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Abstract. The aim of the present study was to investigate
the efficacy of a novel surgical intervention, excisional
keratectomy combined with focal cryotherapy and amniotic
membrane inlay (EKCAI), for the treatment of recalcitrant
filamentary fungal keratitis. A retrospective analysis was
performed of patients who underwent excisional kera-
tectomy combined with conjunctival flap inlay (EKCFI),
EKCALI or therapeutic penetrating keratoplasty (TPK) from
January 2006 to January 2011. Recalcitrance was determined
as being unresponsive to standard medical antifungal therapy
for at =1 week. Outcome measures among the three interven-
tion modalities were compared. A total of 128 patients had
a follow-up of =1 year after the primary intervention. The
success rates of interventions at 1-year follow-up were 58.33%
in the EKCFI group, 88.37% in the EKCAI group and 93.44%
in the TPK group (P<0.0002). The preoperative visual acuity
of the three groups were similar (P=0.6458), while the post-
operative best-corrected visual acuity (BCVA) of patients
without recurrence was significantly different among the three
groups 3 months after surgery. The best postoperative BCVA
was found in the TPK group, while the worst was in the EKCFI
group. In conclusion, EKCAI does not require donor cornea,
is straightforward surgically, and has a favorable success rate
compared with EKCFI.
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Introduction

Fungal keratitis has an prominently increasing morbidity,
accounting for 46.7% of purulent corneal infection in
China (1). It has been reported that filamentary fungi are
the most prevalent pathogens in China, wherein the genus
Fusarium is the most common cause (77.6%) followed by
Aspergillus (10.8%) (2). A well-known contributing factor
for the development of fungal keratitis is ocular trauma,
specifically contamination of corneal lesions by soil and other
vegetative material (3). Notably, the majority of the patients
suffering from fungal keratitis in China are farmers in whom
early diagnosis is easily missed, and whose residences are
commonly distant from well-equipped eye care facilities.
Delays in diagnosis and the initiation of prompt antifungal
medical therapy are the major reasons that many patients from
rural areas present with advanced corneal infection (4). Since
approximately one-third of cases of fungal keratitis result in
either medical treatment failures or corneal perforations (5), it
has become a serious disease in China. When fungal corneal
infections become unresponsive to medical therapy, surgical
intervention offers a second chance for eradicating the infec-
tion and maintaining the globe integrity.

Although therapeutic penetrating keratoplasty (TPK) and
lamellar keratoplasty (LK) have been shown to be effective
in the management of recalcitrant fungal keratitis (6-9), the
lack of donor corneas in China has forced ophthalmologists
to investigate other treatment strategies. Given the massive
rejection reaction and high graft failure rates associated with
keratoplasty in the treatment of recalcitrant fungal keratitis, any
modality that avoids the requirement for a donor cornea would
be of significant value in countries such as China (1,10,11).

Historically, debulking the organism and necrotic mate-
rial by daily debridement at the slit lamp was the mainstay of
therapy for fungal keratitis. The removal of active infection and
devitalized tissue was conducted with the aim of enhancing
the penetration of topical antifungal medications. However,
removal of the necrotic corneal tissue combined with conjunc-
tival flap excisional keratectomy combined with conjunctival
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flap inlay (EKCFTI) is now becoming widely used in many
tertiary eye care facilities in China (12). Additionally, cryo-
therapy combined with antifungal agents and/or corneoscleral
grafting has been used successfully in cases of fungal scle-
ritis and keratoscleritis (13,14). Several groups have reported
promising results using human amniotic membrane as an
adjunct for the treatment of active microbial keratitis (15-17).
In a study conducted by Chen et al in 2006, human amniotic
membrane was successfully used in active cases of fungal
keratitis, even in some cases in which perforation had previ-
ously occurred (18). These earlier reports demonstrate that
non-keratoplasty modalities may be effective alternatives for
the treatment of recalcitrant fungal keratitis.

In 2006, the present authors began employing human
amniotic membrane and cryotherapy as adjuncts to surgical
interventions in the management of fungal keratitis using
excisional keratectomy combined with focal cryotherapy and
amniotic membrane inlay (EKCAI). The present study is a
retrospective analysis of all confirmed cases of filamentary
fungal keratitis at a single institution, in which biostatistical
analysis was attempted to evaluate the efficacy of EKCAI
compared with that of conventional surgical therapies for
recalcitrant fungal keratitis.

