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A placental membrane contains the necessary “ingredients” for developing an extracellular matrix that 

can repair damaged tissue. The placental membrane contains a number of components that are 

imperative in the development of this foundational extracellular matrix, such as growth factors and 

collagen, which forms fibrils that provide structure for soft tissues. In addition to collagen, it is the 

growth factors that signal cells to regenerate and rebuild the body. The placental membrane captures 

the naturally rich growth factors in a sheet format that be easily applied during surgery. The placental 

membrane will resorb naturally in the body within 3 weeks. 

The underlying premise of the placental membrane is that it provides a barrier layer with a robust 

source of tissue and vascular growth factors and provides a local anti-inflammatory environment, thus 

optimizing soft tissue healing of the surgical site (1,2,3). The broad number of properties found in a 

placental membrane, coupled with its immunologically privileged status presents it to be utilized in a 

number of future surgical applications.  
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Abstract

Background Various antiadhesive coatings have been

proposed for intraperitoneal onlay meshes (IPOM). How-

ever, adhesions, mesh infections, and impaired integration

remain clinically relevant problems. In this experiment,

human vital amniotic membrane (AM) was tested as anti-

adhesive mesh coating. Vital AM complies with clinical

standards of product safety.

Methods In this study, 24 rats were randomized to one

control or two treatment groups (n = 8). An uncoated

polypropylene mesh (Vitamesh) was implanted using open

IPOM technique and fixed with four sutures. In the treat-

ment groups, vital AM was attached to Vitamesh by fibrin

sealant fixation. The observation period was 7 and 17 days.

Vitamesh fixed by suture only served as the control con-

dition (17 days). Adhesion formation, tissue integration,

and neovascularization were assessed macroscopically and

histologically.

Results All the meshes in the control group elicited

severe adhesions. Vital AM was highly efficient in reduc-

ing adhesions to mesh and sutures. No foreign body reac-

tion or unfavorable immunologic response to vital AM

occurred. Tissue integration and neovascularization of

coated meshes were good. Fibrin sealant yielded a reliable

fixation.

Conclusion Human vital AM was highly effective in

reducing adhesions to polypropylene mesh and sutures in

experimental IPOM. No adverse effects were detected, and

tissue integration of the mesh was good.

Keywords Antiadhesives � Hernia repair � Human

amniotic membrane � Intraperitoneal mesh placement

Intraabdominal peritoneal onlay mesh repair (IPOM) can

be considered a well-established technique for selected

patients [1, 2]. The laparoscopic view allows detection of

multiple and occult hernia defects and offers undeniable

advantages, especially for obese patients [3, 4].

For more than two decades, extended polytetrafluoro-

ethylene (ePTFE) was the material of choice for antiadhesive

coating of IPOM meshes [4, 5]. However, its undisputed

efficacy for adhesion prevention is opposed by its suscepti-

bility to infection [6]. The incidence of ePTFE mesh infec-

tion is as high as 10% in the literature and usually requires

explantation [7, 8]. Shrinkage, wrinkling, and seroma for-

mation are other frequent complications of ePTFE, leading

to the development of new mesh coatings [9, 10].

Polylactic acid, methyl cellulose, and collagen matrices,

currently used for adhesion prevention in modern IPOM

meshes, are less susceptible to infection [11, 12]. However,

adhesions remain a clinically relevant problem, which is not

restricted to mesh technology. It becomes apparent that the

formation of adhesions to perforating fixation devices

(PFDs) is a frequent cause for small bowel obstruction

[13–15].

Consequently, an optimized interaction of mesh and

PFD seems desirable. This formed the rationale for testing
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human vital amniotic membrane (AM) in an experimental

model of IPOM and fixing it to the mesh with fibrin sealant

[16, 17]. This biologic matrix has been used successfully

for wound repair and regeneration [18–20].

A vital AM was used with mixed results in experimental

hernia research almost a decade ago [16]. However, the

irradiation and chemical processing required for devitali-

zation of AM seemed a major disadvantage to us due to the

inalterable deletion of adherent multi- and pluripotent stem

cells [21–23]. Pluripotent stem cell marker-positive cells

are scattered in the amniotic epithelium [24].

The primary outcome parameters in our study were

adhesion formation and foreign body reaction. The sec-

ondary outcome parameters were tissue integration and

dislocation of vital AM attached to the mesh by means of

fibrin sealant only.

Methods

Male Sprague-Dawley rats weighing 400–450 g were

obtained from the Institut fuer Labortierkunde und genetik

der Medizinischen Fakultaet der Universitaet Wien, Him-

berg, Austria. The mesh used in this study was Vitamesh, a

lightweight macroporpous polypropylene mesh manufac-

tured by Proxy Medical (Galway, Ireland). The fibrin

sealant was Artiss (four units of thrombin) manufactured

by Baxter (Vienna, Austria).

The mesh and fibrin sealant were supplied by courtesy of

their manufacturers. Vital AM was obtained from the Red

Cross Blood Transfusion Service of Upper Austria, produced

under ‘‘good manufacturing practice’’ (GMP) conditions.

All reagents used were of analytical grade, and surgery was

performed under sterile conditions at the Ludwig Boltzmann

Institute in Vienna. The study protocol was approved by the

authority of the Vienna city government.

Group randomization

The 23 rats in this study were randomized to one control

and two treatment groups as follows:

• Control group (n = 8): Vitamesh was fixed by suture

only, and the observation period was 17 days. Although

an uncoated polypropylene mesh should not be used

clinically in IPOM repair, it was chosen as a reliable

and reproducible control group substance.

• Treatment group 1 (T1; n = 8): Vitamesh and PFD were

covered with vital AM, the observation period was 7

days.

• Treatment group 2 (T2; n = 8): Vitamesh and PFD were

covered with vital AM, and the observation period was

17 days.

The observation periods were chosen to detect early

adhesion formation, dislocation of vital AM after full

degradation of fibrin sealant, and possible foreign body

reaction to the xenograft.

Processing of vital amnion

Placentas after cesarean section were collected with

informed consent from the donors. Further processing was

performed as described previously [17]. Briefly, AM was

peeled off the placenta and washed extensively with

phosphate-buffered saline (PBS). Subsequently, 3 9 3-cm

AM transplants for grafting as well as microbiologic and

viability testing were prepared. For microbiologic and

initial viability testing, punch biopsies (diameter, 8 mm)

were taken from a separate 3 9 3-cm transplant.

The AM grafts were attached to nitrocellulose disks

(Millipore, Billerica, USA) and wrapped in 15-ml tubes

with 10 ml of a cryoprotective medium containing RPMI

1640 (PAA, Pasching, Austria), FCS (PAA), DMSO

(WAK Chemie, Steinbach, Germany), L-Glut (PAA), and

an antibiotic–antimycotic solution (PAA). The transplants

then were frozen with a controlled-rate freezer and cryo-

preserved at -80�C.

Before in vivo application, the AM grafts were thawed

and washed several times with PBS. One cryopreserved

transplant was taken for residual viability testing with the

EZ4U cell proliferation and cytotoxicity assay (Biomedica,

Vienna, Austria) as described by Hennerbichler et al. [17]

(Fig. 1). All AM transplants were microbiologically neg-

ative and viable.

Implant size

The Vitamesh was precut to 2 9 2 cm2 in the rats. The size

of the implants was fitted to the anatomic and technical

requirements (i.e., adequate distance to wound margins and

explantation without mechanical damage to the samples).

Vital AM was 3 9 3 cm2 in T1 and T2.

Surgical model

The described procedure reproduces the open IPOM tech-

nique, placing the implant on the intact peritoneum and

attaching it to the abdominal wall with a PFD [13].

Surgery in rats

The 23 rats were anesthetized with an intramuscular

injection of Ketavet (ketamine-hydrochloride 100 mg/ml;

Pharmacia, Erlangen, Germany) and Rompun (xylazine-

hydrochloride; Bayer, Leverkusen, Germany).
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The abdomen was thoroughly shaved, and skin disinfec-

tion was performed. Subsequently, the skin was incised with

a scalpel, and the subcutaneous fat tissue was bluntly

detached from the abdominal muscles. A U-shaped lapa-

rotomy was made at the epigastral level from left to right,

beginning and ending about 1.5 cm under the lateral rib cage.

The abdominal wall was flipped caudally and the peritoneum

exposed, allowing a direct view of the implant site. The mesh

was placed on the peritoneum in a midline position with a

distance of at least 1 cm between the implant margins and the

incision. The mesh was sutured at all four corners of the

Vitamesh (Synthofil 4/0; Ethicon, Norderstedt, Germany).

In the control group, the operation ended at this point. In

the treatment groups (T1, T2), vital AM was attached to the

Vitamesh with 0.2 ml of fibrin sealant. The mesh was

spray-covered with the fibrin sealant (Easy Spray; Baxter,

Vienna, Austria). The skin incision was closed in anatomic

layers, and 1 ml of physiologic saline was administered

subcutaneously to compensate for dehydration.

Postoperative care of the rats

The rats were kept in single cages during the remaining

observation periods and checked daily for signs of infec-

tion, seroma formation, or abscess formation. Analgesic

treatment (2 mg/kg bodyweight intramuscular application

of Temgesic [buprenorphine], Merck, Vienna, Austria) was

routinely applied once daily for 3 days postoperatively.

Autopsy of the rats

The rats were killed as scheduled in the randomization

protocol under anesthesia by an intravenous injection of

thiopental 1 ml (1 g; Sandoz, Kundl, Austria).

Macroscopy

Seroma formation, signs of local inflammation, and tissue

integration were independently assessed by two investigators

blinded to group assignment. The macroscopic score, descri-

bed previously, is based on an A (no alteration) B (modest

alteration) C (severe alteration) scale that already has been

used reliably in studies on bio- and synthetic meshes [13].

Seroma formation

Absence of seroma was scored as A. A seroma (encapsu-

lation with fluid) closely adjacent to the implant or con-

taining less than 0.5 ml of fluid (verified by needle

aspiration) was scored as B, and a seroma formation con-

taining more than 0.5 ml of fluid was scored as C.

Local inflammation

No visible inflammation (defined as unfavorable inflam-

mation with pus and debris) was scored as A. Small

amounts of debris and pus were scored as B, and abscess

formation was scored as C.

Tissue integration

Complete integration of the whole implant (tissue ingrowth

and vascularization visible to the naked eye) was scored as

A. An implant only partly integrated (\50% of surface

area) was scored as B, whereas no detectable integration

(e.g., no tissue ingrowth through the interstices of the

mesh, edges of the implant not integrated) was scored as C.

Dislocation

Dislocation was defined as visible detachment of the mesh

from the underlying abdominal wall. The implant found in

its original position with all four edges adjacent to

abdominal wall was scored as A. An implant with up to

30% of its surface area detached was scored as B, and any

dislocation more severe ([30% free floating in the

abdominal cavity) was scored as C. Failure of a suture knot

led to a scoring of A in favor of the implant material. The

dislocation of AM from Vitamesh was scored accordingly.

A shrinkage of the mesh less than 10% of its original size

was scored as A. Shrinkage of 10–30% was scored as B,

and more than 30% shrinkage was scored as C.

Fig. 1 Viable amniotic cells of in a sample which was implanted in

this trial. The methodof EZ4U cell proliferation and cytotoxicity

assay has beeen published previously. According toliterature, pluri

potent stem cell marker positive cells are scattered in the amniotic

epithelium
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Adhesions

Adhesions in the rats were scored according to the score

first described by Vandendael (Table 1). This score offers

the advantage of combining precise parameters describing

strength, width, and amount of adhesion.

Histology

After macroscopic evaluation, all samples were fixed in 10%

buffered formaldehyde solution (Merck) and embedded in

paraffin. For the distinction of native and human (AM) col-

lagen, 5-lm sections were stained with hematoxylin and

eosin (H&E) and Picrosirius red. Blinded analysis and

grading for the following parameters were performed [25]:

• Foreign body reaction (defined as prolonged neutrophil

response, foreign body giant cells, and necrosis)

• Macrophages

• Lymphocytes and plasma cells

• Tissue integration based on neovascularization and

fibroblast ingrowth.

Histologic grading

The histologic grading scale consisted of 0 (no alteration), 1

(moderate alteration), 2 (strong alteration), and 3 (maximum

alteration) compared with the tissue of native rats. This his-

tologic grading system has been described previously [25].

Statistical analysis

Statistical analysis of the Vandendael adhesion scores

between the treatment and the control groups was per-

formed. The Kruskal-Wallis test and the Mann-Whitney

U test were applied. A P value less than 0.005 was con-

sidered statistically significant.

Results

Intraoperative observations

The handling of vital AM was superb due to the clear

distinction between the visceral and parietal sides. Vital

AM easily slipped on mesh surface. The slow-clotting

fibrin sealant allowed repositioning for 120 s.

Macroscopy

Excellent results were achieved in the treatment groups (T1

and T2) for the parameters ‘‘seroma formation,’’ ‘‘local

inflammation,’’ ‘‘tissue integration,’’ ‘‘dislocation,’’ and

‘‘shrinkage,’’ which, based on their absence, could all be

scored A (Fig. 2). No macroscopic signs of unfavorable

inflammation occurred in any sample, but neovasculariza-

tion and an equal integration of the mesh were detectable.

The meshes were firmly in place at autopsy, and no dislo-

cation was found. The presence of vital AM amnion could

not be verified macroscopically. Vitamesh showed no signs

of shrinkage or contraction by surrounding scar tissue.

In the control group, the meshes were well integrated

and free of seromas, but the macroscopic picture was

expectedly dominated by massive adhesions and a pro-

nounced local inflammation (score of C).

Adhesion formation

The results are illustrated in Table 1. Vital AM substan-

tially reduced adhesions in T1 and T2. It was most

remarkable how mesh and sutures were covered by a

homogeneous, transparent cellular layer, interpreted as the

ingrown residual vital AM. In T1 (observation period,

7 days) seven of eight meshes showed only mild adhesions

(as measured by the Vandendael score) and translated to a

clinically unproblematic finding (i.e., low risk of small

bowel obstruction). One mesh in T1 showed moderate

adhesions.

In T2 (observation period, 17 days), four meshes were

free of adhesions, two meshes showed mild adhesions, and

two meshes showed moderate adhesions. No mesh in T1 or

T2 elicited severe adhesions, and the PFDs also were free

of adhesions (Fig. 2).

In the control group, all the meshes were covered with

severe adhesions, and it was apparent that the margins of

the Vitamesh and sutures were the most critical areas.

The differences between the T1, T2, and control groups

were highly significant according to both the Kruskal-

Wallis and the Mann-Whitney U tests (P \ 0.001). The

differences between T1 and T2 were not significant

(P = 0.328).

Table 1 Adhesion formation: the results of the treatment groups and

the control groups in terms of adhesion formation as assessed with the

Vandendael score. There was a significant difference between treat-

ment and control groups and adhesions to VITAL AM covered

meshes were only mild and of low clinical relevance
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Histology

The H&E staining confirmed the absence of a foreign

body reaction to vital AM. The scar formation around

AM-coated meshes appeared physiologic, characterized by

an equal deposition of collagen and ingrowth of vessels and

leading to excellent implant integration. Macrophages,

lymphocytes, and plasma cells were sparse, and no signs of

an active inflammatory response were detected. These

parameters were rated 1 and translate to an excellent per-

formance of the xenogenic vital AM in rats.

Picrosirius red staining [26] was a useful tool for dem-

onstrating the persistence of vital AM, which was already

well integrated, providing protection from adhesions

(Figs. 3, 4) at both time points of observation. No granu-

lomatous cells were found in its vicinity. The clear distinc-

tion of vital AM verified the satisfying biocompatibility. The

integration of uncoated meshes was comparable, but foreign

body reaction was pronounced (histologic score, 2) due to the

direct contact of the polypropylene with the viscerum.

