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Amniotic Membrane Transplantation for Pseudomonal
Keratitis with Impending Perforation
Jesse Hung-Chi Chen, MD; David Hui-Kang Ma, MD, PhD; Ray Jui-Fang Tsai, MD
Background: To determine whether amniotic membrane transplantation (AMT) can be
used as adjunctive therapy to promote wound healing and prevent perforation
in bacterial keratitis caused by Pseudomonas aeruginosa.
Methods:
We report on 6 eyes from 6 patients with bacterial keratitis caused by
Pseudomonas aeruginosa associated with prominent stromal melting and
extensive stromal loss. AMT was performed after treatment with fortified
antibiotics for at least 1 week. The mean follow-up period was 12.8¡ 2.5
months.
Results:
The lesion became sterile in all but 1 case for which AMT was performed.
Rapid reepithelialization and decreased inflammation was observed in 5
cases, with complete reepithelialization occurred at 9.4¡ 2.1 days postoperatively. The amniotic membrane dissolved in the remaining case with active,
extensive corneal infection and persistent epithelial defect; this case finally
received evisceration due to intractable glaucoma. In all other cases, after
AMT treatment, lesions did not extend, stromal loss was limited, and considerable stromal thickness was preserved.
Conclusion: AMT may be considered an alternative method for treating pseudomonal
keratitis, especially when stromal melting and loss are extensive, and the
infection has been controlled.
(Chang Gung Med J 2002;25:144-52)
Key words: amniotic membrane transplantation, Pseudomonas aeruginosa, keratitis, impending
perforation.

M

icrobial keratitis, especially that caused by
Pseudomonas aeruginosa, is associated with
intense inflammation and excessive proteolytic activity.(1) Without proper management, the cornea tends
to become perforated, resulting in severe consequences, such as glaucoma, cataract formation, and
even endophthalmitis. Corneal perforation results
from stromal necrosis and may occur earlier in fulminating infection or later with unsuccessful therapy.
If the perforation is less than 1-2 mm in diameter, a

cyanoacrylate adhesive with or without a patch graft
should be attempted.(2,3) If this fails or with larger
perforations, a therapeutic penetrating keratoplasty is
needed after intensive topical and sometimes systemic antibiotic therapy for days to eradicate bacteria
from the cornea as best as possible. In the event of
extensive infection, a corneoscleral graft is necessary. Although these procedures can cure the infection, there is a high risk of rejection of nearly 50% in
the first 6 months.(4,5) Because of the risk of both
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recurrent infection and rejection, either lamellar or
penetrating keratoplasty is usually not performed
except in the event of imminent perforation.
Recently, preserved human amniotic membrane
is reported to have anti-inflammatory,(6) anti-proteolytic,(7,8) and anti-microbial(9) activities, and has been
used to promote wound healing in deep corneal
ulcers caused by herpetic keratitis, neurotrophic keratitis,(10) and corneal and scleral ulcers associated
with autoimmune diseases. Most recently, amniotic
membrane transplantation (AMT) has been reported
to be used in acute infectious keratitis.(11) Based on
these evidences, it is reasonable to hypothesize that
AMT may be considered an alternative adjunctive
therapy to promote wound healing in infectious keratitis. In this study, we report on 6 cases of
pseudomonal keratitis; patch graft with amniotic
membrane was successful in promoting reepithelialization and preventing perforation in all but 1 case.

METHODS
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All patients were initially treated empirically,
including topical fortified broad-spectrum antibiotics, cycloplegics, lubricants, as well as systemic
analgesics. After smear and culture for bacteria, fungus, and mycobacterium were done, effective antibiotics were given according to a drug sensitivity test
for at least 1 week before AMT was performed.
Preparation of human amniotic membrane

The methods of amniotic membrane preparation
and preservation have been described previously.(12-14)
Briefly, a human placenta is obtained shortly
after elective cesarean delivery when hepatitis B
virus, human immunodeficiency virus, and syphilis
are excluded by serologic tests. The placenta is
cleaned of blood clots with sterile normal saline.
The amnion is separated from the rest of the chorion
by blunt dissection through the potential spaces
between the 2 tissues and is stored at -80 ¢Jin a sterile vial containing Dulbecco's modified Eagle medium (DMEM, Sigma, St. Louis, MO) and glycerol at
the ratio of 1:1 (v/v) before transplantation.

