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Purpose: To report the therapeutic effect and complications of

amniotic membrane transplantation (AMT) in acute fungal keratitis.

Methods: Diagnosis of fungal keratitis was confirmed by cultures in

23 eyes of 23 patients. The indications to perform AMT were to

promote reepithelialization in nonhealing ulcers or to prevent corneal

perforation. Antifungal agents were administered throughout the

whole course of hospitalization. Repeated cultures were performed

immediately before AMT. The main outcome measurements were

epithelial healing rate, necessity of therapeutic penetrating kerato-

plasty (TPK), and persistence of infection.

Results: During a mean follow-up time of 20.6 months T 23.22 (range,

6 Y 65 months) AMT was performed during the active phase of the

keratitis (fungal culture was still positive) in 16 patients (69.6%), and

during the inactive phase (fungal culture negative) in 7 patients (30.4%).

Single-layer AMT was performed in 17 patients, and double-layer AMT

was performed in 6 patients with corneal perforation and anterior

chamber collapse. Complete epithelialization was observed in 12

patients (75%) in the active group and in 7 patients (100%) in the

inactive group. Treatment failure requiring TPK was experienced in 4

patients (25%) in the active group. Persistent fungal keratitis was

noted in 2 patients (8.7%) in that group. The final visual acuity

improved in 17 cases, worsened in 2 cases, and remained unchanged

in 4 cases. Twelve of the 23 eyes (52.2%) in this study preserved

useful vision (20/400 and better) with or without subsequent

surgeries.

Conclusions: AMT is effective in promoting epithelialization and

preventing corneal perforations in acute fungal keratitis, and there is no

risk of rejection. However, the risk of persistent or recurrent infection

necessitates continued antifungal treatment and patient monitoring.
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Fungal keratitis is one of the major causes of infectious
keratitis.1Y3 Fungal keratitis refractory to medical treat-

ment remains challenging; surgical interventions are some-
times required to prevent corneal perforation or extension
of infection. Smaller perforation can be sealed by cyano-
acrylate.4 For larger perforations, conjunctival flaps may be
used,5,6 but it raises concern about the barrier effect which
prevents the penetration of antifungal agents.7,8 Although a
recent study reporting that lamellar keratoplasty (LK) could
be effective and could preserve useful vision with few
complications,9 some authors doubted the use of LK alone
in fungal keratitis.6,8,10 Also, despite the reported success of
therapeutic penetrating keratoplasty (TPK) to eliminate
residual infection and to preserve the globe integrity in
severe fungal keratitis,4,5,10,21 the prognosis varies from
report to report.

Recently, amniotic membrane (AM) transplantation
(AMT) has been reported to be an adjunctive therapy for
infectious keratitis,22Y25 mainly in the event of poor wound
healing and imminent perforation. Kim et al22 were the first
to report the application of AMT for infectious (ie,
bacterial, fungal, acanthamoebal, and herpetic) corneal
ulcers, in which the corneal surface was healed successfully
in all cases, and no recurrence of infection or rejection was
experienced.

Previously, we reported favorable results of AMT for
acute pseudomonal keratitis23 and bacterial and fungal
corneoscleral ulcers.24 In order to better understand the effect
of AMT to promote wound healing in fungal keratitis, and the
adverse effects such as recurrence of infection, we report here
a case series of patients who were treated with AMT along
with antifungal agents. Therapeutic efficacy and complica-
tions were reviewed.

MATERIALS AND METHODS

Patients
The medical charts of all patients who underwent

AMT for fungal keratitis by 1 author (D.H.K.M.) from
1994 to 2002 were reviewed. The diagnosis of fungal
keratitis was based on the result of a positive fungal culture
obtained at admission. A positive fungal culture was
defined by a confirmatory growth of fungal colonies on
inhibitory mold agar (IMA) plates or IMA supplemented
with chloramphenicol and gentamycin (ICG) agar plates.
The species of fungi was identified by microscopic
examination of the spores and hyphae. Specimens from the
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corneal lesions were collected for bacteriologic studies,
including Gram and acid fast stain, eosin Y methylene blue
(EMB) and chocolate agar plate culture for aerobic bacteria,
IMA and ICG agar plate culture for fungi, Lowenstein-Jensen
slant culture for atypical mycobacterium, and thioglycolate
broth culture for microaerobic and anaerobic bacteria. In
each case culture was repeated immediately before AMT.
Active fungal keratitis was defined as the culture result was
still positive at the time of AMT, and inactive fungal keratitis
when negative.