Discussion

Vital AM provided excellent adhesion prevention and

showed good biocompatibility, eliciting only a mild local

inflammatory response (Fig. 2). The fibrin sealant served as

safe fixation of vital AM and prevented its dislocation in

the tested observation periods. Our findings with vital AM

support the assumption that biologically active coatings

could be specifically useful for adhesion prevention and

tissue integration in hernia repair.

Voskerician et al. [27, 28] reported similar beneficial

results achieved with human peritoneal membrane in

experimental IPOM. Viability of AM seemed mandatory

for its full benefits and potential to be realized. Vital AM

contains pluripotent epithelial and mesenchymal stem

cells, which otherwise would have been erased by irradi-

ation or chemical processing [21–23, 29, 30].

As shown by our results, vital AM formed a functional

layer that did not impair mesh integration but provided

excellent adhesion prevention (Figs. 3, 4). Vital AM

showed excellent handling characteristics, which definitely

set it apart from many commercially available coatings that

are difficult to insert through laparoscopic trocars and

Fig. 2 17 days after implantation VITAL AM coated meshes

appeared well integrated and were usuallyspared from adhesion

formation. This Figure illustrates that even the sutures which have

beencovered by VITAL AM are free of adhesions. The results

obtained with VITAL AM were outstandingin terms of mesh

integration and adhesion prevention

Fig. 3 The histology shows

that the polypropylene mesh is

already incorporated (after 17

days) in thesurrounding tissue

and that the VITAL AM forms a

tightly attached barrier

preventing mesh andsutures

from adhesions. The foreign

body reaction (indicated by the

granulamatous cells) is mildand

limited to the close environment

of the mesh fibers. The staining

is Picosirius red which

wasfound very suitable to

discern the VITAL AM from

the physiological scar tissue

elicited by the mesh.The upper
image is the view by back-light

microscopy, the lower image is

polarised
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sometimes can be altered easily by perforating fixation

devices. As an alternative, slow-clotting fibrin sealant

allowed manipulation of the vital AM for about 120 s and

securely fixed vital AM [31].

Although vital AM was used as a xenograft in our animal

model, no foreign body reaction or adverse effects associated

with immunogenicity were observed. We are aware of this

study’s obvious limitations (e.g., the use of ‘‘pure’’ poly-

propylene in the control group). The control group was

included because IPOM has no commonly accepted standard

of care. Furthermore, the implant of uncoated Vitamesh

guaranteed reproducible adhesion formation.

Concerning the translational issue, it must be empha-

sized that vital AM is manufactured by the blood bank of

the Red Cross according to clinical GMP standards (Fig. 1)

and already is available for clinical applications (i.e.,

wound dressing) [29, 32].

Conclusions

Vital human amniotic membrane provided excellent ant-

iadhesion in experimental IPOM. Besides its superior

handling characteristics, it showed good biocompatibility

and rapid integration. As a consequence of our positive

findings, we intend to continue the preclinical research

in an IPOM trial using pigs and longer observation periods.
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Early experience in reconstruction of long ureteral strictures with
allogenic amniotic membrane
Andrzej Koziak,1 Maciej Salagierski,2 Adam Marcheluk,1 Ryszard Szcześniewski1 and Marek Sosnowski2

1Urology Department, Specialized Regional Hospital in Siedlce, Siedlce, and 21st Department of Urology, Medical University of Lodz, Poland

Objective: To present our experience with the application of human amniotic membrane for the reconstruction of extensive ureteral wall
defects.
Methods: Between 2003 and 2006, 11 patients underwent reconstructive surgery of the ureter. A human amniotic membrane allograft was
used to supplement ureteral wall defects. Indications for the procedure included ureteral strictures of a 5.5 cm average (range, 3–8 cm) localized
in different parts of the ureter: upper (5), middle (5) and lower (3). The etiology of ureteral loss was: postinflammatory after a complicated stone
disease (5), iatrogenic (4) and idiopathic (2). Diagnosis of ureteral stricture was based on antegrade pyelography and excretory urography. Two
patients had synchronous treatment for upper and middle ureteral stenosis. Treatment efficacy was assessed by excretory urography and
ultrasound.
Results: The mean hospitalization time was 11.9 days, mean operation time 128 min and with an average follow up of 25.2 months. Compli-
cations included: stricture recurrence (1) and symptomatic urinary tract infections (2). Excretory urography showed lack of obstruction and
normal width of ureters. In one patient, residual hydronephrosis was present on ultrasound.
Conclusions: The described method seems to be a promising tool in the reconstruction of extensive ureteral strictures.

Key words: amniotic membrane, graft, reconstruction, stricture, ureter.

Introduction

Minimally invasive management may represent a solution for short
ureteral strictures of up to 2 cm.1 Extensive ureteral strictures are not
frequent but are difficult to manage and constitute a challenge to
urologists. In most cases, the reconstruction and the supplementation of
the damaged wall is necessary to achieve a satisfactory result. Ureteral
replacement is usually performed when less invasive methods are not
feasible or have failed. Ureteral stricture may have a varied etiology,
including: iatrogenically-induced ureteral injuries (after gynecological
and urological procedures in the pelvic area or radiotherapy), retroperi-
toneal fibrosis, complicated stone disease, or ureteral necrosis follow-
ing kidney transplantation. Different procedures have been introduced
to bridge ureteral defects including ureteral substitutions with intestinal
segments, transuretero-ureterostomy, bladder flaps and even renal
autotransplantation.2 These interventions are complex, time-consuming
and have a significant potential for complications.3 The application of
artificial biomaterials for ureteral replacement has also been reported;
nevertheless, the results were sometimes far from those expected.4

Furthermore, it was demonstrated that synthetic material might lead to
encrustation on the artificially replaced ureter and could provoke
foreign body reaction and subsequent rejection of the graft. This has
brought about an increasing interest in the search for natural tissue with
ureteral regenerative ability which could be used in reconstructive
surgery. The material for the graft should be inexpensive, easily avail-
able and resistant to infection and rejection. Amniotic membrane,
which has been recently used widely and successfully in ophthalmol-
ogy for corneal and conjunctival reconstructions,5,6 promised to be a

valuable biomaterial. Amnion constitutes the inner part of the placental
membrane. Amniotic membrane is composed of the connective tissue
with a significant collagen and extracellular matrix composition. Its
internal surface is covered with a single-layer cubical epithelium. It
is avascular and has anti-scarring, anti-inflammatory and anti-
angiogenetic properties. Moreover, it has been reported to possess the
exclusive quality of preventing graft-versus-host disease7 and to facili-
tate wound healing. Our aim was to assess the efficacy and suitability of
human amniotic membrane as a scaffold for new tissue growth in the
reconstruction of the extensive ureteral defects.

Methods

A human amniotic allograft patch (10 cm ¥ 16 cm) was prepared by the
Transplantation Institute and Central Tissue Bank, Center of Biostruc-
ture, Institute of the Medical University of Warsaw. It was deeply
frozen for preservation and radiation-sterilized with a dose of 35 kGy.

Written informed consent for the procedure was obtained from all of
the study participants.

Eleven patients (four males and seven females) with a mean age of
51 years (range, 26–74) underwent reconstructive surgery of a ureteral
obstruction between 19 February 2003 and 20 February 2006 (Table 1).
The indications included extensive ureteral strictures of a 5.5 cm
average (range, 3–8 cm) localized in various parts of the ureter: upper
(5), middle (5) and lower (3). Two patients had synchronous treatment
for upper and middle ureteral strictures. The etiology of ureteral loss
was: postinflammatory after a complicated stone disease (5), iatrogenic
(4) and idiopathic (2). Diagnosis of ureteral stricture was based on
antegrade pyelography and excretory urography. Varied degrees of
hydronephrosis and lack of contrast passage, or only a thin trace of this
in the stenosed segment, were observed. Surgical action was performed
under general anesthesia. A retroperitoneal approach to the ureter was
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adopted in all cases. The approach in the upper and middle ureteral
strictures was lumbar and , in the lower part of the ureter, ventral. A
percutaneous nephrostomy was inserted before each procedure in order
to derivate urine from hydronephrosis and to reduce the urine leak from
the operated area. In all cases, human amniotic membrane was used to
supplement the ureteral wall defect. Before implantation, the amniotic
membrane was folded in order to obtain its carrier surface, and covered
with cubical epithelium on both sides. Hence, there was no possibility
of implanting the membrane improperly. The whole length of the
stenosed part of the ureter was prepared and cleaned of adjacent tissues.
Afterwards it was incised longitudinally without intersecting. The ure-
teral wall defect was then covered with human amniotic membrane in
an on-lay fashion. The implant was sewed in without tension with
interrupted suturing. Two pairs of proximal and distal single Dexon 5.0
sutures on each side were placed to fix the graft patch to the ureteral
wall. Sutures were placed 1–2 mm from the ureteral edge with a
minimum 3 mm of free margin left. A JJ-catheter was used as a ureteral
stent to bridge the reconstructed segment for 3 weeks following the
procedure. An excretory urography was done before removing the JJ.
Suction was not used because of the danger of aspiration and damaging
the implant. The wound was drained with a latex 1 cm diameter catheter
with 3–4 holes and sawed with Dexon 1.0 sutures. A Foley catheter was
put into the bladder. On the third to fourth day the drain was removed.
Sutures were taken away on the seventh to eighth day. The Foley
catheter was removed 5 days postoperatively. Nephrostomy was
clamped on the seventh day and removed on the ninth. Follow up
included excretory urography and ultrasound at 3, 9 and 24 months
following intervention. A renal isotope scan was not routinely per-
formed before and after the procedure.

Results

The procedure had a successful outcome in all patients. There was no
intraoperative bleeding. The mean hospitalization time was 11.9 days
(range, 6–26 days), the mean operation time was 128 min (range,
70–270 min) and the average follow up was 25.2 months (range,
5–35 months). Complications included (Table 1): one stricture recur-
rence (in a patient harboring a double graft), and two cases of an
isolated , symptomatic urinary tract infection. Excretory urography
showed the unobstructed state and normal width of the operated ureter

(Figs 1–3). In one patient, residual hydronephrosis was present on
ultrasound , despite being non-obstructed. Up to now, we have not
observed any significant alteration of patients’ general condition.

Discussion

The most common use of an intestine or colon for ureteral reconstruction
remains an invasive and complex procedure with a serious, up
to 10.5%, potential for major complications including stricture of

Table 1 Patients undergoing ureteral reconstruction

Patient age

(years)

Follow up (months) Stricture length

(centimeters)

Etiology Complications Stricture location

(part of the ureter)

51 5.1 8 Iatrogenic – Middle

26 19.4 6 Iatrogenic – Middle

26 20.3 4 Idiopathic – Lower

39 18.9 8 (3 + 5) Iatrogenic Stricture recurrence Upper and middle

70 35.2 5 Postinflammatory/stone disease Urinary tract infection Lower

74 35.4 6.5 (3 + 3.5) Postinflammatory/stone disease – Upper and middle

59 32.6 3 Postinflammatory/stone disease – Lower

49 28.5 5 Iatrogenic – Upper

64 25.5 5 Postinflammatory/stone disease – Upper

56 24.6 4 Idiopathic – Upper

48 32.2 6 Post inflammatory/stone disease Urinary tract infection Middle

Mean patient age, 51 years; mean follow up, 25.2 months; mean stricture length, 5.5 cm.

Fig. 1 Preoperative intravenous urography (IVU; 15 min after contrast

injection) demonstrates extensive stricture of the upper part of the right

ureter.
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anastomosis, graft obstruction, metabolic derangements and even
chronic renal failure.3 Because of the presence of the bowel in the urinary
tract the risk of fistula formation, infection, stone disease or even cancer
is elevated.8 Moreover, the procedure is technically demanding, time-
consuming and cannot be performed in patients with inflammatory
bowel disease, azotemia or in those who lack enough small intestine.3

The Boari flap is considered to be a reasonable and safe option for
treating extensive strictures of the lower part of the ureter.9 However,
the procedure might be complicated in patients with detrusor hypertro-
phy. Additionally, the intervention can restrict bladder capacity because
it takes up a substantial proportion of bladder surface. Renal autotrans-
plantation has been also reported in the management of ureteral stric-
tures.10 However, it is a complicated surgical procedure and tends to be
accompanied by major and minor complications.

Some authors described the usefulness of small intestine submucosa
(SIS) to supplement the ureteral loss in pigs.11,12 Liatsikos et al. dem-
onstrated the ability to bridge extensive ureteral strictures up to 7 cm.11

SIS ability to stimulate the connective and the epithelial tissue growth
allowed the regeneration of the ureteral defects. Greca et al. confirmed
that the SIS graft behaves as a scaffold for ureteral reconstruction.
Conversely, the study performed by El-Assmy13 does not support the
opinion that SIS is a suitable material for replacing extensive ureteral
strictures above 4 cm. Obstruction of ureteral lumen and massive fibro-
sis were observed in all cases.

The application of the acellular matrix (AMX) for ureteral replace-
ment has been reported in different studies, including our own work.14,15

The results differed for each study. Those obtained by Osman et al. in
a canine model were discouraging. Our results with AMX were,
however, very promising, even though we had to stop performing this

procedure because of the lack of material. In our opinion, the implan-
tation method plays a key role in procedure efficiency. Our technique of
AMX implantation was similar to that described with amniotic mem-
brane. Osman et al. excised the ureteral stricture and afterwards
replaced it with an AMX tube.

In our department, we obtained very promising early and late results
in reconstructing the extensive ureteral strictures with human dura
mater allograft.16 However, because of the risk of Creutzfeldt–Jakob
disease, dura mater was excluded from reconstructive surgery. This
obliged us to search for another natural biomaterial with similar prop-
erties to continue our work with the reconstruction of the ureteral wall.
Fishman et al. demonstrated that placental membrane is an acceptable
biomaterial for bladder reconstruction. Moreover, they suggest its
utility as a graft material for the urinary tract.17 Amniotic membrane, as
far as we know, has never been used for ureteral reconstruction. We
used it as a scaffold for ureteral regeneration. Its potential for promot-
ing the migration of host cells, attachment and spreading, as well as the
absence of adverse immunological reaction, which is probably due to
its anti-inflammatory properties and almost acellular composition, are
the main advantages of amniotic membrane.18 Furthermore, the graft is
resistant to rejection and can be left in place if infection occurs. Avoid-
ing the inclusion of intestinal segments, our technique can be used in all
patients who have no contraindications to open surgery. It is a versatile,
technically undemanding procedure for reconstructing all parts of the
ureter. The ureteral stricture is only incised but not cut off. Its fragility
is the major disadvantage of amniotic membrane. As it is easily
damaged , it has to be carefully treated during the whole procedure and
the use of suction is inadvisable. For the same reason, intraoperative
bleeding should be controlled.

The treatment evaluation before and after procedure was based
upon urography, ultrasound findings and the relief of symptoms.

Fig. 2 Postoperative IVU (15 min after contrast injection). Passage of con-

trast appears to have improved (a piece of the upper part of the ureter

begins to be visible).

Fig. 3 Postoperative IVU (45 min after contrast injection). Lack of obstruc-

tion and regular width of the operated ureter.

Amniotic membrane in ureteral strictures
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Unfortunately, renal isotope scanning was not systematically per-
formed and this did not allow us to compare kidney function.

