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Abstract
Purpose: To report the anatomical and visual outcomes of double layered amniotic membrane transplantation
(AMT) in eyes with advanced Pseudomonas keratitis leading to Descemetocele formation.
Methods: This prospective interventional case series included 6 eyes of 6 female patients with pseudomonas
keratitis caused by contact lens‑induced infection who underwent double layered AMT. Surgery was
performed after the ulcers were found to be poorly responsive to antibiotics, and severe thinning or
Descemetocele had developed. All patients underwent a complete examination pre‑ and postoperatively, as
well as anterior segment optical coherence tomography (OCT) and pachymetry or Orbscan after the procedure.
Results: Mean follow‑up period was 24 months. There was neither frank corneal perforation nor a need for
emergent corneal transplantation in any of the eyes. All patients had visual acuity of hand motions before
the procedure which improved to 20/50 to 20/30 three months after surgery. No surgical or postoperative
complication occurred in this series.
Conclusion: Double layered AMT may result in acceptable anatomical outcomes in patients with advanced
Pseudomonas keratitis with Descemetocele formation and can eliminate the need for emergent corneal
transplantation.
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INTRODUCTION

Bacterial infections of the cornea necessitate emergent
management because without proper treatment they
can lead to grave complications such as Descemetocele
formation, corneal perforation, glaucoma, cataract,
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endophthalmitis and even loss of vision. The condition is
more problematic when the infection is caused by certain
micro‑organisms such as Pseudomonas aeruginosa,
which is usually associated with wearing contaminated
contact lenses. This organism can damage the cornea due
to excessive proteolytic activity mediated by its toxins
and enzymes.[1,2]
Interventions used for descemetoceles, including
tissue adhesives and glues, bandage contact lenses, and
lamellar or penetrating keratoplasty, are not effective in
approximately half of such cases.[3] Amniotic membrane
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transplantation (AMT) is an alternative method which
can be used to treat acute cases of inflammatory
descemetocele when the risk of corneal graft rejection
is high. [4] Amniotic membrane has several biologic
features including anti‑microbial, anti‑inflammatory
and anti‑proteolytic effects which may be beneficial in
patients with corneal ulcers.[4] However, this membrane
may also act as a barrier and decrease antibiotic
penetration.[5]
There are three different surgical methods for amniotic
membrane transplantation. In first method, the so‑called
“inlay or graft technique”, the amniotic membrane is
used as a scaffold for epithelial cell migration and better
re‑epithelialization. The membrane may also be used as
an overlay or patch technique. In the third method, the
membrane is sutured to the intact edges of the lesion and
based on the depth of perforation, single or multilayered
transplantation are performed.[6] Previous studies have
not determined long term restoration of corneal thickness
and anatomy after AMT for corneal descemetoceles.
The current case series aims to describe the healing
process of corneal descemetoceles in patients who
underwent double‑layered AMT for Pseudomonas
keratitis using micrometric imaging methods including
anterior segment optical coherence tomography (OCT)
and corneal pachymetry map or Orbscan.
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This prospective interventional case series study was
performed from June 2010 to December 2012. We report
the results of AMT on 6 eyes of 6 patients referred to

Farabi Hospital, Tehran University of Medical Sciences,
Tehran, Iran. All affected subjects were female patients
who were admitted with a diagnosis of corneal thinning
and descemetocele formation due to bacterial keratitis
[Table 1]. The risk factor for corneal ulcer was use of
cosmetic contact lenses. They reported not to follow
hygienic standards completely. Only case #4 who was
a medically prescribed contact lens wearer reported
complete adherence to contact lens hygiene.
All patients had been treated with empirical topical
broad‑spectrum antibiotics emergently. Bacterial culture
and antibiograms were performed in all patients at
our center using a standard method, and appropriate
antibiotic therapy was commenced based on the results.
Pseudomonas aeruginosa was confirmed after scraping
and culture in all subjects. The appropriate topical
antibiotic[7] was applied at least one week prior to surgery.
The indication for surgery was corneal descematocele
formation and impending corneal perforation despite
intensive treatment with fortified antibiotics. All patients
were operated by the same surgeon and with the same
method using double‑layered AMT. Preoperative
examinations in all patients included Snellen visual
acuity, refraction (if possible after acute phase when
inflammation was resolved.), slit lamp biomicroscopy
and indirect ophthalmoscopy for both eyes.
The study was approved by Institutional Review
Board at Tehran University of Medical Sciences and
adhered to the principles of the Declaration of Helsinki.
The operation and informed consent was signed by all
patients who were counseled regarding the surgical
method and possible complications.