Antifungal Treatment
At admission, patients were initially treated with

topical broad-spectrum antibiotics. Antifungal agents, either
5% Natamycin (Alcon Laboratories, Fort Worth, TX) or
0.15% Amphotericin B (Bristol-Myers Squibb, New York,
NY) were administered topically when fungal elements
were identified by smears or by cultures. In some patients
(cases 6, 9, 10, and 21), oral ketoconazole was also given.
Antifungal therapy was administered continuously for at
least 7 days before AMT. After AMT, the frequency of
antifungal therapy was maintained or tapered according
to the clinical situation. Concomitant bacterial infections,
which were confirmed by positive bacterial cultures, were

treated with appropriate antibiotics according to the anti-
biotic sensitivity tests.

Indications for AMT
The indications for AMT were (1) corneal perforation

(ie, definite full thickness defect in the cornea), (2) desceme-
tocele (ie, destruction of the epithelium and stroma, with only
Descemet`s membrane and endothelium remaining), or (3) deep
ulcer (ie, 950% stromal loss) with poor reepithelialization.
Double-layered AMT was performed in patients with corneal
perforation and anterior chamber collapse.

The Amniotic Membrane Transplantation
Procedure

Human AM was prepared and preserved as previously
reported.26,27 Since August 1999, we have used commercially
available human AM (Bio-Tissue, Miami, FL) to avoid blood-
borne infections. Informed consents were obtained from all
the patients prior to the surgery. Under peribulbar anesthesia,
the necrotic tissue at the base of the ulcer was debrided and
sent for cultures. The rolled-up edge of the ulcer or the loosely
adhered epithelium adjacent to the ulcer was also removed.
The AM was trimmed to fit the shape of the ulcer and placed
with its epithelial (ie, basement membrane) side up. Then the

TABLE 1. Demographic Data

No. Sex/Age (y) Eye Preexisting Eye Diseases Predisposing Factor Systemic Disease

Active Fungal Keratitis

1 M/45 OD Unclear DM, hypertension

2 F/52 OS Stabbed by metallic wires

3 M/34 OD Herpetic keratitis

4 F/77 OD Unclear Cerebral aneurysm

5 M/60 OD Unclear DM

6 F/28 OS Soft contact lens wearing

7 F/69 OS Splashed by soil

8 M/68 OD Ocular rosacea

Herpetic keratouveitis

Mycobacterium keratitis

9 M/66 OD Scratched by a twig

10 M/47 OD Hit by an unknown foreign body

11 F/63 OS Herpetic keratitis Hepatitis B carrier

Acute pancreatitis

12 M/73 OD Scratched by a sugarcane leaf

13 M/31 OS Retained iron dust

14 F/77 OD Previous Endophthalmitis Hypertension

15 M/66 OD Advanced glaucoma Sprayed by insecticide

16 M/69 OD Unclear

Inactive Fungal Keratitis

17 M/64 OD Unclear DM, Gouty nephropathy

18 F/41 OD Corynebacter keratitis

19 M/47 OD Scratched by a fingernail Alcoholic liver disease

20 F/65 OS Scratched by a fingernail

21 F/61 OS Scratched by a sugarcane leaf

22 F/61 OS Scratched by an orange tree twig Liver cirrhosis

23 M/32 OS Chemical burn (cement) Alcoholic liver disease

DM, diabetes mellitus.
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AM was secured with interrupted 10Y0 nylon sutures, with the
suture knots buried. For a double-layered AMT, one layer of
AM was overlaid on another layer, both with the epithelial
side up. After trimming to fit the shape of the ulcer, both layers
were secured in place with interrupted 10Y0 nylon sutures. At
the end of the surgery, gentamycin ointment (Chauvin,
Montpellier, France) was applied, and the eye was patched
for 6 hours, then administration of the antifungal agents was
resumed.

