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Historical medical uses of amniotic membrane

The medical uses of the human placenta probably date back 
centuries, with the first description of its use in a treatise 
in 1593 by a Chinese clinician Li Shi-Zhen (1). The first 
mention of the medical use of amniotic membrane in 
the Western literature appeared in 1910 by Davis, who 
reported on a series of cases where it was used as a skin 
graft in a large case series at Johns Hopkins Hospital (2).  
This was shortly followed by Drs. Stern and Sabella, 
collaborators who separately published studies using this 
material in wounds and burns (3,4). Through the rest of 
the 20th century the medical use of the placenta, and more 
specifically the amniotic membrane, was described in a 
number of medical indications including; but not limited 
to, the following types of cases: (I) skin grafting; (II) lower 
extremity diabetic ulcers (5); (III) lower extremity venous 
leg ulcers (6); (IV) general wounds (7); (V) conjunctival 
surgery and repair (8); (VI) burns (9,10); (VII) periodontal 

disease and dentistry (11,12); (VIII) vaginal reconstruction 
and OB/GYN applications (13); (IX) neurosurgical 
applications including spine surgery (14,15); (X) orthopedic 
surgery applications (16).

Properties and function of amniotic tissues

While amniotic membrane was originally used because of 
its recognized ability to substitute as a skin like tissue with 
healing properties, the underlying physiologic, biochemical 
and cytological properties of the tissue are reported to 
confer a number of additional properties, in addition to 
simply performing as a skin substitute. These properties 
include: (I) contains essential growth factors (17); (II) 
modulation of inflammation (18); (III) reduction of scar 
tissue formation (18); (IV) barrier properties (14); (V) 
immunologically privileged tissue (19); (VI) enhancement 
of wound healing (20); (VII) reduction of pain in burns 
and wounds; (VIII) innate antibiotic properties (21). There 
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are varying degrees of documentation of each of the above 
properties, but these attributes appear regularly in the 
literature.

The underlying bimolecular mechanisms responsible 
for the above properties are becoming increasingly well 
characterized, in a growing, robust literature (1,17,22-24) 
(Table 1). Briefly, active participation of mesenchymal and 
circulating stem cells, activated by a wide array of growth 
factors and cytokines, and the provision of a collagen based 
architecture present a unique structure that promotes 
healing and regeneration of tissues in which the amniotic 
membrane and its components are applied (22).

Preclinical urologic applications of amniotic 
tissue products

The general history of the use of amniotic membrane 
products and the more recent understanding of the 
underlying mechanism of action behind their properties 
suggested a number of urologic applications. Preclinical 
work has explored a number of urogenital applications.

The use of amniotic membrane as a potential material 
for bladder repair extends back to the early 1980s (25). 
More recently, Iigma and others demonstrated that 
transplantation of preserved human amniotic membrane 
could successfully be used for bladder augmentation in 
rats, with resulting regeneration of a number of tissues 
in the bladder being demonstrated as early as 3 months 
postoperatively (26).

Salehipour et al. have evaluated the use of human 
amniotic membrane in the reconstruction of long ureteral 
defects in dogs (27). In this study, the use of human 
amniotic membrane for the reconstruction of ureteral 
defects in a canine model was studied. The authors used 
chorion prepared and properly treated for surgical insertion 
into dogs with circumferentially cut defects, and while they 
did not believe the approach to be useful for long (3 cm) 
defects, they speculated that use of the amniotic membrane 
might be studied for shorter defects or as a patch graft.

Shakeri et al. looked at the use of amniotic membrane 
as a xenograft for urethroplasty in rabbits. The authors 
concluded that amniotic membrane technology was 
an inexpensive, easy, and biodegradable graft yielding 
very little antigen effect and a viable option in surgical 
urethroplasty approaches (28).

Wang et al. looked at a variation of this idea, namely 
using the collagen scaffolding of amniotic membrane 
as a potential regenerative material in urethroplasty, 

and obtained preliminary success in that approach (29). 
The author’s concluded that tissue-engineered denuded 
human amniotic scaffold (dHAS) created by separating the 
basement membrane layer of amniotic membrane minimizes 
potential rejection and maximizes the biocompatibility of 
amniotic membrane, making it a potential ideal xenograft 
for urethral reconstruction. This concept was also explored 
by Gunes and others, who compared the use of buccal 
mucosa and amniotic membrane for urethroplasty in a 
rabbit model (30). The group examined whether buccal 
mucosa, amniotic membrane, or both might be useful 
in urethroplasty using epithelial transformation as the 
experimental endpoint, noting highest efficacy in the 
combined tissue application. After 8 weeks, the best 
epithelial transformations were observed in the combined 
group.

