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Purpose. To evaluate effects of lamellar keratectomy and intrastromal injection of 0.2% fluconazole (LKIIF) on fungal keratitis.
Methods. Data for 54 eyes of consecutive patients with fungal keratitis treated with LKIIF were retrospectively analyzed.The lesions
in these eyes did not heal or were aggravated after antifungal chemotherapy for 7 days.Themaximum lesion diameters were ≤5mm
andmaximum depth was not more than half of full corneal thickness. Cases were followed up for at least 90 days. Results. Forty-six
eyes were cured (85.2%). The wound healing times were 3–16 days and were less than 7 days in 28 cases (51.9%). In cured eyes,
uncorrected visual acuity (UCVA) and best-corrected visual acuity (BCVA) were both 20/250–20/20. The UCVA improved in 38
eyes andwas unchanged in seven eyes. BCVA improved in 44 eyes andwas unchanged in two eyes.When followed up formore than
90 days, 89% (41 of 46 eyes) showed improvement in UCVA and 11% were unchanged. Regarding BCVA, 98% improved and one
eye was unchanged. No other complications were observed except neovascularization in one eye and thinner corneas. Conclusions.
LKIIF was quick and effective for small fungal keratitis confined to half of the corneal thickness.

1. Introduction

Fungal keratitis is one of the most challenging types of
infectious keratitis [1], which has been gradually increasing
during the past few decades. It now accounts for approxi-
mately 50% of infectious corneal diseases [2–4], and corneal
blindness has become the second leading cause of blindness
in developing countries [5–8]. Fungal keratitis is not easily
cured by medication [9, 10]. It usually takes approximately
2-3 months to cure a fungal infection, making it difficult
for patients to maintain treatment. Many types of superficial
or intermediate fungal keratitis with small diameters are
refractory to medication, resulting in eventual corneal trans-
plantation, which is susceptible to surgical complications and
usually limited by the lack of donors.

The ultimate goal of fungal keratitis treatment is to
preserve or improve visual acuity [11]. To reach this goal, it
is important to investigate therapeutic methods that can pre-
serve visual acuity and avoid corneal transplantation. In
this study, we evaluated and reported the curative effects

of lamellar keratectomy and intrastromal injection of 0.2%
fluconazole (LKIIF) on fungal keratitis.

2. Patients and Methods

2.1. Patients. Fifty-four eyes of 54 consecutive patients admit-
ted to our hospital were analyzed retrospectively. These
patients were treated with LKIIF from January 2010 to April
2013 at the Shandong Eye Hospital. The ages of the patients
ranged from 21 to 73 years, and the mean age was 46.5
years. Thirty-three patients were men and 21 were women.
These patients had no other systemic diseases, except for six
patients with diabetes mellitus and four patients with hyper-
tension. No patients had a history of bacterial infections, viral
infections, amebic infections, or previous corneal scars. The
time from the appearance of symptoms to the first visit was
3−60 days with a mean time of 13.5 days. The best-corrected
visual acuity (BCVA) was finger count (FC) to 20/30 (1.83 ±
0.3 LogMAR) at the first visit to the hospital. The patients
had used antifungal, antibacterial, and antiviral medications

Hindawi Publishing Corporation
Journal of Ophthalmology
Volume 2015, Article ID 656027, 10 pages
http://dx.doi.org/10.1155/2015/656027



2 Journal of Ophthalmology

and corticosteroids before their first visit. The diagnosis of
fungal keratitis was made if fungal hyphae were found by
confocal microscopy, were found in fungal cultures, or were
found in corneal scrapings after a wet mount potassium
hydroxide procedure. The patient recruitment criteria were
as follows: (1) there are invalid or aggravated symptoms,
which were considered invalid or aggravated if there was no
improvement after antifungal chemotherapeutics for 7 days;
(2) location and size of the infected areas of the lesions did not
involve the corneal limbus, and themaximumdiameters were
≤5mm; and (3) the maximum depth of the lesion was not
more than half of the corresponding corneal full thickness,
as determined by slit lamp and anterior segment optical
coherence tomography (AS-OCT).

Information about the cornea lesions in our recruited
patients is summarized as follows. The maximum diameters
of the lesions including ulcers and infiltrations were from
2.0 to 5.0mm (4.0 ± 0.2mm). The maximum depths of the
lesionswere from 24.3% to 52.7% of the corneal full thickness.
There were no cases of corneal thinning before surgery,
as determined by slit lamp and AS-OCT. The lesions were
located in the peripheral cornea (not involving the pupil area)
in 20 cases and in the paracentral cornea, but the involved
areas covered less than half of the pupillary area in 31 cases,
and in the central cornea they covered more than half of
the pupillary areas in three cases. Intraocular pressure of
all cases was from 13 to 19.5mmHg. Informed consent was
obtained in all cases. Institutional review board/ethics com-
mittee approval was obtained from Shandong Eye Hospital
Institutional Review Board. The study protocol followed the
guidelines of the Declaration of Helsinki.

