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Abstract
Purpose To investigate the timing and dosage of topical cor-
ticosteroid use after keratoplasty for fungal keratitis, and to
evaluate the results with regard to anterior segment inflamma-
tion, immune rejection, and fungal recurrence.
Methods This prospective observational study included a total
of 244 patients (244 eyes) who underwent penetrating kerato-
plasty (PK, 118 patients) or lamellar keratoplasty (LK, 126
patients) for fungal keratitis at the Shandong Eye Hospital
between January 2009 and April 2014. Topical administration
of steroid eye drops was initiated at 1 week after surgery.
Changes in ocular inflammation before and after steroid use,
percentages of eyes with fungal recurrence and immune rejec-
tion, and the relationship between the timing of local admin-
istration of steroids and therapeutic anti-inflammatory effects
after keratoplasty were evaluated. The follow-up period was
6 months.
Results Anterior segment inflammation was aggravated with-
in 1 week after surgery, with ocular pain, photophobia, red-
ness, and tearing, but was controlled at 7.51 ± 1.76 days after
steroid use. Fungal keratitis recurred in three eyes (1.23 %) at
3 to 5 days after administration of corticosteroids, including
two eyes receiving PK and one eye receiving LK. Recurrence
was controlled with antifungal medications. Allograft rejec-
tion occurred in eight (6.78 %) of 118 patients treated by PK,
but did not occur in patients treated by LK.

Conclusions Initiating the use of topical corticosteroids in pa-
tients with fungal keratitis 1 week after keratoplasty can aid in
rapid control of anterior segment inflammation and reduction
of immune rejection, with no increase in the rate of fungal
recurrence.
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Introduction

Fungal keratitis in patients who do not respond to topical and
systemic antifungal medications can cause deteriorating condi-
tions, leading to corneal perforation. To control the infection,
penetrating keratoplasty (PK) or lamellar keratoplasty (LK) is
required [1–5]. However, fungal recurrence and immune rejec-
tion are major causes of graft failure early after corneal trans-
plantation [6, 7]. Some patients may manifest graft edema and
opacity within 7 to 10 days after surgery, which is closely
related to severe postoperative anterior segment inflammation.
Immune rejection after surgical treatment of fungal keratitis has
been reported at rates of 24 % to 57 %, with most occurring
within 6 months after keratoplasty [7–10]. Thus, achieving
effective control of postoperative inflammation while reducing
the risk of immune rejection after keratoplasty for corneal fun-
gal infection presents a unique set of challenges.

Although steroids can reduce anterior segment inflamma-
tion and immune rejection, they have traditionally not been
used in the early postoperative period [6, 8, 11], as they may
give rise to fungal recurrence and aggravate fungal infection
[6, 11–15]. While some studies have reported that steroid ad-
ministration can be initiated 2 weeks after keratoplasty [6, 8],
some patients may have already experienced severe inflam-
mation or early immune rejection at that point. Later use of
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steroids cannot prevent rejection, while earlier application
may induce recurrence. This therapeutic dilemma underscores
the importance of choosing an appropriate time for steroid
administration after corneal transplantation in the manage-
ment of fungal keratitis. Here we report a prospective study
on the timing of topical corticosteroid use after keratoplasty
for corneal fungal infection, with favorable clinical results.

Methods

Patients

This prospective observational consecutive case series studywas
approved by the ethics committee of Shandong Eye Hospital,
and adhered to the tenets of the Declaration of Helsinki. The
study included a total of 244 patients (244 eyes) with fungal
keratitis who received keratoplasty at Shandong Eye Hospital
between January 2009 and April 2014. Patient age ranged from
18 to 69 years. Patients with any of the following high risk
factors of recurrence were excluded: (1) topical steroid treatment
before surgery; (2) hypopyon with high intraocular pressure; (3)
corneal perforation; and (4) corneal infection expanding to the
limbus, requiring corneoscleral transplantation [6]. Informed
consent was obtained from each patient.

Diagnostic methods

Confocal microscopy, culture of corneal scrapings, and slit-
lamp microscopy were performed in all patients. One portion
of each scraping was incubated with potassium hydroxide and
was examined as a wet mount. Another portion of the scraping
was subjected to fungal culture and strain identification.
Diagnosis of fungal keratitis was confirmed by fungal pres-
ence in the potassium hydroxide preparations or confocal mi-
croscopic images or by positive culture results for fungal fil-
aments. All patients underwent B-scan ultrasonography be-
fore corneal transplantation to exclude endophthalmitis.

Indications for corneal transplantation

All patients received eye drops of 0.5 % fluconazole com-
bined with 0.25 % amphotericin B or 5 % natamycin, admin-
istered hourly. In addition, intravenous injections of flucona-
zole (100 mg) were given twice daily. If the corneal ulcers
deteriorated or did not improve after 5 to 10 days of antifungal
therapy, surgical intervention of PK or LKwas recommended.