Materials and methods

Patient enrolment and ethics. The charts of all patients
with a diagnosis of fungal keratitis who were enrolled in the
General Hospital of Shenyang Military Command (Shenyang,
China) in-patient ophthalmology service from January 2006
to January 2011, were reviewed and the cases that received
surgical intervention were retrieved from the records. Inclusion
criteria in this analysis were as follows: i) Filamentary keratitis
confirmed by corneal scrape culture or potassium hydroxide
staining; ii) any cases of urgent surgical intervention due to
corneal perforation either at presentation or within the first
week of admission; iii) cases deemed as medical treatment
failure, defined as documentation of progression of corneal
ulcers after at least 1 week of appropriate medical treatment;
iv) patients who underwent surgical interventions and had
=1 year of follow-up after surgery.

Medical treatment was standardized to topical 5% nata-
mycin eye drops (5%; Alcon; Novartis International AG,
Basel, Switzerland) every 2 h and 150 mg intravenous infusion
of fluconazole (Changchun Dirui Pharmacy, Inc., Changchun,
China) once a day from the time of admission. A total of
128 eyes (128 patients) met the inclusion criteria and were
selected in this analysis. The study was approved by the ethics
committee of the General Hospital of Shenyang Military
Command and conducted in accordance with the Declaration
of Helsinki. Written informed consent was obtained from each
subject.

Surgical triage of fungal keratitis cases. As a general rule,
cases with corneal perforation either at presentation or during
medical treatment were managed with TPK if donor corneas
were available. Otherwise, such patients were treated with
EKCFI or EKCALI, based on the availability of amniotic
membranes at the time of surgeries or the surgeon's personal
preference. If patients were deemed to be a medical treatment
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failure, cases with corneal ulcers with the depth >70% of the
corneal stroma were also preferentially treated with TPK if
donor corneas were available. Therefore, relatively severe
cases in the clinic tended to be treated with TPK. For cases
involving perforation as a result of medical treatment failure
that did not receive TPK, the assignment of either EKCFI or
EKCAI was not randomized either, with more EKCAI proce-
dures performed in later phase of the reviewed time frame.

Surgical procedures and postoperative treatment. All surgical
interventions were performed under general or local retrobulbar
anesthesia with 2.5 ml 2% lidocaine. Intraoperatively, 2 mg/ml
fluconazole solution was used to irrigate the corneal ulcers for
subconjunctival injection. The operated eyes were bandaged
for 12 h postoperatively prior to the initiation of treatment. The
postoperative medical antifungal regimen was the same in all
three treatment groups and consisted of 5% natamycin drops
topically 6 times daily for the first week, 4 times daily for the
second week, and twice daily for the following 2 additional
weeks during waking hours. In addition, 1% atropine sulfate
ointment (1%; Alcon; Novartis International AG) was applied
once daily.

EKCFI procedure. Details of the EKCFI procedure have been
described previously by Sun er al (12). Briefly, the necrotic
corneal tissue was removed with sharp dissection and two
5-mm bulbar conjunctival incisions were made perpendicular
to the limbus at the 3:00 and 9:00 o'clock positions, respectively.
The incisions were extended circumferentially along the limbus
to create superior and inferior conjunctival flaps, and then
undermined to the fornices. Two conjunctival flaps were then
pulled centripetally onto the corneal surface and sutured in an
interrupted manner to cover the debrided stromal ulcer bed.

EKCAI procedure. In the EKCFI procedure, after the ulcer bed
was debrided and dried with a surgical sponge, the entire area
of the ulcer was treated with a 3-mm cryoprobe, with involve-
ment of the junctional region 1 mm beyond the edge of the
ulcer. The duration of each treatment was 10 sec once the probe
reached-70°C. Dry amniotic membrane (Ruiji Biotechnology
Co. Ltd., Jiangxi, China) was first hydrated for 10 min in
balanced salt solution (BSS) solution. Multilayers of the amni-
otic membrane were placed as inlays to cover the ulcer bed and
sutured onto the stroma with interrupted 10-0 nylon sutures.

TPK procedure. The specific TPK process was reported by
Lim ef al in 2011 (9). In summary, a trephine that was =0.5 mm
larger in diameter than the affected area was applied to each
case to perform the penetrating keratoplasty. Prior to graft
placement, the hypopyon in the anterior chamber was thor-
oughly irrigated with 2 mg/ml fluconazole solution and any
fibrovascular membrane present on the anterior iris surface was
carefully removed. The donor corneal grafts were generally
oversized by 0.25-0.5 mm. Large corneal or corneoscleral grafts
were required for ulcers with limbal or scleral involvement.
Off-center grafts were placed when required to adequately
cover the defects.