2.2. Antifungal Chemotherapy. All 54 cases received 0.5%
fluconazole drops every 15min and 0.25% amphotericin B
or 5% natamycin drops every hour. All drops were used
every day until 22:00. Ointment of 1% fluconazole or 1%
amphotericin B was applied to the cornea at bedtime. At the
same time, all patients received oral itraconazole (0.2 g daily)
or an intravenous injection of fluconazole (the first dose was
400mg followed by 200mg daily). Two hours after operation,
local chemotherapy started again and then gradually reduced,
depending on the wound condition.

2.3. Surgery and Intrastromal Injection. All operations were
performed under local anesthesia. First, the conjunctival sac
and corneal surface were washed with 0.2% fluconazole and
the necrotic tissues on the ulcer surface were removed with
a corneal epithelium knife. An oblique incision was made
0.5–1.0mm away from the edge of the lesion. The diseased
corneal tissues were gradually moved to the stroma with
a blade tilted at 45∘. The infected lamellae were pulled up
with 0.12mm forceps, which maintained tension. The blade
was held parallel to the stroma to remove the white fiber
connecting the lamellae and the stroma. A gentle transition
was made at the edge of lesion to the clear area. Next, we
washed the wound and inspected the infiltration with an
operating microscope. The same procedure was repeated
until no residual gray infiltration could be seen. At this
point, the lesion including the ulcer and infiltration tissues

were completely removed. Corneal scissors were used to
trim the edge to make a smooth wound edge. An insulin
syringe (1mL, 30-gauge needle, Becton Dickinson Company,
Franklin Lakes, New Jersey, USA) was used for intrastromal
injections. The injection was administered from the clear
cornea of the lesion edge. The needle was advanced towards
the lesion center in parallel with the stroma. When the bevel
of the needle was completely in the cornea, 0.2% fluconazole
solution was slowly pushed into the stroma until the inflated
stroma exceeded the edge of the lesion by more than 0.5mm.
The needle was quickly removed when the injection was
completed. This procedure is shown in Figures 1 and 2.

2.4. Observations and Statistical Analysis. The corneal infec-
tion, healing time of the ulcer, and visual acuity outcomes
were observed and recorded. The scars were measured using
AS-OCT. Corneal endothelial cells were observed with a
corneal endothelial microscope. Intraocular pressure was
measured with a Tono-Pen tonometer. Fungal cultures were
made from the corneal scraping. If the fungal culture was
negative before surgery, another culture was prepared with
corneal tissue. Fungal species identification was performed if
the fungi culture was positive [12]. The wound healing was
defined as a complete coverage of the wound by epithelium.
The wound area was checked twice (within 2 weeks) by
confocal microscopy and it was considered healed if no fungi
were found.The patients were followed for 90 days to 2 years.
Statistical analysis was performed using the method of two-
tailed independent sample 𝑡-tests with SPSS 13.0 statistical
software (SPSS Inc., Chicago, IL, USA). A 𝑃 value <0.05 was
considered statistically significant.

3. Results

3.1. Clinical Features. Application of the LFIIK treatment
resulted in 46 of the 54 eyes being cured (85.2%) (Figures
3−6).The healing time of the woundwas 3−16 days (5.1±1.3),
and in 28 cases, the time was less than 7 days (51.9%) with
four cases being 3 days. Five cases with hypopyon were cured.
However, eight eyes were deemed invalid or aggravated, and
these lesions were all located in the paracentral cornea.These
wounds did not heal or get smaller. Infiltrations in the stroma
were seen in eight eyes, and hypopyon was present in one
case. These wounds were covered with white secretions. In
contrast, the wounds were very clear and the boundary could
be seen clearly in successful cases. Two of the eight eyes had
a history of local corticosteroid treatment. For the eight eyes,
lamellar keratectomy and inlay conjunctival flap (five eyes),
lamellar keratoplasty (two eyes), and penetrating keratoplasty
(one eye) were performed, with all eight eyes being cured.

We next checked the visual acuities of the cured eyes, and
the results are shown in Table 1. The visual acuity of eight
eyes in which the treatment failed is shown in Table 2. The
uncorrected visual acuity (UCVA) was 20/250–20/20 (0.39 ±
0.24 LogMAR) and was improved in 38 eyes, unchanged in
seven eyes, and decreased in one eye (Figure 7). The BCVA
was 20/250–20/20 (0.29±0.22LogMAR) andwas improved in
44 eyes and unchanged in two eyes. We followed the patients
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(a) (b)

Figure 1: (a) When removing the ulcer, the knife should be kept in parallel with the cornea surface to cut the white fiber between the lesion
and the residual cornea. (b) The margin is a slope and the surface is smooth after keratectomy. The injection is from the clear cornea of
the lesion edge. The needle is inserted toward the lesion center in parallel with the stroma. The bevel of the needle is in the corneal stroma
completely.