Conclusions

Application of human amniotic membrane appears to be an encourag-
ing method for managing extensive ureteral defects. The procedure is
technically easy and short-term results are promising. Nevertheless,
long-term follow up and analysis of more cases with precise renal
function evaluation remains necessary. The cost-effectiveness of pro-
cedure and its durability should be assessed in consideration of this
method as an alternative treatment option for ureteral reconstruction.
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Functional and anatomic results of amnion
vaginoplasty in young women with Mayer-Rokitansky-
K€uster-Hauser syndrome
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Objective: To evaluate the surgical outcome and the long-term anatomic and functional results in young women
with Mayer-Rokitansky-K€uster-Hauser Syndrome (MRKH) undergoing neovaginal creation with amniotic mem-
branes.
Design: Evaluation of surgical and functional outcome according to clinical records and validated questionnaires
about sexuality (Female Sexual Function Index [FSFI]) over a 1.5-year follow-up period.
Setting: University hospital and referral center for pediatric and adolescent gynecology.
Patient(s): Seven patients with congenital vaginal aplasia with a mean age of 20.86 � 3.56 years (range 17–26
years).
Intervention(s): McIndoe procedure modified by the application of human freeze-dried amniotic membranes.
Main Outcome Measure(s): Anatomic success was defined by a vaginal length R8 cm, and a width allowing the
easy introduction of two fingers. FSFI scores were applied to define functional results.
Result(s): Mean neovaginal length was 9.3 cm (range 4–12 cm). The mean FSFI score was 30.0 � 6.9. Major
operative complications occurred in one patient. In six out of seven patients satisfactory anatomic and functional
results were achieved.
Conclusion(s): The surgical dissection of the vesicorectal space and the application of human amnion over a vag-
inal mold to create a neovagina results in satisfying anatomic and functional outcome with low perioperative mor-
bidity in MRKH patients. (Fertil Steril� 2010;94:317–23. �2010 by American Society for Reproductive
Medicine.)

Key Words: Mayer-Rokitansky-K€uster-Hauser syndrome, vaginal reconstruction, amnion, vesicorectal space

Mayer-Rokitansky-K€uster-Hauser Syndrome (MRKH) refers
to a condition of mullerian agenesis where the mullerian
ducts fail to develop resulting in the absence of a normal
uterus and vagina in the presence of a normal 46,XX karyo-
type. A shallow vaginal pouch is present, and the fallopian
tubes, ovaries, and secondary sex characteristics are normal
(1, 2). The MRKH syndrome is the second most common
cause of primary amenorrhea in young women. The esti-
mated prevalence is 1 in 4,000–5,000 women (3, 4). It has
been considered to be a sporadic anomaly, but recent reports
suggest a genetic defect that is transmitted as an autosomal
dominant trait with incomplete penetrance and variable ex-
pressivity. Nevertheless, the etiology of MRKH syndrome re-
mains unclear (5). Associated congenital anomalies of the
upper urinary tract, such as unilateral renal agenesis and pel-
vic or horseshoe kidneys, are reported to occur in 30%–40%

of all cases of MRKH syndrome, and 10%–15% have skeletal
anomalies involving the spine, ribs, and extremities (6).

Although numerous methods for creating a neovagina have
been proposed, there is no consensus about which procedure
should be considered to be the ideal standard. The major dif-
ferences between the various procedures are access (i.e., lap-
aroscopic, open transabdominal, or vaginal) and type of
tissue used to cover the neovaginal cavity (amniotic mem-
branes, peritoneal layers, recombinant artificial dermis, skin
graft, intestinal tissue, etc.) (7).

The data regarding the anatomic and functional success of
the technique based on the use of amniotic membranes to
cover the vaginally dissected vesicorectal space in MRKH
patients are very limited (8). The aim of the present study
was to assess the perioperative, clinical, and functional
course of all consecutive MRKH patients surgically treated
in our institution by the creation of an ‘‘amnion’’ neovagina.
Systematic anatomic, surgical, and functional data regarding
sexuality are presented.

MATERIALS AND METHODS

From January 2005 to April 2008, we surgically treated seven
MRKH patients. All of the patients presented to our
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Department of Pediatric and Adolescent Gynecology for fur-
ther evaluation of primary amenorrhea. Diagnostic criteria
for the MRKH syndrome were normal physical development
according to the Tanner stages (9), blind-ending vagina, the
finding of a fibrous remnant in place of the uterus at rectal ex-
amination and no signs of hematocolpos or hematometra due
to hymenal atresia. Each patient underwent a transrectal or
transabdominal sonography, which confirmed the absence
of a normal developed uterus as well as ultrasonographic ex-
amination of the urinary system and karyotyping to exclude
other differential diagnoses such as testicular feminization.

All patients underwent a vaginoplasty using chemically
processed and sterilized freeze-dried human amniotic mem-
branes. The human amnion was readily harvested from the
amniotic sac of term infants delivered from healthy women.
Split-thickness skin grafts are categorized as thin (0.005–
0.012 in), intermediate (0.012–0.018 in), or thick (0.018–
0.030 in), based on the thickness of the harvested graft. The
thickness of the used amnion was similar to a classic thin
split-thickness skin graft. The freeze-dried amniotic mem-
branes we used, were specially processed, tested, and steril-
ized by the blood bank of our institution. Therefore, no
additional testing was required to be performed on the donor
amnion tissue before insertion into the neovaginal cavity.

A transverse incision was made at the vaginal dimple, and
a vesicorectal cavity of approximately 12 cm was dissected to
the level of the peritoneum. After thorough bipolar hemosta-
sis a mold of glass covered by sofratyl and moisturized amni-
otic membranes was then inserted and the labia minora were
secured around the stent to prevent expulsion. The freeze-
dried amnion was soaked in sterile saline solution for approx-
imately 10 minutes before insertion into the vaginal space, to
form a soft and moisturized thin-layer tissue to easily cover
the whole surface of a mold of glass covered by sofratyl.
The different steps of the preparation of the vaginal mold
are presented in Fig. 1. In that way, difficulties with the
thin amnion shearing off the form were avoided.

Vaginal tamponade was then the method of filling the neo-
vaginal cavity, by introducing a sterile gauze with estriol
creme (1%) to promote epithelialization. The gauze was
changed twice daily for the first 5 days. The patient remained
on bedrest during this period, after which the mold was re-
moved and replaced by a soft silicon vaginal dilator lubri-
cated with estriol creme (1%) to induce epithelialization of
the newly created surface. The patients were advised to con-
tinue using the dilator for the first 3–5 postoperative months
to prevent contraction of the neovagina. The patients were
also encouraged to engage in sexual activities to induce their
motivation and comply with the required postoperative mea-
sures necessary to guarantee a successful procedure. Once the
patients started engaging in sexual activities, the use of dila-
tors was recommended for shorter periods of time.

All patients could be discharged within an average 10 days
after surgery and were instructed how to use and apply the
vaginal dilator and the estriol creme by adolescent gynecolo-

gists. All patients received a special vaginal dilator 12 cm
long with an adjustable diameter, achieved by insufflation,
to fit the individual proportions. Care of the dilators includes
simple flush with water and soap after each use. Vaginal in-
tercourse was allowed no earlier than 6–8 weeks after vagino-
plasty, and this varied depending on the wound healing
process and the grade of epithelialization of the neovagina.
Patients were followed-up in the initial postoperative period
once every 4 weeks for the first 3 months and then twice
a year. The clinical evaluation included vaginal and rectal ex-
aminations as well as vaginoscopy. Functional results were
additionally assessed by the Rosen Female Sexual Function
Index (FSFI) questionnaire (10), validated for the German-
speaking population (11). This short 19-item quiz is validated
for assessment of female quality of life and detection of sex-
ual dysfunction in adults. It has demonstrated its validity in
earlier studies (11, 12), and its score is unbiased regarding
age, education, and economic status of the patients. The 19
items are assigned to six separate domains of female sexual
function; the first four relate to the four major categories of
sexual dysfunction: desire, arousal, orgasmic, and sexual
pain disorder. The fifth domain describes the quality of vag-
inal lubrication, and the sixth the global sexual and relation-
ship satisfaction.

The vaginoplasty method using freeze- dried amniotic
membranes has extensively been used in our institution in-
clusively in the field of pediatric surgery (i.e. burns), since
more than 15 years, so no institutional review board approval
was required. An informed written consent was obtained by
every patient who was operated on this procedure prior to
surgery.

RESULTS

Between July 2005 and August 2008, seven patients with
a mean age of 20.86� 3.56 years (range 17–26 years) under-
went vaginoplasty by human amniotic membranes. Median
follow-up for the whole group of patients was 16.43 months
(range 4–41 months).

Only one patient was identified to have a urinary tract ab-
normality, specifically horseshoe kidney. No skeletal anoma-
lies were described. Mullerian remnants were seen in four of
the seven patients (57%), presenting as a noncavitary streak
of fibrous tissue. All patients presented initially to our clinic
an average 1.2 years (range 0–3) before reconstructive sur-
gery owing to primary amenorrhea carrying already the diag-
nosis of a MRKH syndrome. Two patients underwent at
initial presentation a diagnostic laparoscopy to confirm the
diagnosis. No routine laparoscopy was otherwise performed,
because clinical examination and sonographic findings were
considered to be sufficient to establish the diagnosis. All pa-
tients were counseled that the individual’s readiness for vag-
inal manipulation and/or intercourse is critical for the timing
of the surgery and so the operative procedure was planned
when the young woman stated she was willing to become
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sexually active. Three of the patients had a stable partner at
the time of surgery.

The mean operative time was 24.7 � 2.09 minutes (range
20–33 minutes) with only minimal blood loss in all cases.
The mean length of hospital stay was 10.8� 0.97 days (range
8–14 days). Six of the seven patients had a rather uncompli-
cated hospital course; one patient developed a urinary tract
infection within the first postoperative week, requiring oral
antibiotic treatment. One patient developed extensive infec-
tion with ulceration of the rima ani and vulva 7 days after
surgery. Speculum examination revealed a rectovaginal
fistula, for which she required surgical repair with fistula
excision and diverting loop ileostomy. The infection resulted
in a stricture and shortening of the newly created vagina, so
that the patient expressed the desire of a new neovagina
4 months after the initial procedure. She underwent neovagi-
nal reconstruction using a sigmoid loop. This was further
complicated by anastomotic leak and sepsis, and multiple
reoperations were performed to control the peritonitis. Five
weeks later she was discharged in very good condition
and with satisfying functional and anatomic results of the
neovagina.

In all of the other patients a satisfactory neovaginal length
of at least 9 cm could be obtained (mean vaginal length 9.8�
1.7 cm, range 9–12 cm), and the neovaginal cavity was easily
passable for two fingers already at the time of discharge. The
follow-up examinations 1, 3, and 6 months after surgery re-
vealed a well epithelialized neovaginal cavity, without stric-
ture formation or shortening, because all of the patients
successfully applied the vaginal phantom or had regular vag-
inal intercourse. The anatomic and functional results as well

as the data regarding the operative complications are pre-
sented in Table 1. Six of the seven patients (85.7%) experi-
enced regular or less regular vaginal intercourse in an
average 5.28 � 1.25 months after surgery; the range ex-
panded from 2 to 7 months mainly depending on the psycho-
logic ability of each woman. None of the patients stated
having dyspareunia or contact bleeding during intercourse;
however, five of the patients (71.4%) used lubricants, more
in a prophylactic matter than owing to insufficient lubrifica-
tion of the neovagina, according to their statements. The
mean postoperative period the patients used almost perma-
nently a vaginal phantom to prevent constriction of the neo-
vaginal cavity was 5 � 2.5 months (range 2–8 months).

When evaluating the functional success according to the
FSFI, the mean full FSFI score of all five sexually active pa-
tients was 30.0 � 6.9, thus corresponding to the equivalent
score of 30.2� 6.1 reached by healthy women (10). Detailed
values of the FSFI of our five sexually active MRKH patients
after amnion vaginoplasty compared with the equivalent
mean FSFI values of MRKH patients after sigmoid vagino-
plasty and with healthy individuals are presented in Table 2.

The one patient with sigmoid neovagina after rectovaginal
fistula formation was not included in the FSFI evaluation,
because she no longer had an amnion neovagina.

DISCUSSION

Various studies have evaluated the functional and anatomic
evaluation of several operative (7, 8, 12–30) and nonopera-
tive (31, 32) vaginoplasty methods in patients with vaginal
agenesis due to MRKH syndrome. However, no ‘‘ideal’’

TABLE 1
Data of perioperative morbidity, anatomic, and functional characteristics related to vaginal
reconstruction with human amniotic membranes in seven Rokitansky patients at least 4 months after
vaginoplasty.

Mean ± SD (range) Patients, n (%)

Patient age (y) 20.86 � 3.58 (17–26)
Vaginal length (cm) 9.3 � 2.3 (4–12)
Operation time (min) 24.7 � 2.09 (20–33)
Length of hospital stay (d) 10.8 � 0.97 (8–14)
Time of vaginal phantom using after surgery (mo) 4.1 � 1.07 (3–5)
Start of regular vaginal sexual intercourse (mo

after surgery)
5.28 � 1.25 (2–7)

Early operative complications:
Infection and rectovaginal fistula formation 1 (14.3)
Urinary tract infection 1 (14.3)
Dyspareunia 0
Contact bleeding 0
Vaginal stenosis 0
Prophylactic use of lubricants during vaginal

intercourse
5 (71.4)
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method is yet established which can be universally recom-
mended. The choice of vaginoplasty depends on numerous
factors, including patient preparedness, preference, and ex-
pectations and certainly the surgeon’s experience. Regardless
of the surgeon’s personal preference, the patient should be

thoroughly informed about treatment alternatives, including
description of potential complications, long-term durability,
and results on long-term sexual function. Thomas and Brock
(33), in a review of nonoperative and operative alternatives
for vaginal replacement, concluded that the most popular

TABLE 2
Female Sexual Function Index (FSFI) values of the five sexually active Mayer-Rokitansky-K€uster-
Hausen (MRKH) syndrome patients after amnion vaginoplasty compared with the equivalent mean
FSFI values of MRKH syndrome patients after sigmoid vaginoplasty and with healthy individuals.

MRKH syndrome patients

Domain
After amnion

vaginoplasty (n [ 5)
After sigmoid

vaginoplasty (n [ 11; ref. 12)
Healthy women
(n [ 131; ref. 10)

Desire 4.9 � 1.2 4.7 � 0.9 4.1 � 1.1
Arousability 5.0 � 0.8 4.9 � 0.6 5.0 � 1.0
Lubrication 4.0 � 0.7 5.0 � 0.9 5.5 � 0.9
Orgasm 5.5 � 1.0 5.3 � 0.8 5.0 � 1.2
Satisfaction 5.3 � 1.4 4.7 � 1.6 5.1 � 1.2
Pain 5.3 � 1.8 3.5 � 2 5.5 � 1
Total score 30.0 � 6.9 28.1 � 6.8 30.2 � 6.1

Note: The patient after rectovaginal fistula formation and subsequent sigmoid neovagina and the patient without sexual
intercourse were not included in this FSFI evaluation. Full FSFI score is 36 points. Values are given as mean � SD.

Fotopoulou. Amnion neovagina in Rokitansky syndrome. Fertil Steril 2010.

TABLE 3
Relevant series and case reports in the literature concerning the treatment of Rokitansky (MRKH)
syndrome by human amniotic membranes.

Author, y (ref.)
No. of MRKH

patients
Anatomic
success

Complete
epithelialization/

metaplasia
of the amnion

into squamous cells
No. of major

complications

Tancer et al., 1979 (36) 1 100% yes 0
Karjalainen et al., 1980

(38)
3 100% yes 0

Morton and Dewhurst,
1986 (30)

27 92.6% yes 1 (rectal injury)

Ashworth et al., 1986
(21)

15 100% NR NR

Mac, 1988 (37) 9 100% yes 0
Nisolle and Donnez,

1992 (35)
— ‘‘good’’ NR NR

Bleggi-Torres et al.,
1997 (16)

10 100% yes 0

Sharma et al., 2008 (14) 17 88.23% yes 2
(1 rectal injury and 1
rectovaginal fistula)

T€oz€um, 1976 (20) 1 100% yes 0

Note: NR ¼ not reported.

