
Scripta Scienti�ca Medica, vol. 48, No. 3, 2016, pp. 65-72  
Medical University of Varna

65

ORIGINAL ARTICLES

AMNIOTIC MEMBRANE TRANSPLANTATION - 
EXCELLENT BIOLOGICAL SCAFFOLD  

FOR ANTERIOR OCULAR SURFACE RECONSTRUCTION

Yana Manolova1, Cvetan Popov2, Christina Grupcheva1

1Department of Ophthalmology and Visual Science, Medical University of Varna 
2Center for Translational Medicine and Cell Therapy - Varna, Bulgaria

Address for correspondence:  

Yana Manolova 
Specialized Eye Hospital
15 Doyran Str.
Varna
e-mail: y.m.manolova@gmail.com

Received: September 7, 2016
Accepted: September 21, 2016

ABSTRACT

AIM: To evaluate the clinical effect and to determine the correlation between the initial pathology and 

postoperative outcome in patients with anterior surface dysfunction treated by amniotic membrane trans-

plantation (AMT).

MATERIALS AND METHODS: 174 AMT of cryopreserved amniotic membrane (AM) were performed 

on 128 patients over a period of two years (January, 2014- December, 2015). Patients were grouped into 7 co-

horts according to the reasons for the AMT - A) corneal recurrent erosions (n=32), B) postoperative keratitis 

(n=7), C) neurotrophic ulcers (n=14), D) trauma and burns (n=30), E) bacterial keratitis (n=10), F) viral ker-

atitis (n=19) and G) other (n=16). The groups were assessed for levels of pain (a subjective symptom) and hy-

peremia and size of the corneal ulcer (objective signs), and were compared on several stages before and af-

ter AMT - day 0, day 8 and day 25.

RESULTS: The AM treatment resulted in significant reduction of the symptoms in all categories. On the 8th 

day, the observed improvement was higher than 50% (100% for the pain, 50±10% for hyperemia and 60±15% 

for corneal ulcer) as at the end of our follow-up hyperemia improvement increased to 80±10% and corne-

al ulcer size decreased with 95±3%. Interestingly, in comparison to day 8, pain levels increased significant-

ly after 25 days of AMT to 15±15%.

CONCLUSION: АМТ is an effective method for managing pathological conditions resulting from a dam-

age to the ocular surfaces such as unresponsiveness to common treatment, chronical or recurrent diseas-

es, eye infection and stem cell deficiency. The application of this therapy can have permanent results, which 

lead to complete healing of the damaged eye or it can serve as a temporal procedure until reconstructive ap-

proach is possible. AMT is a treatment of choice in the cases where availability of corneal tissue is limited.

Keywords: human amniotic membrane, transplantation, pain, hyperemia and corneal ulcer

INTRODUCTION

The eyes allow us to perceive, orientate and 
navigate, but at the same time are in constant expo-
sure to the dangers of the surrounding environment. 
Thus, nature has developed several protective mech-
anisms such as bony orbits, eyelids, tear film, strong 
corneal and conjunctival epithelium, and a submu-
cosal secretory immunoglobulin system (1). Howev-
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and etc.(9). Furthermore, recently AM has been used 
also as a scaffold for ex vivo cultivation of limbal, cor-
neal and conjunctival epithelial cells (10).

Despite the common use of AM in ophthalmol-
ogy for the healing of human eyes, there are very few 
studies, describing the effect of successful AMT by 
targeting the most prominent subjective symptom - 
pain and the clinical signs - hyperemia and size of 
corneal ulcer. Thus, the aim of our study was to eval-
uate the changes of pain and pain release as a con-
sequence to the AMT and to investigate the postop-
erative effect onto the clinical signs in seven differ-
ent groups that combine the major ophthalmologi-

cal diseases. 

MATERIALS AND METHODS

Patients

In this study we performed 174 AMT on 128 
patients (several patients received more than one 
AMT). Among them, 69 patients were male and 59 - 
female. Regarding the age of our patients, the medi-
um age was 57.6 years as the patients over 51 (n=87) 
had the highest number, followed by patients in the 
age group of 33-50 years (n=33) and just several pa-
tients were younger than 30 years (n=8). Based on 
their history and clinical signs, they were separated 
into seven cohorts – A) corneal recurrent erosions 
(n=32), B) postoperative keratitis (n=7), C) neuro-
trophic ulcers (n=14), D) trauma and burns (n=30), 
E) bacterial keratitis (n=10), F) viral keratitis (n=19) 
and G) other (n=16). In order to identify the effects of 
AMT, the subjective and the objective clinical symp-
toms were examined before surgery and on days 8 
and 25 after AMT. 

