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Abstract
·AIM: To compare argon laser photocoagulation and
intrastromal injection of voriconazole as adjunctive
treatment modalities in cases of resistant mycotic
corneal ulcers.

· METHODS: Two groups each of them included 20
cases of resistant mycotic corneal ulcers. Both groups
treated with local and systemic specific antimicrobial
drugs guided with culture and sensitivity results. In one
group argon laser photocoagulation was used as an
adjunctive therapy to the specific antifungal drugs and in
the other group, intrastromal injection of voriconazole
was done besides the specific antifungal drugs. The 40
cases included in the study were proven according to
culture and sensitivity to be 28 cases with pure fungal
results and 12 cases with mixed (fungal and bacterial). In
argon laser group, argon laser irradiation of the corneal
ulcer was performed using argon laser 532 nm
wavelength (Carl Zeiss LSL 532s AG; Meditec, Inc.) after
fluorescein staining. In the other group, voriconazole
solution (500 滋g/mL) was prepared and injected in the
corneal stroma. All cases were followed up for 3mo after
healing was achieved.

·RESULTS: Complete healing of the epithelial defect
and resolution of stromal infiltration with no adverse
effects were achieved in argon laser group in duration
ranged from 2 -4wk in 90% of cases. In voriconazole
group 4 cases needed amniotic membrane graft due to
thinning and 16 cases healed in duration ranged from 2-
6wk (80% of cases).

· CONCLUSION: Argon laser photocoagulation is
superior to intrastromal voriconazole injection in
treatment of resistant fungal corneal ulcers.
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INTRODUCTION

F ungal keratitis is a serious pathological corneal condition
that commonly ends in great visual impairment. In most

of the developing countries, fungal keratitis represents a
major problem due to the poor socioeconomic status of many
people, lack of proper medical care, unavailability of topical
antifungal agents and difficulties in its clinical diagnosis,
laboratory work[1-3].
Fungal corneal pathogens included four families: filamentous
fungi, yeast, yeast like and dimorphic fungi. From the
filamentous fungi, Aspergillus, fusarium and cladosporium
are the most common pathogens while Candida albicans is
the most common member form of yeast family[4-5].
Mycotic keratitis occurs due to invasion by the pathogenic
fungal strains and helped by poor host immunity and defense
mechanisms due to local or systemic causes. Certain fungal
strains have the ability to adhere to the cell wall and to
produce proteolytic enzymes and toxins that destroy the host
defense mechanisms[6-8].
Fungal corneal infections especially with filamentous agents
are usually predisposed by trauma with vegetable or organic
materials. On the other hand Candida albicans commonly
attacks in the immune-compromised corneas[9-10].
Detection of pathogenic corneal fungi is based on culture and
sensitivity tests using corneal swabs or biopsies. Other
methods for fungus detection based on the types of enzymes
produced by the invading fungus like immune-diffusion,
electrophoresis and ELISA[11-12].
There are many antifungal agents used in different fungal
infections, three major groups can be identified; polyenes: as
amphotericin B and nystatin, azoles: as itraconazole and
fuconazole and lastly pyrimidines: as flucytosine[13-14].
In the last few years argon laser photocoagulation was
introduced as an adjunctive therapy in the treatment of
resistant infected corneal ulcers including fungal cases with
promising results[15].
Voriconazole is a recent triazole antifungal agent used orally
and intravenously. Intrastromal voriconazole injection also is
used nowadays to increase the effectiveness of antifungal
therapy against mycotic pathogens that attack the cornea[16-17].
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SUBJECTS AND METHODS
Patients included in this study attended the cornea unit in
Department of Ophthalmology at Tanta University Hospital
in Egypt for medical consultation in the period from August
2012 to August 2014.
Those patients were suffering from resistant mycotic corneal
ulcers. They were divided into 2 groups each one included 20
cases of resistant fungal corneal ulcers with or without
hypopyon level. Both groups were treated with local and
systemic specific antifungal drugs guided with culture and
sensitivity results. After one week of specific antifungal
therapy with no obvious improvement, those patients were
included in the study. The 40 cases of the study included 28
pure fungal ulcers and 12 mixed (fungal and bacterial) cases
as proven with microbial culture and sensitivity results.
Thirty-three cases of the included patients were associated
with hypopyon. Informed consent was obtained from every
participant in this study and ethical committee approval was
obtained.
In the first visit, careful ophthalmological examination using
the slit lamp was done and detailed history was investigated
to detect any predisposing factors that may be incriminated in
such cases and so can be corrected if they are correctable.
The previous medications taken by the patients were stopped
for 1d and continued only the non-specific drugs like atropine
sulphate and lubricants to give a chance for microbial culture
and sensitivity to be done. Routine ocular ultrasonography
was done for assessment of the posterior segment in order to
detect its involvement that would change the approach of
treatment.
The size of corneal ulcers as examined with the slit lamp
ranged from 1.5-9.0 mm in both horizontal and vertical
diameters.
The culture and sensitivity results showed multiple fungal
isolates including aspergillus flavus, candida albicans,
fusarium solani and others.
According to the culture and sensitivity results, the specific
treatment was prescribed for each case. The topical
antifungal drugs prescribed included voriconazole 1%
(VFEND; Pfizer, Inc., New York, NY, USA) amphotericin B
0.15% (Fungizone; Bristol-Myers Squibb, New York, NY,
USA) prepared as fortified drops, natamycin 5% (Natamet;
Sun Pharmaceutical Industries Limited, Mumbai, India),
fluconazole 0.2% (Diflucan; Pfizer, Inc., New York, NY,
USA) taken directly from the vial, and itraconazole 1% (Itral;
Jawa Pharmaceuticals, Lahore, Pakistan). The topical
antibiotics prescribed according to culture and sensitivity
results included gatifloxacin 0.5% (Zymer; Allergan, Inc.,
Irvine, CA, USA), ofloxacin 0.3% (Oflox; Allergan, Inc.),
moxifloxacin 0.5% (Vigamox; Alcon Laboratories, Inc., Fort
Worth, TX, USA), and tobramycin 0.3% (Tobrex; Alcon
Laboratories, Inc.).