Fotopoulou. Amnion neovagina in Rokitansky syndrome. Fertil Steril 2010.
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methods of vaginal substitution include passive dilation, in-
lay skin grafts, rotational myocutaneous flaps, and bowel sub-
stitute vaginoplasty. The American College of Obstetricians
and Gynecologists committee opinion on adolescent health
care (34) published that the condition can usually be success-
fully managed in a conservative way by the use of vaginal di-
lators as long as the patient is sufficiently motivated. If
a surgical option is considered, a number of approaches are
available; with the Abb�e-McIndoe operation being the most
common.

The Abb�e-McIndoe technique (29) is indeed considered to
be a valid treatment option for vaginoplasty, but no consensus
has been reached on what material should be used for the neo-
vagina canal wall lining (27). Various authors have reported
on the use of several artificial or biologic materials to cover
the neovaginal cavity and induce epithelialization. Autolo-
gous human amniotic membranes (14, 16, 21, 30), homolo-
gous amniotic membranes (20), peritoneal layers of the
pouch of Douglas (13), artificial dermis and recombinant ba-
sic fibroblast growth factor (7), split-thickness skin graft from
the buttocks (29), oxidized cellulose (18), acellular human
dermal allograft (26) and autologous in vitro–cultured vagi-
nal tissue (27) are some of the applied tissues that have
been named.

Limited and rather older reports are available on the ana-
tomic and functional success of vaginoplasty with human
amnion (14, 16, 20, 21, 30, 35, 36). The most relevant series
are presented in Table 3. One of the first attempts of vaginal
reconstruction from amniotic membranes was in 1934 in the
French-language literature, where Brindeau used amnion to
construct a neovagina for a patient with mullerian agenesis
(39).

In the present analysis, we report very good anatomic and
functional results of amnion vaginoplasty similar to results
from previous reports. These findings confirm those obtained
by many previous authors applying the same method (Table
3). In a total of 68 reported patients (14, 16, 20, 30, 36,
38), all major complications were related to rectal injury (3
cases, 4.4%) with otherwise very satisfying anatomic results.

Of great importance is the fact that following diagnosing of
vaginal agenesis in adolescent girls, it is important to wait un-
til the patient is ready to engage in sexual activity before ini-
tiating any kind of treatment. For those patients who have
a 2–3-cm hymenal fossa, Frank’s method of progressive vag-
inal dilation should be always offered (8), but the patient
should be informed that success has proven to be variable
and unpredictable and that the patient needs to be highly mo-
tivated and willing to continue long-term dilations (21, 41).
Effective management should, moreover, include a careful
comprehensive psychologic preparation and support of the
patient.

We believe that vaginal construction from amniotic mem-
branes carries the following advantages over other operative
reconstructive methods. The human amnion appears to have

FIGURE 1

Pictures of the freeze-dried human amniotic
membranes and the vaginal mold that is inserted for
vaginoplasty in Mayer-Rokitansky-K€uster-Hauser
syndrome patients. (A) Freeze-dried amnion and
vaginal mold. (B) Vaginal mold covered with sofratyl.
(C) Vaginal mold wrapped in sofratyl and moisturized
amniotic membranes just before insertion into the
neovaginal cavity.
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great advantages over the split skin graft previously used in
the original Abb�e-McIndoe technique (29). Amnion is read-
ily available, and there is no need for additional incisions as at
the donor site in the split skin graft technique. Furthermore,
there have been no problems with immune rejection, because
human amniotic epithelial cells do not express on their sur-
faces histocompatibility antigens such as HLA-A, -B, -C,
and -DR or �2- microglobulin. Akle et al. (40) found no ev-
idence of tissue rejection after implanting amnion subcutane-
ously in volunteers.

Compared with the laparoscopic approach of the Vecchietti
method, where the creation of the neovagina is achieved by in-
vagination using an acrylic ‘‘olive’’ that is laparoscopically
placed against the vaginal dimple (8), the present method re-
quires no abdominal incision. Furthermore, the Vecchietti
straight thread-bearing cutting needle, which subperitoneally
reaches the space between the bladder and rectum, can also
cause injuries of the neighboring organs, such as the bladder
(8). Rectal injuries and local infections are the major risk fac-
tors predisposing rectovaginal fistulas. During dissection of
the vesicorectal space, the surgeon should always avoid any
contamination of the amnion graft with bacteria from the rec-
tal flora. He/she can, for additional help, insert an index finger
into the rectum, during rectovesical dissection, so that the an-
atomic borders are more easily recognized and sharp injury of
the rectal mucosa is avoided. If, nevertheless, a rectal injury
occurs, a temporary diverting loop ileostomy could be consid-
ered after rectal repair, to promote local wound healing and
prevent future fistula formation.

Despite the lack of evidence from randomized trials
comparing the various vaginoplasty operative methods, we
conclude, based on our results, that the neovaginal reconstruc-
tion using freeze-dried amniotic membranes is a safe and easy
technique, without induction of scar at the donor site, and
should be the preferred surgical technique, as a modification
of the McIndoe procedure, for patients with Rokitansky
syndrome.

Still, in the absence of an ‘‘ideal’’ treatment strategy, pa-
tients should be objectively and professionaly informed
also about the nonsurgical alternatives, so that an individual
ideal method, addressed to each patien�ts preference, is then
selected.
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a b s t r a c t

In addition to the placenta, umbilical cord and amniotic fluid, the amniotic membrane is emerging as an
immensely valuable and easily accessible source of stem and progenitor cells. This concise review will
focus on the stem/progenitor cell properties of human amniotic epithelial and mesenchymal stromal
cells and evaluate the effects exerted by these cells and the amniotic membrane on tissue inflammation
and fibrosis.

� 2011 Elsevier Ltd. All rights reserved.

1. Introduction

1.1. Human amniotic epithelial and mesenchymal stromal cells

The human amniotic membrane (AM) contains two distinct cell
populations. Human amniotic epithelial cells (hAEC) are cuboidal to
columnar cells that form a monolayer lining the membrane and are
in direct contact with the amniotic fluid. hAEC arise from the
embryonic epiblast and are amongst the first cells to differentiate
from the conceptus [1,2]. In contrast, human amniotic mesen-
chymal stromal cells (hAMSC) are dispersed in an extra-cellular
matrix largely composed of collagen and laminin, and are derived
from the extraembryonic mesoderm [1]. Both cell types originate
during the pre-gastrulation stages of embryogenesis before the
delineation of the three primary germ layers [1,2]. Embryonal
carcinoma cells that are formed prior to gastrulation have been
shown to retain stem cell-like properties. Thus, the early origin of
the AM cells was a major reason that led to investigations into the
plasticity and stemness of these cells.

Efficient protocols have been established for hAEC and hAMSC
isolation from term placenta and are generally based on the separa-
tion of the AM from the chorionic membrane and subsequent
enzymatic digestion [2e5]. A typical term AM yields between

150e200� 106 hAEC and 20e50� 106 hAMSC [6]. In culture, hAMSC
exhibit plastic adherence andfibroblast-likemorphology,whilehAEC
display a typical cobblestone epithelial phenotype. Many of the
surface and intracellular stem/progenitor markers expressed by AM
cells are listed in Tables 1 and 2. However, there is considerable
variation in the percentages of AM cells expressing these markers
reported by different investigators. The levels and pattern of marker
expression appear to depend on the isolation protocol used and vary
with expansion [7]. Gestational age dependant changes in marker
expression have also been found. Surface markers such as CD44,
CD49e and CD13were significantly lower in hAEC derived from third
trimester compared to first trimester [8] and hAEC expressing the
pluripotency associated Nanog, Sox-2, Tra-1-60 and Tra-1-80 genes
were higher in second trimester AM compared to term [9]. Further,
cells with pluripotency associated markers have been found to be
randomlydistributed in the epithelial layerof termdeliveredAM[10].
This heterogeneity in distribution and gestational age dependant
changes is also likely to contribute to different sub-populations being
analyzed [2,5,8,11e14] and impact on investigations into stem cell
properties and possibly pregnancy related studies using AM cells.

Interestingly, hAEC and hAMSC also express a repertoire of
lineage associated genes (Tables 1 and 2), suggesting that they could
act as progenitors and differentiate into various cell types. Indeed,
hAEC and hAMSC have the ability to differentiate in vitro into cells
fromeach of the three germ layers (Tables 1 and 2). After stimulating
cells in media supplementedwith growth factors, hormones and/or
other additives, differentiation was monitored by evaluating the
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morphological changes (e.g. changes into cells with neuron, hepa-
tocyte and cardiomyocyte-like features), expression of various
lineage-specific genes, aswell as assessing acquired abilities to exert
tissue-specific functions (Tables 1 and 2). However, the level of
maturation achieved in vitromaybe variable [2,15], and could bedue
to the inability to express genes present in the terminally differen-
tiated cells, shortcomings in the induction media, extra-cellular
matrices, oxygen tensions and culture conditions used.

Clonal colony formation is an important feature of adult tissue
derivedstemcells.Thereare conflictingreportsontheclonogenicityof
AM cells. hAEC and hAMSCwere found to be clonogenic with hAMSC
formingcolonies thatcouldbeexpanded forat least15passages [5,15],
whereas others report the absence of clonal colony formationbyhAEC
and hAMSC [13]. Generally, at much higher seeding densities, hAEC
and hAMSC can be kept in culture for 5-10 passages [5,12,13]. Inter-
estingly, aftera fewpassageshAECchange fromthecuboidalepithelial
shape into elongated stromal-like cells that express markers

associated with mesenchymal and fibroblast cells and show reduced
differentiation potential [12,13]. The reason/s for these changes
remains uncertain, but may be due to senescence, epigenetic modi-
fications and to the autocrine/paracrine effects of growth factors such
as EGF and TGFb that are known to induce an epithelial to mesen-
chymal transition. Although the phenotypic changes are not as
marked compared to hAEC, the morphology of hAMSC and differen-
tiation potential also declines with expansion [5,12].

There is some evidence that AM cells can differentiate into car-
diomyocytes, neural, alveolar epithelium and pancreatic b-islet cells
following xenotransplantation and secrete proteins produced by
hepatocytes [11,16]. Further, trophic factors secreted by hAEC and
hAMSC could exert angiogenic, growth promoting, anti-
inflammatory and anti-fibrotic effects following transplantation
[16]. Thus, with a view to potential therapeutic applications,
researchers are also developing isolation protocols in accordance
with current guidelines for clinical use [16,17]. Culture of hAEC in

Table 1
Phenotype of undifferentiated hAEC and hAEC induced to differentiate in vitro.

Undifferentiated hAEC

Marker groups Markers Detection methods References

Mesenchymal and
hematopoietic markers

CD10þ, CD13þ, CD29þ, CD44þ, CD49eþ, CD73þ, CD90þ, CD105þ, CD117þ,
CD166þ, STRO-1þ, CD14�, CD34�, CD45�, CD49d�,
HLA-ABC þ, HLA-DQþ/�, HLA-DR�

FACS [2,7,11e15]

Stem cell markers POU5F1 (OCT-4)þ, Sox-2þ RT-PCR, immunocytochemistry [2,11,14,15]
FGF-4þ, Rex-1þ, CFC1þ, Nanogþ, DPPA3þ, PROM1þ,
PAX6þ, FOXD3�, GDF3�, TERT�

RT-PCR [2,11,14,15]

SSEA-3þ, SSEA-4þ, Tra 1-60þ, Tra 1-81þ, SSEA-1- FACS, immunocytochemistry [2,7,13e15].
GCTM2þ immunocytochemistry [11,15]

Neural lineage
associated markers

Nestin, GAD, MBP, NF-M, NSE, CNPase, PLP, DM-20 RT-PCR [2,14]
Nestin, MAP2, GFAP immunocytochemistry [15]
Neurofilament proteins, MAP2, MAP2 kinase Immunocytochemistry [39]

Lung associated markers Nkx2.1, mucin, occludin, aquaporin-5, caveolin-1 RT-PCR, FACS [11]
Hepatic lineage

associated markers
Albumin, a-FP RT-PCR, western blot,

immunocytochemistry
[40]

Albumin, a-1AT, CK18, GS, CPS-1, PEPCK, CYP2D6, CYP3A4, a-FP,
TTR, TAT, CYP2C9, HNF3-g, C/EBP-a

RT-PCR [41]

Cardiomyogenic lineage
associated markers

GATA-4, Nkx 2.5, MLC-2A, MLC-2V, MYL-7, ANP, CACNA1C, KCND3 RT-PCR [14,15]

Pancreatic lineage
associated markers

PDX-1 RT-PCR [14]

Others CD31-, CD324þ (E-cadherin), ABCG2/BCRPþ, vimentinþ, PanCKþ, FACS, immunocytochemistry [2,11]

Differentiated hAEC

Lineages Characterization of differentiation: markers/cell morphology/tissue specific functions Detection methods References

Adipogenic PPARg; LPL; cells enlarge three/four times and are multinucleated;
cells contain lipid deposits

RT-PCR, Oil Red O stain [7,15]

Osteogenic OSC, OSN; cells enlarge two/three times ad are binucleated; cells contain
calcium deposits

RT-PCR, Von Kossa stain, Alzarin Red stain [7,15]

Chondrogenic Expression of collagen I and II; synthesis of proteoglycans immunohistochemistry, Toluidine Blue Stain [7]
Myogenic ATCA2; MyoD1, skeletal muscle myosin heavy chain; elongated cells,

multinucleated cells
immunocytochemistry [8,15]

Neural Increased expression of nestin, GAD, MBP, NF-M, NSE; expression
of GFAP, CNP; elongated cells with neuronal- or astrocyte-like morphology

RT-PCR, immunocytochemistry [14]

Few nestinþ and MAP-2þ cells with neuronal morphology; numerous GFA
þ cells with astrocyte-like morphology

immunocytochemistry [15]

Lung Production of SPs AeD, SP-D secretion; epithelial phenotype with
lamellar body formation

electron microscopy,
immunohistochemistry, ELISA

[11]

Hepatic Albumin; a-1AT, HNF-4a; CYP1A activity RT-PCR, immunohystochemistry, EROD assay [14]
Albumin, HGF; features of hepatocytes immunocytochemistry, FACS, transmission

electron microscopy
[15]

Cardiomyogenic GATA-4, MYL-7, ANP, CACNA1C, KCND3, TTNT; features of relatively
mature cardiomyocytes

RT-PCR, FACS, transmission
electron microscopy

[15]

Increased expression of GATA-4, Nkx 2.5, MLC-2A, MLC-2V;
expression ofa-actinin

RT-PCR, immunocytochemistry [14]

Pancreatic Increased expression of Pdx-1; expression of Pax-6, Insulin, NKx 2.2, glucagon RT-PCR, immunocytochemistry [14]
AMY2B, glucagon; features of exocrine acinar beta cells RT-PCR, immunocitochemistry,

FACS, transmission
electron microscopy

[15]
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serum free medium appears to lead to the expression of hemato-
poietic and monocytic markers, high telomerase activity and long
telomere lengths [17], whereas hAEC that are routinely cultured in
fetal calf serum (FCS) supplemented media lack these markers and
telomerase activity [12e14]. Comparisons of cells grown in FCS with
serum free media or media containing acceptable alternatives for
clinical use such as platelet lysate and human serum may be war-
ranted, as for example, a high level of telomerase activity is linked to
teratoma and tumor formation. Injection of primary or passaged
hAEC and hAMSC that have been cultured in FCS into mice, rodents
and swine has so far not led to tumour formation [14,15,18e20], but
the fusion of amniotic cells with host cells to form dysplastic
precursors cannot be ruled out. Further, under serum free conditions
a selection of surface markers were differentially expressed by
primary and passage 5 hAEC [17]. This reinforces the possibility that
culture conditions may select different cell populations, thereby
altering the phenotype of the naïve population. Thus, further inves-
tigation would be beneficial as results reported on cell replacement,
inflammation and fibrosis following xenotransplantion have been
reported using primary hAEC and hAMSC prepared using FCS.