Main Outcome Measure
The main outcome measure were (1) The morphology of

the lesion (location, size, and depth); (2) PreYAMT, postYAMT
and final visual acuity; (3) Species of the pathogen; (4)
Epithelial healing rate in days; (5) Treatment failure
necessitating therapeutic penetrating keratoplasty (TPK);
(6) The persistence of infection; (7) The depth of anterior
chamber following AMT (collapsed or formed); (8) Subsequent

surgeries necessary for visual recovery; (9) Other complica-
tions such as secondary glaucoma.

RESULTS
The pre- and postoperative demographic data are shown

in Table 1. There were 13 male patients and 10 female patients
with a mean age of 58.5 years (SD, 15.3y; range, 28Y77y). After
AMT, the mean follow-up period was 20.6 months (SD, 23.2
months; range 6Y65 months). In cases 17Y23, the cultures
performed immediately before AMT were negative, and
these 7 cases (30.4%) were considered inactive fungal keratitis
(Table 2). In the other 16 cases (69.9%), fungal cultures were
still positive immediately before AMT, and they were
considered active fungal keratitis (Table 2). Half the cases in
the active group and two cases in the inactive group had
concomitant bacterial infections (Table 2), and were treated
with appropriate antibiotics. Collapse of the anterior chamber

TABLE 2. Ophthalmic Examination

No. Pathogen‡
Concomitant

Bacterial Infection‡
Localization
of Ulcer

Size of ulcer
(mm � mm)

Depth of
Ulcer (%) Pre-AMT VA Antibiotics

Active Fungal Keratitis

1 Allescheria boydii Central 12.5 � 11.5 Descemetocele HM Nata

2 Aspergillus sp. Acinetobacter,
Pseudomonas aeruginosa

Central 12.0 � 12.0 Perforation* LP Nata, AN

3 Fusarium solani Pseudomonas aeruginosa Central 6.0 � 8.0 Perforation HM Nata, AN

4 Candica
parapsilosis

Pseudomonas maltophila Paracentral 5.0 � 5.0 Descemetocele CF/10 cm AMB,

5 Penicillium sp. Proteus mirabilis Paracentral 2.8 � 2.6 950%† CF/10 cm AMB, AN

6 Fusarium solani Central 7.0 � 7.6 Descemetocele HM KC, Nata

7 Fusarium sp. Central 8.0 � 4.0 Perforation* LP AMB, Nata

8 Candida
guilliermondii

Acinetobacter sp. Paraentral 4.0 � 4.0 Descemetocele HM AMB, PIP

9 Fusarium oxysporum Pseudomonas aeruginosa Central 9.0 � 9.0 Perforation* HM AMB, Nata,
CP, PIP, KCAcinetobacter haemolyticus

Coagulase (j) staphylococcus

10 Fusarium sp. Central 2.8 � 2.8 950% CF/80 cm KC, Nata AMB

11 Candida sp. Acinetobacter sp. Paracentral 6.0 � 5.0 950% CF/10 cm AMB

12 Drechsclera sp. Enterococcus fecalis Central 6.0 � 6.0 Perforation* HM AMB, CZ, CP

13 Fusarium sp. Paracentral 4.0 � 4.0 950% CF/30 cm Nata

14 Aspergillus sp. Central 8.0 � 6.0 Descemetocele LP AMB, KC

15 Candida sp. Central 3.9 � 3.5 950% LP AMB, Nata

16 Aspergillus sp. Central 3.0 � 2.0 950% HM AMB, Nata

Inactive Fungal Keratitis Group

17 Chaetomium Peripheral 3.2 � 3.8 Descemetocele 20/400 AMB, Nata

18 Caladoosporium
sp.

Acinetobacter haemolyticus Central 7.8 � 5.2 Perforation* LP AMB, AN

19 Fusarium
oxysporum

Clostridium perfringens Central 5.5 � 5.5 Perforation HM Nata CZ

20 Fusarium sp. Central 8.0 � 8.0 Perforation* HM Nata

21 Fusarium sp. Paracentral 3.7 � 2.4 Descemetocele CF/15 cm Nata, KC

22 Fusarium sp. Peripheral 1.4 � 1.3 Descemetocele 20/100 Nata

23 Bipolaris sp. Acinetobacter, Corenebacterium Peripheral 4.8 � 4.5 950% 20/60 AMB, Nata, CZ, AN

*Collapse of the anterior chamber.
†More than 50% stromal loss.
‡Results of the cultures obtained at admission.
AN, amikacin; AMB, amphotericin B; CZ, cefazolin; CP, ciprofloxacin; CF, counting finger; HM, hand movement; KC, oral ketoconazole; LP, light perception; Nata, natamycin;

