction was still present 
(Figure 1B). The patient reported discomfort, but no 
pain. Because the evolution of the infiltrate was favor­
able at 24 hours after treatment, no additional medi­
cation besides vitamin A ointment was used after the 
time of surgery. Reepithelialization occurred gradually 
and the epithelium was completely closed and inflam­
matory signs on the conjunctiva and anterior chamber 
were resolved at 72 hours after PACK-CXL. At 1 week 
after the procedure, CDVA was 0.00 logMAR (6/6.0 
Snellen) in both eyes. At 1 month after PACK-CXL, 
slit-lamp examination and anterior segment optical co­
herence tomography (Figures 1C-1E, arrow) showed a 
reduction in depth and density of the residual stromal 

scar associated with a regular healing process. CDVA 
was 0.0 logMAR (6/6.0 Snellen) in the right eye (with 
-3.50 -0.75 × 163) and 0.0 logMAR (6/6.0 Snellen) in 
the left eye (with -3.50 -1.00 × 1). 

Microbial cultures revealed that a black yeast-like 
fungus caused the infection. The analysis by both 
MALDI ToF MS and ITS sequencing identified the 
strain as Aureobasidium pullulans, a type of fungus 
rarely associated with ocular infection in the litera­
ture. To determine the exact phenotype, the strain was 
cultured for 7 additional days at room temperature in 
the dark on potato dextrose agar, yielding the specific 
color of Aureobasidium pullulans var pullulans. 

DISCUSSION 
We report accelerated PACK-CXL as a first-line and 

sole treatment in a contact lens wearer presenting 
with a beginning fungal keratitis caused by Aureo­
basidium pullulans, a yeast-like species that shows 
a filamentous growth. A. pullulans is ubiquitous and 
can be responsible for various infections (mainly in 
immune-compromised patients, such as pneumonia, 
catheter-related bacteremia, peritonitis, and abscesses 
of the spleen, and also infectious keratitis).7-9 

Microbial keratitis represents an indication for 
PACK-CXL that is rapidly developing. For bacterial 
keratitis, PACK-CXL has been successfully applied in 
clinical case series and studies and showed promising 
results in both advanced and early ulcers caused by 
various strains of bacteria.1-5 This case report suggests 
that this technology might be useful as a first-line treat­
ment not only in early bacterial, but also in early fungal 
keratitis. Furthermore, we applied recently published 

Figure 1. Slit-lamp photographs of the corneal infiltrate in the right eye (A) prior to photoactivated chromophore for keratitis–corneal collagen cross-
linking (PACK-CXL) and at (B) 1 and (C) 30 days after PACK-CXL. Anterior segment optical coherence tomography showing the infiltrate (depth: 170 
µm) (D) prior to and (E) 30 days after PACK-CXL. 
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findings indicating that accelerated irradiation proto­
cols (9 mW/cm2 for 10 minutes) might be as effective 
as conventional irradiation with 3 mW/cm2 for 30 min­
utes.10 The ultrastructure of fungi and especially their 
cell walls are distinctly different from bacteria, and 
further experimental studies are needed to explore the 
efficacy of PACK-CXL against various types of fungi. 
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