(a) (b)

(c) (d)

Figure 2: Surgery and intrastromal injection. (a) The corneal flap is held tense with the aid of toothed forceps, and the filamentous white
collagen fiber could be seen clearly. (b) Corneal scissors were used to trim the edge to make the edge of wound smooth. (c) The needle was
advanced towards the lesion center in parallel with the stroma. (d) Liquidwas slowly pushed into the stroma until the inflated stroma exceeded
the edge of the lesion by more than 0.5mm.

for at least 90 days and found that the UCVA was 20/250–
20/20 (0.36 ± 0.23 LogMAR). Improvement was seen in 41
of 46 eyes (89%) and was unchanged in five eyes (11%). The
BCVA was 20/250–20/20 (0.26 ± 0.21 LogMAR), which was
an improvement in 45 of 46 eyes (98%) andwas unchanged in
one eye.The UCVA and BCVA were not statistically different
compared with ulcers that were cured (UCVA, 𝑡 = 0.81,

𝑃 > 0.05; BCVA, 𝑡 = 0.55, 𝑃 > 0.05, resp.). There
was no statistically significant difference between UCVA
and BCVA before surgery. The refractions before the illness
were unknown, and postoperative astigmatism was analyzed.
Astigmatism after the treatment was recorded as negative
values for statistical analysis. If the value was positive, it was
changed by converting the axis. The astigmatism was −0.25
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(a) (b)

(c)

Figure 3: The lesion was located in the peripheral cornea. (a) Before surgery. (b) The first day after surgery. (c) The wound healed 10 days
after surgery.

(a) (b)

(c)

Figure 4: The lesion was located in the paracentral cornea. (a) Before surgery. (b) The first day after surgery. (c) The wound healed 7 days
after surgery.



Journal of Ophthalmology 5

(a) (b)

(c)

Figure 5: The lesion was located in the central cornea. (a) Before surgery. (b) The first day after surgery. (c) The wound healed 12 days after
surgery.

Table 1: The numbers distribution of BCVA and UCVA (BCVA,
UCVA) in 46 cured cases.

Visual acuity Preoperation When ulcers
were cured

90 days after
surgery

<20/400 11, 4 0, 0 0, 0
≥20/400
<20/200 2, 11 1, 0 1, 0

≥20/200
<20/40 27, 22 21, 20 16, 13

≥20/40
<20/25 6, 9 21, 23 24, 27

≥20/25
<20/20 0, 0 3, 3 5, 6

to −7.25 D (−2.67 ± 1.84) when ulcers were cured and −0.5
to −7.00 D (−2.67 ± 1.71) when followed up for more than
90 days, which was not statistically different (𝑡 = 0.015; 𝑃 >
0.05). There were, however, significant differences between
BCVA and UCVA when the ulcers were cured (𝑡 = 2.219;
𝑃 < 0.05). When the ulcers were cured, the UCVA of the
cases in the center cornea was 20/80–20/50 and the BCVA
was 20/60–20/40. There were no more changes at the follow-
up exams.

When followed up formore than 90 days, the depth of the
residual cornea scar was 360.5–427.4𝜇m (373.80±98.73 𝜇m),
the maximum diameter of the corneal scar was 3.0–5.0mm
(3.6 ± 0.3mm), and the depth of the scar was 21.5–49.0 𝜇m
(34.30 ± 8.1 𝜇m). The density of endothelial cells was 2865–
2377 cells/mm2 (2870 ± 321 cells/mm2) and the coefficient

of variation was 6–18%. The intraocular pressure was 11.0–
18.5mmHg.

3.2. Microbiologic Examinations. Corneal scrapings were
positive in 46 cases (85.2%). Fungal cultures were positive in
42 cases (77.8%). The results of the species identifications are
shown in Table 3. The species of the eight failed cases and
the five cases with hypopyon are shown in Tables 2 and 4,
respectively.

3.3. Complications. Neovascularization was observed in one
eye. The cornea in the lesioned area became thinner but no
perforation or other complications were found.

4. Discussion

Surgeries for fungal keratitis include debridement, inlay
conjunctival flaps, lamellar keratectomy, and corneal trans-
plantation [13, 14]. The epithelium in the lesion makes it
difficult for antifungal drugs to penetrate the cornea, causing
ineffective drug concentrations at the site of the lesion [15].
However, debridement can only remove the epithelium and
superficial necrotic tissues. The inlay conjunctival flap has
been an effective method for treating refractory keratitis [16,
17], but it works only if the lesion is close to the peripheral
cornea [18] and not in the direction of the visual axis that
can be covered by the eyelids. Penetrating and lamellar
keratoplasty have shown excellent results [19, 20] and are
the only procedures available to treat severe cases [20, 21].
However, not all small grafting and eccentric transplantation
have resulted in good vision, and graft failure was possible
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(a) (b)

(c) (d)

(e) (f)

Figure 6: (a) Fungal keratitis with hypopyon. (b) Seven days after antifungal chemotherapy, the hypopyon disappeared but the ulcer had not
healed yet. (c) The first day after surgery. (d) The wound healed 7 days after surgery. (e) An OCT image of the lesion before surgery. (f) An
OCT image of the lesion when followed up after more than 90 days.

