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Abstract
Objectives: To evaluate the palliative efficacy of the intrastromal human amniotic membrane (hAM) surgery technique in patients 
with symptomatic bullous keratopathy and limited visual potential.
Materials and Methods: The study was carried out retrospectively by reviewing the medical data of 10 patients with poor visual 
prognosis who underwent intrastromal hAM surgery due to bullous keratopathy-related severe pain. Visual acuity, surgical indication, 
epithelization time, preoperative and postoperative pain scores, as well as anterior segment optical coherence tomography images and 
anterior segment photographs were obtained from the medical records.
Results: Ten patients (6 females/4 males) were included in the study. Nine patients underwent surgery for pseudophakic bullous 
keratopathy and glaucoma, and 1 patient due to graft failure and glaucoma. The mean time for corneal epithelization was 27.10±13.05 
days (range, 10-50), while the mean follow-up time was 37.5±1.6 months (range, 36-39.2). Subjective pain score improved in all patients 
after surgery. Suture-induced keratitis occurred during follow-up in one patient and was controlled with medical treatment.
Conclusion: Intrastromal amniotic membrane surgery may be an alternative to keratoplasty for pain palliation in patients with limited 
visual prognosis after corneal transplantation when donor tissue is scarce. With this method, hAM remains on the ocular surface longer, 
and superficial stromal excision is believed to provide a more regular ocular surface and extend the asymptomatic period.
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Introduction 

Bullous keratopathy (BK) is characterized by chronic edema 
and visual impairment due to corneal endothelial insufficiency. 
It often occurs after Fuchs endothelial dystrophy or endothelial 
trauma secondary to intraocular surgery and can cause severe 
pain.1,2,3 Keratoplasty is the primary treatment for eyes with 
visual potential.4,5 Palliative treatment methods are important 
for eyes without visual potential, especially in the management 
of pain. These methods include noninterventional approaches 
such as bandage contact lens use,6 as well as surgical options 
such as phototherapeutic keratectomy,7 cross-linking,8 stromal 
micropunctures,9 and conjunctival flaps.9

The human amniotic membrane (hAM) is the inner layer of 
the placenta consisting of the epithelium, basement membrane, 
and connective tissue. It has been used for years as a biomaterial 
in ocular surface diseases, including BK. hAM is used in BK for 
pain palliation and the treatment of recurrent epithelial erosion. 
It is usually applied to the ocular surface by direct suturing with 
the epithelial surface facing up. The hAM remains on the ocular 
surface for 2-8 weeks depending on the degree of inflammation 
present.2,10,11 Various modifications to the hAM transplantation 
procedure can be made if epithelial healing is not achieved or 
longer-term symptom control is needed. One of these is the inlay 
technique, in which the amniotic membrane is applied intra- or 
suprastomally.12 

The aim of this study was to evaluate the clinical outcomes 
of the intrastromal hAM surgical technique performed for 
palliation of symptomatic BK in patients with limited visual 
potential. 

Materials and Methods
The study was conducted by retrospectively screening the 

results of intrastromal amniotic membrane surgery for severe 
pain in 10 patients with BK and limited visual prognosis who 
were followed up in the Corneal Unit of the Ege University 
Faculty of Medicine. 

The study was carried out in accordance with the principles 
of the Declaration of Helsinki after obtaining approval from the 
local medical research ethics committee and informed consent 
from each patient. 

Visual acuity, surgical indication, epithelialization time, 
preoperative and postoperative pain scores (rated on scale of 0-10 
with 0 being mildest and 10 most severe), anterior segment 
optical coherence tomography images, and anterior segment 
photographs were collected from the patients’ records.

The intrastromal hAM surgical technique was performed as 
follows: After mechanical debridement of the corneal epithelium, 
a depth of approximately 100 μm was determined using an 8-mm 
trepan and superficial lamellar stromal dissection was performed 
in the central 8-mm area. A 360-degree peripheral corneal 
tunnel was then prepared using a crescent blade. Cryopreserved 
hAM cut using a 9-mm donor punch was obtained from the eye 
bank and prepared as described in the literature.13 It was then 
used to cover the dissection area with the epithelial side up and 
its peripheral ends placed in the prepared tunnel. The hAM was 
fixed in place with 8 interrupted nylon sutures in the peripheral 
cornea (Figure 1a-h).

Statistical Analysis
IBM SPSS Statistics version 20.0 software package (IBM 

Corp, Armonk, NY, USA) was used for statistical data analysis. 