Outcome evaluation. Therapeutic success, recurrence of
the cornea or sclera infection, postoperative best-corrected
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Index EKCAI (n=43) EKCFI (n=24) TPK (n=61) P-value®
Male gender 25 (58.14) 21 (87.50) 38 (62.30) 0.0396
Age (years) 46.02+5.51 43.42+6.03 44.69+7.18 02713
History
Trauma® 19 (44.19) 15 (62.50) 27 (44.26) 02713
Surgery® 1(2.33) 1(4.17) 2 (3.28) 1.0000
Steroid use® 14 (32.56) 6 (25.00) 2 (3.28) <0.0001
Contact lens use® 1(2.33) 1(4.17) 1(1.64) 0.7695
No positive history® 4 (9.30) 4 (16.67) 15 (24.59) 0.1507
Presentation
LogMAR vision 1.81+0.20 1.77+0.20 1.80+0.20 0.6458
Ulcer diameter, mm 6.51x1.71 6.50+1.72 6.97+1.47 0.2720
Ulcer depth (%) 69.53+24.39 71.25+26.59 73.61+23.88 0.7028
Infection WLI 9(20.93) 4 (16.67) 15 (24.59) 0.7166
Hypopyon present® 38 (88.37) 20 (83.33) 55 (90.16) 0.6225
Perforation® 10 (23.26) 5(20.83) 19 (31.15) 0.5215

Values are presented as mean + standard deviation or number (%) as appropriate. “P-values based on Pearson Chi-square tests for categorical
variables and analysis of variance for continuous variables; °P-values based on Fisher's exact tests. EKCALI, excisional keratectomy combined
with focal cryotherapy and amniotic membrane inlay; EKCFI, excisional keratectomy combined with conjunctival flap inlay; TPK, therapeutic

penetrating keratoplasty; WLI, with limbal involvement.

visual acuity (BCVA), postoperative complications, corneal
neovascularization in the EKCFI and EKCAI groups, and
graft survival (clarity) in the TPK group, were all reviewed
during a 1-year follow-up. Therapeutic success was defined as
no evidence of recurrent infection following the cessation of
postoperative antifungal medical therapy and the maintenance
of globe integrity without subsequent secondary surgical
intervention during 1-year follow-up. Therapeutic failure was
defined as: i) Necessity to continue medical treatment for
=3 months following the primary surgery; ii) recurrence of the
original infection during the 1-year follow-up period following
the cessation of antifungal medical therapy, requiring repeated
medical therapy or secondary surgical intervention. Corneal
neovascularization was graded on a scale of 0 to IV, based
on its involvement of the cornea by quadrants at 1 year post-
operatively in cases with therapeutic success. Postoperative
complications included corneal perforation, development of
endophthalmitis and secondary glaucoma within 1 year of
the primary surgeries. The conversion of the original decimal
notation visual acuity to LogMAR vision was performed
to facilitate statistical analysis. For vision CF or worse, the
following conversions were made: CF=1.6; hand movements
= 2.0; light perception = 2.5; and no light perception = 3.0
LogMAR units, according to Arroyo et al (19).

Statistical analysis. The dataset, including patient's demo-
graphic characteristics, preoperative findings and postoperative
results among the three surgical interventions, was carefully
evaluated by expert statisticians. Analysis of variance was used
for normally distributed continuous variables to test for mean
differences within the surgical groups. Pearson Chi-square
test was used to test the frequency differences between groups

for categorical variables. However, when categorical variables
had a small number of expected counts within at least one of
the three surgical categories, the Fisher's exact test was used
instead. In addition, pairwise comparisons of preoperative
data and postoperative results among the three surgical groups
were conducted, with Bonferroni adjustment.

Odds ratios and 95% confidence intervals were determined
by Firth logistic regression, a penalized likelihood method to
solve quasi-complete separation problems in regular logistic
regression models. Three logistic regression models were
used to explore the association between surgical success and
surgical interventions. Unadjusted results were derived from
the initial univariate model. Model 1 was adjusted for gender.
Model 2 was adjusted for both gender and a history of steroid
use (positive vs. negative). P<0.05 was considered significant to
indicate a statistically significant difference. All analyses were
conducted using SAS software, version 9.4 (SAS Institute, Inc.,
Cary, NC, USA).