Table 1. Demographic data and pre‑ and postoperative characteristics of patients with Pseudomonas keratitis with
impending corneal perforation
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No Age Gender Eye
(y)

Diagnosis

1

24 Female OD

HM

Cefazolin,
Double layer AMT +
Ceftazidime blepharorrhaphy

20/30 Completely healed
epithelium, fading
deep corneal scar

2

44 Female OS

HM

3

21 Female OS

4

19 Female OD

5

37 Female OD

Pseudomonas keratitis
with impending
perforation (central ulcer
+ descemetocele 7.8×7.9*)
Pseudomonas keratitis,
advanced thinning 3×3*
Pseudomonas keratitis
central thinning 4×4*
Pseudomonas keratitis
advanced thinning 5×5*
Pseudomonas keratitis
advanced thinning
with pseudo‑pterygium

Ceftazidime,
Amikacin
Ceftazidime,
Amikacin
Ceftazidime,
Amikacin
Ceftazidime,
Amikacin

6

21 Female OD

Pseudomonas keratitis
partially central corneal
ulcer 3×3*

HM

20/40 Completely healed
epithelium
20/40 Completely healed
epithelium
20/50 Completely healed
epithelium
20/50 Completely healed
epithelium and
resolution of
neovascularization
20/50 Completely healed
epithelium

A

Pre‑op Antibiotic
Visual therapy
acuity

HM
HM
HM

Cefazoline,
Ceftazidime

Surgery

AMT +blepharorrhaphy
AMT + blepharorrhaphy
AMT + blepharorrhaphy
AMT + blepharorrhaphy
and injection of
bevacizumab because of
neovasculariation[8,9]
AMT + blepharorrhaphy

Post‑op Post‑op findings
visual
acuity

Op, operation; OD, oculus dexter; OS, oculus sinister; HM, hand motions; y, year; AMT, amniotic membrane transplantation. *Measurements
are in mm2
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All procedures were performed under topical
anesthesia using tetracaine eye drops. The necrotic edges
of the stromal ulcer were debrided and two layers of
amniotic membrane were sutured to the intact borders
of the ulceration with the stromal side of the membrane
down. Afterwards, a layer of amniotic membrane was
sutured to the limbus as graft using a single running
10‑0 nylon suture. Then the eye was patched at the
conclusion of surgery.
After the operation, all patients were recommended
to use antibiotic (Gentamycin 0.3% drop 3 times a
day for 14 days) and steroid drop (Prednisolone
Sodium Phosphate 1%, 4 times a day that was tapered
down during 2 months) until complete resolution of
inflammation. The initial examination was performed
after admission and the complete pre‑operative
examination started 48 hours after the acute phase. The
post‑operative examination included Snellen E‑chart
visual acuity test, refraction, slit lamp biomicroscopy to
verify the progression of re‑epithelialization, indirect
ophthalmoscopy, OCT (Visante Anterior Segment
OCT, Carl Zeiss Meditec, Dublin, California, USA) and
corneal pachymetry or orbscan. They were visited 3, 6
and 24‑months after operation.

post‑operatively at hospital for almost 7 days. There
was no corneal perforation and none of the patients
needed emergency corneal transplantation. All patients
had visual acuity of hand motions before surgery which
improved to 20/50 to 20/30 three months after the
procedure. No surgical or postoperative complication
occurred in this study [Table 1].

Representative Cases
Case #3

This 21‑year‑old female subject was hospitalized for
pseudomonas keratitis. Past medical history was
unremarkable. Examination revealed mild left scleral
edema with central corneal thinning measuring 4 × 4 mm.
She received sensitivity‑confirmed ceftazidime and
amikacin eye drops every one hour for one week
[Figure 1a]. Postoperative visual acuity was 20/50 three
months after surgery and 20/40 after one year without
any complication. OCT three months and one year after
surgery, and pachymetry one year after surgery showed
remarkable healing [Figures 1 and 2].
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RESULTS
The surgery was performed in less than one week after
admission and patients were under close observation
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A 19‑year‑old female patient with a pseudomonas
keratitis in her right eye was admitted. She did not have
any systemic diseases and had used contact lenses for
medical purposes and was following acceptable hygiene
instructions. At presentation, visual acuity was hand
motions and examination revealed eyelid swelling with
purulent discharge, corneal thinning of about 5 mm in