Every day follow up for one week was done in all cases of
both groups. When improvement was achieved, we continued
the medical treatment only and the case was excluded from
the study.
After one week of specific therapy and no obvious
improvement was noticed, the ulcer was considered resistant
and included in the study. The 40 cases included in the study
were divided into 2 groups; one group of 20 cases treated
with intrastromal voriconazole and the other 20 cases
included in the argon laser treatment group.
In the laser treatment group, a drop of benoxinate
hydrochloride 0.4% (surface anesthesia) and a drop of
fluorescein sodium 0.25% were instilled. Fluorescein sodium
stained the epithelial defect of the treated corneas to allow
the chance of argon laser beam energy to be absorbed by the
corneal tissue otherwise the argon laser beam traverses the
unstained cornea without absorption as in pan-retinal
photocoagulation treatment for diabetic retinopathy. Argon
laser therapy was done using argon green wavelength (Carl
Zeiss LSL 532s AG; Meditec, Inc.). A spot size of 500 滋m,
pulse duration of 0.2s, and power of 900 mW were used.
Number of shots varied from one case to another depending
on the size of ulcer where we targeted the bed and edge of
the ulcer during argon laser therapy with laser shots. Number
of laser shots ranged from 18-163 shots as shown on the
device counter including the missed shots due to unexpected
eye movement in certain cases.
In the voriconazole treatment group, voriconazole powder
was used to prepare a solution with concentration of
500 滋g/mL. The prepared solution was loaded in a 1 mL
tuberculin syringe with a 30 gauge needle. After topical
anesthesia with benoxinate hydrochloride 0.4%, intrastromal
injection was done under completely aseptic conditions in the
operating room using the surgical microscope. The syringe
needle was introduced obliquely to reach the mid stroma with
bevel down. Then the drug was injected producing a wave of
hydration in the area covered. Five divided injections were
used to surround the corneal lesion. The total amount of the
drug injected ranged from 0.05 mL to 0.1 mL. If no
noticeable improvement was detected after 5d, the injection
was repeated (3 times maximally).
Follow-up of each case was done daily till complete healing
was achieved. In each case we assessed size of the epithelial
defect, density and edge of infiltration, corneal edema, depth
of the ulcer and hypopyon level. Then each case was
followed up for 3mo to detect any relapse or recurrence.
Statistical Analysis Statistical presentation and analysis of
the present study was conducted, using the mean, standard
deviation, Chi-square and -test by SPSS V.20.
RESULTS
Slit lamp examination of patients of both groups revealed that
the size of corneal ulcers ranged from 1.5-9.0 mm long in
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Figure 1 Resistant mycotic corneal ulcer associated with hypopyon before and after argon laser therapy Healing was achieved after
4wk [before (A) and after (B)].