Patients

This study included 6 eyes from 6 patients with
pseudomonal keratitis treated at Chang Gung
Memorial Hospital, Taoyuan, Taiwan, from
September 1995 to November 1997. There were 3
males and 3 female, with a mean age of 71.3¡ 8.1
(59 to 83) years. The mean follow-up period was
12.8¡ 2.5 (10 to 17) months. Demographic data and
clinical characteristics are summarized in Table 1.
Table 1. Demographic Data
Case Age Gender
No. (year)

Eye

1
2

80
83

F
F

OS
OS

3
4

59
80

M
F

OS
OD

5
6

69
66

M
M

OS
OD

Secondary
diagnosis

Prior
surgery

glaucoma
ECCE+IOL
UGI bleeding
HZO, CHF, asthma
phthisis (OD)
interstitial nephritis,
PKP
MCA aneurysm
HSK, DM, OA
PKP
glaucoma

Abbreviations: F: female; M: male; ECCE: extracapsular
cataract extraction; IOL: intraocular lens implantation; UGI:
upper gastrointestinal; HZO: herpes zoster ophthalmicus; CHF:
congestive heart failure; MCA: middle cerebral artery; PKP: penetrating keratoplasty; HSK: herpes simplex keratitis; DM: diabetes mellitus; OA: osteoarthritis.

Amniotic membrane transplantation (AMT)

All surgical procedures were performed by the
same surgeon (DHKM). The indications to perform
AMT were: (1) no signs of reepithelialization despite
effective antibiotic therapy for 1 week, and (2) extensive thinning of the lesion with high risk of perforation. Informed consent was obtained from all
patients prior to surgery. After peribulbar anesthesia,
the base of the ulcer was debrided with spring scissors and a no. 15 Bard-Parker blade, and the specimen was sent for bacterial, fungal, and mycobacterial
culture. The amniotic membrane was then removed
from the storage medium, soaked in gentamycin sulfate (3 mg/ml) for at least 5 min, and fitted to cover
the lesion by trimming off any excessive portion.
Care was taken to ensure that the edge was free of
infiltration, and that the epithelium over the edge
was removed. The AM was then sutured with its
basement membrane side up to the edge of the lesion
in an end-to-end fashion by interrupted 10-0 nylon
sutures.(15) The knots were buried in the corneal stroma or not buried if it was difficult to do so. After
surgery, gentamycin ointment (Chauvin, Montpellier
Cedex, France) was applied to the lesion eye.
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Table 2. Clinical Characteristics
Case
No.

Time from onset of
infection to AMT (day)

Culture result at the
time of AMT

1
2
3
4
5
6

16
19
12
21
31
23

¡—
¡—
¡—
¡—
¡ˇ
¡—

Size of Ulcer
(mm)
8¡
5¡
5¡
3¡
8¡
3¡

4
5
7
3
8
3

Condition of ulcer
(residual corneal thickness)
descematocele
1/3 corneal thickness
1/3 corneal thickness
descematocele
1/4 corneal thickness
descematocele

Abbreviations: AMT: amniotic membrane transplantation. ¡—: negative; ¡ˇ: positive.

Table 3. Amniotic Membrane Transplantation Results
Case
No.

Follow-up
(month)

Pre-op
VA

Post-op
VA

Epithelialization
(day)

Complications

1
2
3
4
5

12
11
13
11
17

HM/10 cm
L-P
HM/80 cm
HM/30 cm
HM/10 cm

CF/40 cm
HM/10 cm
20/100
CF/10 cm
L-P (-)*

9
14
11
5
failed

mild corneal scarring
leukoma cornea
mild corneal scarring
corneal graft edema
PED

6

10

HM/5 cm

HM/10 cm

8

mild corneal scarring

Other treatment,
final VA, or outcome
died of arrhythmia

TPK, conjunctival resection,
scleral graft, and evisceration

Abbreviations: VA: visual acuity; Pre-op: preoperative; Post-op: postoperative; L-P: light-perception; CF: counting finger; HM: hand
motion; PED: persistent epithelial defect.
* No light-perception at 6 months postoperatively.

Postoperative follow-up

Postoperatively, topical antibiotics were continued. Topical steroid was withheld until the resolutional stage of the infection. The progression of
reepithelialization was evaluated by slit lamp biomicroscopy with fluorescein staining of the cornea, and
was recorded by external eye photography.
Corrected visual acuity and intraocular pressure were
examined every 1 or 2 months.