[22]. Furthermore, this approach is also limited owing to a
lack of donors; therefore, it is not the first choice for these
cases.

The effect of lamellar keratoplasty for fungal keratitis was
consistent with the observation that fungi were not always
present throughout the whole cornea [20], so keratectomy
was feasible [23]. Removing the deeper necrotic tissues
and inflammatory agents can directly reduce the damage
to tissues caused by inflammation. After keratectomy, the
cornea has no vascular system, leading to an insufficient
ability to eliminate infections; therefore, adequate use of
antifungal drugs is critical for treatment of the remaining
fungus. Most antifungal drugs are bacteriostatic agents [24]
and have low penetrating ability [25, 26]. However, previous
studies showed that intrastromal injection had significant
effects [27–30] without inducing tissue toxicity [28, 29]. This
procedure is convenient, produces minimal pain, and can
achieve higher drug concentrations in lesions compared with

eye drops and systemic drugs [31]. However, if intrastromal
injection was used alone, the efficiency was limited [32],
even with voriconazole, which has a high corneal penetrating
ability [26]. Previous studies showed that although newer
agents, such as voriconazole, were used in different ways
(including intrastromal injection), there are still some cases
that required corneal transplantation or enucleation [33, 34].
Therefore, it is better to use lamellar keratectomy. Lamellar
keratectomy provided a favorable environment for easy drug
penetration into the cornea [31] while the injection main-
tained high drug concentrations, continuously inhibiting or
killing the remaining fungus because of improved bioavail-
ability at the lesion. These findings suggest that the lamellar
keratectomy and voriconazole complement each other, which
is the most important reason for their success. In the present
study, more than half of the cases were cured within a week
after surgery with the same local antifungal agents used
before surgery. In some cases, the disease was cured within 3
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Table 2: Clinical characteristics of 8 failed cases.

Patient The second
surgery

The max diameter
of lesion∗ (mm)

The max depth
of lesion∗ (%)

Fungus
identified UCVA† BCVA†

1 LKT + CF 4.0, 4.0 41.5, 37.3 F. solani 20/60,
20/80

20/60,
20/60

2 LKT + CF 3.5, 3.5 30.6, 53.7 F. solani FC/BE,
20/100

FC/BE,
20/80

3 LKT + CF 4.0, 4.5 49.2, 50.0 Negative FC/1.5m,
20/60

FC/1.5m,
20/60

4 LKT + CF 5.0, 5.0 46.5,49.5 Negative 20/125,
20/80

20/125,
20/80

5 LKT + CF 4.5, 5.0 43.5, 40.5 F. solani 20/100,
20/80

20/100,
20/60

6 LKP 4.0, 5.0 45.0, 70.0 A. versicolor
20/200,
20/160,
20/80

20/200,
20/160,
20/60

7 LKP 5.0, 5.5 40.2, 63.0 A. flavus
20/200,
20/100,
20/100

20/100,
20/100,
20/80

8 PKP 4.5, 5.0 39.4, 92.6 A. fumigatus
FC/1m,
20/200,
20/60

FC/1m,
20/100,
20/40

∗The clinical features before the first and the second surgery (first, second).
†BCVA values are before the first surgery and 90 days after the second surgery and when followed up for 1 year in the keratoplasty cases (first, second).
LKT + CF, lamellar keratectomy and inlay conjunctival flap; LKP, lamellar keratoplasty; PKP, penetrating keratoplasty; FC, finger count; BE, before eye.
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Figure 7: Correlation between preoperative and postoperative
UCVA when the wound healed, most of the cases improved their
UCVA than preoperation.

days after surgery. Fluconazole is stable and is a water-soluble
small molecule with high bioavailability and low toxicity. It is
therefore readily available [25] and suitable for systemic and
local use, especially for intrastromal injection.

When the ulcers were cured, the refraction and vision
stabilized quickly.The healing time of the wound in our study
was 3–16 days, and, in 28 cases, it was less than 7 days (51.9%).
In contrast, chemotherapy alone lasted 7 days. UCVA and
BCVA in three patients with small graft keratoplasty were
lower than the average level of the cured cases in the follow-
up. Even if the visual acuity was improved later, it needed

Table 3: Fungal species identified in the 38 positive cases in fungal
culture.

Fungus Number of cases %
Fusarium genus 23 54.8
F. solani 7 16.7
F. moniliforme 8 19.0
F. oxysporum 1 2.4
F. subglutinans 3 7.1
F. sporotrichioides 2 4.8
F. semitectum 1 2.4
Unspecified 1 2.4

Alternaria genus 9 21.4
Bipolaris genus 1 2.4
B. hawaiiensis 1 2.4

Aspergillus genus 7 16.7
A. versicolor 2 4.8
A. fumigatus 3 7.1
A. flavus 2 4.8

Scopulariopsis genus 1 2.4
Curvularia lunata genus 1 2.4
Total 42 100

more time to improve (Table 2). A previous study showed
that chemotherapy for similar refractive fungal keratitis took
28.9 ± 19.1 and 36.1 ± 20.2 days, and the vision after cure
was 1.64 ± 0.3 and 1.72 ± 0.23 LogMAR, respectively [32].
Chemotherapy required more than 1 month to cure similar
cases caused by Alternaria [15], and vision after the cure
was 20/15–20/25. Some clinicians have used phototherapeutic



8 Journal of Ophthalmology

(a) (b)

Figure 8: (a) Schematic diagram of the refraction change in an emmetropic eye when a keratectomy is performed in the central cornea. (b)
Schematic diagram of the refraction change in an emmetropic eye when a keratectomy is performed in the peripheral cornea.

