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Amniotic membrane covering promotes healing of
cornea epithelium and improves visual acuity after
debridement for fungal keratitis
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Abstract
·AIM: To investigate the effect of amniotic membrane
covering (AMC) on the healing of cornea epithelium and
visual acuity for fungal keratitis after debridement.

·METHODS: Twenty fungal keratitis patients were
divided into two groups randomly, the AMC group and
the control group, ten patients each group. Both
debridement of the infected cornea tissue and standard
anti -fungus drugs treatments were given to every
patients, monolayer amniotic membrane were sutured to
the surface of the entire cornea and bulbar conjunctiva
with 10 -0 nylon suture for patients in the AMC group.
The diameter of the ulcer was determined with slit lamp
microscope and the depth of the infiltration was
determined with anterior segment optical coherence
tomography. Uncorrected visual acuity (UCVA) was
tested before surgery and three month after healing of
the epithelial layer. The healing time of the cornea
epithelium, visual acuity (VA) was compared between the
two groups using test.

·RESULTS: There was no statistical difference of the
diameter of the ulcer, depth of the infiltration, height of
the hypopyon and VA between the two groups before

surgery ( 跃0.05). The average healing time of the AMC
group was 6.89 依2.98d, which was statistically shorter
than that of the control group (10.23依2.78d) ( 约0.05).
The average UCVA of the AMC group was 0.138依0.083,
which was statistically better than that of the control
group (0.053依0.068) ( 约0.05).

·CONCLUSION: AMC surgery could promote healing of
cornea epithelium after debridement for fungal keratitis
and lead to better VA outcome.
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INTRODUCTION

F ungal keratitis is a kind of serious cornea infection that
could eventually lead to blindness or loss of the eyeball

if not treated effectively. Owing to a great variety of fungal
pathogens, complex clinical manifestations, and limited
antifungal medications, fungal keratitis is often difficult to
treat, thus most of the patients need surgery treatment [1].
Debridement of the infected cornea tissue has been proved to
be effective in removing the fungal pathogens and help to
control the infection, unfortunately, delayed healing of the
cornea epithelium may lead to over scarring of the cornea
stroma that could impair the visual acuity (VA) of the
patients [2]. Amniotic membrane (AM) has been widely used
to promote the healing of epithelial layer of cornea and
conjunctiva for none-infectious ulcer for a long time [3-9], but
only a few surgeons reported the influence of AM for
infected cornea ulcer[10-15]. We tested the influence of amniotic
membrane covering (AMC) on the healing of cornea
epithelium and VA restoration for fungal keratitis after
debridement in this study.
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SUBJECTS AND METHODS
Patients This study was approved by the ethics committee
of Tongji Hospital, Tongji Medical College, Huazhong
University of Science and Technology, informed consent was
obtained from each patient in accordance with the
Declaration of Helsinki. The medical charts of twenty
patients who underwent debridement with or without AMC
for fungal keratitis by one doctor (Li GG) from 2012 to 2013
were reviewed. The diagnosis of fungal keratitis was based
on the result of positive fungal hyphae corneal scraping under
microscope with or without a positive fungal culture. A
positive fungal culture was defined by a confirmatory growth
of fungal colonies on Columbia blood medium plates. The
patients were divided into two groups, the AMC group and
the control group, ten patients in each group.
Antifungal Treatment Antifungal agents, 5% Natamycin
(Alcon, USA), 0.25% Amphotericin B (Huabei Pharmaceutical
Group, China) and 0.2% Fluconazole (Pfizer Inc. USA）were
administered topically, as eye drops every two hours.
Fluconazole injection was also used systemically, intravenous
0.2 g every day. Antifungal therapy was administered
continuously before and after surgery. The frequency of
antifungal therapy was maintained or tapered according to the
clinical situation. At admission, patients were initially treated
with topical broad-spectrum antibiotics in prevision of
bacterial infection.
Amniotic Membrane Covering Procedure Human AM
was prepared and preserved as previously reported [4,5].
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.
AM that could cover the whole cornea and bulbar
conjunctiva was placed with its epithelial side up and secured
with running 10-0 nylon sutures around the limbus and bulbar
conjunctiva. At the end of the surgery, Chlortetracycline eye
ointment (Beijing Shuangji Pharmaceutical Co., Ltd. China)
was applied, and the eye was patched for 3h, then
administration of the antifungal eye drops was resumed.
Main Outcome Measure The main outcome measure were
1) The morphology of the lesion (size, and depth of the
infiltration, height of the hypopyon). The size of the lesion
was recorded by the diameter, which is the average of the
largest and smallest diameter of the defect of the epithelium.
The depth of the infiltration was determined using anterior
segment optical coherence tomography (As-OCT)

