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Amniotic membrane transplantation 
for managing dry eye and neurotrophic 
keratitis
Olivia G. Mead1, Sean Tighe1,2,3, Scheffer C. G. Tseng1,4*

Abstract:
Neurotrophic keratitis (NK), a degenerative disease caused by damage to the trigeminal nerve, 
abolishes both tearing and blinking reflexes, thus causing the most severe forms of dry eye 
disease (DED). Conversely, the increasing severity of DED also leads to progressive loss of 
corneal nerve density, potentially resulting in NK. Both diseases manifest the same spectrum of 
corneal pathologies including inflammation and corneal epithelial keratitis, which can progress into 
vision-threatening epithelial defect and stromal ulceration. This review summarizes the current 
literature regarding outcomes following sutured and sutureless cryopreserved amniotic membrane 
(AM) in treating DED as well as epithelial defects and corneal ulcers due to underlying NK. These 
studies collectively support the safety and effectiveness of cryopreserved AM in restoring corneal 
epithelial health, improving visual acuity in eyes with NK and DED, and alleviating symptomatic 
DED. Future randomized controlled trials are warranted to validate the above findings and determine 
whether such clinical efficacy lies in promoting corneal nerve regeneration.
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Introduction

The ocular surface encompasses both 
the cornea and the conjunctiva that 

lies between the upper and lower eyelids. 
As a body surface exposed to the outside 
environment, the ocular surface must serve 
as a protective barrier against trauma, 
pathogens, and desiccation. While the 
skin accomplishes this through a dry 
and water‑impermeable keratinized 
epithelium, the ocular surface is covered 
by a nonkeratinized epithelium that 
expresses membrane‑associated mucin to 
help maintain a stable tear film. A preocular 
tear film nourishes the avascular cornea with 
nutrients, oxygen, and growth factors in 
the open‑eye state, all the while providing 
a smooth refractive surface for vision. 
Disruption of the tear film is a hallmark of 

dry eye disease (DED), which can ultimately 
give rise to sight‑threatening epithelial 
defects and corneal ulcers. Therefore, a 
stable preocular tear film is integral in 
maintaining a healthy ocular surface.

The key mechanism in maintaining a 
stable preocular tear film is through the 
neuroanatomic integration of the ocular 
surface epithelium and all external adnexae 
by the ophthalmic branch of the trigeminal 
nerve (V1) [Figure 1]. From the trigeminal 
ganglion, the ophthalmic branch enters 
the cornea at the limbus, where the nerve 
axon loses its myelin sheath, branches, 
and anastomose to form a subepithelial 
nerve plexus and sub‑basal nerve plexus. 
This unique nerve distribution renders 
the corneal epithelium the most densely 
innervated tissue in the human body, more 
than 300–600 times that of the skin.[1] Corneal 
nerves provide trophic support to the ocular 
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surface through the release of numerous trophic factors 
such as substance P, calcitonin gene‑related peptide, and 
nerve growth factor (NGF), which have been shown to 
upregulate epithelial stem cell proliferation and promote 
corneal healing.[2‑5] On the contrary, the corneal epithelium 
expresses NGF and glial cell‑derived neurotrophic factor, 
which have been shown to play an important role in 
promoting corneal nerve regeneration following injury.[6] 
Thus, corneal nerves and epithelial cells mutually support 
each other through the release of neuropeptides and 
growth factors, collectively promoting corneal epithelial 
cell proliferation, migration, and differentiation as well 
as corneal nerve repair and survival.

Corneal sensitivity mediated by trigeminal sensory 
innervation triggers two reflex arcs: one through the facial 
motor branch to elicit the blinking (hydrodynamic) reflex 
and the other through the facial parasympathetic branch 
to elicit the tearing (compositional) reflex [Figure 1]. 
The blinking reflex governs intermittent eyelid closure 
at appropriate frequencies to prevent tear evaporation 
and facilitates effective tear distribution and clearance 
into the nasolacrimal drainage system. The tearing reflex 
permits the ocular surface epithelium to produce mucins, 
meibomian glands to produce meibum, and lacrimal glands 
to produce aqueous tears. These three key tear components 
are able to form a stable tear film through the assistance 
of the blinking reflex. A deficiency or dysfunction in any 
component of either reflex can destabilize the tear film and 
cause DED. Thus, we conclude that the neuroanatomic 
integration of these two reflexes is vital in maintaining a 
healthy ocular surface [Figure 1].