Results

Preoperative characteristics. The preoperative characteristics
of all selected patients, included pertinent history, infection
characteristics and vision are shown in Table I, There was a
male predominance, and histories of steroid use were not evenly
distributed among the three intervention groups. There were
predominantly more males in the EKCFI group and more cases
of steroid use in the EKCALI group, in comparison with the other
two groups respectively (Table II). No statistical differences
were found among the groups in terms of disease characteristics
and severity. All patients who met the selection criteria had
vision defined as count fingers (CF) or worse at presentation.
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Table II. Postoperative outcome distributions among surgical intervention groups.
Surgical intervention EKCAI (n=43) EKCFI (n=24) TPK (n=61) P-value
Therapeutic success® 38 (88.37) 14 (58.33) 57 (93 .44) 0.0002
Secondary glaucoma® 5(11.63) 6 (25.00) 3(4.92) 0.0235
Neovascularization® <0.0001

Grade 0 14 (32.56) 7 (29.16) 18 (29.50)

Grade I 10 (23.26) 0 (0.00) 35 (57.38)

Grade 11 13 (30.23) 1(4.17) 7 (11.48)

Grade III 6 (13.95) 15 (62.50) 1(1.64)

Grade IV 0 (0.00) 1(4.17) 0 (0.00)
LogMARvision® 1.33+1.03 1.85+£1.01 0.84+0.73 <0.0001

Values are presented as mean + standard deviation or number (%) as appropriate. EKCALI, excisional keratectomy combined with focal cryo-
therapy and amniotic membrane inlay; EKCFI, excisional keratectomy combined with conjunctival flap inlay; TPK, therapeutic penetrating
keratoplasty. *P-values based on Chi-square tests; "P-values based on Fisher's exact tests; “P-values based on analysis of variance.

Table III. Pairwise comparison of postoperative results.

P-value
EKCAI vs. EKCAIvs. EKCFI vs.
Treatment outcome EKCFI TPK TPK
Therapeutic success* 0.0141 1 <0.0001
Secondary glaucoma® 0.5472 0.8109 0.0402
Neuvascularization® <0.0001 <0.0001 <0.0001
LogMAR vision® 0.1440 0.0171 <0.0001

EKCALI, excisional keratectomy combined with focal cryotherapy
and amniotic membrane inlay; EKCFI, excisional keratectomy
combined with conjunctival flap inlay; TPK, therapeutic penetrating
keratoplasty. “P-values based on Pearson Chi-square test; °P-values
based on Fisher's exact test; ‘P-values based on analysis of variance.

Treatment outcomes. The treatment outcomes of the three
interventions are summarized in Table II. TPK achieved the
highest rate of infection control (therapeutic success, 93.44%)
compared with EKCAI (88.37%) and EKCFI (58.33%). TPK
also had the lowest incidence of secondary glaucoma, the least
neovascularization of the cornea, and better postoperative
vision at 1 year postoperatively, compared with EKCAI and
EKCFI. A pairwise comparison was then performed between
surgical intervention groups (Table III). Significant differences
were observed between the EKCAI and EKCFI groups in
infection control (P=0.0141) and postoperative neovasculariza-
tion (P<0.0001). However, there was no significant difference
between these two interventions in rates of secondary glau-
coma and postoperative vision at 1 year. Compared with
EKCAI, TPK showed superior postoperative vision at 1 year
(P=0.0171) and significantly less corneal neovascularization
(P<0.0001). However, no difference was identified in infection
control and secondary glaucoma between TPK and EKCAI.
TPK also performed significantly better than EKCFI in all
outcome measures analyzed (P<0.0001), with the exception
of the rate of secondary glaucoma (P=0.0402). Typical cases

of filamentary fungal keratitis cases treated with different
surgical modalities were shown in Fig. 1.

Since the study was not randomized, odds ratios of thera-
peutic success among surgical interventions were calculated,
adjusting for gender and steroid use (Table V). Univariate
modeling shows that EKCAI had superior infection control
compared with EKCFI (P=0.0073), but had an equivalent
outcome compared with TPK (P=0.3712). After adjusting for
gender (model 1), gender and steroid use (model 2), the statis-
tical significance remained unchanged.