Preoperative Examination

In accordance with the Good Clinical Practice 
in Ophthalmology, the preoperative examination of 
the patients included assessment of subjective signs - 
pain, photosensitivity, redness, tearing, anterior ocu-
lar surface and clinical signs such as hyperemia, neo-
vascularization, size of corneal ulcer, presence of in-
filtration, hypopyon and in vivo laser-scanning con-
focal microscopy (LSCM). In order to scale the dif-
ferent parameters, we graded them on a scale from 
1 to 5. For the pain classification: grade 1 means - 
no pain, grade 2 - somewhat painful, grade 3 - con-
stant mild pain, grade 4 - moderate to severe pain 
and grade 5 - severe to extreme pain. For hyperemia: 

er, often due to different factors such as disease, in-
flammation or chemical burn, these eye-protecting 
mechanisms are not sufficient and patients devel-
op ocular surface disorders (OSDs). They common-
ly result in progressive inflammation, vasculariza-
tion, scarring or even loss of visual function, when 
not properly treated. 

The gold standard in ophthalmology for treat-
ment of OSDs for the last two decades is transplan-
tation of human amniotic membrane (AM). Histor-
ically, AM was used first by de Rötth (2), however, 
its real potential was recognized in the middle of the 
nineties after the publication of Kim and Tseng (3). 
They demonstrated that the damaging effect of treat-
ing New Zealand albino rabbit eyes with n-heptanol 
was only overcome by the experimental group, sub-
jected to AM treatment. Moreover, they observed 
that their eyes became clear with either minimal or 
no vascularization (3). 

The advantage of using AM for enhancing the 
healing of the human eyes comes from its similari-
ty to the corneal and conjunctival tissue and its an-
ti-inflammatory, anti-scarring and anti-angiogen-
ic activity, and most importantly from their ability 
to promote epithelialization (4,5). These advantag-
es allow the tissue to be used as a filling material (6) 
or as a surface cover that protects the damaged eye 
from the surrounding environment (7). AM is the in-
nermost layer of the placenta and forms the amniot-
ic cavity. The membrane is composed of several lay-
ers including a single layer of epithelial cells, base-
ment membrane and avascular connective tissue ma-
trix (7). The main protein components of AM are the 
collagens (types IV, V, and VII), however, it also con-
tains fibronectin, laminins, proteoglycans and gly-
cosaminoglycans. AM possesses a number of impor-
tant growth factors - epidermal growth factor (EGF), 
transforming growth factor beta (TGF-β), fibroblast 
growth factor (FGF), and platelet-derived growth 
factors (PDGF), which support its trophic function. 
Moreover, it has no HLA-A, B, C antigens and β2-
microglobulin that leads to graph-host reaction (4). 
All these advantages make the AM the gold stan-
dard in the treatment of OSDs such as persistent epi-
thelial defects, corneal ulcers, descemetocele forma-
tion, corneal perforation, limbal stem cell deficiency, 
symptomatic bullous keratopathy, band keratopathy, 
chemical injury, thermal injury, scleral perforation 
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grade 1 meant absent, grade 2 was mild, grade 3 - av-
erage, grade 4 - moderate, 5 - severe. The corneal ul-
cer size was classified as follows – grade 1 - <0.5mm, 
grade 2 - 0.5-1.0mm, grade 3 - >1.0-2.0mm, grade 4 - 
>2.0-5.0mm, 5 - >5.0mm). For the observation of the 
anterior ocular surface and anterior ocular segment 
we used Reichert XCEL 400 slit lamp. Measuring of 
the corneal thickness was performed with 3D anteri-
or segment optical coherence tomography (AS-OCT; 
Topcon 2000) with lateral resolution of ≤20 µm and 
in-depth resolution of 5-6µm.

Amniotic Membrane

The use and handling of the AM for trans-
plantation was according to Tissue Bank Bioregen-
eration-Sofia. All AMs were tested negative for HIV, 
Hepatitis B and C, and syphilis. 

Amniotic Membrane Transplantation - Surgi-

cal Technique

The AM transplantation was done as follows: 
1) the AM was pre-warmed at room temperature; 2) 
the patient’s cornea epithelium was removed and the 
Bauman’s membrane was polished; 3) the AM was 
washed (to remove the glycerine); in cases with epi-
thelial defects without stromal thinning a single lay-
er of membrane with epithelial side down was used 
to cover the defect by trimming off the excess parts 
and suture with 8-0 Vicryl treed; in cases with stro-
mal thinning two layers of amniotic membrane were 
placed; the first membrane filled the defect as it was 
placed with the epithelial side up and second covers 
the cornea with epithelial side down and was sutured 
with 8-0 Vicryl suture; 4) on the top of the mem-
brane (regardless of which approach we used) we ap-
plied bandage/therapeutic contact lens (Pure Vision 
2, Pure Vision HD).