Corneal nerves react to injury of the ocular surface by 
triggering the blinking and tearing reflexes. However, 
damage to the corneal nerves dampens sensory 
input, thus diminishing these protective reflexes and 
compromising renewal and healing of the corneal 
epithelium. This pathological state can lead to a spectrum 
of sight‑threatening complications that progressively 
affect the corneal epithelium (such as epithelial keratitis 
and epithelial defect) and underlying corneal stroma (such 
as neurotrophic keratitis [NK] and corneal ulcers/
perforation). NK is a degenerative disease of the corneal 
epithelium and stroma caused by damage of trigeminal 
innervation that impairs corneal sensitivity. Because both 
tearing and blinking reflexes are compromised as a result 
of impaired corneal nerve function, NK results in the most 
severe form of DED.[7] Common causes of NK include 
herpetic keratitis, trauma, corneal surgery, diabetes, and 
neurosurgical procedures. NK is graded by the severity of 
corneal damage as proposed by Mackie:[8] Stage 1 (mild) 
is characterized by epithelial keratitis, Stage 2 (moderate) 
exhibits recurrent or persistent epithelial defect, and Stage 
3 (severe) exhibits stromal ulceration, which may progress 
to stromal melting and perforation [Figure 2].

On the other hand, DED is defined as “a multifactorial 
disease of the ocular surface characterized by a loss 
of homeostasis of the tear film, and accompanied by 
ocular symptoms, in which tear film instability and 
hyperosmolarity, ocular surface inflammation and 
damage, and neurosensory abnormalities play etiological 
roles.”[9] Ocular discomfort and visual fluctuations as a 
result of DED represent the most frequent complaints in 
ophthalmic practice.[10] Despite the existence of various 
underlying pathogenic processes, inflammation is a 
common denominator in DED. While inflammation is a 
fundamental process in corneal wound healing, prolonged 
or chronic inflammation can induce further damage to 
the corneal epithelium and underlying nerves.[11] DED 
severity can be classified by DEWS (International 
Dry Eye Workshop) Level 1–4[10] and includes corneal 
abnormalities such as epithelial keratitis (Level 2–3) 
and persistent epithelial defect and corneal ulcer (Level 
3–4) [Figure 2]. Therefore, corneal pathologies of NK are 
intimately connected with those of DED, as NK Stages 1–3 
overlap with DEWS Level 2–4 [Figure 2]. Furthermore, 
studies using in vivo confocal microscopy (IVCM) have 
found compromised corneal sub‑basal nerves in patients 
with a variety of ocular conditions involving DED.[12‑19] 
In a recent prospective controlled study, 10 eyes of 10 
mice were exposed to dry eye stress (DES) for 4 weeks 
and compared to a control group with 10 eyes of 10 
mice.[20] Corneal sensitivity in the DES group significantly 
decreased from baseline at 2 and 4 weeks and was 
significantly lower than the control group at both time 
points (P < 0.0001). Furthermore, there was a statistically 
significant decrease in the mean nerve fiber density in 
the DES group at 4 weeks (P = 0.0038). This nerve fiber 
density (1570 ± 506 pixels/frame) was also significantly 
lower compared to the control group (2538 ± 933 pixels/
frame) (P < 0.0001).

Therefore, we can conclude that DED can lead to 
progressive loss of corneal nerve density, resulting in 
NK. Conversely, NK can cause severe DED by abolishing 
the blinking and tearing reflexes. Collectively, these 
findings support the notion that NK and DED are 
interrelated with a causal relationship; as such, they 
manifest the same spectrum of inflammation and corneal 
pathologies including epithelial keratitis, epithelial 
defect, and stromal ulceration.

Standardized Care

Conventional care for NK and DED aims to restore 
the tear film and improve corneal epithelial integrity 
by halting the progression of corneal damage and 
promoting corneal epithelial healing. Preservative‑free 
artificial tears are the mainstay of therapy for all forms 
of NK and DED as they lubricate and protect the ocular 
surface. The treatment of severe aqueous‑deficient DED 
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can be escalated to include temporary occlusion of the 
tear ducts with punctal plugs or cauterization. However, 
punctal occlusion or cauterization is not advised for 
cases with underlying inflammatory disorders, as 
delayed tear drainage of inflammatory factors on 
the ocular surface can exacerbate inflammation and 
further induce epithelial defect.[21] A short course of 
corticosteroids is sometimes recommended to control 
inflammation in moderate‑to‑severe DED; nevertheless, 
this should be used with caution in the presence of 
epithelial defect as steroids may inhibit healing and 
increase the risk of corneal melting. For severe ocular 
surface disorders in DED, therapeutic contact lenses are 
also available. Bandage contact lenses (BCLs) are useful 
in corneal wound healing by protecting advancing 
epithelial cells from being sloughed off, maintaining 
a stable fluid layer over the cornea, and alleviating 