examination and recorded as the ratio of infiltration to the
whole thickness of the cornea. The height of the hypopyon in
the anterior chamber was examined under slit microscope
and recorded in millimeters; 2) Preoperative, postoperative
uncorrected visual acuity (UCVA) were tested and recorded
using international standard VA chart, (VA worse than 0.02
was recorded as 0), and the VA was tested before and three
months after surgery; 3) Fungal pathogen in cornea scraping
and culture; 4) Epithelia healing time in days, shown by
cornea fluorescein staining; 5) Treatment failure necessitating
second debridement or therapeutic penetrating keratoplasty
(TPK).
Statistical Analysis All tests were performed at least in
triplicate. Data sets were expressed as mean依SD and tested
with Student's -test between two sets of tests. A -value of
less than 0.05 was considered statistically significant.
RESULTS
As shown in Table1 and Table 2, there was no statistical
difference between the average diameter and depth of the
lesion, height of the hypopyon of two groups ( ＞0.05).
Nine out of ten patients got cured of the fungal infection and
one patient needed TPK in the AMC group, one patient
underwent a second debridement. In contrast, eight out of ten
patients got cured of the fungal infection, with two patients
underwent a second debridement and two patients needed
TPK in the control group.
Amniotic Membrane Covering Shortened the Healing
Time of the Cornea Epithelium and Led to Better
Visual Acuity As shown in Table 3, for the nine patients in
the AMC group and eight patients in the control group that
got total recovery of the cornea epithelium and removal of
the fungal pathogen, the time needed for healing of the
cornea epithelium was statistically shorter in the AMC group
than that of the control group ( ＜0.05). The scarring and
opacity of the cornea stroma in AMC group was less than
that of the control group, which led to better uncorrected VA
in the AMC group, with statistical difference ( ＜0.05). As
shown in Figure 1, No.5 patient in the AMC group, with a 8
mm diameter defect of cornea epithelium (A), 0.3 cornea
thickness depth of infiltration (D), underwent lesion
debridement (D, red line) and AMC surgery, AM could be
shown with OCT (B, E), cornea epithelium healed within ten
days, with minor scar formation in the stroma (C, F). In
contrast, Figure 2 demonstrated that No.13 patient in the
control group, also with a 8 mm diameter defect of cornea
epithelium (A), 0.3 cornea thickness depth of infiltration (D),
underwent lesion debridement (D, red line) but not AMC
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Table 1 Demographic data 
Groups Sex/Age (a) Eye Cornea scraping Fungal culture Needing second debrition Needing TPK 

AMC group       
1 M/62 OS + Fusarium + N N 
2 F/63 OS + Fusarium + N N 
3 M/47 OD + - N N 
4 M/62 OS + Fusarium + N N 
5 F/58 OS + Fusarium + N N 
6 F/63 OS + Aspergillus + Y N 
7 F/61 OS + - N N 
8 M/47 OD + Aspergillus + N N 
9 M/56 OS + Aspergillus + N Y 
10  F/52 OD + Fusarium + N N 

Control group       
11 M/47 OS + Fusarium + N N 
12 M/48 OS + Fusarium + N N 
13 M/60 OD + - Y N 
14 M/50 OS + Fusarium + N N 
15 M/46 OS + Fusarium + N N 
16 M/67 OS + Aspergillus + N Y 
17 F/50 OS + - Y N 
18 M/72 OD + Fusarium + N N 
19 M/56 OD + Aspergillus + N Y 
20 M/44 OD + + N N 