Postoperative Treatment and Follow-up 

Examination

After the surgery all patients received topi-
cal therapy with steroid drops, non-steroid anti-in-
flammatory drops, antibiotics drops and lubrication. 
Upon healing, the antibiotics were discontinued; 
however, topical steroid, non-inflammatory drops 
and lubrication were kept as part of the regimen pre-
scribed to the patients. The assessment of the surgical 
outcome was determined by the patient’s subjective 
(pain) and several objective signs (hyperemia and 
size of the corneal ulcer) with the help of slit lamp 

and photo documentation at the defined observation 
points - on postoperative day 1, at the end of the first 

week (day 8) and the end of the fourth week (day 25). 

Statistical Analysis

Quantitative data was analyzed with Graph-
Pad Prism 5 software (GraphPad, La Jolla, USA). Bar 
charts show mean values and standard deviations. 
For measuring the significance we used ANOVA on 
RANKS test with Student-Newman-Keuls Method 
and p-value below 0.05% was considered statistically 
significant. Significance was indicated in the figures 

as follows *p<0.05, **p<0.005, ***p<0.0005.

RESULTS

An improvement of all three symptoms was de-
tected in all seven groups after 1 month post AMT. 
We found that at day 8 the pain was almost complete-
ly diminishing in all groups (Fig. 1). Interestingly, we 
found that the patient group C, which is the neuro-
trophic group, had initially very low levels of pain. 
However, also here we observed an improvement of 
this factor on day 8, which was persistent also on day 
25. Among the rest of the groups, higher pain was felt 
by group F (bacterial), group D (trauma and burns) 
and group G (viral), followed by group B (post-sur-
gical), group E (others) and group A (persistent cor-
neal defects). However, the differences between these 
six groups were not significant. Pain relief was bet-
ter expressed in the patients with viral keratitis and 
causes with persistent corneal defects, the levels of 
which increased the least on day 25 improving the 
levels by 74% and 72%, correspondingly. In the oth-
er four groups, despite the increased level of pain on 
day 25, their value remained under 30% of the ini-
tially experienced by the patient pain. The worst pain 
remained in group F (bacterial keratitis), which was 
approximately 40% of the initial pain.

Analysis of the two clinical factors (objective 
signs) - hyperemia and size of the neurotrophic ul-
cers demonstrates a similar pattern. We clearly show 
that upon application of AM the level of hyperemia 
and the size of the neurotrophic ulcers reduce over 
time as they almost completely disappear on day 25. 
Initially, we observed different levels of hyperemia 
in our groups as the highest level of hyperemia we 
saw in the groups D (trauma and burns), C (neuro-
trophic ulcers) and F (bacterial keratitis), followed by 
group E (others), B (post-surgical) and the lowest lev-
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el of hyperemia was observed in group A (persistent 
corneal defects) (Fig. 2). Upon membrane applica-
tion, the levels of hyperemia significantly decreased 
in all groups on day 8 and especially on day 25. At the 
end of the followed period we observed at least a two-
fold decrease of the hyperemia, as the decrease var-
ied based on the initial level in the groups. On day 25 
we found that in-between the groups the distribution 
was similar to day 0 (before the AMT) as higher lev-
els of hyperemia remained in groups G, E, D, and F, 
followed by D and finally A. Nonetheless, the differ-
ences between the groups were not very pronounced 
and often their values overlapped.

The size of the neurotrophic ulcers before appli-
cation of AMT demonstrated heterogeneous pattern 
(Fig. 3). Here the ulcer size was significantly bigger in 
group E (above 5.0 mm), followed closely by groups 
F, B, C, and D (with average of 2.0-5.0 mm). There 
was significant difference in the other two groups – 
G and A, where the ulcers had an average size of 1.0-
2.0 mm and 0.5-1.0 mm, correspondingly. However, 
upon application of the AMT, we observed a decrease 
of the ulcer size in all seven groups on day 8 and sig-
nificant difference on day 25. On day 25, in all the in-
vestigated groups the size of neurotrophic ulcers was 
close to 0.5 mm and there were no significant dif-
ferences in the investigated groups, which clustered 
together.