Table 4: Clinical characteristics of all 5 hypopyon cases.

Patient Hypopyon
height (mm)

Max diameter of
lesion (mm)

Max depth of
lesion (%)

Healing time
(days)

Fungus
identified UCVA∗ BCVA∗

1 1 3.5 38.0 8 F. solani 20/200,
20/60 20/200, 20/40

2 4 2.5 37.0 9 Negative FC/20 cm,
20/60

FC/20 cm,
20/60

3 1 3.0 28.5 7 F. moniliforme 20/160,
20/40

20/160,
20/25

4 3 5.0 22.3 3 F. solani FC/BE,
20/80

FC/BE,
20/40

5 1 5.0 45.0 9 F. solani FC/BE,
20/100

FC/BE,
20/60

∗UCVA and BCVA are before the first surgery and 90 days after surgery (before, after).

keratectomy (PTK) to improve vision for similar cases [35],
but this procedure requires special equipment.

There are a number of factors affecting vision and
refraction after the eye is cured. In theory, keratectomy in
the central cornea changes the spherical lens, and peripheral
excision changes the cylindrical lens (Figure 8). In reality,
both are changed at different levels. The difference of UCVA
and BCVA was statistically significant when the ulcer was
cured, showing that refractive error is the main factor
influencing postoperative UCVA. Astigmatism was observed
in some cases after the treatment. Depending on its thickness,
area, and location, corneal scarring also had an effect. In
this study, corneal scars were thin (34.30 ± 8.1 𝜇m) and their
maximum diameters were not more than 5mm. Keratectomy
is not usually performed in the central cornea, to avoid
central scarring and a change of refraction. In the present
study, three patients whose lesions were located in the central
cornea refused keratoplasty for personal reasons and chose
keratectomy. The BCVA was 20/200–20/80 when the ulcer
was cured while being 20/100–20/40 when followed up for at
least 90 days, which was similar to other cured cases. They
avoided the complications resulting from keratoplasty and
experienced faster vision recovery. However, the indications
were more strict, with the maximum lesion depth confined
to <40% of the corresponding corneal full thickness, and the
maximum diameter was not more than 3mm.

To cure hypopyon, preoperative antifungal chemother-
apy should be used to effectively control the inflamma-
tion. Hypopyon is one of the most significant risk factors
involving failure [36] and is considered a sign of infection

that reaches deep stroma or hyphae, penetrating Descemet’s
membrane into the anterior chamber. However, the causes
of hypopyon could be aseptic or fungal [37]. In our study,
the five hypopyon cases were all cured. The healing times
and visual acuities were similar to other cases. Case 2 had
more hypopyon (4mm) than case 5 (1mm) but the healing
times for both were identical (Table 4). The results suggest
that hypopyon before the surgical procedure is not a sign of
severity, an indicator for prognosis, or related to the outcome
of keratectomy procedure. Fusarium is one of the risk factors
for hypopyon [38], which grows horizontally in the cornea
[12]. Even if hypopyon occurs, the lesion can only be in the
shallow or middle stroma. Most of the patients were infected
by Fusarium,which may be an important reason for the cure.
In addition, intrastromal injection may increase the drug
concentration in the anterior chamber.

We believe it is important to carefully inspect the cornea
to accurately measure the depth of the lesion before surgery.
Use of AS-OCT is increasing in surgical planning and evalua-
tion [39, 40] because it can noninvasively image andmeasure
the profile of each corneal layer.Wedetermined thewidth and
depth of the lesion using the slit lamp first and then used AS-
OCT to measure the largest depth. During surgery, it is also
important to completely excise the lesion and keep the section
smooth to accelerate the growth of epithelium around the
wound and to reduce refractive changes. When the corneal
flap is holding tension, the white, parallel filamentous fibers
could be seen connecting the corneal flap and the stroma.The
blade should be held parallel to the stroma to cut the fibers to
make a smooth section and gentle transition at the edge of
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the wound. If the lesion needs to be excised again, this can be
initiated from the previous cutting edge on the same plane. To
reduce injury from the injection, an insulin syringe was used.
The needle was extremely fine and was coated with silicon
with the tip polished twice to make it sharper and smoother.
The injection should reach the whole lesion and exceed the
edge by more than 0.5mm to make full use of the drug.