PIP, piperacillin; VA, visual acuity.
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due to corneal perforation was found in 6 patients (cases 2, 7, 9,
12, 18, and 20), therefore double-layered AMT was performed
in all of them. For the rest of the 17 patients without corneal
perforation, single-layered AMT was performed.

Therapeutic Efficacy
In the active fungal keratitis group, the AM melted in

cases 1, 4, 9, and 14 on postoperative days 4, 5, 8, and 10,
respectively. Therapeutic penetrating keratoplasty was nec-
essary for the first three cases (Table 3). As a result of
expected poor visual prognosis because of previous
endophthalmitis, no TPK was performed in case 14.
However, delayed but complete epithelialization was accom-
plished on postoperative day 39 in that case. For the
remaining 12 cases, epithelialization completed within 13.7
days (SD, 7.2 days; range, 6 Y26 days; Table 3). All of the 7
cases in the inactive group ended up with complete
epithelialization within 15.9 days (SD, 7.9 days; range,
4 Y25 days; Table 3). In the active group, subsequent
penetrating keratoplasty (PKP) or triple procedure (PKP,

cataract extraction, and intraocular lens implantation) were
needed in 10 cases to improve the final vision (Table 3), while
only one case in the inactive group received a triple procedure
later (Table 3). After AMT, the immediate postoperative
vision was improved in 14 cases (10 cases in the active group
and 4 cases in the inactive group), worsened in one case (in
the active group), and remained unchanged in 8 cases (5 cases
in the active group and 3 cases in the inactive group; Tables 2
and 3). At the final visit, the vision was improved in 17 cases
(13 cases in the active group and 4 cases in the inactive
group), worsened in 2 cases (1 case in each group), and
remained unchanged in 4 cases (2 cases in each group; Table
3). Twelve of the 23 eyes in this study (52.2%) had preserved
useful vision (ie, 20/400 and better) with or with-
out subsequent surgeries; however, the ratio would be 57.
1% if the two eyes with preexisting profound visual
impairment (cases 14 and 15) were excluded. The causes of
postoperative vision impairment were secondary glaucoma
(cases 2, 7, and 20), graft failure (cases 8, 9, and 11), refusal
of PKP (cases 19 and 21), and 1 case with later