1.2. Pre-clinical studies investigating amniotic cells

Lung and liver fibrosis, myocardial infarct and stroke are leading
causes of mortality and together with their long term morbidity
places major burdens on health care systems worldwide. In pre-
clinical animal disease models, human amniotic cells were found
to make a modest contribution toward replacing damaged alveolar
epithelium, endothelium and heart muscle [11,21,22], whereas
a more significant contribution is likely to be their anti-
inflammatory and anti-scarring effects.

Pooled MSC from amniotic and chorionic membranes and
hAMSC alone have been injected directly into infarcted rat hearts
following arterial ligation. Treated rats showed increased capillary

density, improved left ventricular function and fractional short-
ening and a reduction in fibrotic scar tissue [21,22].

hAEC and hAMSC have also been evaluated as a treatment for
liver and lung fibrosis. Hereditary, pathogenic, environmental and
lifestyle factors can induce inflammation in liver and lungs and
lead to collagen deposition in response to wound healing. The
repeated insults lead to apoptosis and necrosis of cells, immune
cell infiltration, release of pro-inflammatory cytokines, activation
of resident cells into collagen depositing myofibroblast cells,
altered tissue architecture and compromised organ function.
Administration of Bleomycin, is widely used to mimic the phases
of lung inflammation and fibrosis observed in patients with
generic pulmonary fibrosis and acute respiratory distress
syndrome. A 1:1 mixture of hAEC and hAMSC/human chorionic
MSC was administered intra-tracheally or intra-peritoneally into
Bleomycin-treated, immunocompetent C57/Bl6 mice [19]. Irre-
spective of the route of administration, human DNA and
cytokeratin-19 positive cells were localized over the two week test
period in lungs of mice receiving xenotransplants. Importantly,
treated mice showed reduced neutrophil infiltration and fibrosis
area whereas macrophage and lymphocyte numbers did not show
significant changes [19]. Another study using Bleomycin injured
SCID mice tested hAEC [11]. The data showed that following
intravenous delivery, some hAEC persisted in the lungs over the
four week test period, reduced IL-1, IL-6, TNFa protein levels and
collagen in lungs and augmented regeneration leading to
improved lung architecture [11].

The toxin carbon tetra chloride (CCl4) is used to provoke liver
fibrosis in mice and rodents. A study investigating the effects of
hAEC in CCl4 injured C57/Bl6 mice, found that following intrave-
nous delivery, cells engrafted and persisted for several weeks in the
liver [18]. Similar to effects observed in Bleomycin injured lungs,
IL-6, TNFa protein and collagen content declined in the liver.
Furthermore, the number of hepatocytes undergoing apoptosis and

Table 2
Phenotype of undifferentiated hAMSC and of hAMSC induced to differentiated in vitro.

Undifferentiated hAMSC

Marker groups Markers Detection methods References

Mesenchymal and hematopoietic markers CD3-, CD13þ, CD14-, CD29þ, CD34-, CD44þ, CD45-,
CD49eþ, CD54þ, CD73þ, CD90þ, CD105þ, CD117 (weak),
CD166þ, CD27lowþ, STRO-1þ, HLA-A-B-Cþ, HLA-DR�

FACS [1,2,7,8,13,42]

Stem cell markers SSEA-3þ, SSEA-4þ FACS, immunocytochemistry [1,13]
POU5F1 (OCT-4)þ, Rex-1þ, BMP-4þ RT-PCR [1,13]

Endothelial marker CD31-, VEGF receptor 1 and 2: FLT-1þ and KDRþ FACS [1]
Hepatic lineage associated markers Albumin, CK18, a-FP, a1-AT, HNF4a RT-PCR [43]
Pancreatic lineage associated markers PDX-1 RT-PCR [44]
Cardiomyogenic lineage associated markers GATA-4, MLC-2A, MLC-2V, MLC-2v, cTnI, and cTnT,

a-subunits of the cardiac-specific L-type calcium channel, Kv4.3
RT-PCR [45]

Neural lineage associated markers Nestin and musashi1, Tuj1 and NF-M, GFAP RT-PCR, immunocytochemistry [46]
Others CD349þ, CD140bþ, CD324 (E-cadherin)-, vimentinþ immunocytochemistry [2]

Differentiated hAMSC

Lineages Characterization of differentiation: markers/cell
morphology/tissue specific functions

Detection methods References

Adipogenic LPL; accumulation of lipid deposits RT-PCR, Oil-red O stain [5]
Chondrogenic Collagen-II; cartilage-specific metachromasia RT-PCR, Toluidine Blue stain [5]
Osteogenic OPN; induction of calcium deposition RT-PCR, Alizarin red stain [5]
Myogenic myoD, myogenin,desmin RT-PCR, immunocytochemistry [42]

myoD1, skeletal muscle myosin heavy chain; features of myotubes immunocytochemistry [8]
Hepatic Increased expression of albumin, CK18, a-FP, a1-AT, HNF4a; storage of glycogen RT-PCR, immunocytochemistry; PAS staining [43]
Pancreatic Increased expression of Pdx-1, Isl-1, Pax-4, Pax-6, expression of insulin,

glucagon, somatostatin; appearance of islet-like cell clusters
RT-PCR, immunocytochemistry [44]

Cardiomyogenic GATA-4, MLC-2A, MLC-2V, cTnI, and cTnT, a-subunits of the cardiac-specific
L-type calcium channel, Kv4.3, induction of Nkx2.5, ANP and cardiac-specific
gene -myosin heavy chain; integrate in cardiac tissues in co-culture experiments

RT-PCR, immunocytochemistry [45]

Angiogenic Increased expression of FLT-1, KDR, ICAM-1, appearance of CD34
positive cells, expression of vWF; features of endothelial cells

FACS [42]

Neurogenic Increased expression of nestin, musashi1, Tuj1 and NF-M, GFAP RT-PCR, immunocytochemistry [46]
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number of activated collagen depositing hepatic stellate cells
declined significantly in hAEC treated mice [18].

The therapeutic potential of AM derived cells has also been
examined in neurological disorders. In particular, stroke has been
amajor target disease for testing the efficacyof transplantationof AM
derived cells. Stroke remains a serious unmet medical condition
worldwide and in the US stroke is the primary cause of disability and
the third leading cause of mortality. Following the initial stroke
episode, inflammation is a major cause of secondary cell death.
Although the anti-inflammatory effects of AM derived cells could be
beneficial in reducing stroke progression the optimal time andmode
of cell delivery need careful assessment. That inflammation may
represent a double-edged sword is exemplified in stroke, in that
a dynamic modulation of the many inflammatory components in
response to ischemic injury is necessary in order to facilitate the
functional benefits of cell therapy. For example, the chemokine
stromal cell-derived factor-1 or SDF-1, an early pathological inflam-
matory factor secreted soon after the stroke facilitates the migration
of transplanted cells and therefore the early mitigation of SDF-1may
be detrimental. In parallel, stroke may lend a non-conducive brain
microenvironment, requiring control of inflammation to some extent
to enhance graft survival. To this end, following middle artery
occlusion in rats, hAEC and hAMSC were transplanted into the
presumed ischemic penumbra (instead of the necrotic core) 2 days
after stroke and found to significantly improve motor and neurolog-
ical deficits by 7 and 14 days and increase the number of healthy host
cellswithin thepenumbra [16]. hAEC injection into thepenumbra can
also lead to reduced infarct size [23].While direct cell transplantation
into the ischemic penumbra is feasible, non-invasive peripheral cell
injection may allow a larger patient population to benefit from cell
therapy in view of stroke’s abrupt onset and rapid progression of
debilitating disease symptoms.

In addition to the amniotic cells, the AM membrane itself can
exert ameliorative effects and are summarized below.

1.3. Ongoing clinical applications using amniotic membranes

Human AM have a long history in clinical utility. The first
applicationwas reported a century agowhere themembranes were
used as biological dressings to heal skin wounds; a practice that
continues to the present day. Currently, AM are also used for
treating dermal burns and for open non-healing ulcers and surgical,
infected and traumatic wounds [6,24,25]. Since the 1940s, AM have
been used in the management of ocular surface disorders. The
membrane is used as a graft (with the amniotic epithelium facing
outwards) or as a patch (epithelium facing inwards) to cover and
repair corneal, conjunctival and limbal defects and surgical inci-
sions made during corrective surgery [26e28]. Further, hAEC and
frozen stored AM intact or denuded of the epithelium are being
used as feeder layers for the expansion of limbal and corneal stem
cells for subsequent transplantation [29]. These ongoing applica-
tions led to pre-clinical studies testing the effects of AM on
inflammation and fibrosis in lungs and liver.

1.4. Potential innovative applications of amniotic membranes

Recently, small pieces of the entire AM were found to be effec-
tive against cardiac ischemia [30] and liver fibrosis [31]. Cardiac
ischemia was induced in rats by coronary artery ligation and frag-
ments of AM from human term placenta were applied as patches
onto the infarcted myocardium. During the two month follow-up
period, treated rats showed improved cardiac dimensions and
contractile functions including higher left ventricular ejection
fraction, fractional shortening and wall thickening compared to
non-treated rats [30].

Liver fibrosis was induced in rats through bile duct ligation
(BDL) and AM fragments patched onto the surface of the injured
liver [31]. While fibrosis progressed rapidly in controls leading to
cirrhosis within 6 weeks of BDL, fibrosis was confined to the portal/
periportal regions of the liver in AM-treated rats, without any
evidence of cirrhosis and a nearly 50% reduction in collagen
deposition [31]. Furthermore, the application of AM significantly
delayed the gradual progression of the ductular reaction and
reduced the area occupied by activated hepatic myofibroblast cells
that deposit collagen [31].

While these initial pre-clinical findings suggests that AM and its’
cells may have potential uses in these disease settings, stringent
evaluation in larger animal models and comparisons against other
cells such as adult bone marrow MSC and hematopoietic stem cells
that have also shown to exert beneficial effects and currently being
evaluated in clinical trials would be useful. Furthermore, very little is
known about the factors that enable survival following xeno-
transplantation and mechanisms that trigger and lead to the
ameliorative effects; someof the potentialmechanisms are described
below.

1.5. Potential mechanisms involved

A notable feature in the pre-clinical studies outlined above is
amniotic cell survival in the absence of overt host responses after
xenotransplantation into immunocompetent animals that had not
been previously treatedwith immunosuppressants. Cells that could
be transplanted across MHC barriers, without immunosuppression,
offer immense scope for wide allogeneic therapeutic applications.
hAMSC and hAEC express low levels of HLA Class IA and lack HLA-
DR, co-stimulatory molecules CD40, CD80 and CD86 that engage
T-cell receptors or are presented indirectly via antigen-presenting
cells (APC), to fuel T-cell expansion [1,2,8,13]. One-way lympho-
cyte reactions have also demonstrated that hAEC and hAMSC fail to
induce human T-cell proliferation [32]. Indeed, hAEC have been
transplanted into allogeneic volunteers and during trials for lyso-
somal storage diseases without adverse sequelae attributed to the
hAEC [1]. While these studies support the notion that amniotic cells
can be transplanted across MHC barriers, generation of antibodies,
effects of repeated cell injection as opposed to the possibility of
tolerance induction need careful evaluation.

Further, hAEC and hAMSC can modulate immune cell activities.
Amniotic cells suppress T-cell proliferation [32,33] with cellecell
contact and trophic factors being likely contributors. Although little
is known about the effector molecules responsible, PGE2, TNF-Ra,
IL-10, TGFb and soluble HLA-G from hAEC and/or hAMSC are
likely to play a role. hAMSC also inhibit the generation and matu-
ration of APC. In transwell experiments, that only allow passage of
soluble factors, hAMSC blocked differentiation and maturation of
peripheral blood monocytes into dendritic cells (DC) preventing
expression of the DC marker CD1a and reducing HLA-DR, CD80 and
CD83 expression [34]. Furthermore, the blockade of monocyte
maturation impaired their stimulatory activities on allogeneic
T-cells [34]. Investigation into possible mechanism/s showed that
hAMSC arrest monocytes in the G0 phase of the cell cycle, abolish
TNFa and chemokines CXCL10, CXCL9 and CCL5 whilst greatly
elevating the secretion of Th2-related cytokines CCL2, CXCL8 and
IL-6 [34]. Effect of hAEC on APC is not known, but hAEC may
restrain monocyte migration and activation via MIF-1.

The beneficial effects exerted by AM in the pre-clinical models of
myocardial infarction and liver fibrosis, cannot be attributed to cell
replacement in the injured tissue. Indeed, no cells derived from
transplanted AM were found to have migrated and engrafted into
the myocardium or liver. Most likely, the effects observed were
associated with the release of soluble factors by cells and molecules
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bound to the collagenous stromal matrix of the AM patch that exert
paracrine mechanisms to support survival, differentiation and
proliferation of host cells. The mechanisms are still undefined,
however it has been reported that AM release potent immuno-
modulatory and anti-inflammatory cytokines (IL-10, IL-6) [35],
growth factors associated with wound healing, including angio-
genic factors (VEGF, PDGF angiogenin) [36], inducing proliferation
(epidermal-, keratinocyte-, hepatocyte- and basic fibroblast growth
factors) [37] and differentiation (TGFb) [36].

The AM was also found to have reduced scarring in the
myocardial infarct and livers of animals receiving membrane
patches. In ophthalmic investigations it has been shown that hya-
luronic acid present in the matrix of the AM can suppress TGFb and
inhibit the differentiation of conjunctival and limbal fibroblasts into
myofibroblasts [38]. As TGFb is a potent pro-fibrogenic cytokine its’
reduction can inhibit collagen synthesis. Potentially, similar
mechanisms may partly account for the reduction in scarring
following the patching of AM. hAEC and hAMSC transplantation
was also shown to elicit potent anti-fibrotic effects. Lowering of
TGFb protein was noted in Bleomycin and CCl4 injured lungs and
livers respectively, of mice receiving hAEC, coupled with an
induction of collagen degrading matrix metalloproteinases and
a reduction of their inhibitors, the TIMP proteins [11,18]. Again
paracrine mechanisms induced by factors secreted by the hAEC
may be involved. However, while studies show that hAEC are
retained for several weeks, cell numbers engrafting are low and
decline over time. Further, there is mounting evidence of trans-
differentiation of hAEC in vivo. Early studies reported differentia-
tion into neural cells, while recent studies report the presence
of surfactant protein producing cells in lungs and albumin and
a-antitrypsin secreting cells characteristic of hepatocytes in the
liver. Whether the growth factor and cytokine milieu of the
differentiated cells contribute to inflammation and fibrosis
reduction is unknown. A recent study by Tsuji provides insights
suggesting that hAMSC differentiating into cardiomyocytes may
indeed play such a role [22].