Except for neovascularization in one eye, no perforation
or other complications were found. Perforation occurred in
some cases, excised to not more than half of the corre-
sponding corneal full thickness in PTK, and was considered
to be related to the vacuum aspiration during the surgery
[35, 41]. Perforation occurred in simple intrastromal injection
cases [29, 32], but the injection was not confirmed to be the
cause of the perforation. We confined the maximum depth
of the lesion to be not more than half of the corresponding
corneal full thickness and the maximum diameter of not
more than 5mm. Under these conditions, the difficulty of
injection, postoperative instability of the cornea, the amount
of remaining fungus, and scarring of the cornea were reduced
considerably.

The possible reasons for failure may be attributed to
hyphal growth patterns in corneas. In the 54 cases, the
pathogenic fungi were Fusarium, Alternaria, and Aspergillus
in order of importance, but in previous reports, the order
was Fusarium, Aspergillus, and Alternaria [42, 43]. Most
Fusarium and Alternaria grow horizontally in corneas [20].
They cause shallow ulcers, so more cases can be treated with
the methodology described in the present report. Aspergillus
grows vertically in corneas [19], but hyphal growth patterns
differ, not only in the same fungal genus but also within the
same species [12]. This may be because some of the failed
caseswere infected byFusarium, with keratoplasty performed
for all of the Aspergillus cases (Table 2). If infiltration could
not be seen under the microscope during surgery then the
infiltrated tissue was considered to be removed completely,
but failure indicated that there was still visually undetectable
fungus present. When the hyphae grew vertically in the
cornea such that deeper cornea was involved, it was more
difficult to inhibit the remaining fungus by drug treatment.
Thus, the location of the lesion was considered as another
reason for failed cases. All the failed cases were located in
the paracentral cornea.We speculate that the periphery of the
cornea adjoined to the corneal limbus and conjunctiva, which
have vascular and more anti-inflammatory factors. Few cases
were in the central cornea, with different indications making
it impossible to be compared with other cases. The type
of drug administered may be the third reason for failure.
Two cases that received corticosteroids before surgery were
failures, and corticosteroids may weaken the ability of cornea
to inhibit fungus. In addition, there may be drug-resistant
fungus in these patients.

5. Conclusions

Our results described a treatment that was effective for
the treatment of fungal keratitis not healed or aggravated
after general and local fungal chemotherapy. The maximum
diameter of lesions, including ulcers and infiltrations, should

not be less than 5mm or not more than 3mm if the lesion
is located in the central cornea. The maximum depth of the
lesion should be not more than half of the corresponding
corneal full thickness, as determined by slit lamp and AS-
OCT, and not more than 40% if the lesion is located in the
central cornea. The lesion should not have corneal limbus
involvement. In cases of hypopyon, inflammation should be
controlled by drugs to quickly remove hypopyon. Surgerywas
more suitable for fungi growing horizontally in the cornea,
and caution should be taken if the fungi grow vertically. The
approach described in the present study recovered valuable
vision with less damage and fewer complications and needed
no donors or special equipment, making it an effective and
efficient treatment for fungal keratitis.

Conflict of Interests

The authors declare that there is no conflict of interests
regarding the publication of this paper.

Acknowledgment

The authors thank Professor Dongsheng Yang of the Depart-
ment of Ophthalmology, Liaocheng People’s Hospital, for the
extraordinary kindness and help with the paper.

References

[1] E. C. Alfonso, R. H. Rosa, and D. Miller, “Fungal keratitis,” in
Cornea, J. H. Krachmer, M. Y. Mannis, and E. Y. Holland, Eds.,
pp. 1101–1122, Mosby, Philadelphia, Pa, USA, 2nd edition, 2005.

[2] M. Srinivasan, C. A. Gonzales, C. George et al., “Epidemiology
and aetiological diagnosis of corneal ulceration in Madurai,
south India,” British Journal of Ophthalmology, vol. 81, no. 11,
pp. 965–971, 1997.

[3] U. Gopinathan, P. Garg, M. Fernandes, S. Sharma, S. Ath-
manathan, and G. N. Rao, “The epidemiological features and
laboratory results of fungal keratitis: a 10-year review at a
referral eye care center in South India,” Cornea, vol. 21, no. 6,
pp. 555–559, 2002.

[4] L. Xie, W. Zhong, W. Shi, and S. Sun, “Spectrum of fungal
keratitis in north China,” Ophthalmology, vol. 113, no. 11, pp.
1943–1948, 2006.

[5] A. Panda, N. Sharma, G. Das, N. Kumar, and G. Satpathy,
“Mycotic keratitis in children: epidemiologic andmicrobiologic
evaluation,” Cornea, vol. 16, no. 3, pp. 295–299, 1997.

[6] D. Y. Kunimoto, S. Sharma, P. Garg, U. Gopinathan, D. Miller,
and G. N. Rao, “Corneal ulceration in the elderly in Hyderabad,
south India,” British Journal of Ophthalmology, vol. 84, no. 1, pp.
54–59, 2000.