An example of the significant improvement re-
sulting of application of AM was demonstrated in 
Fig. 4. The patient suffered traumatic event was pho-
to documented at the first day upon trauma (Fig. 4A 
and B) and 10 days after medication treatment (Fig. 
4C). We observed no significant improvement of the 
damaged cornea upon drug application even after 
17 days of treatment and furthermore, we detected a 
formation of multiple marginal infiltrates in the eye 
(Fig. 4D). Therefore, we apply AM to the site of injury 
(Fig. 4E) and observed that after AMT the defect was 
greatly reduced as just one marginal infiltrate left at 

Fig. 1. Decreasing levels of pain upon AMT. The graph 
shows significant pain release on day 8 after AMT. How-
ever, we observed an increase of the pain in the patients 
on day 25. Grades: 1- no pain, 2 - somewhat painful, 3 - 
constant mild pain, 4 - moderate to severe pain and 5 - 
severe to extreme pain. Statistical significance: *p<0.05, 

**p<0.005, ***p<0.0005.

Fig. 2. Decreasing levels of hyperemia after AMT. The 
graph shows significant reduction of the hyperemia on 
day 8 and day 25. Grades: 1 - absent, 2 - mild, 3 - aver-
age, 4 - moderate and 5 - severe. Statistical significance: 

*p<0.05, **p<0.005, ***p<0.0005.

Fig. 3. Changes in the size of corneal ulcers upon AMT. 
The graph show significant decrease of the ulcer size at 
day 8 after AMT in groups F, B, C and D. At day 25 all 

groups clustered together as their average size was approx. 
0.5mm. Grades: 1- <0.5 mm, 2- 0.5-1.0 mm, 3- >1.0-2.0 
mm, 4- >2.0-5.0 mm and 5- >5.0 mm. Statistical signifi-

cance: *p<0.05, **p<0.005, ***p<0.0005.
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the end of first (Fig. 4F) and third month of treat-
ment (Fig. 4G). Finally, our patient recovers its vision 
as the visual indicator for BCVA was 20/20.

DISCUSSION

The aim of our study was to evaluate the im-
portance of AMT for the proper healing of the dam-
aged anterior ocular surface. We clearly demonstrat-
ed here that application of AM have a positive effect 
on the healing process of the damaged eye and its ap-
plication is indispensable for the reduction of promi-
nent subjective symptoms like pain and clinical signs 
such as hyperemia and the size of the corneal ulcer. 
However, we here suggest that the basic treatment of 
damaged anterior ocular surface should consist of a 
combination of medical treatment and transplanta-
tion of amniotic membrane.

The results of present studies highlight the im-
portant role of the AM for the treatment of anterior 
ocular surface damage, often associated with delayed 
recovery and risk of intraocular inflammation. Im-
portant part of the discomfort caused by eye dam-
age is the pain, which is the major social issue that 
influences the quality of life. АМ acts as a biological 
bandage that protects the regenerating epithelium 
from friction forces, caused by the blinking move-
ment of the eyelids. Furthermore, it also significant-

ly relieves pain, due to its adhesion to injury surface 
and covering of the neural endings (11,12). AM also 
protects the injury surface from drying, which fur-
ther increases the sense of pain in the patients. Simi-
lar results regarding the pain relief were observed by 
others (13,14,15,16). Tok et al., 2015 (13) demonstrat-
ed in fifteen eyes of 10 patients with abuse of topi-
cal anesthetics that the initial medical treatment was 
not effective due to severe pain, persistent epithelial 
defects and progressing stromal thinning. Therefore, 
the authors performed AMT, which resulted in a sig-
nificant improvement in all but two causes. In an-
other publication, Siu et al., 2015 (14) examined a to-
tal of 21 eyes of 20 bullous keratopathy patients and 
measured the mean pain score pre-operatively and 
post-operatively in regard to the AMT. They found 
that post-operatively 76% of the eyes were completely 
pain-free, while the rest experienced minor pain and 
47% of the eyes remained symptom-free for up to 36 
months. The results of our study were in line with the 
literature. We observed a significant decrease of pain 
immediately after the application of the AM. Inter-
estingly, on day 25 in some groups the levels of pain 
increased. We speculated that this small increase of 
the pain felt by the patients was due to the dissolv-
ing of the AM transplant (up to two weeks), which 
resulted in a removal of the anti-inflammatory, an-
ti-scarring and antiangiogenic effects of the mem-
brane, and in an exposure of the eye to the environ-
ment. Nonetheless, the changes between the groups 
on day 8 and day 25 were not severe and the level of 
pain on day 25 still remained similar to that of day 0. 
Altogether, others and our work demonstrated that 
the application of the AM is essential for decreasing 
the pain in patients with damaged anterior ocular 
surface.