In another study, Shakeri also noted that amniotic 
membrane maybe a substitute for transitional epithelium 
of the bladder in dogs. The authors concluded that grafts 
remained in place in all cases, except in one of the dogs in 
the augmentation group that developed patch perforation, 
urine leakage and finally peritonitis. In others, histological 
examinations revealed evidence of regeneration of normal-
appearing urothelium, lamina propria, neovascularization, 
retracting placental patch, and reconstitution of a normal-
appearing and functioning bladder. This suggests that 
placental membranes, because of their low antigenic 
properties, easy availability and tolerability by the host 
urinary tract, could provide an excellent graft material for 
urinary tract reconstructions (31).

Comparison of amniotic membrane with other materials 
in preclinical work was conducted by Sharifiaghdas  
et al. (32). They examined the use of poly lactic-co-
glycolic acid (PLGA), PLGA/collagen and human amniotic 
membrane (hAM) for human urothelial and smooth muscle 
cell engineering. The authors demonstrated significant 
improvement of cell attachment and growth achieved by 
collagen coating (PLGA/collagen) compared to PLGA and 
hAM. hAM was a weaker matrix for bladder engineering 
purposes.

Human amniotic fluid and isolates prepared from human 
amniotic membrane derived mesenchymal stem cells have 
also had some preliminary scientific work performed on 
their inherent biological properties. Human amniotic 
membrane mesenchymal stem cells were interestingly noted 
to have a suppressive effect on prostate cancer cells (33). 
Sedrakyan et al. found that amniotic fluid stem cells seemed 
to reduce the formation of renal fibrosis in a mouse model 
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Table 1 Regulators of wound healing and inflammation found in dHACM 
(17,22) 

Regulators of wound healing and inflammation found in dHACM

Regulators of soft tissue healing in dHACM

Cytokines

Angiogenin (Ang)

Angiopoietin-2 (ANG-2)

Basic fibroblast growth factor (bFGF)

Beta nerve growth factor (β-NGF)

Bone morphogenetic protein 5 (BMP-5)

Brain-derived neurotrophic factor (BDNF)

Endocrine gland-derived vascular endothelial growth factor 
(EG-VEGF)

Epidermal growth factor (EGF)

Fibroblast growth factor 4 (FGF-4)

Growth hormone (GH)

Heparin binding egf-like growth factor (HB-EGF)

Hepatocyte growth factor (HGF)

Insulin-like growth factor 1 (IGF-I)

Insulin-like growth factor binding protein 1 (IGFBP-1)

Insulin-like growth factor binding protein 2 (IGFBP-2)

Insulin-like growth factor binding protein 3 (IGFBP-3)

Insulin-like growth factor binding protein 4 (IGFBP-4)

Insulin-like growth factor binding protein 6 (IGFBP-6)

Keratinocyte growth factor (KGF/FGF-7)

Placental growth factor (PlGF)

Platelet-derived growth factor AA (PDGF-AA)

Platelet-derived growth factor BB (PDGF-BB)

Transforming growth factor alpha (TGF-α)

Transforming growth factor beta 1 (TGF-β1)

Vascular endothelial growth factor (VEGF)

Vascular endothelial growth factor D (VEGF-D)

Matrix metalloproteinases

Matrix metalloproteinase 1 (MMP-1)

Matrix metalloproteinase 2 (MMP-2)

Matrix metalloproteinase 3 (MMP-3)

Matrix metalloproteinase 8 (MMP-8)

Matrix metalloproteinase 9 (MMP-9)

Matrix metalloproteinase 10 (MMP-10)

Matrix metalloproteinase 13 (MMP-13)

Table 1 (continued)

Table 1 (continued)

Protease inhibitors

Alpha 1 antitrypsin (α1AT)

Alpha 2 macroglobulin (α2M)

Tissue inhibitor of metalloproteinase 1 (TIMP-1)

Tissue inhibitor of metalloproteinase 2 (TIMP-2)

Tissue inhibitor of metalloproteinase 4 (TIMP-4)

Regulators of inflammation in dHACM

Cytokines

Granulocyte colony-stimulating factor (GCSF)

Granulocyte macrophage colony-stimulating factor (GM-CSF)

Growth differentiation factor 15 (GDF-15)