[7] M. P. Upadhyay, P. C. D. Karmacharya, S. Koirala et al., “WHO,”
Weekly Epidemiology Record, vol. 64, pp. 229–236, 1989.

[8] M. P. Upadhyay, P. C. D. Karmacharya, S. Koirala et al., “Epi-
demiologic characteristics, predisposing factors, and etiologic
diagnosis of corneal ulceration in Nepal,” American Journal of
Ophthalmology, vol. 111, no. 1, pp. 92–99, 1991.

[9] D. M. O’Day and W. S. Head, “Advances in the management of
keratomycosis and Acanthamoeba keratitis,”Cornea, vol. 19, no.
5, pp. 681–687, 2000.

[10] T.-Y.Wong, T.-P. Ng, K.-S. Fong, and D. T. H. Tan, “Risk factors
and clinical outcomes between fungal and bacterial keratitis: a



10 Journal of Ophthalmology

comparative study,” CLAO Journal, vol. 23, no. 4, pp. 275–281,
1997.

[11] B. Manzouri, G. C. Vafidis, and R. K. H. Wyse, “Pharmacother-
apy of fungal eye infections,” Expert Opinion on Pharmacother-
apy, vol. 2, no. 11, pp. 1849–1857, 2001.

[12] L. Xie, H. Zhai, W. Shi, J. Zhao, S. Sun, and X. Zang, “Hyphal
growth patterns and recurrence of fungal keratitis after lamellar
keratoplasty,” Ophthalmology, vol. 115, no. 6, pp. 983–987, 2008.

[13] F. M. Polack, “Surgical treatment of keratomycosis,” in Corneal
and External Disease of the Eye, F. M. Polack, Ed., pp. 53–66,
Charles CThomas Publisher, Springfield, Ill, USA, 1970.

[14] B. Anderson Jr. and E. W. Chick, “Mycokeratitis: treatment
of fungal corneal ulcers with amphotericin B and mechanical
debridement,” The Southern Medical Journal, vol. 56, pp. 270–
274, 1963.

[15] E. Y. Tu, “Alternaria keratitis: clinical presentation and resolu-
tion with topical fluconazole or intrastromal voriconazole and
topical caspofungin,” Cornea, vol. 28, no. 1, pp. 116–119, 2009.

[16] T. Gundersen and H. R. Pearlson, “Conjunctival flaps for cor-
neal disease: their usefulness and complications,” Transactions
of the American Ophthalmological Society, vol. 67, pp. 78–95,
1969.

[17] M. J.Mannis, “Conjunctival flaps,” International Ophthalmology
Clinics, vol. 28, no. 2, pp. 165–168, 1988.

[18] J. J. Sanitato, C. G. Kelley, and H. E. Kaufman, “Surgical
management of peripheral fungal keratitis (keratomycosis),”
Archives of Ophthalmology, vol. 102, no. 10, pp. 1506–1509, 1984.

[19] N. Sanders, “Penetrating keratoplasty in treatment of fungus
keratitis,” American Journal of Ophthalmology, vol. 70, no. 1, pp.
24–30, 1970.

[20] L. Xie, W. Shi, Z. Liu, and S. Li, “Lamellar keratoplasty for the
treatment of fungal keratitis,” Cornea, vol. 21, no. 1, pp. 33–37,
2002.

[21] D. W. Killingsworth, G. A. Stern, W. T. Driebe, A. Knapp, and
D.M. Dragon, “Results of therapeutic penetrating keratoplasty,”
Ophthalmology, vol. 100, no. 4, pp. 534–541, 1993.

[22] D. T. H. Tan, P. Janardhanan, H. Zhou et al., “Penetrating kera-
toplasty in Asian eyes: the Singapore Corneal Transplant Study,”
Ophthalmology, vol. 115, no. 6, pp. 975–982.e1, 2008.

[23] H.-C. Lin, J.-L. Lin, D.-T. Lin-Tan, H.-K. Ma, and H.-C. Chen,
“Early keratectomy in the treatment of moderate Fusarium
keratitis,” PLoS ONE, vol. 7, no. 8, Article ID e42126, 2012.

[24] M. Sirnivasan, “Fungal keratitis,” Current Opinion in Ophthal-
mology, vol. 15, pp. 321–327, 2004.

[25] I. P. Kaur, C. Rana, and H. Singh, “Development of effective
ocular preparations of antifungal agents,” Journal of Ocular
Pharmacology and Therapeutics, vol. 24, no. 5, pp. 481–493,
2008.

[26] A. R. Loh, K. Hong, S. Lee, M. Mannis, and N. R. Acharya,
“Practice patterns in the management of fungal corneal ulcers,”
Cornea, vol. 28, no. 8, pp. 856–859, 2009.

[27] G. Prakash, N. Sharma,M. Goel, J. S. Titiyal, and R. B. Vajpayee,
“Evaluation of intrastromal injection of voriconazole as a
therapeutic adjunctive for the management of deep recalcitrant
fungal keratitis,” American Journal of Ophthalmology, vol. 146,
no. 1, pp. 56.e2–59.e2, 2008.