discomfort when blinking. However, cases that utilize 
BCL should be monitored carefully as use of BCL can 
increase the risk of infection. Surgical treatment such 
as tarsorrhaphy and keratoplasty are often limited 
to severe cases with corneal ulcers and epithelial 
defects resistant to medical treatment. Tarsorrhaphy 
is commonly used to protect the cornea from rubbing 
against the eyelid and decrease tear evaporation rate; 
however, poor cosmetic outcome remains a major 
concern for patients. While the aforementioned 
treatments help to restore the damaged corneal surface, 
they do not aid in treating the underlying neurotrophic 
state through nerve regeneration.

Amniotic membrane (AM) has been extensively used 
in ocular surface surgery due to its ability to provide 
mechanical protection of the epithelial surface as well 

Figure 1: Neuroanatomic integration to maintain ocular surface health. Ocular surface health is maintained by a stable tear film, which comprises both compositional and 
hydrodynamic components. The former includes ocular surface epithelium producing mucins, meibomian glands producing meibum, and lacrimal glands producing aqueous 
tears. The latter includes eyelids, which blink at appropriate frequencies to enable tear distribution, tear clearance, and eye closure to prevent evaporation. The compositional 
factors are controlled by the tearing (compositional) reflex, whereas the hydrodynamic factors are controlled by the blinking (hydrodynamic) reflex. Both the tearing reflex and 
blinking reflex are stimulated by sensory input from the first (ophthalmic) branch of the trigeminal nerve, with output mediated by the parasympathetic and the motor branch of 
the facial nerve, respectively

Figure 2: The overlap between neurotrophic keratitis and dry eye disease pathologies. NK results in corneal epithelial keratitis (neurotrophic keratitis 1), epithelial defect (neurotrophic 
keratitis 2), and stromal ulcer (neurotrophic keratitis 3). These corneal pathologies are also observed in moderate‑to‑severe dry eye disease, graded as DEWS 2–4. The tear 
film breaks up into dry spots as evidenced by fluorescein staining in mild dry eye disease or DEWS 1
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as its innate anti‑inflammatory, antiscarring, and 
pro‑regenerative properties.[22,23] Herein, we summarize 
how both sutured and sutureless cryopreserved AM have 
been successfully applied to restore homeostasis of the 
ocular surface, with focus placed on the preclinical and 
clinical evidence supporting the use of AM for NK and 
DED manifesting corneal epithelial keratitis, persistent 
epithelial defect, and corneal stromal ulcer. This review 
excludes those patients presenting with severe corneal 
melt (e.g., descemetocele) and corneal perforation.

Amniotic Membrane

Structure and composition
AM is the innermost layer of the placenta and shares 
the same cellular origin as the fetus, as they both arise 
from the inner cell mass during development.[24,25] The 
AM comprises three layers: the monolayer epithelium, 
thick basement membrane, and avascular stroma. AM 
contains many growth factors such as NGF, keratinocyte 
growth factor, and hepatocyte growth factor, all of which 
are implicated in promoting corneal epithelial wound 
healing.[26‑28] The basement membrane resembles that 
of the corneal epithelium[29] and can serve as a scaffold 
for limbal epithelial stem cells.[30] The stroma can be 
subdivided into a compact, fibroblast, and spongy layer. 
The compact layer is composed of collagens (Type I and 
III) produced by mesenchymal cells in the fibroblast 
layer, which provide the AM with structural and 
mechanical integrity. The outermost spongy layer 
encompasses a loose, connective network predominant 
in Type III collagen and is a rich source of proteoglycans 
and glycoproteins.