Interferon gamma (IFNγ)

Interleukin 1 alpha (IL-1α)

Interleukin 1 beta (IL-1β)

Interleukin 1 receptor antagonist (IL-1RA)

Interleukin 4 (IL-4)

Interleukin 5 (IL-5)

Interleukin 6 (IL-6)

Interleukin 7 (IL-7)

Interleukin 10 (IL-10)

Interleukin 12 p40 (IL-12p40)

Interleukin 12 p70 (IL-12p70)

Interleukin 15 (IL-15)

Interleukin 17 (IL-17)

Macrophage colony-stimulating factor (MCSF)

Osteoprotegerin (OPG)

Prostaglandin E2 (PGE2)

Chemokines

B lymphocyte chemoattractant (BLC/CXCL13)

Chemokine ligand 1 (I-309/CCL1)

Eotaxin 2

Interleukin 8 (IL-8)

Interleukin 16 (IL-16)

Macrophage inflammatory protein 1 alpha (MIP-1α/CCL3)

Macrophage inflammatory protein 1 beta (MIP-β1/CCL4)

Macrophage inflammatory protein 1 delta (MIP-1δ/MIP-5/
CCL15)

Monocyte chemotactic protein 1 (MCP-1/CCL2)

Monokine induced by gamma interferon (MIG/CXCL9)

Regulated on activation, normal t-cell expressed and 
secreted (RANTES/CCL5)

dHACM, dehydrated human amnion/chorion membrane.
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of acute tubular necrosis (34).
Amniotic membrane has also been used as a supportive 

scaffold for other procedures. For example, Burgers et al. 
used nerve grafts, nerve growth factor and a supportive 
scaffold made from amniotic membrane to repair surgically 
induced erectile dysfunction in rats. In this study, the use 
of fetal amniotic membrane as an alternative growth factor 
matrix was used to improve the regeneration of ablated 
cavernous nerves in rats as a model to study surgically 
damaged nerves. The use of membrane as an alternative 
nerve growth matrix improved electrically stimulated 
erections and mating behavior in these mice (35).

The underlying logic in many of these preclinical studies 
focuses on both the structural and regenerative properties 
of amniotic membrane. In the first case, the underlying 
structure of the membrane, created by various collagen 
types, forms an architecture or scaffold that assists in 
the re-creation of normal tissue. In the second case, the 
biologically active growth factors, cytokines and other 
biomolecules initiate and modulate the regenerative process 
that involves the recruitment and activation of stem cells 
and fibroblasts in the area under consideration.

Clinical urological applications of amniotic 
tissues in humans

The broadly recognized ability of amniotic tissues to help 
in healing and regenerative repair of tissues suggested a 
number of other direct clinical applications. Preclinical 
work and initial evaluation of these tissues have been 
attempted in a number of urogenital indications. Koziak  
et al. built on the previous preclinical work described above 
and investigated the use of amniotic membrane in the 
reconstruction of long ureteral strictures in 11 patients 
(36,37). Several reports of the use of amniotic membrane 
to repair vesicovaginal fistulas have also been reported. In 
each case, successful use of the material has permitted a 
less aggressive operative or non-operative approach to this 
problem (38).

Most recently, the use of an amniotic membrane 
protective layer in the surgical field of patients undergoing 
robotic assisted laparoscopic prostatectomy as a means of 
protecting adjacent nerve bundles from scarring has been 
advanced by a number of clinicians (39,40). The notion that 
amniotic membrane might be useful in preventing adhesions 
at the surgical site in DaVinci robot prostatectomies was 
initially developed and evolved across a number of sites. 
Patel et al. published a retrospective series of these patients 

demonstrating improvement in both urinary incontinence 
and erectile function in the short-term post-operative 
period (41). For completeness, it is worth noting that 
amniotic membrane has found numerous applications in 
OB/GYN surgery as well, with applications in the repair 
of various abnormalities of the vagina, uterus and related 
structures in patients (42-49).

At our institutions, we have applied amniotic membrane 
technology in the following four realms of adult and 
pediatric urology: (I) proximal and redo-hypospadias 
repairs; (II) complex penile reconstruction in Peyronie’s 
disease; (III) microsurgical cord denervation procedures; 
(IV) posterior urethroplasty in the male with a history of 
pelvic radiation. 