TABLE 3. Surgical Outcomes

No.
Epithelialization

Time (d)
Layer
of AM

Immediate
TPK

Follow-
up (mos) Recurrence

Post-AMT
VA Subsequent Surgery Final VA Complications

Active Fungal Keratitis Group

1 AM melted in
4 days

1 Yes 53 No HM Triple procedure 20/100

2 23 2 No 65 No HM PKP CF/50 cm Secondary glaucoma

3 14 1 No 63 No LP Triple procedure 20/30

4 AM melted in
5 days

1 Yes 50 No CF/30 cm PKP then ECCE
+ PC-IOL 6 MD later

20/200

5 10 1 No 54 No CF/50 cm Triple procedure 20/40

6 21 1 No 60 No CF/10 cm PKP 20/20

7 7 2 No 63 No LP PKP + ECCE
Trabeculectomy

CF/30 cm Secondary glaucoma

8 21 1 No 8 No CF/10 cm PKP HM Graft failure

9 AM melted in
8 days

2 Yes 11 No CF/40 cm No CF/100 cm Graft failure

10 6 1 No 36 No 20/200 No 20/50

11 7 1 No 7 Yes CF/10 cm PKP + ECCE CF/50 cm

12 9 2 No 23 No HM No CF/5 cm Endophthalmitis
2 years later

13 13 1 No 6 No CF/100 cm No 20/100

14 AM melted in
10 days

1 No 7 Yes LP No LP

15 7 1 No 12 No NLP No NLP

16 26 1 No 11 No CF/40 cm PKP 20/400

Inactive Fungal Keratitis Group

17 14 1 No 10 No 20/200 No 20/100

18 20 2 No 22 No LP PKP + ECCE 20/400 Secondary glaucoma,
allograft rejection

19 18 1 No 8 No CF/10 cm No CF/50 cm

20 25 2 No 6 No HM No NLP Absolute glaucoma

21 7 1 No 6 No CF/30 cm No CF/15 cm

22 4 1 No 6 No 20/100 No 20/100

23 23 1 No 7 No 20/30 No 20/30

CF, counting finger; ECCE, extracapsular cataract extraction; HM, hand movement; LP, light perception; NLP, no light perception; PC-IOL, posterior chamber Y intraocular lens;
PKP, penetrating keratoplasty; Triple procedure, penetrating keratoplasty, cataract extraction and intraocular lens implantation; VA, visual acuity.
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endophthalmitis unrelated to the present illness (case 12).
However, not a single eye was lost as a result of posterior
extension of the infection (ie, endophthalmitis).

Complications
Persistent fungal keratitis was noted in two cases the

active fungal keratitis group (cases 11 and 14; Table 3). In
case 11, culture taken at the margin of the lesion one week
after AMT was still positive for yeast. Nevertheless, the
epithelialization process was uneventful. As mentioned
above, in case 14, after aggressive antifungal therapy, the
infection subsided and subsequent clinical courses were
uneventful. Neither of the cases was caused by inadvertent
use of topical steroid.

Postoperatively, cases 2, 7, 18, and 20 had from
secondary glaucoma (Table 3). These cases all had corneal
perforation with collapsed anterior chamber at presentation.
Trabeculectomy was necessary to control intraocular pressure

in case 7. Case 20 was refractory to either medical or surgical
treatment, who ended up with no light perception 2 months
after AMT.

Case Reports

Case 3
A 34-year-old man presented with intermittent pain in the right

eye for 10 days. He suffered from an episode of herpetic simplex
keratitis 2.5 months earlier, which was treated at another medical
center. There was no history of eye trauma, and the visual acuity was
hand movement. Ocular examination revealed a central dense stromal
infiltrate (Fig. 1A), which progressed to corneal perforation 4 days after
admission. Fungal cultures yielded Fusarium solani, and topical 5%
natamycin was given. At first, histoacryl gluing was performed, but the
cornea perforated again 3 days later (Fig. 1B). AMT was then
performed to prevent collapse of the anterior chamber. A repeated
culture was obtained immediately before AMT, which later grew
Fusarium species again. Epithelialization was smooth and was

FIGURE 1. Amniotic membrane transplantation (AMT) in Case 3. A 34-year-old male patient suffered from keratitis OD caused
by Fusarium solani. At presentation, a central dense stromal infiltrate was noted (A). Corneal perforation was noted 3 days
after histoacryl gluing (B). Fourteen days after AMT, epithelialization was completed (C), and was negative for fluorescein
staining (D). A dense corneal scarring was noted 6 months after AMT (E). At 3 years after treatment, the best-corrected visual acuity
was 20/30 (F).
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completed in 14 days (Fig. 1C and D, fluorescein staining). Six
months later (Fig. 1E), the patient underwent penetrating kerato-
plasty combined with extracapsular cataract extraction. The post-
operative best-corrected visual acuity was 20/30 at 3 years after
treatment (Fig. 1F).

Case 5
A 60-year-old man with diabetes mellitus initially presented

with mild to moderate tingling pain in his right eye for 7 days. The
patient denied any trauma history, except that he sometimes rubbed
his eyes due to itching. Visual acuity was counting fingers at 10 cm,
and ocular examination showed a dense paracentral stromal infiltrate
(Fig. 2A). Fungal cultures yielded Penicillium sp., and topical 0.15%
amphotericin B was given (natamycin was temporarily not available
at that time). Nevertheless, after 2 weeks of treatment, melting of
corneal stroma progressed, and the depth of the ulcer became more
than 70% of the corneal thickness, therefore AMT was performed to
prevent corneal perforation. Repeated culture obtained immediately
before AMT was still positive for fungi. Ten days after AMT, the

AM remained in place (Fig. 2B). After one month, neovasculariza-
tion was noted in the lower part of the membrane (Fig. 2C).
Although there was still focal dense infiltrate beneath the AM, the
reepithelialization was almost complete with little fluorescein
staining in the central cornea (Fig. 2D). Six months after AMT
(Fig. 2E), triple procedure (PKP, extracapsular cataract extraction,
and intraocular lens implantation) was performed, and the final
visual acuity reached 20/40 (Fig. 2F).