Figure 1. Steps of amniotic membrane implantation: a-b) Epithelial debridement, c) A 8-mm trepan is used to determine of a depth of approximately 100 μm, d) Superficial 
lamellar stromal dissection, e) A 360-degree peripheral corneal tunnel is prepared using a crescent knife, f-g) The amniotic membrane is used to cover the defect epithelial 
side up, with peripheral ends placed into the prepared tunnel, h) The amniotic membrane is fixed to the peripheral cornea with 8 nylon interrupted sutures
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Numerical variables were presented as mean, standard deviation, 
and range. Dependent data were evaluated using Mann-Whitney 
U test, with p values less than 0.05 were considered statistically 
significant.

Results

The mean age of the 10 patients (6 women, 4 men) was 
68.5±15.6 years (range, 34-85). Surgical indications were 
pseudophakic BK and glaucoma in 9 patients and graft failure 
and glaucoma in 1 patient (Table 1). All of the patients 
included were symptomatic and had not benefited from previous 
conservative treatments (artificial tears, bandage contact lens). 
The mean time required for corneal epithelialization was 
27.10±13.05 days (range, 10-50) (Figure 2a-h).

Preoperative visual acuity was counting fingers at 50 
centimeters in 9 patients and counting fingers at 2 meters 
in 1 patient. Mean follow-up time was 37.5±1.6 months 
(range, 36-39.2). In all patients, the hAM remained visible 
between the epithelium and stroma and maintained its barrier 
function throughout follow-up, despite peripheral areas of 
partial degradation (Figure 3a-d, pre- and postoperative images 
of patient 4). Subjective pain score improved in all patients after 
surgery (preoperative mean 8.7 [range, 8-10]; postoperative 
mean 1.1 [range, 0-2]; p=0.00018). One patient developed 
keratitis with hypopyon associated with loose suture at 6-month 
follow-up that was controlled with appropriate antibiotherapy 
after removing the loose suture. No growth was detected in the 
microbiological sample obtained (Figure 4a-f). 

Discussion 

BK is characterized by chronic corneal edema and 
subepithelial bullous changes resulting from corneal endothelial 
insufficiency. Despite all of the advances in surgical methods, 
it remains a serious complication.14 The intrastromal hAM 

Table 1. Demographic characteristics, surgical indications, and examination findings of all patients (subjective pain scoring 
from a minimum of 1 to maximum of 10)

Indication
Age 
(years)

Sex
Visual 
acuity

Follow-up 
time

Epithelialization 
time

Other 
characteristics

Subjective pain 
score

Before After

Patient 1 BK 53 F LP 39.0 months 50 days Glaucoma 8 0

Patient 2 BK 85 F NLP 36.0 months 18 days
Glaucoma, 
Keratitis 

9 2

Patient 3 BK 77 F HM 37.1 months 32 days Glaucoma 8 1

Patient 4 Graft failure 71 F CF 2 m 38.7 months 12 days Glaucoma 8 1

Patient 5 BK 67 M CF 20 cm 39.2 months 20 days Glaucoma 9 2

Patient 6 BK 34 F HM 38.7 months 28 days Glaucoma 9 1

Patient 7 BK 62 M CF 50 cm 38.2 months 23 days Glaucoma 10 1

Patient 8 BK 85 M HM 34.1 months 35 days Glaucoma 9 0

Patient 9 BK 74 F NLP 36.2 months 43 days Glaucoma 8 2

Patient 10 BK 77 M HM 38.2 months 10 days Glaucoma 9 1

BK: Bullous keratopathy, M: Male, F: Female, LP: Light perception, NLP: No light perception, HM: Hand movements, CF: Counting fingers

Figure 2. The corneal epithelialization process recorded using biomicroscopic 
photography during postoperative follow-up (a-h)
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technique is one of the treatment alternatives for symptomatic 
BK cases with limited visual potential.12 With this procedure, 
hAM acts as a barrier for the corneal epithelium and effectively 
prevents corneal edema associated with endothelial failure 
from causing ocular surface disease.12,15 In this technique, hAM 
prepared to the size of the damaged area acts as a basement 
membrane for corneal epithelial cell proliferation and suppresses 
subsequent inflammation by reducing contact with tear-induced 
mediators.16 

