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A B S T R A C T   

Purpose: To describe the microscopic epithelial changes and the clinical outcomes of a patient treated with 
amniotic membrane eye drops (AMED) because of a persistent epithelial defect (PED) and a partial limbal stem 
cell deficiency (LSCD) after simple limbal epithelial transplantation (SLET) and deep anterior lamellar kerato-
plasty (DALK). 
Observations: A 72-year-old patient, who had previously undergone SLET and DALK due to a total LSCD, pre-
sented with a PED related to a partial LSCD, and was treated with AMED for one month. We evaluated the 
patient’s visual acuity, the Oxford grading scale, the Wong-Baker Pain Rating Scale, and in vivo confocal mi-
croscopy, both at baseline and 3 months after the end of treatment. Visual acuity improved from 0.5 to 0.4 
LogMAR, the Oxford grading scale changed from grade III to grade I and the Wong-Baker Pain Rating Scale from 
grade 4 to grade 1. The corneal surface, which initially showed conjunctival characteristics over approximately 
50% of the whole area, consisted mainly (75%) of mature corneal epithelium 3 months after the end of 
treatment. 
Conclusions and importance: While improving symptoms and clinical characteristics, AMED was also able to 
restore the normal corneal epithelium’s morphology in a case of partial LSCD after SLET and DALK.   

1. Introduction 

The regenerative, anti-inflammatory, anti-angiogenic, and anti- 
microbial properties of human amniotic membranes (h-AM) have been 
known for a long time and lately, since the processing techniques have 
been constantly evolving, their indications as well as their form of 
administration, have also expanded. Particularly, in recent years amni-
otic membrane eye drops (AMED), in the form of an homogenate sus-
pension, have been used in the treatment of severe dry eye disease, 
persistent epithelial defects (PED), limbal stem cell deficiencies (LSCD), 
neurotrophic keratitis and chemical burns, especially when these con-
ditions were refractory to conventional treatments.1–3 Even though 
many studies have shown the effectiveness of these applications, to our 
knowledge there is no published evidence of the actual microscopic 

effects of AMED on the cornea’s ultra-structure. 
In this study we report on both the clinical and morphological 

changes that AMED caused in a patient with partial LSCD following a 
chemical burn that had previously been treated with a simple limbal 
epithelial transplantation (SLET) and a deep anterior lamellar kerato-
plasty (DALK). 

2. Case report 

In June 2021, a 72-year-old patient was referred to the Eye Clinic of 
the University of Verona due to visual loss in his right eye. The patient 
had previously undergone a successful autologous SLET4 (September 
2017) followed by a DALK (March 2019), for the management of a 
complete LSCD secondary to a chemical burn. Also, in March 2020 he 
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had undergone cataract surgery, achieving a final uncorrected visual 
acuity (UCVA) of 0.3 LogMAR. All surgeries had been performed at our 
institution, by the same surgeon (EP). 

In June 2021, the UCVA was found to be dropped to 0.5 LogMAR and 
the biomicroscopic examination revealed two epithelial defects sur-
rounded by zones of late fluoresceine staining in the inferior quadrants 
(Fig. 1). On in vivo confocal microscopy (IVCM-HRT3 RCM, Heidelberg 
Engineering GmbH), the corneal surface showed areas of inflammation 
with Langerhans cells and leucocytes, and conjunctival epithelium-like 
features (i.e., cuboidal or polygonal cells of increased dimensions, 
visible nuclei, loss of cellular borders, higher cytoplasmic reflectivity 
compared to the normal corneal epithelium, presence of goblet cells)5,6 

over approximately 50% of the whole surface (Fig. 1). The remaining 
corneal surface showed a healthy corneal epithelium with a regular 
basal epithelium. 

Also, while no transition zone between the corneal and conjunctival 
epithelium was noted in 2 out of 4 quadrants (i.e., inferior-nasal and 
inferior-temporal),6 the sub-basal nerve plexus showed a reduced 
corneal nerve density in all the analyzed sectors. 

The IVCM was carried out on the central cornea and on four main 
corneal quadrants (i.e., superior-temporal, inferior-temporal, inferior- 
nasal and superior-nasal). The exam was performed under topical 
anesthesia (oxybuprocaine 0.4%) and polyacrylic gel (0.2%) was used as 
a coupling medium between the cap of the objective lens and the cornea. 