Biological properties
It  has long been established that AM exerts 
anti‑inflammatory, antiscarring, and antiangiogenic 
properties. Heavy chain (HC)‑hyaluronan (HA)/
pentraxin 3 (PTX3) proteoglycan complex has recently 
been purified from AM and is characterized as a 
major biochemical tissue component responsible 
for its unique healing properties.[22,31] For example, 
HC‑HA/PTX3, but not HA, facilitates rapid apoptosis 
and clearance of neutrophils,[32] which is essential in 
resolving chronic inflammation.[33,34] HC‑HA/PTX3 
also promotes the polarization of pro‑inflammatory 
M1 macrophages toward M2 activation,[32,35] which 
express significantly more anti‑inflammatory IL‑10 
and suppress T‑cell proliferation and activation.[36] 
While these anti‑inflammatory/immune effects can 
reduce scarring indirectly, evidence has also shown 
that the AM stroma directly inhibits scarring by 
inhibiting myofibroblast differentiation.[37,38] AM and 
HC‑HA/PTX3 have also been shown to downregulate 
transforming growth factor‑beta (TGF‑β) signaling in 
human corneal fibroblasts.[38,39] In addition, AM has been 

shown to reduce corneal neovascularization following 
AM transplantation,[40‑42] which is due in part to its 
ability to suppress the viability and tube formation of 
cultured human umbilical vein endothelial cells.[41,43] 
This is especially important since maintaining corneal 
avascularity is required for corneal transparency and 
optimal vision. The abundant presence of NGF in the 
AM stroma[27,44‑47] further supports its mode of action in 
treating NK and DED.

Preclinical evidence of amniotic membrane in 
promoting corneal epithelial wound healing
Several preclinical studies have demonstrated the 
safety and efficacy of cryopreserved AM in treating NK 
and DED manifesting corneal ulcer, persistent corneal 
epithelial defect, and epithelial keratitis. In rabbits, 
sutured cryopreserved AM was shown to enhance corneal 
wound healing after photorefractive keratectomy[48,49] 
and phototherapeutic keratectomy[50,51] using excimer 
laser ablation.[48‑51] Woo et al.[51] found that sutured 
AM resulted in significantly faster epithelial healing 
at 72 h; however, Choi et al.[49] and Wang et al.[50] found 
that corneal epithelial healing was completed within 
72 h regardless of treatment. Following transepithelial 
keratectomy, transmission electron microscopy showed 
that the AM stromal matrix attracted PMNs, which led 
to a significant reduction of keratocyte apoptosis and 
inflammatory cell infiltration in the corneal stroma 
compared to eyes with no treatment.[48‑51] Application 
of sutured AM after keratectomy significantly reduced 
corneal haze,[49‑51] which was correlated with a more 
regular architecture of regenerated stromal lamella at 
8 weeks[51] and a reduction in both stromal fibroblast 
cellularity and epithelial hyperplasia at 12 weeks.[50] In 
mice, a temporary AM secured by tarsorrhaphy has also 
been shown to promote the healing of HSV‑1‑induced 
necrotizing keratitis.[52] Rapid and marked regression 
of stromal keratitis was noted in all mice in the AMT 
group, and all but one ulcer (92%) achieved complete 
healing within 2 days. In contrast, tarsorrhaphy alone 
only mildly improved stromal inflammation, and 
only two (17%) ulcers healed.[52] Marked reduction of 
inflammatory cell infiltration by day 2 after AMT was 
associated with reduced expression and activity of matrix 
metalloproteinase (MMP)‑8 and MMP‑9 and increased 
localization of TIMP‑19.[52]

In a prospective randomized controlled study, human 
AM extract has been shown to ameliorate benzalkonium 
chloride (BAC)‑induced DED in a murine model.[53] 
Topical application of human AM extract resulted in 
significantly longer tear breakup time on days 3 and 6, 
lower fluorescein staining scores on day 3, and lower 
inflammation on day 6. Further analysis showed that 
human AM extract reduced inflammatory infiltration 
and levels of tumor necrosis factor‑α, interleukin‑1 
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beta (IL‑1β), and IL‑6, thus explaining the decreased 
TUNEL‑positive cells in the cornea and increased goblet 
cells in the conjunctiva in BAC‑treated mice.

Clinical evidence of cryopreserved amniotic 
membrane in treating dry eye disease
The use of AMT in ophthalmology was first documented 
more than 70 years ago and later resurfaced in 1995 
when Kim and Tseng[54] reported its use in ocular surface 
reconstruction. Since then, AMT has been successfully 
utilized to treat a variety of ophthalmic conditions 
manifesting corneal ulcer, persistent epithelial defect, 
and epithelial keratitis.[55] The increasing popularity 
of AMT was made possible with the advent of AM 
cryopreservation,[56] which devitalizes all living cells 
while preserving extracellular matrices and growth 
factors/cytokines during long‑term storage. Herein, we 
summarize the clinical evidence of cryopreserved AM 
in managing DED.