Figure 2 Resistant mycotic corneal ulcer associated with hypopyon related to contact lens wear before and after argon laser
therapy Healing was achieved after 2wk [before (A) and after (B)].

Figure 3 Resistant mycotic corneal ulcer associated with hypopyon before and after intrastromal voriconazole injection Healing
was achieved after 2wk [before (A) and after (B)].

Figure 4 Resistant mycotic corneal ulcer associated with hypopyon before and after intrastromal voriconazole injection Healing
was achieved after 4wk [before (A) and after (B)].

both vertical and horizontal meridians. The right eye was
affected in 26 cases and the left eye in 14 cases. Age of the
patients ranged from 24-63y in the argon laser group with a
mean of 42 依8.7y while it ranged from 27-59y in the
voriconazole group with a mean of 40依6.4y. The argon laser
group included 14 male and 6 female patients while the
voriconazole group included 17 male and 3 female patients.
As regards duration of healing; in the argon laser group
healing was achieved after about 2wk in 11 cases, 3wk in 2
cases and 4wk in 5 cases (Figures 1, 2). Two cases did not

show improvement after argon laser therapy and amniotic
membrane grafting (AMG) was done to help healing that was
achieved after about 6wk from the first visit.
In the voricanazole group, healing was achieved after about
2wk in 7 cases, 3wk in 5 cases, 4wk in 2 cases, 5wk in 1 case
and 6wk in 1 case (Figures 3, 4). Four cases showed no
improvement after repeated intrastromal voriconazole
injections (maximally 3 times) and AMG was done to help
healing.
Statistically significant difference was obtained when
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comparing the healing results of both groups. Healing
duration in laser group ranged from 2-4wk and in the
voriconazole group ranged from 2-6wk( 2=26.81, =0.001).
Two cases needed AMG in laser group while 4 cases needed
AMG ( 2=3.922, =0.047) (Tables 1, 2).
As regards the visual acuity results, we found that at time of
first presentation, all cases of both groups ranged from hand
motion to 0.2 (decimal system). No visual acuity
improvement was achieved after healing in 9 cases (45%) in
laser group while 7 cases (35%) in the voriconazole group
did not show visual acuity improvement. One line gain was
achieved in 7 cases (35%) and 11 cases (55%) and two or
more line gain was achieved in 4 cases (20%) and 2 cases
(10% ) in laser group and voriconazole group respectively
with statistically significant difference ( 2=9.031, =0.011,
Table 3).
DISCUSSION
Resistant mycotic corneal ulcers represent a great challenge
to ophthalmologists all over the world. Surgical interference
was the way to solve this problem in many instances. In the
United States, penetrating keratoplasty was done in 34% of
cases according to certain reports and in 47% of the cases in
other reports[18-19].
Many antifungal drugs were used for the treatment of
resistant mycotic corneal ulcers according to culture and
sensitivity results. In many instances, topical use of those
drugs was not sufficient alone to treat those cases and so
adjunctive treatments were described. From these adjunctive
strategies: subconjunctival injections of antifungal agents as
fluconazole and amphotrericin B, intrastromal injection of
voriconazole, cross linking, AMG and conjunctival flaps[20-25].

Different laser types are currently used in many ophthalmic
procedures like argon, YAG, excimer, and femtosecond
lasers. Argon laser absorption by the ocular tissue targets is
maximally achieved by melanin and hemoglobin present in
the retina not in the cornea. To be absorbed by the cornea, it
needs an exogenous dye that can absorb the energy in the
argon laser beam. Emission and excitation of fluorescein dye
in a diluted alkaline solution can be best achieved by
wavelength around 500 nm. Argon laser used in our study is
produced by the machine (Carl Zeiss LSL 532s AG; Meditec,
Inc.), so this argon laser with 532 nm can be absorbed by
fluorescein dye when staining the corneal epithelial defect
producing its thermal damaging effect. Over-heating of
corneal tissues causes suppression of cellular enzymes
(40℃ -45℃ ), damage of the cellular proteins (above 60℃ )
and damage of DNA (above 70℃ ). Over-heating damage
affects both the host tissue and the organism itself [15,26].
The ulcer bed debridement is frequently done in cases of
fungal keratitis to enhance penetration of antifungal drugs.
Argon laser photocoagulation may produce similar effect to
debridement where it produces over-heating of the ulcer bed