Surgical procedure

Preoperatively, slit-lamp microscopy, optical coherence to-
mography, and confocal microscopy were used to determine
whether the infection had reached the endothelium. The

choice of PK or LK was made based on the depth of corneal
infiltration. PK was performed when fungal infection had
reached the corneal endothelium or when corneal perforation
was imminent. LK was employed when the fungal lesion had
reached the deep corneal stroma but not the corneal endothe-
lium. In both PK and LK, the diameter of the Hessburg-Barron
trephine used for excising the diseased tissue was 0.5 mm
larger than the area of fungal infection. The mean trephine
diameter among the 244 patients was 8.02 ± 1.13 mm.

During the PK procedure, after removal of the diseased cor-
nea, the anterior chamber angle and iris surface were irrigated
with 0.2 % fluconazole. Corneal grafts were secured with 16
interrupted 10-0 nylon sutures. For LK, the depth of the tre-
phine incision, 350 to 400 μm, was greater than the actual
penetration of the fungal ulcer. After the infected lamellae were
excised, the recipient bed was washed with 0.2 % fluconazole.
If any gray residual infiltration remained in the lamellar corneal
bed, excision was continued until the clear portion was visible.
A donor lamellar corneal graft, 0.25 mm larger in diameter than
the recipient site, was secured with 16 interrupted 10-0 nylon
sutures. If the surgeon suspected that hyphae had penetrated the
corneal endothelium, PK rather than LK was performed to
ensure that the infected tissue was completely removed. All
surgeries were performed by the same surgeon (WS).

Postoperative treatment

After surgery, topical administration of 0.5 % fluconazole,
0.25 % amphotericin B, or 5 % natamycin eye drops four times
each day was continued for 2 weeks and tapered thereafter.
Fluoroquinolone eye drops were given four times a day for
5 days. Non-steroidal anti-inflammatory eye drops were used
four times daily for 2–3 months. Oral fluconazole was started
1 day before surgery and continued for 21 days. Topical 1 %
cyclosporine A eye drops were administered four times daily.

No patient showed signs of recurrent fungal infection, and
administration of 0.02 % fluorometholone eye drops was thus
initiated at 1 week after keratoplasty, twice per day. If there
was still no sign of recurrence after 2 days, the low-
concentration steroid was given more frequently, four times
daily, and dexamethasone ointment was added before bed-
time. In the event of recurrence, corticosteroids were stopped.

Diagnosis and treatment of fungal recurrence

For patients with suspected fungal recurrence, confocal mi-
croscopy was performed to examine the area of infection.
Corneal scrapings were incubated and examined as wet
mounts with potassium hydroxide. Once recurrent fungal in-
fection was confirmed, the steroids were stopped immediately.
All patients with recurrent keratitis received frequent admin-
istration of antifungal eye drops and received intravenous and
subconjunctival injections of fluconazole.
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Diagnosis and treatment of graft rejection

Diagnosis of graft rejection was made on the basis of the
following signs and symptoms: (1) ocular pain, photophobia,
redness, and tearing; (2) rapid decrease in visual acuity; (3)
combined graft edema and opacity, aggravated congestion in
the recipient bed, and new blood vessels rapidly entering the
graft periphery, or white infiltration at the sutures (negative
results in corneal scraping and fungal and bacterial cultures),
or effusion at the recipient–host interface in eyes treated by
LK; (4) endothelial rejection line or keratic precipitates; and
(5) increased inflammatory cells in the anterior chamber
[16–18]. Patients in whom immune rejection was suspected
were also examined by confocal microscopy to further distin-
guish between immune rejection and recurrence.

Postoperative inflammation

Postoperative inflammation of the anterior segment was ob-
served by slit-lamp microscopy. Inflammation resolution was
defined as no ciliary congestion, donor edema, or flare and
cells in the anterior chamber.

Results

All 244 patients completed the scheduled 6-month follow-up
visits. Fungal hyphae were found in 208 eyes (85.25 %) on
examination of corneal scrapings and in 230 eyes (94.26 %) by
confocal microscopy. A total of 224 specimens (91.80 %) had
positive culture results for fungi, among which 165 (73.66 %)
pathogens were identified as Fusarium species, 30 (13.39 %) as
Aspergillus species, 20 (8.93 %) as Alternaria species, and 9
(4.02 %) as other species. PK was performed in 118 patients
and LK in 126 patients. Fungal hyphae were found in all partial
corneal buttons obtained from the 244 patients by histopatholog-
ical examination. Anterior segment inflammation was aggravat-
ed within 1 week after surgery, with ocular pain, photophobia,
redness, and tearing, but was alleviated at 7.51 ± 1.76 days after
steroid use (Figs. 1, 2, and 3). In patients with no fungal recur-
rence, vision at 3 months post-surgery was improved by two to
three lines from presurgical measurements.

Fungal recurrence was observed in three eyes (1.23%) at 3 to
5 days after administration of fluorometholone, including two
eyes that underwent PK and one eye that underwent LK. The
recurrent infection was controlled with antifungal medications.

Eight (6.78 %) of 118 patients treated by PK experienced
allograft rejection, but no rejection was observed in patients
treated by LK. Immune rejection occurred in one eye at
2 months, two eyes at 3–4 months, and five eyes at 5–
6 months. All were endothelial immune rejection. After anti-
rejection treatment, six grafts recovered clarity, and two grafts
became opaque.