In summary, hAEC and hAMSC have the capacity to differen-
tiate into multiple cell lineages. In addition, the anti-inflammatory
and anti-fibrotic effects of these cells and the AM have been
demonstrated following transplantation into animal disease
models. Ongoing studies relating to safety and efficacy of the
transplanted hAEC, hAMSC and AM and mechanisms leading to
reparative effects in diseased organs would make a valuable
contribution in assessing the true potential of these cells for
clinical applications.
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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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Grafts of trypsin-treated, gamma-irradiated human amniotic membranes were used to cover 
injured uterine horns of nulliparous female rabbits to prevent adhesions. In this study, the gradual 
integration of the membranes into the serosal layer ofthe uterus, together with marked neovascu­
larization, was observed. By the 30th postoperative day, the grafts had been completely integrated, 
with little evidence of rejection and no evidence of infection at the graft sites. Of 30 uterine horns 
treated with membrane grafts, only 4 (13.4%) showed any adhesion formation at or among the graft 
sites. All of the 24 untreated controls showed adhesion formation at the site of injury. Furthermore, 
whatever adhesions were found in membrane-treated horns could be graded as thin and filmy, 
accounting for <10% of the surface area of the graft, whereas the controls showed dense, thick 
adhesions covering 50% to 100% of the injured areas. We conclude that these specially prepared 
amniotic membranes are safe and effective in dramatically reducing postoperative adhesion forma-
tion in this animal model. Fertil Steril 55:624, 1991 

The presence of pelvic or abdominal adhesions is 
known to be a major cause of infertility in the hu­
man female. Adhesions may result from a great 
number of medical conditions or from surgical in­
tervention.1·2 Illness leading to adhesion formation 
includes pelvic inflammatory or other pelvic or ab­
dominal inflammatory processes, resulting either 
from infection or endometriosis. The surgical pro­
cedures required by these and other pathological 
conditions, e.g., cysts, tumors, may also result in 
adhesion formation. Adhesions may, in turn, be as­
sociated with infertility by causing occlusion of the 
fallopian tubes or by interfering with tubal-ovarian 
function, inhibition of ovum pick-up being the best 
example. It is postulated that the formation of ad­
hesions evolves from trauma to serosal surfaces fol­
lowed by release of a fibrinogen-rich exudate and 
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subsequent deposits of fibrin. If the fibrin fails to 
lyse and becomes- organized, adhesion formation 
may result. This leads either to thick or filmy adhe­
sive bands that may bridge the pelvic organs or tis­
sues or to the dense fixation of these structures to 
each other. 

Through the years, a great number of natural 
and synthetic graft materials have been employed 
in an effort to reduce adhesion formation on trau­
matized surfaces but with only marginally success­
ful results. Natural materials have included perito­
neum, omentum, fat, and amnion, as well as 
amnion plus chorion.3- 10 Synthetic materials, in­
cluding polyvinyl alcohol film and tantalum foil, 
were used in the past and, more recently, barriers 
consisting of Gelfilm and Gelfoam paste (Upjohn 
Co., Kalamazoo, MI); Surgicel (Johnson and John­
son, New Brunswick, NJ); and Silastic (Dow-Corn­
ing, Midland, MI); as well as meshes of Gore-Tex 
(Gore-Tex, Gore, TX) and Interceed (Johnson and 
Johnson) have been employed.6•11- 17 The newer ma­
terials have led to more promising results. In the 
present study, macroscopic and microscopic peri-
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toneal adhesions to an amniotic membrane graft 
were studied in a rabbit model to determine if these 
specially processed membranes could reduce adhe­
sion formation when placed over experimentally 
damaged tissues. 

MATERIALS AND METHODS 

Amniotic Membrane Grafts 

Amniotic membranes were harvested from 
freshly delivered human placentas taken at the 
time of cesarean section. The amniotic membranes 
were manually separated from the chorion and 
washed in distilled water. The clean membranes 
were first treated by soaking for 3 hours in a 10% 
solution of trypsin. Subsequently, they were irradi­
ated with gamma radiation to sterilize them in the 
following manner. First, the entire membrane un­
derwent an 8-hour 20-minute irradiation at 60,000 
rads/h for a total dose of 500,000 rads. The mem­
branes were then cut into smaller squares of ap­
proximately 2 X 2 em and reradiated at 60,000 
rads/h for a total of 33 hours and 20 minutes, 
equivalent to a two-million rad dose. The small 
squares thus prepared were frozen at -70oC in dis­
tilled water to maintain them until they were used 
(within 4 weeks). Just before use, the membranes 
were thawed at 22°C. No antibiotics were used dur­
ing this process. 

Surgical Procedure 

Study animals consisted of nulliparous female 
New Zealand rabbits, each weighing at least 3.5 kg 
to ensure adequate size of the pelvic organs. Six 
rabbits were assigned to groups A through C and 
18 to group D. At the time of surgery, the rabbits 
were anesthetized with a mixture consisting of ke­
tamine (10 mg/kg), promazine (1 mg/kg), and xy­
lozine (6 mg/kg). The abdomen was shaved, sub­
jected to sterile prep, and draped. Sterile microsur­
gical techniques under the operating microscope 
were employed, as previously described by Bad­
away et al.3 Experimental injuries consisted of a se­
ries of incisions through the serosal and muscularis 
layers of the uterine horn extending into the endo­
metrial cavity, with frequent avulsion of the mu­
cosa. The cuts, 1 em long and spaced 5 mm apart, 
were created with microscissors. Gross hemostasis 
was obtained with bipolar electrocautery. Mem­
brane grafts, approximately 1 X 2 em in size, were 
sutured into place over the lesion in a single layer 

Figure 1 Uterine horn showing incision sites covered with 
amniotic membrane sutured into place. 

using multiple interrupted sutures of 7-0 polyglac­
tin (Fig. 1). The maternal side of the membrane 
was placed against the injury, and the fetal side 
faced into the abdominal cavity. The glistening fe­
tal surface can easily be distinguished from the 
matte maternal side, even after freezing and thaw­
ing. This orientation was chosen in the expectation 
that the rougher side of the membrane would incor­
porate itself better to the injury site, and the 
smoother surface would afford better protection 
against adhesion formation. After surgery, the ab­
domen was closed in three layers and a sterile 
dressing left in place for 72 hours. All animals re­
ceived procaine penicillin at a dosage of 50 mL/kg 
intramuscularly four times daily X five doses post­
operatively and were maintained in a vivarium at 
27oC with 40% to 70% humidity and given food pel­
lets and water ad libitum. 

Description of Experimental Groups 

Animals were randomly assigned to three groups 
of 6 animals each and a fourth group of 18 animals. 
Each rabbit was subjected to two surgical proce­
dures, the initial laparotomy including the desig­
nated operative procedure and a second-look lapa­
rotomy to evaluate the effects of the experimental 
intervention. The groups were as follows: group A 
(n = 6) was the background control group. The ab-
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Table 1 Comparison of Results in Membrane-treated Versus Untreated Uterine Hours After Experimental Injury 

No. with Types of Amount of 
Group Horn Surgical procedure adhesions adhesions surface affected 

% 

A (n = 6) Right None 0 
Left None 0 

B (n = 6) Right Incisions 6 (100) b Dense, thick 75 (50 to 100) 
Left None 0 

C (n = 6) Right Incisions + membrane 0 
Left Membrane only 1 (17) a Filmy, t;hin 10 

D (n = 18) Right Incisons + membrane 3 (17) a Filmy, thin 10 (0 to 20) 
Left Incisions + sutures 18 (100)a Dense, thick 75 (50 to 100) 

a Values in parentheses are percents. Right versus left horn: Fisher's exact test, in each case P < 0.05. 

domen in this group was opened, exposed to no 
specific injury or treatment, and closed. Group B 
(n = 6) was the model control group in which con­
trolled injuries, as described above, were made on 
one uterine horn of each animal. The contralateral 
horn was not injured, and no therapeutic interven­
tions were made on either horn. Group C (n = 6) 
was the first treatment group in which injuries 
were carried out on one uterine horn as in group B, 
and then both injured and noninjured horns were 
covered with membrane grafts held in place with 
microsutures. Group D (n = 18) formed the second 
treatment group in which both uterine horns were 
experimentally injured in a similar manner. One 
horn was then treated by suturing a membrane into 
place, and the contralateral horn was treated 
with interrupted, hemostatic microsutures of 7-0 
max on. 

Thirty days after the initial laparotomy and sur­
gical intervention, each animal was reoperated on. 
Adhesions were photographed and evaluated rela­
tive to their presence or absence and percentage of 
surface included and graded as to adhesion quality 
(thin, thick, filmy, or dense). All initial surgery was 
completed by one team of surgeons (R.L.Y., 
J.M.C.), and subsequent evaluation of all results by 
the second team (B.A.M., G.Z.) in blinded fashion. 
Additionally, all specimens underwent standard 
histologic examination. Permanent sections were 
created from paraffin blocks, and hematoxylin and 
eosin staining was used on the sections. Statistical 
analysis was performed using Fisher's exact test, 
with significance accepted at P < 0.05. 

RESULTS 

All results are summarized in Table 1. The back­
ground control group plus model control group B 
confirmed the validity of the model by demonstrat-

ing that there were no background adhesions from 
laparotomy alone and that the experimental injury 
was sufficient to cause dense adhesions in 100% of 
the cases if untreated. These included surface ad­
hesions as well as loop-to-loop adhesions leading to 
severe tortuosity of the involved horn (Fig. 2). It 
was further noted that there was no crossover of 
these adhesions to the uninjured contralateral 
horn (P = 0.002). 

Experimental group C showed no significant 
difference (P = 0.5) in adhesion formation on sites 
of membrane grafts placed over injured versus non­
injured uterine horns. Thin, filmy adhesions were 
found in only one case on the noninjured horn and 

Figure 2 Right and left horns demonstrating tortuosity sec­
ondary to dense adhesions on the right horn (below) and ab­
sence of adhesions on the membrane-treated left horn (above). 
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Figure 3 Photomicrograph of serosal surface of uterine horn 
covered by amniotic membrane (A) demonstrating both neo­
vascularization of the membrane and a lack of significant in­
flammatory response in the serosa at the interface (B). 

in no cases on the injured side. Finally, in experi­
mental group D, membrane grafts significantly re­
duced the formation of adhesions as compared with 
those found at the site of hemostatic microsutures. 
Dense, thick adhesions over an average of 75% of 
the surface area of the sites of injury were noted on 
the horns treated with the sutures in 100% of the 
cases. In contrast, only 17% of the injured horns 
(P = 0.0000003) that had been covered with mem­
brane grafts showed any adhesions, and these were 
thin, filmy, and covered only about 10% of the in­
jured/ grafted area. Histologic studies showed that 
the membranes were integrated with the serosal 
layer and showed neovascularization at the site of 
the graft. Minimal polymorphonuclear infiltration 
of the serosal surfaces was present, suggesting no 
significant immunological response (Fig. 3). 

DISCUSSION 

The use of human amnion as a surgical adjunct 
has a long history. An excellent review has been 
published by Trelford and Trelford-Sauder.5 Am­
nion has been used to prevent pelvic and abdomi­
nal adhesions in a number of experimental animal 
models, as well as in human patients.s--10 The natu­
ral membrane has been used in tubal surgery, 4 and 

there exists an extensive experience with its use in 
vaginal reconstructive surgery in women.18·19 Other 
applications include repair of conjunctival de­
fects,20 reconstruction of the bile duct,21 and pre­
vention of meningocerebral adhesions after crani­
otomy.6•7 Ongoing research at our own institution 
involves the use of amniotic membranes in plastic 
surgery, peripheral neurosurgery, as well as exten­
sive use in urologic surgery. Its primary role in 
humans, however, has remained in the areas of 
burns, ulcers, other skin trauma, and in wound 
healing. 22-25 

No substantial literature exists describing its po­
tential in preventing intra-abdominal adhesions in 
humans, although some progress has been made 
elsewhere in this area through the use of a number 
of synthetic agents. Hadaway et al.3 recently re­
ported on the intra-abdominal application of amni­
otic membranes to prevent adhesions in the rat 
model. They noted little effect inhibiting adhesion 
formation on serosal surfaces but observed some­
what better results on the parietal peritoneum. The 
explanations that they offered for the lack of suc­
cess involved problems with postoperative organ 
immobility and blood pooling, both of which may 
play a role in adhesion formation after human sur­
gery. 

Our own success with the rabbit model may be, 
in part, explained by the novel preparation of the 
membranes as described above. A study of the liter­
ature reveals almost as many different methods of 
preparing and storing the membranes as there are 
case or experimental reports. Our own previous 
poor results with glutaraldehyde-treated mem­
branes (unpublished data), as well as equally un­
satisfactory experience elsewhere with alcohol pre­
treatment and oven drying7 or simple freezing in 
saline, 3 seem to indicate that the radiation retreat­
ment after trypsin washing may have some advan­
tage. The membranes thus prepared underwent ad­
equate neovascularization and caused no signifi­
cant inflammatory infiltration. This also seems to 
support a conclusion of no significant immunologi­
cal reaction induced by the membranes, as also ob­
served in the Hadaway et al.3 study. 

The thinness and the exceptional compliant 
quality of the membranes made them extremely 
facile to use. Single layer application is mandatory 
in the pelvis and abdomen to prevent fibrosis for­
mation within the membrane itself, a phenomenon 
we had observed previously in unreported experi­
ments. Although synthetic grafts are applied with­
out suturing, in our procedures, the membranes 
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were fixed in place using microsutures. In the hu­
man, this adds the potential for concomitant use of 
liquid antiadhesive adjuvants, such as dextran. An 
added technical advantage to the use of amniotic 
membranes, as opposed, apparently, to the syn­
thetic meshes, is the fact that they can be applied 
and sutured over surfaces not perfectly dry. 

It now remains to test the membranes against 
the formation of adhesions involving the parietal 
peritoneum. The aim would be to improve the out­
come of procedures involving extensive endometri­
osis or pelvic sidewall adhesions of the adnexal 
structures. This model has been difficult to estab­
lish,2 but earlier results in the rat with more simply 
prepared membranes have already shown some 
promise.3 
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INTRODUCTION: Postoperative fibrosis after surgery is a 

consequence of wound healing. After a spinal laminectomy, peridural 
adhesion results in tethering, traction and compression of the thecal sac 

and nerve roots causing radicular pain and lower extremity weakness. 

        One approach to prevent adhesion formation is to place a 
mechanical barrier between the dura mater and the overlying tissue. 

Several materials have been utilized, although none have been widely 

accepted.  Amnion Tissue (AT) has been used in a variety of surgical 
procedures and has a distinct orientation with an epithelial surface that 

acts as a natural barrier to prevent adhesions and a stromal surface that is 

readily adherent.  Biologically, AT has been demonstrated to reduce 
inflammation and inhibit vascularization.     

PURPOSE: The aim of this study was to evaluate the ability of 

processed human amnion (AM) to act as a physical and biological 
barrier to limit the formation of epidural fibrosis and scar adhesions 

between the paraspinal muscles and the dura mater and to evaluate the 

biologic response of implanted human AM in an ovine laminectomy 
model.  

METHODS: Human AT was obtained from consenting cesarean 
sections. The AT was separated from the chorion and the spongy layer 

removed. The resulting tissue (35-70 um thickness) was rinsed with 

sterile saline and treated with 1% glutaraldehyde (v/v) for 15 minutes at 
room temperature. The residual glutaraldehyde was rinsed off with 

sterile 0.9% saline then placed between two layers of sterile backing 

material and cut into patches. AM were terminally sterilized by electron 
beam.   

     With IACUC approval, a two level lumbar dorsal laminectomy 

procedure was performed in seven skeletally mature female sheep (Ovis 
aries) at the L2/L3 and L4/L5 levels. AM samples were placed over the 

laminectomy site in five sheep with either the epithelial surface away 

from the dura mater (Group EA, n=5) or the epithelial surface towards 
the dura mater (Group ET, n=5).  All AM treatments were assigned 

randomly to laminectomy sites. Two sheep (Group C, n=4) underwent 

the laminectomy procedure without any membrane barrier implantation 
to serve as a control group.    

     At eight weeks, sites were evaluated histologically for fibrosis, 

inflammation (granulomatous and lymphocytic), and the presence, 
severity and location of adhesion in three areas of the graft. 