After initial evaluation, the patient was given a preservative free 
topical lubricant q.2h., and a bandage contact lens was put on the eye to 
allow for a faster epithelial recovery. At the same time, despite the risk 
of toxicity on the corneal epithelium and possibly on the components of 
the amniotic tissue themselves, we also administered topical ofloxacin q. 
i.d., to prevent corneal infection of the non epitheliazed areas, until the 
PED was closed. Despite the patient feeling more comfortable, six 
months thereafter, slit lamp and IVCM findings were unchanged, still 
displaying a PED and alterations of the normal epithelial structure. 
Approximately half of the corneal surface was covered by mature 
corneal epithelium, whereas the other half had a conjunctival epithe-
lium overlay. At this point, AMED was added for 1 month (q.2h. for 1 
week, then q.i.d. for 3 weeks).7 This eye drop was prepared at the Veneto 

Eye Bank Foundation (Fondazione Banca degli Occhi del Veneto, FBOV, 
Venice, IT) as described by Castiglia et al.,8 and contained a minimally 
manipulated amniotic membrane homogenate to preserve the AM’s 
biological characteristics. Briefly, to prepare the eye drops, the bank 
selects placentas of donors undergoing elective caesarean delivery at 
least at 35 weeks of gestation. The AM is then separated from the un-
derlying chorion, rinsed with 0.9% NaCl, immersed in a solution con-
taining vancomycin, meropenem, and gentamicin, and then dissolved in 
BASE medium (Alchimia, Pordenone, Italy) for one night, at +4 ◦C. After 
that, the tissue is cut into fragments and ground in sterile balanced salt 
solution. 

The patient was followed up for 3 months after the end of treatment 
(i.e., every two weeks for one month, then monthly for two months). The 
UCVA, biomicroscopic findings (i.e., Oxford grading scale)9 and the 
Wong-Baker Pain Rating Scale were recorded at each visit,10 whereas 
IVCM was performed at the end of the treatment and at the last 
follow-up. 

At the end of treatment, the patient’s UCVA improved to 0.4 LogMAR 
(i.e., one line better than before the treatment was started), the PED was 
healed, the Oxford grading scale for corneal staining shifted from grade 
III to grade I and the late staining area was reduced in the inferior nasal 
quadrant (Fig. 2). These parameters remained stable until the last 
follow-up. The Wong-Baker Pain Rating Scale, on the other hand, 
changed from grade 4 at baseline, to grade 2 and grade 1, respectively 
one month and three months after the treatment was ended. Also, at 
both timepoints, IVCM showed a multilayered mature corneal epithe-
lium with regular basal epithelial cells over approximately 75% of the 
corneal surface. The transition zone on the other hand, underwent a 
more gradual recovery. While still being absent in 2 out of 4 quadrants at 
the end of treatment, at the last follow up visit it showed to be recovered 
in the inferior-nasal quadrant (Fig. 2). The sub-basal nerve plexus den-
sity did not show any sign of improvement either at the end of treatment 
or at the last follow-up. 

3. Discussion 

The known beneficial effects of h-AMs have been attributed to the 
rich molecular milieu they are able to express. Indeed, h-AMs are a 
source of molecules such as fibronectin, hepatocyte growth factor, 
epidermal growth factor, basic fibroblast growth factor, transforming 

Fig. 1. Slit lamp view (upper two images) and IVCM (images at the bottom) of 
the affected eye before starting the treatment. Confocal microscopy showed 
nucleated cells with high cytoplasmic reflectivity (white arrowhead), Langer-
hans cells (black arrowhead), goblet cells (black arrow) and leucocytes 
(white arrow). 