Case 6
A 28-year-old female subject who wore soft contact lenses

sustained Pseudomonas keratitis OS 2 months earlier. Before
admission, the patient experienced left eye pain for 3 days. Ocular
examination revealed a central dense stromal infiltrate with
hypopyon (Fig. 3A), and the visual acuity was hand movement
only. Fusarium solani was found by culture, and oral ketoconazole
(200 mg twice daily) and topical 5% natamycin was given.
Descemetocele was found 17 days after admission (Fig. 3B), and
AMT was performed after repeated culture, which later was still

FIGURE 2. Amniotic membrane transplantation (AMT) in Case 5. A 60-year-old male DM patient suffered from keratitis OD caused by
Penicillium. A dense paracentral stromal infiltrate with melting was noted at presentation (A). Ten days after AMT, the membrane
was still in place (B). After one month, neovascularization was noted in the lower part of the membrane (C), whereas there
was fluorescein staining in a tiny central area of the cornea (D). Scarring and neovascularization was noted in the lower half of the
cornea 6 months after AMT (E). Four years after triple procedure, the visual acuity remained 20/40 (F).
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positive for fungi. Immediately following AMT (Fig. 3C), there was still
total fluorescein staining of the lesion (Fig. 3D). However, the lesion
healed gradually, and 72 days later there was peripheral
neovascularization and corneal scarring (Fig. 3E). Penetrating
keratoplasty was performed 8 months postoperatively. After 5 years`
follow-up, the visual acuity remained 20/20 (Fig. 3F).

Case 8
A 68-year-old man suffered from right eye pain and photophobia

for 3 days. The patient was a case of ocular rosacea, and had suffered
from herpetic keratouveitis and culture-provenMycobacterium keratitis
of the same eye 6 months earlier. Ocular examination revealed
paracentral stromal infiltration with melting (Fig. 4A) and the
visual acuity was finger counting at 80 cm. Fungal cultures yielded
Candida guilliermondii, and 0.15% amphotericin B was given
topically. Seven days later, the infiltrate increased and the corneal
melting was more prominent (Fig. 4B). Sixteen days later, AMT
was performed due to descemetocele formation, and a repeated
culture was still positive for fungi. Twenty-one days after the

operation, the AM was intact with complete epithelialization
(Fig. 4C). Unfortunately, another one and 1.5 months later,
thinning of the AM and protrusion of uveal tissue was noted
(Fig. 4D). The lesion healed by medical treatment only without
further surgeries. Seven months later, the patient received penetrating
keratoplasty. However, due to retrobulbar hemorrhage with subsequent
graft failure, the final vision of the eye was only hand movement.

DISCUSSION
In literature, approximately 25%Y35% of cases of

fungal keratitis require surgical interventions at the acute
stage to prevent perforation or spreading of infec-
tion.4,9,13,20,28 However, fresh donor corneas are not always
available. Moreover, PKP for fungal keratitis is technique-
dependent and may also carry a risk of recurrent infection.19

The use of AM in ophthalmology has been extensively
reported.26,27,29,31 The inhibitory effect on inflammation,

FIGURE 3. Illustration of AMT in case 6. A 28-year-old female subject who wore soft contact lenses suffered from keratitis
caused by Fusarium solani. Ocular examination revealed a central dense stromal infiltrate with hypopyon (A). Descemetocele
was found 17 days after admission (B). AMT was performed, and immediately after the operation (C), there was still total
fluorescein staining of the lesion (D). Seventy-two days later, corneal scarring with peripheral neovascularization
was evident (E). Five years after penetrating keratoplasty, the visual acuity remained 20/20 (F).
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proteolysis, angiogenesis, fibrosis, and the promoting ef-
fect on epithelialization following AMT have been well
recognized, as well as the potential advantage of AM over
traditional PKP in terms of graft rejection. The application for
the management of infectious keratitis has been reported by
Kim et al22 and by our previous studies.23,24