Self‑retained cryopreserved AM (PROKERA, Bio‑Tissue, 
Miami, FL, USA) has been shown to successfully 
manage the signs and symptoms of moderate‑to‑severe 
DED (DEWS Level 2–4) in several studies that included 
121 eyes of 103 patients.[56‑58] PROKERA was inserted for 
an average of 4.5 days (range: 2–11 days). Overall, there 
were no adverse events aside from mild discomfort, 
which lead to early PROKERA removal from 4 eyes (4%) 
after 2 days due to intolerance.[58] After treatment, the 
overall severity of DED was reduced from DEWS Level 
3 to that of DEWS Level 1 at 1 and 3 months.[57,58] This 
was accompanied with a significant decrease in corneal 
staining from an overall average of 2.2 at baseline to 
0.5 by 3 months.[56‑58] Furthermore, tear film breakup 
time was significantly improved from 8 s at baseline 
to 15 s at 3 months.[57] These benefits were correlated 
with an increase in corneal nerve density and corneal 
sensitivity, which was measured using IVCM and 
the Bonnet‑Crochet esthesiometer, respectively.[57] In 
contrast, individuals receiving conventional maximum 
treatment without PROKERA showed no significant 
changes in DEWS score, fluorescein staining, tear 
film breakup time, and corneal nerve density at 1 and 
3 months despite conventional treatment use throughout 
the study duration.[57] All studies showed improvement 
in the quality of vision and visual symptoms following 
PROKERA use. Cheng et al.[56] reported visual acuity (VA) 
improvement from 20/25 at baseline to 20/23 at a 
median of 2.5 months, and John et al.[57] reported VA 
improvement from 20/46 to 20/40 at 3 months; however, 
these improvements were not statistically significant. 
Furthermore, PROKERA has been shown to provide 
short‑term relief of autoimmune‑related DED refractory 
to conventional and systemic immunotherapies.[59,60] 
Shafer et al.[59] found PROKERA relieved symptomatic 
DED secondary to Sjögren’s syndrome for up to 1 month 

in 6 eyes. The device was removed in one patient after 
48 h due to foreign body sensation and mucopurulent 
discharge. Cheng et al.[60] reported findings in one patient 
with rheumatoid arthritis‑induced DED. Ten PROKERA 
placements over 4 years alleviated ocular symptoms 
for an average of 4 ± 2 months and improved VA from 
20/400 to 20/70.

Furthermore, PROKERA has been shown to alleviate 
neuropathic corneal pain due to corneal nerve damage 
from DED.[57,61] In one retrospective case series, 6 eyes 
of 6 female patients (62 ± 8 years) displayed marked 
improvement in pain after PROKERA placement for 
an average of 7 ± 3 days.[61] Late‑onset discomfort 
resulted in the removal of PROKERA in one patient 
before the complete dissolution of AM on day 6. 
Nevertheless, average pain severity decreased from 
5.4 ± 2.7 out of 10 at baseline to 0.8 ± 0.9 at the end of 
follow‑up (range: 8–14 months). This was accompanied 
by a significant increase in total sub‑basal nerve density. 
One patient with severe pain (9/10) reported recurrence 
of symptomatic pain at 2.3 and 6.1 months, which 
was resolved completely (0/10) following additional 
placement of PROKERA at the time of each recurrence.