+: Positive; -: Negative; Y: Yes; N: Not. 
 Table 2 Diameter, depth of the infiltration of the cornea and height of hypopyon                                sx ±  

Groups Diameter (mm) Depth Hypopyon (mm) 
AMC 6.65±1.25 0.41±0.12 1.3±1.42 
Control 6.7±1.09 0.39±0.11 
P  0.925 0.702 

1.1±1.29 
0.745 

 
Table 3 Healing time of the cornea epithelium, uncorrected visual acuity before and after the surgery              sx ±  

Groups Healing time (d) VA-pre-op. VA-post-op. 
AMC 16.89±2.98 0.024±0.031 0.138±0.083a 
Control 10.23±2.78 0.046±0.063 
P  0.018 0.337 

0.053±0.068 
0.038 

pre-op.: Pre-operation; post-op.: Post-operation; a P＜0.05. 

surgery, without AM covering the surface of cornea,
Natamycin adherd to the surface of stroma cornea (B, E)
which interfered with the healing of cornea epithelium, thus
he experienced the second time lesion debridement,
epithelium healed twenty-one days later, with apparent scar
formation in the stroma (C, F).
DISCUSSION
It has been well known that AM could promote the healing of
cornea epithelium in none-infectious cornea ulcer [3-9]. Liu

[3] reported that AM makes epithelial cell migration
easier, and strengthen the basal cells connect. Boudreau [16]

found that AM could prevent apoptosis of epithelial cells and
accelerate corneal epithelium healing through providing
natural polymer vector for corneal epithelial cells. Thomasen

[17] confirmed that AM can produce some growth factors
such as basic fibroblast growth factor (bFGF), hepatocyte
growth factor (HGF) and transforming growth factor-茁
(TGF- 茁) that could promote the growth of corneal epithelial
cells. Furthermore, transplanted AM has been proved to
integrate with cornea stroma in corneal ulcers[18,19].
While for fear of the interference of the control of pathogens
like fungus, bacteria and acanthamoeba, only a few authors
reported the use of AM in infectious keratitis [10-15], Sangwan
and Basu [20] found that AM has antimicrobial properties. Das

[21] once even reported a case of fungal keratitis
following AM transplantation for bullous keratopathy. As for
fungal keratitis, Kim [10] reported that AM
transplantation seems to be a useful adjunctive surgical
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Figure 1 A case of the amniotic membrane covering group observed under slit lamp microscopy and As -OCT A, D: Before
surgery; B, E: Two days after surgery, with AM covering the surface of cornea, the thickness of AM was approximately 100 滋m as shown in
the OCT figure E; C, F: Ten days after surgery, the AM had been removed, the cornea epithelium healed with scar formation in the stroma,
uncorrected visual acuity 0.2.

procedure for the management of infectious corneal ulcer like
staphylococcus species, pseudomonas species, acanthamoeba
species, fungus, by promoting wound healing and reducing
inflammation. Chen [11] reported that AM 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. Both of these two papers emphasized the
importance of removal of the pathogen and medical treatment
for success of infection control and epithelial healing.
In this study, using randomized prospective controlled

sequence method, we observed the influence of AMC surgery
on the outcome of fungal keratitis treatment after
debridement. Because there was no statistical difference of
the lesion before treatment, more cases got infection cured in
the AMC group than that in the control group (nine eight),
faster epithelium healing and better VA in the AMC group,
thus we conclude that AMC could promote the cornea
epithelium healing and improve the VA outcome for fungal
keratitis patients. The reduction of inflammation during the
healing of the epithelium by AM reduced the scarring of the
stroma that account for better VA after surgery [22]. Our
experience also indicating that thorough removal of the

Figure 2 A case of the control group observed under slit lamp microscopy and As-OCT A, D: before surgery; B, E: two days after
surgery, without AM covering the surface of cornea, but with Natamycin adhering to the surface of stroma; C, F: 21d after surgery, the cornea
epithelium healed with scar formation in the stroma, uncorrected visual acuity 0.1.
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fungal pathogen with debridement surgery before AMC and
effective antifungal drugs are also necessary for the cure of
infection and rebuilding of visual function.
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