Fig. 2. Slit lamp view (upper two images) and IVCM (images at the bottom) of 
the affected eye 3 months after the end of treatment in the inferior-nasal 
quadrant (transition zone – arrowheads). 
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growth factor, and collagen types I, III, IV, and V, all of which are 
important elements for corneal epithelial proliferation and migration.11 

There are several ophthalmologic indications for the use of a h-AM, 
including PED, fornix reconstruction, chemical burns, and Stevens- 
Johnson’s syndrome.12 Also, due to their ability at inducing limbal stem 
cell (LSC) migration, inhibiting cellular apoptosis, and at maintaining 
epithelial progenitor cells within the LSC niche, recent studies have 
identified h-AMs as useful scaffolds to be applied to the field of corneal 
tissue engineering.6,13–15 

In the clinical setting AMs are mostly used in the form of a h-AM 
transplantation (AMT), which however has several pitfalls. These 
include the risk of viral infections, difficulties in AM manipulation, long 
surgical time, risk of complications such as granuloma formation and 
papillary conjunctivitis, patient discomfort and high costs.16,17 To 
overcome all the above, several groups of study have researched on the 
use of alternative forms of AM-administration, such as 
homogenates.18,19 

The ability of AMED to promote LSC proliferation has already been 
demonstrated, both in vitro and in vivo.7 As such, in recent years AMED 
has been shown to be effective in three of the largest categories of ocular 
surface disease, i.e., dry eye disease, wound healing delay, and LSCD. 
However, to our knowledge, this is the first study to report on the 
microscopic changes following the treatment with AMED in a case of 
partial LSCD. Particularly, AMED was effective both at resolving the PED 
and at restoring the normal corneal epithelium’s morphology and its 
distribution across most of the corneal surface. Indeed, despite our goal 
being just to recover the PED, it seems like these eye drops were also able 
to help in the management of partial LSCD, sustaining the prevalence of 
normal corneal epithelium over the conjunctival one. This result was 
surprising since we did not mechanically debride the conjunctival 
epithelium off the corneal surface before starting the treatment with 
AMED.20 We speculate that these eye drops were able to enhance the 
expansion of LSC in such a way that corneal turnover prevailed against 
the conjunctival one, leading to a repopulation of the corneal surface by 
the corneal epithelium itself. Whether the adjacent transition zone, some 
islands of limbal explant-derived cells within the conjunctival over-
growth, or even corneal stromal stem cells (CSC),21 were the source of 
the regenerated corneal epithelium, remains unclear. However, we 
suppose the conjunctival epithelium growing over corneal surface must 
have been at an unmature state or mixed with limbal explant-derived 
corneal cells,20 otherwise it would have been difficult for the remain-
ing LSC to prevail. 

The results from the Pain Rating Scale, which got better even after 
the end of treatment, and the clinical findings (i.e., Oxford grading scale 
and PED healing), that remained stable over the course of the follow- 
ups, suggest the effects of AMED on the corneal surface are long 
standing. This goes in hand with the microscopic evolution of the 
transition zone, which was found to be expanded between the end of the 
treatment and the last follow-up. Probably these findings are related to 
AMED’s ability at restoring a healthy molecular microenvironment on 
the ocular surface. 

Interestingly, Baradaran-Rafii et al. showed the treatment with 
AMED to be helpful for in vivo cultivation of LSCs in cases of SLETs.22 

This is not surprising, since AMT was already known for its beneficial 
effects in LSCD cases.23,24 Nonetheless, the true effectiveness of AMED 
on LSCD has yet to be proven in appropriate clinical settings.25 

There are studies in the literature, both in vivo and in vitro, that 
support the use of autologous serum in cases of LSCD.26,27 Indeed, 
although literature currently does not agree with the use of an autolo-
gous serum eye drop rather than AMED in the management of 
LSCD,23,24,28 we feel like this could be a valid alternative to the use of 
AMED. However, because the amniotic membrane is the actual substrate 
for in vivo stem cell expansion during SLET, we believe that the AMED 
might be more specific as first line treatment in this case. Nonetheless, 
since to our knowledge no comparative study has been performed yet, 
we strongly support future research in this field. 

Despite not having used impression cytology to confirm our results, a 
high degree of concordance between the findings obtained with that 
technique and IVCM has already been demonstrated.5 If AMED truly 
resulted to have similar effectiveness to AMT, it could become the 
preferred therapeutic option for many corneal affections where the 
integrity of the eye is not threatened (e.g., deep corneal ulcers). 

4. Conclusion 

While being able to improve symptoms and clinical characteristics of 
a patient with initial corneal conjunctivalization after SLET and DALK, 
AMED was also able to restore the normal corneal epithelium 
morphology. The exact clinical role these eye drops have on LSCs needs 
to be confirmed by further large prospective randomized studies. 
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