In the field of hypospadias surgery, proximal hypospadias 
comprises most of the severe cases and results in higher 
surgical complication rates (50). Between 6–20% of 
hypospadias patients are diagnosed with proximal 
hypospadias (51,52). Hypospadias is corrected surgically 
with the goal of improving cosmetic appearance as well as 
normalizing erectile function and voiding. Surgery creates 
a straight phallus, with the meatus residing at the tip of the 
glans, with a proper and symmetrical appearance of both 
the glans and penile shaft. For more severe hypospadias, 
specifically for proximal hypospadias, a variety of surgical 
techniques can be employed. Unfortunately, even the most 
skilled surgeons cannot guarantee a positive outcome. 
Complications from proximal hypospadias repair range 
from 6–30% depending on the severity of the defect, 
the surgical technique utilized, and the experience of the 
surgeon (53). Surgical results are also poorer in re-operative 
cases. Common complications include urethrocutaneous 
fistulas (UCF), urethral stricture, urethral diverticulum, 
and persistent ventral curvature (54). UCF, or a reopening 
of the surgical site, can occur in 13–33% of patients, 
depending on the different surgical techniques utilized 
(50-52,55-58). Current data suggests that an experienced 
pediatric urologist successfully can close fistulas in 71%, 
72%, 77%, 100%, and 100% of patients after fistula repairs 
1 to 5, respectively (59). With these high reoperation 
rates, there is a significant need to investigate innovative 
approaches to reduce complication rates. One such 
approach is the potential application of dehydrated human 
amnion/chorion membrane (dHACM). The underlying 
premise is to provide a barrier layer with a robust source 
of tissue and vascular growth factors and provide a local 
anti-inflammatory environment, thus optimizing soft tissue 
healing of the surgical site (20,41,60-62).
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In the field of Peyronie’s disease, surgical correction of 
curvature with either permanent plication sutures or graft 
material usually requires full or partial mobilization of 
the deep dorsal neurovascular bundle to allow for proper 
placement of surgical material as well as to avoid potentially 
devastating complications such as glans numbness and 
ischemia. Typically, the neurovascular bundle is placed 
back in its anatomical position and in most cases, it will 
overly the site of surgical curvature correction. The 
inflammatory response associated with healing and the 
subsequent formation of fibrotic tissue and neuroma has 
been theorized as the cause for post-operative pain with 
the associated graft material or suture knots. The use of 
dHACM has been postulated to be used as an interposition 
graft in between the plication knots or graft material and 
the neurovascular bundle in an effort to reduce fibrosis and 
neuroma formation and therefore improve pain outcomes. 
Anecdotally, we have noticed diminished postoperative pain 
and more rapid recovery, and are currently studying, in a 
more formal manner, the utility of using this interposition 
graft in these cases.

In the field of chronic orchialgia, management strategies 
are aimed at identifying specific etiologies of the pain and 
managing those directly (i.e., varicocelectomy, vasectomy 
reversal, epididymectomy). When a specific etiology 
cannot be identified, the individual has failed conservative 
management, or has failed surgical management and 
spermatic cord denervation may be discussed. Methods that 
have been employed to improve outcomes of spermatic cord 
denervation include the use of a provocative pre-operative 
spermatic cord block and the intraoperative use of the 
operating room microscope. Even with these improvements 
in pre-operative screening and surgical techniques the 
success rate of the procedure is still not 100% (current 
studies success rates range from 70–90%) and there is a 
reported orchiectomy rate of 10–20% after the surgery due 
to persistent pain (63,64). The utilization of dHACM as a 
wrap at the site of denervation has been theorized to reduce 
the formation of fibrosis and neuroma and therefore reduce 
persistent pain post-operatively (63). 

In the field of posterior urethral contracture in the male 
with a history of pelvic radiation, surgical management is 
aimed at resecting the affected scarred or infected tissue, 
achieving a watertight tension free anastomosis, and 
providing a healthy bed of tissue to allow for good wound 
healing. However, even with these surgical tenants, necrosis 
and reformation of scar tissue still may occur even in the 
most skilled hands. The use of dHACM as a wrap at the 

site of urethral anastomosis has been theorized to recruit 
healthy tissue ingrowth and improve surgical outcomes. 
Clinical outcomes are currently being evaluated.

Potential future applications of human amniotic 
tissues

The broad number of properties found in amniotic 
membrane, coupled with its immunologically privileged 
status presents a number of future applications, particularly 
given the historical preclinical and clinical uses described 
above. New applications continue to be proposed, and the 
potential for combining amniotic membrane allografts with 
other biomaterials expands this horizon further. 
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