In the literature, there are studies reporting the use of hAM 
in patients with persistent epithelial defects and in patients 
with poor visual prognosis, and the patients’ symptoms were 
reported to resolve with no recurrence.2,12,17 hAM is generally 
fixed to the ocular surface by various suturing methods. The 
most common is referred to as the “overlay” method, in which 
the graft is applied epithelial side up covering the entire 
epithelial defect and even the corneal surface. In this method, 
which protects the damaged area from external contact such 
as from a contact lens, the hAM is resorbed over 2-8 weeks 
depending on ocular surface inflammation.2 However, this 
widely used method provides limited palliation in pathologies 
accompanied by chronic processes because of the epithelialization 
time, the occasional need to repeat the procedure, and the 
limited duration on the ocular surface.16 Placing a defect-sized 
hAM graft suprastromally/intrastromally so as to trap it under 
the developing epithelial layer is referred to as the “inlay” 
technique. This method is proposed to enable the formation of 
an uninterrupted and smooth transition surface for epithelial 
cell growth. In addition, because the hAM remains under the 
epithelium, it is protected from enzymatic degradation and 

Figure 3. Images of patient 4: a) Anterior segment photograph before surgery, b) Anterior segment photograph at postoperative 3 months, c) Last follow-up photograph 
at postoperative 38 months, d) Anterior segment optical coherence tomography image at postoperative 36 months (amniotic membrane in the corneal peripheral tunnel is 
marked with black arrows)

Figure 4. Anterior segment image and post-treatment status of the patient with 
hypopyon keratitis (a-f)
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remains in place long term. The greatest unwanted effect of this 
is visual impairment and unsatisfactory cosmetic appearance due 
to the semi-opaque nature of the amniotic membrane.17,18 

In a study from Turkey comparing overlay hAM suturing 
with an inlay method involving mechanical removal of the 
epithelium without stromal debridement and suturing the hAM 
into stromal pockets, it was observed that the inlay method 
provided pain palliation in more patients, better pain scores 
during follow-up, and significantly longer duration of the hAM 
on the ocular surface. There was no decline in pain palliation 
and pain scores in the inlay group, whereas the number of 
symptomatic patients in the overlay group increased during 
follow-up.18 In a case series by Espana et al.,17 one of the first 
studies in the literature to include the inlay technique, hAM was 
sutured to the prepared peripheral 360° stromal tunnel after only 
epithelial debridement. Pain palliation and reepithelialization 
were achieved in nearly all patients. In this study, approximately 
100 μm of anterior stroma was removed during debridement 
in addition to the epithelium to prepare the bed for hAM.19 
Removal of the superficial stroma by this method offers a 
smoother surface to receive the hAM and eliminates potential 
bulging caused by the thickness of hAM itself. Based on our 
review of the literature, we believe this modified inlay technique 
incorporating stromal excision is novel. 

In studies in the literature reporting the use of hAM 
for palliation, indications have included causes such as 
pseudophakia, aphakia, and graft failure.2,12,17 Similarly, in 
this study pseudophakia was the indication in 9 patients and 
graft failure in 1 patient. All patients in our study also had 
glaucoma as a concomitant ocular pathology, which is the 
biggest difference between the current series and study groups 
in the literature. In previous studies using hAM methods, 
epithelialization rates were between 55% and 100%, with an 
average epithelialization time of 15.4-16.8 days.17,20,21 In the 
present study, reepithelialization was achieved in all patients 
(100%) and the mean epithelialization time was 27.10±13.05 
days (range, 10-50), which is long compared to previous studies. 
As all patients in this study had a history of using antiglaucoma 
drops with epithelial toxicity, a relative delay in epithelial 
healing was considered an expected outcome. 

Study Limitations
In the literature, pain palliation after hAM surgery has been 

reported at rates varying between 22% and 90%.17,20,21 In our 
study, the rate of successful pain palliation was 100%, with 
statistically significant pain control in all patients. Here again, 
we believe that stromal excision to a depth corresponding to the 
thickness of the amniotic membrane graft may result in more 
effective pain palliation by providing a more regular ocular 
surface.

In the few studies in the literature reporting inlay surgical 
techniques, the mean follow-up period was 7 months. The 
follow-up time in the current study was 37.5±1.6 months 
(range, 36-39.2), which is quite long compared to the literature. 
Consistent with the literature, our study showed that hAM placed 

between the corneal stroma and newly forming epithelium could 
remain on the ocular surface longer.17,18

Conclusion

In conclusion, the intrastromal amniotic membrane inlay 
technique should be kept in mind as an alternative to corneal 
transplantation and an auxiliary method for pain palliation 
in BK patients with poor visual prognosis and little cosmetic 
concern. Moreover, the method of removing the superficial 
stroma creates a more regular ocular surface and may provide 
stability over long-term follow-up.
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