a
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Figure 1. Amniotic membrane transplantation (AMT)
in case #3. The photographs show progression of
treatment : (a) Preoperatively; (b) immediately after the operation;
(c) 3 months after surgery; (d) 24 months post-operation;
(e) general appearance two years after transplantation.
Journal of Ophthalmic and Vision Research 2016; Vol. 11, No. 1
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Figure 2. Amniotic membrane transplantation (AMT) in case
#3. (a) Optical coherence tomography (OCT) image three
months postoperatively; (b) OCT and (c) pachymetry one
year after surgery show nearly complete anatomical repair
of the cornea.
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diameter, with infiltration and injection, without any
hypopion. She was treated with ceftazidime and amikacin
every one hour for one week after the antibiogram
confirmed sensitivity to these antibiotics. Visual acuity
increased to 20/200 and 20/50, respectively, 20 days
and three months after AMT. Improvement in corneal
thickness and integrity was evident on OCT three and
24 months following surgery, and on Orbscan 24 months
after the operation [Figures 3 and 4].

DISCUSSION
AMT is beneficial for preventing corneal perforation
caused by corneal thinning and melting in Pseudomonas
keratitis.[2] It is of high importance to treat patients with
appropriate antibiotics before and after transplantation.[10]
In the present study, broad spectrum antibiotics were
administered empirically followed by a more specific
medication after sensitivity analysis was obtained.
The patients received double‑layered AMT and
were followed for approximately 2 years. Pre‑ and
post‑operative corneal thickness and anatomy were
evaluated by anterior segment OCT and pachymetry or
Orbscan which demonstrated remarkable progression in
corneal healing. Furthermore, all treated eyes obtained
final visual acuity of more than 20/50 at final follow ‑up.
AMT has been used for corneal perforations due
to various etiologies with a wide range of clinical
outcomes. In spite of the variable results, an improvement
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Figure 3. Amniotic membrane transplantation
in case #4. Progression of treatment: (a) Preoperative
appearance; (b)immediately following the operation; (c) three
months post operation; (d) 24 months after surgery; (e) general
appearance 24 months post-operatively.
40

in corneal thinning was reported after AMT.[11] The
anti‑inflammatory and anti‑angiogenic properties of
amniotic membrane can eliminate the need for urgent
keratoplasty which entails a high risk of graft rejection
in the setting of acute bacterial ulcers. Chen et al have
reported the outcomes of single‑layered AMT in a series
of patients with impending corneal perforation caused by
pseudomonas keratitis. Final maximum visual acuity was
20/100 in this report.[2] In another series of patients with
herpetic keratitis who received multilayered AMT, visual
acuity was improved to a maximum of 20/50.[12] Visual
acuity of 20/400 to 20/60 was achieved one year after
surgery in another study.[3] Solomon et al also reported the
results of multilayered AMT in 33 cases of non‑traumatic
corneal ulceration caused by different etiologies including
inflammatory diseases and various infections. They
concluded that AMT can be effective temporary treatment
for corneal descemetoceles or perforations.[13] A case
series consisting of 12 patients reported no perforation
or neovascularization after using double layered AMT
in severe bacterial keratitis with various pathogens.[14]
Recently, a case report of a large corneal perforation which
healed with double layered AMT described no surgical
complications in an emergency setting.[15]
OCT imaging was performed immediately after AMT
in one case of severe pneumococcal infection. This report
concluded that AMT is a potential alternative to other
treatments.[16] Additionally, this method was found
effective for treating corneal perforations caused by
other etiologies such as thermal or chemical burns[17‑19]
or limbal stem cell deficiency.[20]

Figure 4. Amniotic membrane transplantation in case #4.
(a) Optical coherence tomography (OCT) 3 months after the
operation; (b) OCT 24 months post-operatively; (c) anterior
(C) and posterior (d) corneal surface depicted by Orbscan two
years after surgery; both imaging modalities show significant
amelioration of the Descemetocele.
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Complications have been reported with multilayered
AMT. Methicillin‑resistant staphylococcus aureus can
become superimposed on amniotic membrane. [21]
Additionally, this membrane can act as a barrier against
penetration of antibiotics.[5] Resch et al report that
amniotic membrane reduces ofloxacin penetration
and that cryopreservation of the membrane does not
improve its permeability. [5] In contrast, some other
studies have proposed that this membrane acts as a
slow releasing reservoir of drugs.[22] Overall, the low
rate of infections after AMT shows that this modality
can result in acceptable outcomes particularly if the
membrane preparation method is based on FDA
standards.[23] In our study, no super‑infection occurred
following AMT.
In summary, this case series reported good
postoperative visual outcomes, improvement in corneal
thickness documented by OCT and pachymetry, and
absence of complications after double layered AMT in
Pseudomona keratitis.
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