To understand the consequence when AMT was
performed during active infection, we divided the 23 cases
into active and inactive infection groups. In the absence of
viable fungi, the 7 cases in the inactive group healed
uneventfully. As for the active group, although melting of
the AM was noted in 4 cases (25%), the remaining 12 cases
(75%) achieved complete epithelialization, suggesting that
AM might promote the healing of corneal epithelium even in
the event of active infection and inflammation.

In this study, the persistence of fungal infection
occurred in 2 of the 23 cases (8.7%). AMT was performed
as an emergent procedure to preserve the integrity of the
globe. Fortunately, these two cases healed uneventfully after
aggressive antibiotic therapy. Compared with previous
reports,4,9,13,17,19,20,28 the low recurrence rate implies that
the penetration of antifungal agents might not be impeded by
the AM; however, this also highlights the necessity of
adequate antifungal therapy before AMT.

We had compared the clinical outcome of the present
study with those following TPK or lamellar keratoplasty (LK)
for fungal keratitis published after 1990. The recurrence rate
after TPK or LK ranged from 7.3%9 to 30.8%.17 In this study,
none of the infected eyes required enucleation, whereas
zero9,14,15 to 15.4%20 eyes were enucleated after TPK in the
previous studies. Unlike TPK or LK, there is no risk of
rejection following AMT, and more than half of the 23 eyes in
this study (12/23, 52.2%) had preserved useful vision (20/400
and better). The ratio of preserved useful vision ranged from
18.2%15 to 69.4%16 after TPK and 92.7%9 after LK. However,

care should be taken that LK is only suitable for treating
superficial fungal infections. Also, without mentioning the
size of lesion in previous studies, a direct comparison of this
study with previous TPK results might be misleading.
Compared with other series of TPK or LK, a somewhat
higher incidence of secondary glaucoma was noted in our
series (17.4%), while those after TPK ranged from 1.9%16

to 50.4%.13 The four cases with secondary glaucoma were
all associated with corneal perforation and collapse of the
anterior chamber (cases 2, 7, 18, and 20), and the lesions
were generally larger (8.0 � 4.0 mm to 12.0 � 12.0 mm). This
may imply that AMT was inferior to TPK in the tectonic
support of the wound, especially in maintaining the angle depth
after large corneal perforation.

In our experience, whether to perform AMT in an
already perforated corneal ulcer depends on the shape of the
ulcer. If the perforation is small and, notably, if there is some
residual stroma around the perforation site, AMT, especially
multilayered AMT,30,32 can still be performed, as the residual
stroma together with the AM can prevent leakage of aqueous.
However, if the perforation is large, and the lesion edge is blunt,
it is better to perform patch grafting using cryopreserved or
fresh cornea to enhance the tectonic strength. Nevertheless, we
found that AMT did not profoundly interfere with the
antifungal therapy, and could promote reepithelialization
even in event of acute infection and inflammation. For
extensive ulcers, AMT could still be performed as an emergent
procedure until a donor cornea is available.

In conclusion, our study showed that AMT may be
considered a useful adjunctive treatment for the manage-
ment of fungal keratitis associated with poor wound healing
and impending perforation. However, the possibility of
recurrent infection should not be neglected. Continued
antifungal therapy and meticulous patient monitoring are
still mandatory.

FIGURE 4. Illustration of AMT in case 8.
A 68-year-old man with ocular rosacea,
suffered from herpetic keratouveitis and
culture-proven Mycobacterium keratitis
6 months ago. At admission, ocular
examination revealed paracentral
stromal infiltration with melting (A).
Fungal cultures yielded Candida
guilliermondii. Seven days later, the
infiltrate increased and the corneal
melting was more prominent (B).
TwentyYone days after AMT, the AM
was intact with complete
epithelialization (C). One and a half
months later, thinning of the AM and
protrusion of uveal tissue was noted (D).
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