Discussion

Filamentous fungal keratitis has a high incidence in China
where farmers constitute the majority of the affected patients,
and have poor awareness of the signs and symptoms of the
disease. In addition, limited availability of services in primary
hospitals accounts for the majority of advanced and refractory
cases in this region (20). Broad-spectrum antifungal medica-
tion is the acknowledged first-line treatment during the earliest
stage of the infection. However, a delay in presentation and
treatment results in a worse prognosis (21). Analysis of treat-
ment outcomes in cases where treatment had been delayed for
10 days showed significantly higher rates of surgical interven-
tions. In the patients included in the present study, the duration
of infection prior to presentation in the majority of cases was
>10 days, and thus the infection was refractory to antifungal
therapy, and required surgical intervention.

Standard surgical modalities, including TPK and LK, have
been shown to be effective in the management of recalcitrant
fungal keratitis (6-9). However, the low availability of donor
corneas has remained a formidable challenge to ophthalmolo-
gists in China. Alternative methods are constantly sought for
managing these difficult cases. In recent years, EKCFI has
been widely adopted in many tertiary eye care facilities in
China (12).

In the treatment of serious fungal keratitis, EKCFI is a
useful surgical technique, particularly in eye care facilities
without keratoplasty capabilities, or when corneal donor
tissue is unavailable. It has been theorized that the conjunc-
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Table I'V. Odds ratios of therapeutic success among surgical interventions.

Univariate model Model 1? Model 2°
Surgical
intervention OR 95% CI P-value OR 95% CI P-value OR 95% CI P-value
EKCAI 1 (Ref) 1 (Ref) 1 (Ref)
EKCFI 0.184 0.054-0.634 0.0073 0.087 0.019-0.404  0.0018 0.077 0.016-0.378 0.0016
TPK 1.874 0.473-7.431 0.3712 1.806 0.440-7.420 04121 1451 0.339-6.219 0.6161

OR, odds ratio; CI, confidence interval; EKCAI, excisional keratectomy combined with focal cryotherapy and amniotic membrane inlay;
EKCFI, excisional keratectomy combined with conjunctival flap inlay; TPK, therapeutic penetrating keratoplasty. *Adjusted for gender; ad-

justed for both gender and steroid use.

Figure 1. Preoperative and postoperative photographs of filamentary fungal keratitis cases treated with different surgical modalities. (A) A case of central ulcer
with 40% hypopyon and 50% corneal stromal depth involvement prior to surgery. (B) Three months after treatment with excisional keratectomy combined
with conjunctival flap inlay, the hypopyon subsided and the cornea had no signs of infection following the cessation of antifungal medical therapy. (C) A case
of large central ulcer with 10% hypopyon and 70% corneal stromal depth involvement prior to surgery. (D) Three months after treatment with therapeutic
keratoplasty, the transplanted graft remained clear. (E) A case of large central ulcer with 10% hypopyon and 30% corneal stromal depth involvement prior
to surgery, and at (F) 1 week, (G) 1 month and (H) 3 months after treatment with excisional keratectomy combined with focal cryotherapy and amniotic

membrane inlay, respectively.

tival flap provides additional blood supply to the affected
area, allowing anti-inflammatory and immunomodulatory
substances to be delivered locally, promoting better wound
healing. Sun ef al (12) reported a total of 10 cases treated with
EKCFI, which had a success rate of 100% with no recurrence.
Outcomes of the present study showed that EKCFI had a lower
success rate of 58.33% (14/24) compared with that in this
earlier study. The severity of disease observed in the present
study, combined with the late presentations, and ineffective-
ness of antifungal medications may account for the difference
in success rates.

EKCALI is a relatively new surgical approach that may
be an excellent therapeutic option in the management of
refractory fungal keratitis. With outcomes on par with stan-
dard TKP in controlling infection and maintaining globe
integrity, this technique offers the combined benefits of cryo-
therapy and amniotic membrane tissue, and does not require
donor corneas. Cryotherapy has been used for many years
in the treatment of numerous eye diseases with increasing
popularity, not only in the United States but also in some
developing countries such as China, in the management of
infectious keratitis. The therapeutic effects observed with
cryotherapy are considered to have several mechanisms, and