In addition to the pain relief, it was reported 
that AMs have a positive effect on the inflammatory 
processes in the eye such as hyperemia and corneal 
ulcer. Prior to 2014, the exact mechanism of the anti-
inflammatory properties of АМ was not completely 
understood. It was suggested that AM acts as a bar-
rier and decreases the influx of inflammatory cells to 
the site of injury (16,17,18,19). Later it was discovered 
that the epithelium of the amniotic membrane can 
inhibit the chemotactic activity of neutrophils and 
macrophages, Т- and В-cells proliferation and fur-
ther on it can induce apoptosis in them without af-

Fig. 4. Effect of AMT application on a patient 
who suffered a traumatic event. A and B) Photo 

documentation on the first day of the trauma; C) 10 
days of medication treatment; D) 17 days of medication 
treatment, we detected a formation of multiple marginal 

infiltrates in the eye; application of AM on the eye; E) 
after the AMT- the defect is greatly reduced and just one 

marginal infiltrate is left; F) 1 month after AMT; G) 3 
months after AMT.
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fecting the epithelial cells of the cornea (20). In 2014 
it was discovered that the observed anti-inflammato-
ry effect of АМ was due to a complex, composed of 
hyaluronic acid and protein called pentraxin 3 (HC-
HA/ PTX3) (19,20). This unique matrix complex was 
first derived from human AM and besides exerting 
anti-inflammatory, anti-scarring, and antiangiogen-
ic effects, the HC-HA/PTX3 complex can also main-
tain limbal niche cells by supporting the quiescence 
of limbal epithelial stem cells (21,22,23,24,25).

For centuries, we clinicians have recognized 
that ocular hyperemia is a hallmark of several oph-
thalmic pathologies. As with any inflammatory reac-
tion, the hyperemia on the ocular surface is a result of 
a tissue injury that lead to an inflammatory response 
due to increased blood flow and leakage of proteins 
and fluids from the capillaries, which can cause ede-
ma and tissue damage. Application of AM was veri-
fied to have a positive effect on patients with hyper-
emia (26,27). For example, Huang et al., 2005 (26) 
demonstrated that patients who underwent Pterygi-
um resection plus amnion transplantation recovered 
faster than the groups without AMT and had low-
er levels of hyperemia of conjunctiva and irritation 
symptoms in the eye. Similarly, Cheng et al., 2016 
(28) showed that application of self-retained cryopre-
served AM in patients with dry eye can significant-
ly reduce the conjunctival hyperemia for an average 
of 5 days and preserve the symptom-free condition 
for up to 4 months. Our results were in line with the 
published data, as we observed constant significant 
decrease of the hyperemia upon AMT. Others and 
our results strongly support the proposed positive ef-
fect of AM application for reduction of hyperemia of 
the eyes. 

Another factor, indicator for an ongoing in-
flammation of the anterior ocular surface is for-
mation of corneal ulcers. A corneal ulcer is a break 
in the outer epithelial layer of the cornea that fails 
to heal and is often caused by infection (29). Cor-
neal ulcer, or ulcerative keratitis, is an inflammato-
ry or more seriously, infective condition of the cor-
nea involving disruption of its epithelial layer with 
an involvement of the corneal stroma. Healing of 
this condition can be achieved by ATM. There are 
numbers of publications demonstrating that applica-
tion of AM lead to improved or complete healing of 
the corneal ulcers (30,31,32,33,34). Again, our study 

confirmed the literature observations, as we report-
ed here, that application of AM to our seven groups, 
which includes the major ophthalmological diseases, 
can severely improve the size of a corneal ulcer. 

To our knowledge, this study is the first one in-
vestigating in parallel the effect of AM application 
onto seven different groups that combine the major 
ophthalmological diseases. We confidently demon-
strated in our patient cohort that despite the disease, 
AMT can successfully improve the most prominent 
subjective symptom - pain and the inflammation 
clinical signs such as hyperemia and size of corneal 
ulcer. Therefore, we conclude that the effect observed 
by AM is not disease-related, but rather a common 
function of the amniotic membrane and we strong-
ly recommend considering the use of AMT for treat-
ment in any of the discussed in this article anterior 
ocular surface diseases.

CONCLUSION 

Taking into account the similarity to the cor-
nea and its anti-inflammatory, anti-scarring, and an-
tiangiogenic effects, it is understandable why AMT 
is the gold standard for dealing with difficult to heal 
pathologies of the anterior ocular surface. Here we 
demonstrated that together with these positive ef-
fects, application of AM lead to a significant pain 
relief, reduction of the levels of hyperemia and the 
size of the corneal ulcers. Moreover, it also enhanced 
the recovering of the anterior ocular surface and of-
ten omitted the need of prolonged use of expensive 
medications, which was often demonstrated in the 
literature.
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