Clinical evidence of cryopreserved amniotic 
membrane in treating neurotrophic keratitis
Cryopreserved AM has also been successfully used to 
treat corneal epithelial defects and ulcers caused by 
NK and unresponsive to prior treatment as reported 
in 3 prospective studies[62‑64] and 12 retrospective 
studies[65‑77] [Table 1]. Cases that presented with 
active infection, descemetocele, or perforation were 
excluded. Underlying etiologies of NK included 
penetrating keratoplasty, herpes simplex keratitis, 
herpes zoster ophthalmicus, neuropathy, diabetes 
mellitus, acoustic neuroma removal, and radiation. 
The outcome parameters evaluated were healing rate, 
time to epithelialization, rate of VA improvement (as 
defined by >2 lines), duration of follow‑up, number of 
recurrences, and complications or adverse events. In 
addition, changes in ocular surface health were noted. 
Single or multilayer AM was chosen depending on the 
ulcer depth, and AMT techniques included (i) “inlay or 
graft” technique, where one or more layers of AM are 
cut to the defect size and placed in the ulcer bed with 
the top layer fixed to the edge of the defect, (ii) “overlay 
or patch” technique, where an oversized AM covers the 
entire cornea and limbus area, or (iii) the “sandwich” 
technique that is a combination of both the inlay and 
overlay techniques. Two studies utilized self‑retained 
sutureless AM through the PROKERA device. The 
overall average follow‑up period was 12.3 months, 
which ranged from 3 to 20 months depending on the 
study [Table 1]. Collectively, AM has demonstrated 
a success rate of 88.9% (144/162) in achieving rapid 
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and complete healing of defects and/or ulcers in an 
average of 18.4 days (range: 6‑30 days) [Table 1]. VA 
improved more than 2 lines in 52.3% (57/109) of patients 
by the last follow‑up [Table 1]. Furthermore, healing 
at the ulcer site was accompanied with a reduction 
in ocular inflammation[62,64,66,67,72,76] as evidenced by a 
decrease in corneal edema and conjunctival and limbal 
hyperemia.[68,70] A decrease in stromal vascularization 
was noted in three studies.[67,70,71]

Two long‑term (12 months) prospective studies have 
shown an overall success in 10 of 10 eyes (100%)[62] and 
8 of 9 eyes (89%)[64] through multilayer AMT to achieve 
complete epithelialization within 4 weeks in corneas 
with persistent epithelial defect and stromal ulceration 

caused by severe NK. Following transplantation, 
AM gradually dissolved over a period of 12 months, 
but stromal thickness remained stable.[62] Anterior 
segment optical coherence tomography showed the 
mean residual stromal thickness at the ulcer bed before 
surgery to be 222 ± 70 µm, the mean thickness of AM 
layers at the same site was 394 ± 80 µm, whereas the 
mean total corneal thickness was 623 ± 51 µm at day 1 
postsurgery.[64] A progressive reduction in thickness to 
420 ± 61 µm at 6 months occurred, after which time the 
thickness stabilized. Confocal microscopy confirmed 
that the AM integrated entirely with the corneal stroma 
along with overlying epithelialization, which occurred 
14 ± 5 days postsurgery in the successful cases.[64] 
Confocal microscopy also showed that the AM patch 

Table 1: Amniotic membrane transplantation for managing neurotrophic keratitis manifesting epithelial defect 
and corneal ulcera

Study (years) Design n, 
eye/patient

Age Gender 
(male/female)

AM 
method

Healing rate Epithelial 
healing (days)

Rate of vision 
improvement

Follow-up 
(months)

Lee and 
Tseng (1997)[65]

RS 4/4 67.5±25.5 3/1 Inlay; S/M 100% (4/4) 29.8±11.9 NA 5.8±5.5

Kruse et al. 
(1999)[62]

PS 10/10 56.9±16.6 7/3 Inlay; M 100% (10/10) Range: 21-28 44.4% (4/9) 12±0

Chen et al. 
(2000)[66]

RS 15/14 62.1±23.1 10/4 Inlay or 
sandwich; 
S/M

80% (12/15) 16.6±9.0 46.7% (7/15) 18.4±13.9

Prabhasawat 
et al. (2001)[67]

RS 9/9 49.7±27.1 6/3 Inlay; S 88.9% (8/9) 24.8±18.4 22.2% (2/9) 13.1±9.8

Gris et al. 
(2002)[68]b

RS 5/5 52.8±24.8 5/0 Inlay; S 100% (5/5) 22.8±11.6 NA 17 (12-23)

Iveković et al. 
(2002)[69]

RS 11/11 38.5±10.8 6/5 Inlay; S/M 100% (11/11) 11.4±4.7 27.3% (3/11) 19.7±6.0

Dogru et al. 
(2003)[70]

RS 4/4 59.0±13.4 4/0 Inlay; S/M 100% (4/4) 22.0±5.5 100% (4/4) 11.8±2.6

Heiligenhaus 
et al. (2003)[71]

RS 7/7 62.3±10.6 3/4 Inlay or 
sandwich; 
S/M

100% (7/7) 17.0±7.0 71.4% (5/7) 11±3.4

Hick et al. 
(2005)[72]