may be particularly useful in difficult cases of fungal kera-
titis. Through the destruction of small-caliber blood vessels,
tissue ischemia begins to develop. As the freezing continues,
osmotic forces produce cellular dehydration which facilitates
intracellular ice crystal formation. The ice crystals and intra-
cellular dehydration lead to pH changes and the formation
of a toxic concentration of salts in the cell. Slow thawing
produces a longer exposure to this toxic substrate concen-
tration and leads to re-crystallization which increases cell
destruction. The ultimate mechanism underlying the effects
of cryotherapy is the denaturation of lipid-protein complexes,
cytomembrane rupture and eventually cell death (22-24).
Cryotherapy has been used in the past to treat acanthamoeba
keratitis with variable success, however, its impact in fungal
ulcers is not clearly understood (25-28). Early studies have
shown promising results in cases of fungal scleritis and kera-
toscleritis (12,13), and the present study lends further support
to its role in these difficult cases. The present authors have
previously studied rabbit models with fungal keratitis, which
showed the topical cryotherapy is able to destroy fungal
elements, and the effect of topical cryotherapy combined
with antifungal drugs was observed to be better than that of
antifungal drugs alone (29).
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The biological properties attributed to amniotic membrane
tissues include lack of immunogenicity, promotion of
epithelialization, and inhibition of fibrosis, angiogenesis and
inflammation (30-35). The amniotic membrane is the inner-
most layer of the fetal membrane, and is composed of an
avascular epithelial layer over a thick basement membrane. Use
of amniotic membrane has been shown to promote epitheliali-
zation and reduce inflammation and scarring, possibly through
the regulation of growth factors or by acting as a barrier to
infiltrating lymphocytes (36). Bauer et al (36) reported that
the mechanism underlying the effects of amniotic membrane
is associated with the modulation of macrophages. Apoptotic
cells induced in the environment of an amniotic membrane
support the presence and survival of such macrophages (36).

The use of amniotic membrane in ophthalmology has
been extensively reported (18,37,38). The inhibitory effect
on inflammation, proteolysis, angiogenesis and fibrosis, and
the promoting effect on epithelialization following amniotic
membrane transplantation have been well recognized, as well
as the potential advantages over traditional penetrating kerato-
plasty in terms of graft rejection. The application of amniotic
membranes for infectious keratitis was reported by Kim et al
in early 2001 (39). Unlike TPK or LK, there is no risk of
rejection following amniotic membrane transplantation. If
the perforation is tiny and, notably, if there is some residual
stroma around the perforation site, amniotic membrane trans-
plantation, particularly multilayered, performed at the residual
stroma is possible to prevent further leakage of aqueous humor.

With regard to EKCAI, amniotic membrane is extremely
valuable for the management of fungal keratitis associated with
poor wound healing and impending perforation. Double amni-
otic membrane and an additional layer of fibrin sealant patch
(TachoSil®; Baxter, Deerfield, IL, USA) has been reported
to be useful for the therapy of large perforations that require
urgent treatment (40). Several case reports have also employed
the amniotic membrane to cover the ocular surface in the acute
stages (36,39-41). This method is aimed at preventing the cica-
tricial conjunctival and corneal complications that frequently
occur in these patients (41).

EKCALI, taking the advantage of the combined benefits of
cryotherapy and amniotic membrane, is an effective thera-
peutic option for curing recalcitrant fungal keratitis. When
compared with the traditional method TPK in the present
study, there was similar rate of infection control, 93.44%
with TPK compared to 88.37% in EKCALI. This appeared to
be better than EKCFI which had a therapeutic success rate
in this study of 58.33%. Additionally, although TPK resulted
in a superior postoperative vision at 1 year, and less corneal
neovascularization compared with EKCAI, there was no
significant difference in the rates of secondary glaucoma. In
summary, EKCAI with equivalent therapeutic success, should
be considered a valuable alternative in the management of
recalcitrant fungal keratitis, particularly in areas where donor
corneal tissue is limited.

The major limitation of the present study is the non-random-
ization of the treatment groups. Due to the limited availability
of donor corneas and even amniotic membranes at the time of
surgeries, conducting a prospective, randomized study would
be problematic. Additionally, corneal ulcers with depth >70%
were preferentially treated with TPK, if donor corneas were
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available. Therefore, these patients already had a relatively
severe condition. To overcome this possible bias, professional
statisticians were invited to this study for the analysis of the
data. First, a fairly even distribution of cases was noted in many
of the pre-operative characteristics. Furthermore, analysis was
also conducted with unevenly distributed parameters being
adjusted, such as gender and steroid use, as a cause of infection
(Table IV). It appears that the final outcomes were unaffected,
with or without the adjustment.

In conclusion, this retrospective study showed that TPK is
the first choice for fungal keratitis with late presentation refrac-
tory to antifungal drugs, while EKCAI is a better alternative
in progressive cases when donor corneas are not available.
Such cases have poor prognosis, highlighting the fact that
early diagnosis and administration of antifungal treatment is
imperative.
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