[28] V. Jain, N. Borse, D. Shome, and S. Natarajan, “Recalcitrant fun-
gal tunnel infection treated with intrastromal injection of vori-
conazole,” International Ophthalmology, vol. 30, no. 6, pp. 723–
725, 2010.

[29] N. Sharma, P. Agarwal, R. Sinha, J. S. Titiyal, T. Velpandian, and
R. B. Vajpayee, “Evaluation of intrastromal voriconazole injec-
tion in recalcitrant deep fungal keratitis: case series,” British
Journal of Ophthalmology, vol. 95, no. 12, pp. 1735–1737, 2011.

[30] G. Prakash, N. Sharma,M. Goel, J. S. Titiyal, and R. B. Vajpayee,
“Evaluation of intrastromal injection of voriconazole as a
therapeutic adjunctive for the management of deep recalcitrant
fungal keratitis,” American Journal of Ophthalmology, vol. 146,
no. 1, pp. 56–59, 2008.

[31] W. Behrens-Baumann, U. Frank, and T. Neß, “Rational antibi-
otic therapy in ophthalmology,” Ophthalmologe, vol. 107, no. 4,
pp. 323–327, 2010.

[32] N. Sharma, J. Chacko, T.Velpandian et al., “Comparative evalua-
tion of topical versus intrastromal voriconazole as an adjunct to
natamycin in recalcitrant fungal keratitis,” Ophthalmology, vol.
120, no. 4, pp. 677–681, 2013.

[33] T. Ramakrishnan, M. Constantinou, V. Jhanji, and R. B. Vaj-
payee, “Factors affecting treatment outcomes with voriconazole
in cases with fungal keratitis,” Cornea, vol. 32, no. 4, pp. 445–
449, 2013.

[34] V. Jhanji, J. Yohendran, M. Constantinou, H. Sheorey, and R.
B. Vajpayee, “Scedosporium scleritis or keratitis or both: case
series,” Eye and Contact Lens, vol. 35, no. 6, pp. 312–315, 2009.

[35] C.-P. Lin, C.-W. Chang, and C.-Y. Su, “Phototherapeutic kera-
tectomy in treating keratomycosis,” Cornea, vol. 24, no. 3, pp.
262–268, 2005.

[36] P. Lalitha, N. V. Prajna, A. Kabra, K. Mahadevan, and M. Srini-
vasan, “Risk factors for treatment outcome in fungal keratitis,”
Ophthalmology, vol. 113, no. 4, pp. 526–530, 2006.

[37] F.M. Polack, “Diagnosis and treatment of keratomycosis,” Inter-
national Ophthalmology Clinics, vol. 13, no. 4, pp. 75–91, 1973.

[38] L.-J. Xu, X.-S. Song, J. Zhao, S.-Y. Sun, and L.-X. Xie, “Hypopyon
in patients with fungal keratitis,” Chinese Medical Journal, vol.
125, no. 3, pp. 470–475, 2012.

[39] N. Maeda, “Optical coherence tomography for corneal dis-
eases,” Eye and Contact Lens, vol. 36, no. 5, pp. 254–259, 2010.

[40] J. L. B. Ramos, Y. Li, andD.Huang, “Clinical and research appli-
cations of anterior segment optical coherence tomography—a
review,” Clinical and Experimental Ophthalmology, vol. 37, no. 1,
pp. 81–89, 2009.

[41] J. D. Gottsch, M. L. Gilbert, D. F. Goodman, M. E. Sulewski, J.
D. Dick, and W. J. Stark, “Excimer laser ablative treatment of
microbial keratitis,” Ophthalmology, vol. 98, no. 2, pp. 146–149,
1991.

[42] C. A. Gonzales, M. Srinivasan, J. P. Whitcher, and G. Smolin,
“Incidence of corneal ulceration in Madurai district, South
India,”Ophthalmic Epidemiology, vol. 3, no. 3, pp. 159–166, 1996.

[43] W.-X. Zhong, L.-X. Xie, W.-Y. Shi, and S.-Y. Sun, “Spectrum of
infection of fungal keratitis: analysis of 654 cases,” Zhonghua Yi
Xue Za Zhi, vol. 86, no. 24, pp. 1681–1685, 2006.



Submit your manuscripts at
http://www.hindawi.com

Stem Cells
International

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

MEDIATORS
INFLAMMATION

of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Behavioural 
Neurology

Endocrinology
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Disease Markers

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

BioMed 
Research International

Oncology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Oxidative Medicine and 
Cellular Longevity

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

PPAR Research

The Scientific 
World Journal
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Immunology Research
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Journal of

Obesity
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

 Computational and  
Mathematical Methods 
in Medicine

Ophthalmology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Diabetes Research
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Research and Treatment
AIDS

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Gastroenterology 
Research and Practice

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Parkinson’s 
Disease

Evidence-Based 
Complementary and 
Alternative Medicine

Volume 2014
Hindawi Publishing Corporation
http://www.hindawi.com