RS 16/16 62.6±19.6 9/7 Inlay; S/M 93.7% (15/16) 20.7±13.0 37.5% (6/16) 12.3±8.3

Khokhar et al. 
(2005)[63]

RCT 15/15 37.3±17.1 7/8 Inlay, 
overlay, or 
sandwich; 
S/M

73.3% (11/15) 23.8±13.9 40% (6/15) 3±0

Seitz et al.
(2009)[73]

RS 8/8 58.9±20.6 5/3 Overlay or 
sandwich; 
S/M

87.5% (7/8) 18.1±11.9 NA 17.9±12.4

Nubile et al. 
(2011)[64]

PS 9/9 60.0±12.8 5/4 Sandwich; 
M

88.9% (8/9) 13.8±4.7 NA 12±0

Suri et al. 
(2013)[74]c

RS 11/11 69.5±10.4 8/3 PROKERA 63.6% (7/11) 11.2±10.4 NA 3.1±1.3

Turkoglu et al. 
(2014)[75]

RS 19/19 59.3±7.9 15/4 Overlay; 
S/M

89.5% (17/19) 20.0±4.6 89.5% (17/19) 6.8±3.9

Cheng and 
Tseng (2017)[76]

RS 4/4 71.3±9.9 1/3 PROKERA 100% (4/4) 5.75±2.9 75% (3/4) 20.3±21.7

Schuerch et al. 
(2019)[77]d

RS 15/15 75±9 7/8 Sandwich; 
M

93.3% (14/15) 35 (24-61)c NA Range: 
6-NA

Total 162/161 58.9±17.4 101/60 88.9% (144/162) 18.4±10.2 52.3% (57/109) 12.3±8.5
aValues are expressed as mean±SD unless otherwise indicated, bFollow-up reported as mean (range), cHealing rate includes two eyes with preexisting 
descemetocele, dTime to epithelial healing was estimated from a box and whisker plot and reported as median (IQR). AM=Amniotic membrane, NA=Not 
available, RS=Retrospective series, PS=Prospective series, RCT=Randomized clinical trial, S=Single layer, M=Multiple layers, IQR=Interquartile range, 
SD=Standard deviation
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was degraded during the first few weeks following 
surgery, whereas the integrated amniotic tissues 
underwent progressive modifications characterized by 
early loss of amniotic epithelial cells, changes in fibrillar 
structure, and migration into the AM stroma by corneal 
stroma‑derived cells.[64]

A histopathological correlation of two corneas 
with neurotrophic ulcers that received AMT and 
subsequent corneal transplantation revealed complete 
epithelialization over the basement membrane of the AM 
graft, which was slowly reabsorbed in one cornea without 
stromal vascularization and inflammatory reaction.[78] In 
the other cornea with stromal vascularization, the AM 
graft was rapidly reabsorbed due to the abundance of 
inflammatory cells and was replaced by new fibrotic 
stroma that was different from that in the rest of the 
cornea but helped to maintain corneal thickness.[78] 
In another retrospective study of 10 eyes, impression 
cytology showed a significant improvement in squamous 
metaplasia grading and the goblet cell density after 
AMT.[70] In addition, corneal wound healing promoted 
by sutured AM resulted in a significant improvement 
in tear film breakup time that was correlated with 
increased corneal sensitivity, suggesting that corneal 
nerve regeneration may have taken place.[70]

Overall, complications included two cases of corneal 
perforation: one following sutured AMT[63] and the 
other following sutureless PROKERA.[74] In addition, 
another case showed progressive corneal thinning to 
which conjunctival patching was conducted to prevent 
imminent perforation.[70] Progressive thinning and 
perforation have been recognized as a natural disease 
progression of severe NK. Furthermore, a total of 11 
recurrences were noted in 5 studies, giving an overall 
recurrence rate of 6.8% (11/162).[62,64,72‑74]

Conclusion and Discussion

Both preclinical and clinical evidence support the 
notion that sutured and sutureless cryopreserved 
AM transplantation can successfully be used to treat 
DED and NK. These studies collectively support 
the safety and effectiveness of cryopreserved AM 
in expediting restoration of corneal epithelial health 
and epithelialization, improving VA in eyes with NK 
and DED, and alleviating symptomatic DED. Future 
randomized controlled trials are warranted to validate 
the above findings and determine whether such clinical 
efficacy lies in promoting corneal nerve regeneration.
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