RESULTS
Patients' demographic data and clinical characteristics are summarized in Tables 1 and 2, and
results for AMT are in Table 3. AMT was performed
from 12 to 31 (20.3¡ 3.8) days after the onset of
infection. The average size of the lesion was 5.3¡
5.0 (3¡ 3 to 8¡ 8) mm when AMT was performed.
At the time of AMT, descematocele was observed in
3 cases, 1 case had 1/4 the original stromal thickness,
and the other 2 cases had 1/3 stromal thickness.
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Except for patient 5 in whom treatment failed, the
mean time to reepithelialization for the other 5 eyes
was 9.4¡ 2.1 (5 to 14) days. The overall visual acuity was improved, although final improvement
depends on future penetrating keratoplasty (PKP).
Except for patient 5, the lesion became sterile in all
other cases when AMT was performed.
Three eyes (patients 1, 3, and 6) had a smooth
postoperative course, with a resultant mild corneal
scar. One of them (patient 3) even achieved a bestcorrected visual acuity of 20/100. Patient 2 presented with a leukoma cornea on the last visit (June 26,
1997), but unfortunately died later (June 30, 1997)
due to ventricular arrhythmia. Two eyes (patients 4
and 5) had previously received PKP. One of them
(patient 5) sustained dissolution of the AM and a
persistent epithelial defect, and the eye was eviscerated 1 year later due to intractable glaucoma.
Although AMT was successful in the other case
(patient 4), there was remaining graft edema at the
latest visit.
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CASE REPORTS
Case 1 (Patient 1):

A 80-year-old woman was followed in our glaucoma clinic, and there were no known remarkable
systemic diseases. Cataract surgery (extracapsular
cataract extraction and implantation of a posterior
chamber intraocular lens; ECCE + PCIOL) had been
performed 5 years earlier in the left eye before the
occurrence of a pseudomonal corneal ulcer in that
eye. Corneal infiltrate with melting and hypopyon
were noted (Fig. 1A). After 1 week's topical antibiotics (amikin 25 mg/ml q1h and cefazolin 50 mg/ml
q1h) treatment, corneal melting persisted, and perforation was imminent. The lesion was already sterile
at the time of AMT as proven by a negative culture
result. AMT was then performed (Fig. 1B), and
reepithelialization was achieved in 9 days (Fig. 1C).
Her vision improved from hand motion at 10 cm to
counting fingers at 40 cm by 12 months postoperatively (Fig. 1D).
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Case 2 (Patient 3):

A 59-year-old man had pig food splashed into
his left eye, which later developed pseudomonal keratitis. More than half of the cornea showed infiltration (Fig. 2A), and his vision decreased to hand
motion at 80 cm. After fortified antibiotics (cefazolin 50 mg/ml q1h and gentamycin 14 mg/ml q1h,
which was later shifted to amikin 50 mg/ml q1h)
treatment, there was still a risk of perforation, with
stromal loss of more than two-thirds of the original
thickness. AMT was then performed (Fig. 2B), and
total reepithelialization was observed in 11 days (Fig.
2C). Culture performed at the time of AMT grew no
microorganisms. His best-corrected visual acuity
had improved to 20/100 at 13 months postoperatively, although a faint corneal scar still persisted (Fig.
2D).
Case 3 (Patient 5):

A 69-year-old man underwent PKP in his left
eye for corneal scarring secondary to recurrent her-

Fig. 1 Case 1 (left eye of an 80-year-old woman). (A) There were corneal melting and hypopyon in the left eye, with impending
perforation. (B) AMT was performed 1 week later. (C) Total reepithelialization was achieved 9 days later. (D) Moderate corneal
scarring was noted in follow-up, but with no epithelial defect.
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Fig. 2 Case 2 (left eye of a 59-year-old man). (A) A large amount of infiltrate occupied more than the upper half of the cornea,
with severe congestion of the conjunctiva. (B) AMT was performed 10 days later, and severe corneal stromal loss could be detected
through the slit light. (C) Reepithelialization was satisfactory after 11 days. (D) Only faint scarring was noted in long-term followup.

Fig. 3 Case 3 (left eye of a 69-year-old man). (A) Six months after PKP, a total, deep, dense stromal infiltrate was noted. B-scan
failed to demonstrate posterior segment infection. (B) Dissolved AM was noted in less than a week. (C) There was also a persistent epithelial defect. (D) Evisceration was performed 6 months after AMT due to intractable glaucoma.
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petic keratitis. The patient also suffered from diabetes mellitus. An extensive pseudomonal corneal
ulcer developed 6 months postoperatively, with a
total, deep, dense stromal infiltrate (Fig. 3A). The
infection progressed rapidly, and there was dehiscence at the graft-host junction. AMT was performed in the hope of preventing further melting of
the graft; however, the AM dissolved, and dense
infiltrate and epithelial defect persisted (Fig. 3B, C).
Culture performed at the time of AMT was still positive for pseudomonas. As there was rapid progression of the infection from the cornea to the adjacent
sclera, therapeutic penetrating keratoplasty, conjunctival resection, and scleral graft were all performed
thereafter. Due to intractable glaucoma and visual
acuity of no light perception, the eye was finally
eviscerated 6 months after AMT (Fig. 3D).