Discussion

Immune rejection and fungal recurrence are both serious com-
plications that can occur in the early period after corneal trans-
plantation for fungal keratitis. Surgical intervention can re-
move the infected corneal tissue, but cannot immediately con-
trol the exist ing anterior segment inflammation.
Neovascularization and edema are typically present in the

Fig. 1 Slit-lamp photographs showing that anterior segment
inflammation after penetrating keratoplasty was controlled with the use
of steroids. a The thinning central cornea at 1 month after fungal
infection. b A small amount of bleeding and inflammatory infiltration
in the anterior chamber at 3 days after penetrating keratoplasty. c
Photophobia, redness, ocular congestion, graft edema, and graft
endothelial folds at 1 week after surgery. d The signs and symptoms
disappeared, and the graft became clear after 3 days of steroid use

Fig. 2 Slit-lamp photographs showing that anterior segment
inflammation after lamellar keratoplasty was controlled with the use of
steroids. a Fungal keratitis became severe after 1 month of topical and
systemic antifungal therapy. b At 4 days after lamellar keratoplasty,
anterior segment congestion was relieved and the graft was clear, but
ocular congestion and white infiltrates around the sutures remained. c
Immune rejection with graft edema and effusion at the graft–host
interface 7 days after surgery. d Immune rejection was controlled with
0.02 % fluorometholone eye drops four times daily, combined with
dexamethasone ointment before bedtime, for 3 days
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peripheral recipient bed, along with inflammatory reaction,
iris vascular engorgement, and synechiae in the anterior cham-
ber. The healthy donor corneal graft is actually placed in an
environment with obvious inflammation, and graft edema is
often apparent within 2 weeks postoperatively. In this case, the
recipient is not immune-privileged, and the rate of immune
rejection may increase significantly. Therefore, patients with
corneal fungal infection are at high risk of immune rejection
[7–10]. Rejection rates as high as 38.8 % within 6 months
have been reported. Among these patients, 44.44 % experi-
enced rejection within 3 months, and 77.78 % suffered rejec-
tion within 6 months [8].

Corticosteroids are currently considered optimal treatment
for controlling inflammation and preventing immune rejection
early after keratoplasty [19–21]. Topical steroid administra-
tion leads to the suppression of antigen-presenting cells, T
lymphocytes, and cytokine production by effector cells, but
may increase the severity of fungal infection and the rate of
recurrence in eyes with preoperative corticosteroid therapy [6,
11–15]. However, if the fungal ulcer can be completely ex-
cised, and no fungal hyphae remain in the recipient, the risk of
recurrence will be zero, despite the use of steroids early after
surgery. In our series, slit-lamp microscopy, optical coherence
tomography, and confocal microscopy were helpful for ob-
serving the depth of the infection and for thorough removal
of fungal elements in all patients, including those treated by
LK, making it possible to administer steroids in the early post-
operative days.

Wile postoperative corticosteroid therapy may help to ad-
dress the challenges that arise after keratoplasty for fungal
keratitis, the timing of administration is very important. In
our study, topical 0.02 % fluorometholone was considered

1 week after surgery, and steroid administration was started
earlier than has been traditionally practiced. Immune rejection
occurred in 6.8 % of patients who underwent PK and in none
of the patients who underwent LK, and the rejection rate was
lower than in previous reports. The results were favorable, with
reduced anterior segment inflammation and immune rejection.

In our previous study, the rate of recurrence of fungal ker-
atitis was 6.34%,withmore than 85%occurringwithin 7 days
after surgery [6]. In the current study, inflammation and the
accompanying ocular pain, photophobia, redness, and tearing
was well controlled within a few days of administration of
corticosteroids. The rate of recurrent fungal infection was
1.23 %, with no increase in rates observed. These results sug-
gest that initiation of steroid use at 1 week after keratoplasty is
feasible, and can reduce ocular inflammation, with a low rate
of fungal recurrence. However, in cases where the complete
removal of fungal hyphae is uncertain, the use of steroids is
recommended only after the patient has been treated with an-
tifungal medication for 2 weeks, with no recurrence of
infection.

Topical fluorometholone used in our study was of low con-
centration and small dosage. In the event of fungal recurrence,
the infection can be controlled in a timely manner by adjusting
the frequency and dosage of drug administration. Anterior
segment inflammation can be reduced by increasing the ste-
roid dose.

It is difficult at times to distinguish immune rejection from
fungal recurrence by slit-lamp microscopy. Confocal micros-
copy is very useful for this differential diagnosis, because the
recurrence of fungal infection is usually in the deep layer of
the recipient, and fungal hyphae in the area of inflammation
can be easily observed with scanning confocal microscopy.
The decision whether to continue the use of steroids can then
be determined.

In conclusion, one key to successful keratoplasty treatment
in fungal keratitis is early administration of topical corticoste-
roids to achieve total eradication of the infected corneal tissue.
In patients who suffer fungal keratitis but are not at high risk of
recurrence, steroid use beginning 1 week after keratoplasty
can quickly alleviate postoperative anterior segment inflam-
mation and reduce the risk of immune rejection.
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