and so shrinkage of the thick area of keratitis. In addition,
argon laser also produces a fungicidal effect due to its
thermal damage of the infected tissue. It has been reported
that the temperature in corneal tissue rises over 90 degrees
due to argon-tissue interaction[15,27].
To the best of our knowledge, there are no reports that had
investigated the use of argon laser photocoagulation in the
treatment of resistant fungal corneal ulcers.
We (the same authors) published a report in 2014 that
evaluated the argon laser photocoagulation as adjunctive
therapy for resistant infected corneal ulcers and we found
similar results to what we found in the present study as
regards healing and visual acuity[28].
Voriconazole is a recent triazole antifungal agent. It has the
broadest spectrum coverage of antifungal drugs and good
intraocular penetration. It is commercially available as oral
and intravenous preparations[29].
There are many studies that evaluated the use of voriconazole
in treatment of fungal keratitis as topical drops and
intrastromal injections. Prakash [17] reported successful
use of intrastromal voriconazole injection in three patients of
fungal keratitis.
Sharma [21] reported successful treatment of 10 cases of
deep resistant fungal keratitis out of 12 cases after
intrastromal voriconazole injection as adjunctive therapy to
topical voriconazole 1% eye drops with success rate of
83.33%[21].
Recently, more than one study reported that fungal corneal
ulcers caused by Fusarium are resistant to intrastromal
voriconazole injections even if repeated and we found similar
results to those reports where 2 of the 4 resistant cases that
needed AMG in our study were caused by Fusarium[30-31].

Table 1 Percentage and duration of healing of mycotic corneal 
ulcers in both argon laser and voriconazole groups                 n (%) 

Duration  Laser Voriconazole χ2 P 
2wk 11 (55) 7(35) 
3wk 2 (10) 5 (25) 
4wk 5 (25) 2 (10) 
5wk 0 (0) 1 (5) 
6wk 0 (0) 1 (5) 

26.810 0.001a 

aStatistical significance.  

Table 2 Percentage of healing of mycotic corneal ulcers in both argon 
laser and voriconazole groups with AMG                                               n (%) 

Amniotic membrane grafting Laser Voriconazole χ2 P 

Healing without AMG 18 (90) 16 (80) 
Healing with AMG 2 (10) 4 (20) 

3.922 0.047a 

aStatistical significance.  

Table 3 Visual acuity results after healing of mycotic corneal ulcers in 
both argon laser and voriconazole groups                                          n (%) 

Visual acuity improvement Laser Voriconazole χ2 P 
No improvement 9 (45) 7 (35) 
One line gain 7 (35) 11(55) 
Two or more line gain 4 (20) 2 (10) 

9.031 0.011a 

aStatistical significance.  
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In our study, the parameters of argon laser used was adjusted
to a power of 900 mW, spot size of 500 滋m and a pulse
duration of 0.2s. During the procedure we noticed blanching
of the corneal stroma and small bubble cavitations in the
stroma.
In our study, complete healing was achieved in 90% of cases
in argon laser group (18 cases) and duration of healing
ranged from about 2 to 4wk. While in the voriconazole
group, healing was achieved only in 16 cases (80% ) in a
longer duration ranged from 2-6wk with statistically
significant difference ( 2=26.81, =0.001) as shown in
Table 1. Two case of argon laser group (10%) needed AMG
to achieve complete healing in comparison to 4 cases (20%)
of voriconazole group with statistically significant difference
( 2=3.922, =0.047) as shown in Table 2.
As regards visual acuity results, improvement with two or
more line gain (decimal system) was achieved in 4 cases
(25%) and 9 cases (45%) did not show any improvement in
argon laser group while only 2 cases of voriconazole group
showed similar improvement and 7 cases (35% ) did not
improve at all. Statistical analysis of visual acuity results
showed significant results ( 2=9.031, =0.011) as shown in
Table 3.
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