DISCUSSION
The preceding review of the pathogenesis of
pseudomonal keratitis has shown how this organism
produces a formidable infection,(16) which if untreated, can rapidly progress to corneoscleritis, cornea
perforation, and resultant panophthalmitis. The aims
of therapy are to prevent extension of the infection,
eliminate the pathogen, control inflammation, promote wound healing, and prevent perforation.
In 1910, Davis was the first to report the use of
a fetal membrane as a surgical material for skin
transplantation.(17) Since that time, AM has been
used for other indications:(18) as a graft for burned
skin(19) and for artificial vagina; as a dressing for skin
wounds(20) and for repairing omphaloceles;(21) or as a
substitute to prevent tissue adhesion in surgeries of
the head, abdomen,(22) and pelvis. In the 1940s, several authors reported the beneficial role of AM in treating a variety of ocular surface disorders. (23-25)
However, due to improper management of the tissue,
the results were not impressive. It was not until Kim
and Tseng reported the potential clinical application
of preserved human AM that the tissue regained
wide attention for ophthalmic use.(26)
Certain features make the AM ideal for its application in ocular surface reconstruction. First, the
AM does not express HLA-A, -B, or -DR antigens,
and hence immunological rejection after transplantation of cryopreserved AM does not occur. (27-29)
Second, the AM, by serving as a "transplanted base-
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ment membrane", acts as a new healthy substrate
suitable for proper epithelialization. Transplantation
of AM to provide a substrate for regenerating epithelial cells has been found to be effective in reconstructing the corneal surface in rabbits.(26,30) AMT as
an alternative method for treating persistent epithelial defects and sterile ulceration that are refractory
to conventional treatment has also been reported.(12)
Although multilayer AMT has recently been used for
reconstruction of deep ulcers in herpetic keratitis,
neurotrophic keratitis,(10) and sterile corneal and scleral ulcers, to the best of our knowledge, there is no
report on using AMT as an alternative treatment for
bacterial keratitis in the acute stage. Given its properties as a promoter of reepithelialization, (31,32) the
AM might be considered an alternative reconstructive material for promoting wound healing and preventing perforation in pseudomonal keratitis.
However, several issues remain to be clarified in the
event of treating infectious diseases with AMT,
mainly because it is often feared that applying AMT
to a cornea with acute infection will interfere with
antibiotic treatment.
The antibacterial properties of human AM and
amniotic fluid(33) have previously been described.
Talmi et al reported that no bacteria were able to
grow underneath AM. (9) Possible explanations
include intimate adherence of the AM to the wound
surface, or the presence of antimicrobial peptides
(defensins). (34) In a recent study, (35) the AM was
shown to act as a drug reservoir system in that AMT
does not interfere with the ocular penetration of topical antibiotics in corneas with epithelial defects, and
antibiotic-soaked AM may function as an effective
drug-delivery vehicle.(36) On the other hand, the AM
can also protect the ocular surface from being
exposed to unwanted proteolytic damage caused by
proteases released by bacteria and inflammatory
cells. Notably, recently Kim et al reported that AM
contains various protease inhibitors which suppress
the matrix-degrading activity of collagenase, plasmin, and trypsin.(37) Although AM did not directly
inhibit pseudomonal proteases, it may work indirectly by inhibiting host proteases which are activated by
microbial proteases. However, in order to prevent
concealing living microorganisms in the lesion, we
suggest that fortified antibiotics be instituted for at
least 5 to 7 days before AMT is performed.
The virulence of pathogen and host defenses is
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another factor that should be taken into consideration
when treating infectious keratitis with AMT.
Although stromal damage caused by pseudomonal
keratitis can be extensive, most of the time, the bacteria respond to sensitive antibiotics and seldom
cause prolonged infection. In contrast, more time is
needed to eradicate infection caused by fungi and
atypical mycobacteria. Whether covering a lesion
still positive for viable fungi or an atypical mycobacterium with AM will increase the risk of recurrence
remains unanswered, and this issue requires careful
investigation. On the other hand, patients with compromised immunity, either systemically such as diabetes or cancer, or locally such as dry eye or neurotrophic keratitis, theoretically respond less favorably to AMT, mainly due to impaired wound healing
and defense mechanisms. For the only patient in
whom treatment failed who was also a diabetic, it is
likely that corneal infection occurring in such a
patient would tend to be more fulminant, and due to
impaired polymorphonuclear leukocyte phagocytosis
activity, it is more difficult to eradicate the microorganism. Under such conditions, we suggest that
repeated cultures be done to guarantee that the lesion
has already been rendered sterile before AMT is performed.
In summary, the purpose of AMT in infectious
keratitis is to provide tectonic support, to promote
wound healing, and to decrease inflammation and
keratolysis associated with infection so as to prevent
the disastrous complications of corneal perforation.
However, the hope of recovery of visual acuity
depends on future penetrating keratoplasty or
cataract extraction in most cases. Acknowledging
that the present study is a small one, more-extensive
investigations are required to understand the mechanisms and effects of AM on infectious keratitis.
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