RESULTS: All AM implants were an effective anti-adhesion barrier, 

were largely intact and no substantial adverse effects were observed. In 
comparison, all control treatment sites had extensive adhesions to the 

dura mater (Figure 1). All AM implants with the epithelial surface of the 

AM facing away from the dura mater prevented adhesion between the 
dura mater and the surrounding fibrous tissue (Figure 2).  The amount of 

reactive fibrosis in the implant area was reduced in AM implant sites as 

compared to control treatment sites (Table 1), although there were no 
significant differences among treatment groups (p = 0.10). When the 

AM epithelial side was placed against the dura mater, adhesion was 

significantly (p < 0.05) reduced as compared to the control group. 
Lymphocytic inflammation ranged from none to mild for all treatments 

(AM treated or control) and there were no significant differences among 

groups.  

DISCUSSION: The current study demonstrated that processed human 

AM serves as an effective biological and physical barrier to prevent 

peridural adhesions and to reduce fibrosis after dorsal laminectomy. 
Compared to the control sites that lacked a physical barrier, AM 

significantly decreased adhesions (p<0.05) and trended towards reduced 

fibrosis. AM also appeared to be immune-privileged, as evidenced by a 
mild lymphocytic inflammation with no significant differences as 

compared to control treatments.    

    AM was evaluated in two orientations: with the epithelial side 
towards (ET) the dura and with the epithelial side away (EA) from the 

dura. When the epithelial layer of the AM was oriented away from the 

dura, there was a clear gap and prevention of adhesion between the AM 
and the filling fibrosis.  No such gap existed when the stromal surface of 

the AM was towards the dura mater and histologic analysis revealed 

tissue continuity between the dura and the AM.  Exposing the stromal 

side of AM to fibrotic infill (ET) led to moderate granulomatous 
inflammation as compared to Controls and EA.  Although moderate, 

previous studies demonstrated that suture alone produced a greater 

granulomatous inflammatory response than the AM treatment.  
    When surgical revision is required, an important consideration is to 

have a dissection plane that is easily identifiable at sites where the 

membrane was implanted. The AM orientations present different 
scenarios upon revision. When the epithelial side is towards the dura, 

adhesions were prevented between the AM and the dura. In contrast, 

when the epithelial side is facing away from the dura, the dissection 
plane would be between the defect scar and the AM.   

 

Fig. 1 No Implant, Control                Fig. 2 AM Epithelial away (EA)   

  
Fig.1 Histophotomicrograph showing a control sheep without implant 

that had extensive reactive fibrosis that fills the laminectomy site with 

complete and extensive adhesion to the dura (arrowheads).   
 

Fig.2 Histophotomicrograph showing laminectomy site with the AM 

implant having the epithelial surface (large arrows) away from the dura. 
Image is oriented with filling fibrosis at the top, dura and spinal cord 

towards the bottom. There is tissue continuity of the stroma surface of 

the AM to the dura (arrowheads) with minimal reactive fibrosis (stars) 
forming a thickened dural membrane. This is separated from the 

overlying fibrosis filling the vertebral defect by a complete cleared cleft 

(asterick). There is minimal inflammation associated with the AM 
implant. Large arrow= epithelial surface of AM implant. Small arrow= 

multinucleated macrophages. Arrowhead= original dura. Star= AM 

associated reactive fibrosis. Asterick= cleft. HE, 100X. 
 

Table 1: Histologic Scoring 

 C EA ET 

Fibrosis 2.6 +- 0.7 0.9 +- 0.3 1.8 +- 0.9 

Adhesion of Fill 

Fibrosis to Implant 
(2.0 +/- 0) 0.0 +- 0.0 2.0 +- 0.0 

Adhesion Between 

Dura and Implant 
No Implant 1.9 +- 0.3 0.5 +- 0.5 

Lymphocytic 

Inflammation 
0.2 +- 0.4 0.7 +- 0.6 0.9 +- 1.0 

Granulomatous 

Inflammation 
0.08 +- 0.3 0.3 +- 0.5 1.9 +- 0.7 

The parenthetical value for the control reflects the adhesion score to the 

dura. 

 
CONCLUSIONS: The AM implant reduced epidural fibrosis and 

adhesion to the dura mater without undue inflammation and thus appears 

to be a promising candidate for clinical evaluation.  
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Postoperative Adhesion Development
Following Cesarean and Open
Intra-Abdominal Gynecological
Operations: A Review
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Abstract
In this review, we discuss the pathophysiology of adhesion development, the impact of physiological changes associated
with pregnancy on markers of adhesion development, and the clinical implications of adhesion development following
cesarean delivery (CD). Although peritoneal adhesions develop after the overwhelming majority of intra-abdominal and
pelvic surgery, there is evidence in the literature that suggests that patients having CD may develop adhesions less fre-
quently. However, adhesions continue to be a concern after CD, and are likely significant, albeit on average less than after
gynecological operations, but with potential to cause significant delay in the delivery of the baby with serious, lifelong con-
sequences. Appreciation of the pathophysiology of adhesion development described herein should allow a more informed
approach to the rapidly evolving field of intra-abdominal adhesions and should serve as a reference for an evidence-based
approach to consideration for the prevention and treatment of adhesions.
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adhesions, cesarean, gynecological operations

Introduction

Adhesions are an enigmatic condition with protean clinical

manifestations; they are defined as abnormal fibrous connec-

tion between 2 anatomically different surfaces. The principles

of microsurgery, initially described by Swolin in 19671 and

popularized in the 1980s,2 are now accepted as the basis for

good surgical practice. Although such principles are sensible,

the extent to which microsurgical techniques decrease adhesion

development remains unclear. This is compounded by the lack

of prospective, randomized, blinded clinical trials in humans on

this topic, with most recommendations being based on animal

studies, and opinions of recognized authorities in our profes-

sion. This is understandable, in view of financial requirements

of funding such a study.

Adhesions remain a scourge after abdominal and pelvic sur-

gery. Notable among its potential sequelae are infertility3 with

increased risk of ectopic pregnancy, should the patient subse-

quently conceive,4 abdominal and pelvic pain,5 bowel obstruc-

tion,6 and difficult repeat surgical procedures.7 In addition,

abdominopelvic adhesions may interfere with the disbursement

of intraperitoneal chemotherapy in patients with abdominal or

pelvic cancer.8 After gynecologic surgery, intraperitoneal

adhesions form in 55% to 100% of patients9-11; however, rates

of adhesion development recorded at a second cesarean

delivery (CD) are lower and ranged from 24% to 46%, although

they increase from 43% to 75% at the third, and up to 83% at

the fourth CD.12-14 The lower rates of adhesion reported at the

second CD compared to laparotomy for nonobstetric indica-

tions would suggest that patients having CD may develop fewer

adhesions. In addition, evidence in the literature suggests that

the consequences of postoperative adhesions as it relates to

bowel obstruction,15 infertility,16,17 ectopic pregnancy,18 and

chronic pain19 may be less following CD compared with gyne-

cological surgery. In part, the reduction in these consequences

may be a function of where adhesions develop after CD com-

pared with gynecological procedures on the posterior uterus,

with the anterior cul-de-sac being most common following CD.
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Adhesiogenesis is a culmination of increased extracellular

matrix (ECM) production associated with diminished matrix

degradation, combined with decreased fibrinolytic activity.20,21

Physiological changes in pregnancy favor decreased fibrinoly-

sis,22 with an increased propensity for adhesion development.

Despite a general understanding of some of the precise molecu-

lar and cellular mechanism underlying the development of

adhesions, the reason/reasons why adhesion development is

less prevalent following CD remains elusive.

For the purpose of this review, a PubMed search up to Octo-

ber 2010 using MeSH terms cesarean/cesarean delivery/section,

laparotomy, gynecological operations, open myomectomy, and

adhesion development was undertaken, and relevant studies

reviewed whether they addressed adhesion markers and adhe-

sion development following CD and gynecological uterine or

adnexal operations. Studies were included only if data on the

outcome variable (adhesion development) were provided, and

it was possible to construct a 2 � 2 table. Odds ratios (ORs)

and 95% confidence intervals (CIs) were computed using SPSS

version 17.

This review will discuss the pathophysiology of adhesion

development, the impact of the physiological changes associ-

ated with pregnancy on adhesion markers and adhesion develop-

ment, and the clinical implications of adhesion development

following CD. We will also present evidence from the published

literature supporting a decrease in the propensity for adhesion

development following CD compared with gynecological oper-

ations, as well as propose possible etiological consideration

for such differences.

Pathophysiology of Adhesion Development

Our laboratory has hypothesized that adhesions develop as a

response to hypoxia, whereby the body tries to reestablish

oxygen and nutrient supply to tissues that have been injured

by surgery or previous pathology.21 Tissue injury results in

bleeding and leakage of lymphatic fluid from transected

vessels, a process that is accentuated by concomitant hista-

mine release (Figure 1). These result in the accumulation of

red and white blood cells, platelets, clotting and growth fac-

tors, and cytokines which coagulate to form a fibrin clot

overlying the injured tissue. As normal healing is accom-

plished, the tissue plasminogen activator (tPA) system pres-

ent in the peritoneal mesothelium and its underlying

fibroblasts functions to remove the fibrinous gel matrix,20

and consequently halt the potential for subsequent cellular

migration into the fibrinous clot. Therefore, during normal

healing without adhesions, the fibrinous mass is removed

by fibrinolysis, before fibroblast ingrowth and deposition

of ECM between injured tissues has been achieved, and thus

allowing tissue to heal without inappropriate attachments to

other tissues. Alternatively, if fibrinolytic activity is reduced

(as with reduction in tPA in association with tissue hypoxia),

and the fibrinous mass persists, fibroblast ingrowth occurs

with deposition of ECM material including collagen, which

forms abnormal connections between tissue surfaces (which

possibly become vascularized and innervated) to form adhe-

sions (Figure 1).20,21

Several molecular biologic observations have been made

in recent years comparing normal peritoneum and adhesion

fibroblasts, with the characterization of an ‘‘adhesion fibro-

blast phenotype.’’21 These adhesion fibroblasts express

adhesiogenic factors produced in less quantity or in some

cases almost not at all, by normal fibroblasts (Figure 2).

Such adhesion phenotype can be induced when normal

human peritoneal fibroblasts are cultured in vitro under

hypoxic conditions. Work in our laboratory and those of

others show that compared with normal peritoneal fibro-

blasts, adhesion fibroblasts produce elevated basal levels

of transforming growth factor beta1 (TGF-b1),23-25 vascular

endothelial growth factor (VEGF),26 a-smooth muscle actin

(a-SMA),27 and components of the ECM such as type I col-

lagen and fibronectin,28 decreased ratios of plasminogen acti-

vator/plasminogen activator inhibitor 1 (tPA/PAI-1),29 and

matrix metalloproteinase 1/tissue inhibitor of metalloprotei-

nase (MMP-1/TIMP-1).21,30 In addition, the expression of

cyclooxgenase 2 (COX-2) messenger RNA (mRNA) and pro-

tein in adhesion fibroblasts, and the induction of COX-2 in

peritoneal fibroblasts in response to hypoxia indicate a possi-

ble inflammatory response31 (Figure 2). This fact was

Figure 1. Proposed scheme for the pathogenesis of peritoneal adhe-
sion development following injury.WBCs, white blood cells.
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buttressed by work from Ivarsson and colleagues32 who

show that treatment with the proinflammatory mediators

such as lipopolysaccharide (LPS) and tumor necrotic factor-a
(TNF-a) results in an overall decreased fibrinolytic capacity, as

manifested by a decrease in the expression of tPA and an increase

in PAI-1 and PAI-2. Finally, there is evidence to suggest that

adhesion formation may be mediated, at least in part by

hypoxia-inducible factors33 and the nuclear factor kB (NF-kB)

family of proteins.34

There is increasing evidence to suggest that reactive

nitrogen and oxygen species such as nitric oxide (NO),

superoxide (O2
��), and lipid peroxidation (LPO) produced

under oxidative stress may contribute to the development

of postoperative adhesions21,35-37 (Figure 3). Hypoxia has

also been shown to play a role in the production of these

free radicals both in vivo and in vitro. Reactive nitrogen and

oxygen radicals are produced after oxygen supply interruption

and or restoration and have been implicated in a number of

signal transduction pathways.38,39 Nitric oxide is produced

during conversion of arginine to citrulline; molecular oxygen

and nicontinamide adenine dinucleotide dihydrophosphate

(NADPH) are required at this level, with tetrahydrobiopterin

(H4B) acting as a cofactor (Figure 3). Bioregulatory NO is

generated by enzymes collectively termed nitric oxide synthe-

tases (NOSs)40,41 of which there are 3 isoforms: neuronal NOS

(nNOS), endothelial NOS (eNOS), and inducible NOS (iNOS).

The synthesis of NO can be inhibited by endogenously pro-

duced methylated analogues of arginine which are competitive

inhibitors of NOS namely asymmetric dimethyl arginine

(ADMA) and monomethyl arginine (l-NMMA).

In biological systems, superoxide dismutase (SOD) pro-

tects against the deleterious actions of the O2
�� by catalyzing

its dismutation to hydrogen peroxide (H2O2), which is uti-

lized in combination with chloride ions by myeloperoxidase

(MPO), a highly cationic heme protein, to generate cytotoxic

hypochlorous acid (HOCI) and diffusible radical species42-44

(Figure 3).

Adhesion development depends on a disturbance in the

tightly controlled balance between ROS production and elimi-

nation, either via augmentation of ROS generation or defective/

deficient antioxidant defenses for their elimination. This results

in a buildup of intracellular ROS which may lead to persistent

changes in signal transduction and gene expression, thereby

giving rise to oxidative stress-related pathological states.

Surgery

Pathogenesis of Adhesions

Tissue Injury

“D l i � ”“Devasculariza�on”

Tissue Hypoxia

Anaerobic Metabolism ↑ Oxida�ve Stress

↑ HIF-1α, ↑ NF-kB

↑ TGF-β2 ↑ VEGF↓ MMP-1 2 9 ↑ BCI-2/Bax ↑ α-SMC ac�n↑ Type I Collagen

↑ ECM Deposi�on

↑ TGF-β2, ↑ VEGF,
↑ IFN-1γ, ↓ IL-2,

↑I L-10

↓ MMP-1,2,9
↑ TIMP-1,2

↑ Prolifera�on/

↑ BCI-2/Bax,
↑ P53, ↑ iNOS,

↑ COX-2

↓ ECM

↑ α-SMC ac�n↓ tPA ,
↑ PAI−1

↑ Fibrin Gel Matrix

↑ Type I Collagen,
↑ Fibronec�n

↑ ECM Deposi�on ↑ Prolifera�on/
Apoptosis

↓ ECM
degrada�on

↑ Fibrin Gel Matrix

Adhesion Development

Figure 2. Proposed scheme for the pathogenesis of adhesion development following injury and induction of gene expression. ", an increase; #, a
decrease; BCl-2, B-cell CLL/lymphoma 2; BAX, BCl2-associated X; COX-2, cyclooxygenase 2; ECM, extracellular matrix; HIF, hypoxia-induced
factor; IFNy, Interferon-g; IL, interleukin; iNOS, inducible nitrous oxide synthase; MMP, matrix metalloproteinases; NADP, nicotine adenine
dinucleotide phosphate; NO, nitric oxide; NOS, nitric oxide synthase; P53, tumor protein 53; PAI-1, plasminogen activator inhibitor; TGF-
b1, transforming growth factor-beta; TIMP, tissue inhibitor of matrix metalloproteinases; tPA, tissue plasminogen activator; VEGF, vascular
endothelial growth factor.
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Intracellular ROS levels are kept under tight control by the

enzymatic activities of antioxidant proteins, such as SOD, cat-

alase, glutathione (GSH), and peroxidases, as well as by none-

nzymatic compounds such as tocopherol, b-carotene, vitamin

E, and ascorbate,45,46 and by the action of low-efficiency ROS

scavengers such as free amino acids, peptides, and proteins.47

There is evidence to suggest that postoperative oxidative stress

may be linked to neutrophil recruitment48 and decreased fibri-

nolytic activity49 and, subsequently, the development of intra-

abdominal adhesions. Therefore, antioxidants, by reducing lev-

els of oxidative stress and increasing fibrinolytic and MMP

activities postoperatively, may contribute to reduction in adhe-

sion development.50 These experiments have been carried out

in the rat model, where antioxidants such as methylene

blue,49,51 indigo carmine,52 and neurokin 1 receptor (NK-1R)

CJ-12-255 (Pfizer, Groton, CT, USA)48 antagonist have been

shown to inhibit postoperative adhesion development. In addi-

tion, work in our laboratory shows that adhesion fibroblasts pro-

duce less NO than normal fibroblast53 and hypoxia, through the

production of O2
��, causes normal peritoneal fibroblasts to irre-

versibly acquire the adhesion phenotype.54 Scavenging O2
��with

SOD, even in the presence of hypoxia, prevented the development

of the adhesion phenotype in vitro.54 Thus, scavenging oxygen-

free radicals may be beneficial for the prevention and or reduction

of postoperative adhesions.

We have also shown that adhesion fibroblasts exhibit

lower apoptosis and higher protein nitration compared to nor-

mal peritoneal fibroblasts.21,55 This mechanism involves cas-

pase 3 S-nitrosylation and is found to be significantly higher

in adhesion fibroblasts compared to normal peritoneal fibro-

blasts.55 This observed increase in S-nitrosylation resulted

in a 30% decrease in caspase 3 activity in adhesion fibro-

blasts, while treatment with peroxynitrite resulted in a

dose-response increase in caspase 3 S-nitrosylation, leading

to a decrease in caspase 3 activity and apoptosis in normal

peritoneal fibroblasts.55

Clinical Evidence of a Lower Prevalence of
Adhesions Following CD Compared With
Adhesions Following Intra-Abdominal
Operations

Although peritoneal adhesions develop in the overwhelming

majority of intra-abdominal and pelvic surgery,56 there is evi-

dence in the literature that suggests that patients having CD

may develop fewer adhesions. The clinical consequences of

adhesions resulting from gynecological surgery are well

known3-7 compared with those that develop following CD.57

The type of surgical approach (laparoscopy or laparotomy) and

the role of closure of peritoneum in gynecologic surgeries and

CD have long been debated as important factors that influence

the development and extent of postoperative adhesions.

Although causation is often difficult to prove, some of the

complications discussed herein are likely associated with adhe-

sions resulting from surgical trauma. Tulandi and coworkers58

performed a second-look laparoscopy on 26 infertile women

6 weeks after undergoing abdominal myomectomy for large

Figure 3. Proposed scheme for the interaction of operative oxidative metabolic reaction and free radicals associated adhesion devel-
opment.Cl-, chloride ion; Fe2þ and Fe3þ, elemental iron; GSH, glutathione; GSSG, glutathione disulfide; H2O, wáter; H4B, tetrohydro-
biopterin; HOCI, hypochlorous acid; MPO, myeloperoxidase; O2, molecular oxygen; O2

��, superoxide anion; NADP, nicotine adenine
dinucleotide phosphate; NO, nitric oxide; iNOS, inducible nitric oxide synthase; ROS, reactive oxygen specie; SOD, superoxide
dismutase.
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uterine fibroids. In all, 94% of women with posterior uterine

wall incisions and 56% of women with fundal or anterior inci-

sions developed adnexal adhesions.58 In a small case–control

study involving 14 patients in each group, Bulletti59 and his

group compared the development of adhesions postmyomect-

omy performed laparoscopically or abdominally. On second-

look laparoscopy, they documented adhesion formation in

64% of patients in the laparotomy group; a figure similar to that

reported by Tulandi and colleagues for fundal anterior uterine

wall myomectomy.58

Brill and collaborators60 performed a second-look laparo-

scopy on 360 women undergoing operative laparoscopy after

a previous laparotomy to assess for adhesions between the

abdominal wall and the underlying omentum and bowel. Over-

all, patients with prior midline incisions had significantly more

adhesions than those with pfannenstiel incisions (OR, 2.10; CI,

1.38-3.18). Patients with midline incisions performed for gyne-

cologic indications had significantly more adhesions than all

types of incisions performed for obstetric indications (OR,

1.65; CI, 0.97-2.83, P ¼ .054). The presence of adhesions in

patients with previous obstetric surgery was not affected by the

type of incision in this study. Similarly, Ashrafinia and Col-

leagues61 performed a second-look laparoscopy on 50 women

who had undergone a previous laparotomy for obstetrics and

gynecologic surgery to determine the extent of adhesion forma-

tion and found that women with midline or pfannenstiel inci-

sion for gynecologic surgery had more adhesions than those

with incisions for obstetric surgery.

One reason against classical uterine incisions and the accep-

tance of low transverse uterine incisions is the formation of

adhesions between the uterine scar and the anterior abdominal

wall. Recent literature on this subject is lacking as classical CD

are rarely performed in modern obstetrics. Most of the litera-

ture on this subject dates back to many decades, and such

reports may be due to the technique, the type of suture materi-

als available, and infection. Leuwen62 reported such adhesions

in 76 out of 117 repeated CD, while they were present in all but

2 of 39 cases of repeat CD at the Boston Lying-In Hospital in a

report by Mason63 in 1911. However, adhesions continue to

occur despite lower uterine incisions, albeit less to the anterior

abdominal wall compared to classical incisions. As stated pre-

viously, the incidence of adhesion development increases with

the number of CDs performed.12,13 Similar finding was

reported by Juntunen and colleagues64 who reported a signifi-

cantly higher risk of intraperitoneal adhesions in patients

undergoing their 4th to 10th CD compared to those having their

1st, 2nd, or 3rd CD (OR, 8.1; CI, 2.7-23.8).

Adhesions Causing Small Bowel Obstruction and
Bowel Injury, in Intra-Abdominal Surgery Versus CD

Reproductive tract surgery carries a risk of injury to the gastro-

intestinal (GI) tract. This is due to several factors including

close surgical proximity of these organs, disease processes that

can distort anatomy such as adhesions and endometriosis,

delayed mechanical and energy effects, and the inability to

directly visualize organ surfaces. Adhesions are indeed

believed to be the most common cause of small bowel obstruc-

tion (SBO)15,65-68 which may occur in the immediate post-

operative period after abdominal surgery with obstruction

occurring or recurring in as much as 29% of women reported

up to 25 years later.69 One systematic review of the published

literature on the risk of postsurgical gynecological SBO6 found

that the overall incidence of adhesion related readmission was

11.1%. A reanalysis of their data confirmed their conclusion

that the lowest incidence of bowel obstruction was after previ-

ous CD. Bowel obstruction was significantly less likely to

occur following previous CD (0.1%) compared with after open;

appendectomy (1.37%), total abdominal hysterectomy ([TAH]

15.6%), and adnexal surgery (23.9%; Table 1). Also, Al-Took

and collaborators15 evaluated the relationship between

adhesion-related SBO following CD and gynecologic opera-

tions and found that the incidence of SBO after CD was signif-

icantly less. Reanalyses of their data showed a significantly

decreased incidence of SBO following CD (0.05%) compared

with TAH (1.64%) and adnexal surgery (0.87%), but not com-

pared with myomectomy (0.41%; Table 1). The interval

between the initial laparotomy and the bowel obstruction in this

study varies from 1 month to more than 20 years with a median

interval of 5.3 years. Furthermore, adhesions that involved the

site of closure of the pelvic peritoneum after hysterectomy or

that was attached to the anterior abdominal wall were respon-

sible for SBO in 85% and 15% cases, respectively.15 Similar

findings were observed in a relatively small case series by

Stricker and colleagues68 who noted that hysterectomy was the

most common previously performed operation linked to bowel

obstruction, with CD being less likely than myomectomy to

cause subsequent intestinal obstruction. However, it should

be noted that the follow-up in these studies varied considerably

and may have influenced the rate of SBO reported. Neverthe-

less, the low incidence of SBO reported that following CDs

may be attributed to the location of the incision in the lower

uterine segment where the incision is covered by the bladder

and protected by the enlarged uterus, and the nonuse of self-

retaining retractors that may cause abrasion of the pelvic and

abdominal peritoneum.15,68

The incidence of bowel injury and inadvertent enterotomy

during reoperation may be as high as 19% with laparotomy and

10% when adhesiolysis is performed with the laparoscope.72

Although such risks are low after the first repeat CD,70,71,73

they significantly increase with increasing number of CDs even

when performed electively,71 especially when a midline rather

than a pfannenstiel skin incision was used as route of entry into

the abdomen70 (Table 1).

Adhesions Causing Urinary Tract Injury in Intra-
Abdominal Pelvic Surgery Versus CD

Lower urinary tract injury at the time of CD is an uncommon

complication. Such injuries are usually caused by endometrio-

sis on the sidewall and adhesions from previous CD,70,71,74-76

which occur while developing the bladder flap over the lower
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uterine segment,74,76 and increase with the number of previous

CD.70,71,74,75 Most adhesion-related urinary tract injuries fol-

lowing hysterectomy occur during adhesiolysis performed at

laparoscopy and hence are not comparable to laparotomy for

repeat CD. Repeat myomectomies are rarely performed to the

degree with which repeat CDs are performed. A literature

search revealed a case series of 3, all from 3 sisters with 2 to

4 recurrent uterine myomas, who underwent between 1 and

3 repeat myomectomies before undergoing TAH. All but the

third sister suffered significant bowel or bladder injury.77

Injury to the bladder during CD may be related to adhesion

of that organ high up on the lower uterine segment. In the

Finish study64 mentioned above, patients undergoing their

4th to 10th CD had a significantly higher proportion of ‘‘cra-

nial’’ bladder attachment compared with those undergoing their

1st, 2nd, or 3rd CD (OR, 9.9; CI, 5.0-19.9). The inci-

dence70,74,76,78 of bladder injury in women having repeat CD

varies from 0.31% to 0.81%. In a case–control study from

Canada, Phipps et al74 reported that women with a bladder

injury (cases) during CD were more likely to have had a prior

CD and prior pelvic surgery compared with those with no blad-

der injury (control group), with an adjusted OR (AOR) associ-

ated with prior CD of 3.82 (Table 2). In a recent cohort study

from Sydney, Australia, involving 574 women who underwent

laparoscopic hysterectomy, the odds of inadvertent cystotomy

among women with a history of �3 prior CD was significantly

higher compared with those with no prior CD79 (Table 2). In

addition, adhesions encountered during the procedure were

greater in the bladder injury group than in controls (60% vs

10%; P < .01). In the study by Rahman and collaborators76

mentioned above, the incidence of bladder injury was 3 times

higher among women who underwent repeat compared with

primary CD. Previous pelvic surgery and presence of adhesions

were responsible for all the cystotomies in the repeat CD group

compared with 35.7% in the primary CD group (Table 2).

Furthermore, the site of bladder injury following repeat CD

overlies the dome in over 90% of cases.74,81 In addition, the

most common time for bladder injury to occur during CD was

during the creation of the bladder flap (43%-60%) followed by

during entry into the peritoneal cavity (30%-33%), and finally

during the uterine incision or delivery (10%-24%).74,81 These

studies support the assertion that adhesions to the lower uterine

segment are responsible for most of the occurrences of bladder

injury. Undoubtedly, however, other factors such as operator

experience and circumstances under which CD is performed

(emergent, urgent, and elective) also play a part and were not

always controlled for in most of the studies.

In the study from Jeddah, Saudi Arabia, mentioned above,70

the incidence of bladder injury (0.6%) was increased with

increasing CD number, more so when a midline compared with

a pfannenstiel incision was used for CD (Table 2). Furthermore,

the authors found that adhesions were almost universally present

in all women who had bladder injury and after multivariate anal-

ysis for the effect of confounders (operator experience, abdom-

inal incision type, adhesions, elective vs emergency CD, anterior

placenta previa, and CD number), abdominal incision type main-

tained a significant association with risk of bladder injury

(Table 2). However, Khashoggi,80 and Rashid and Rashid81 both

Table 1. Adhesion-Related Small Bowel Obstruction (ARSBO) and Bowel Injury Following Gynecological Surgery and Cesarean Delivery

Authors Study Design Country No. of Patients Previous Laparotomy/ARSBO OR (95% CI)

Barmparas
et al.6 a

Systemic
Review

United States 304 673 Proportion of SBO mostly due adhesions Unadjusted
Cesarean delivery 10/12 980 (0.1%) 1
Hysterectomy 3182/20 377 (15.6%) 0.004 (0.002-0.008)
Adnexal surgery 1105/4621 (23.9%) 0.002 (0.001-0.005)
Appendectomy 3663/266 695 (1.4%) 0.06 (0.03-0.10)

Al-Took
et al.15 a

Cohort Canada 9789 Proportion of ARSBO Unadjusted
Cesarean delivery 3/6480 (0.1%) 1
Hysterectomy 35/2140 (1.6%) 0.03 (0.01-0.09)
Adnexal Surgery 8/924 (0.9%) 0.05 (0.01-0.20)
Myomectomy 1/245 (0.4%) 0.11 (0.01-1.09)

Makoha
et al.70

Cohort Saudi Arabia 3164 underwent
1-8 CDs

Inadvertent bowel injury Unadjusted
Abdominal incision at CD 1
Pfannenstiel 1/2713 (0.04%) 6.03 (0.38-96.52)
Midline 1/451 (0.22%)

Silver et al.71 a Cohort United States 30 132 underwent
elective CDs

Inadvertent bowel injury
Number of CD Unadjusted
1st to 3rd CD 41/28 333 (0.1%) 1
4th to �6th CD 26/1799 (1.4%) 10.12 (6.18-16.58)
Inadvertent ureteric injury Unadjusted
Number of CD 1
1st to 3rd CD 5/28 333 (0.02%) 9.46 (2.26-39.63)
4th to �6th CD 3/1799 (0.2%)

Abbrevications: 1, reference group; No., number; CD, cesarean delivery.
a Odds ratio (OR) and confidence interval (CI) calculated from data provided in the manuscripts by the authors, using SPSS version 17.
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from Saudi Arabia did not find increased bowel or bladder injury

in association with previous high-order CDs. These authors eval-

uated women who underwent their 4th to 8th and 5th to 9th CDs,

respectively, and compared them with a control group of patients

undergoing 2nd to 3rd and 3rd to 4th CD and found that despite

the presence of adhesions higher-order repeat CD carry no

Table 2. Injury to the Bladder and Ureter at Cesarean Delivery

Authors Study Design Country Study Population Outcome OR (95% CI)

Phipps et al.74 a Case Control United States 42/14 757 (0.28%),
42 cases of
bladder injury at
CD compared
with a randomly
selected cases of
CD (n ¼ 84) with
no bladder injury

Proportion of patients with bladder injury at CD Adjusted
Primary CD 14/42 (32%) 1
Prior CD 28/42 (67%) 3.82 (1.62-8.97)
Previous pelvic surgerya

Bladder injury Unadjusted
No 5/84 (6%) 1
Yes 8/42 (19%) 3.72 (1.13-12.19)
Presence of adhesionsa

Bladder injury Unadjusted
No 8/84 (10%) 1
Yes 25/42 (60%) 13.97 (5.38-36.27)

Wang et al.79 a Cohort Australia Patients who
underwent
laparoscopic
hysterectomy with
history of �I CD
(n ¼ 141)
compared with
no previous CD
(n ¼ 433)

Inadvertent cystotomya

Previous CD
No 5/433 (1.2%) Unadjusted
Yes 7/141 (5.0%) 4.47 (1.40-14.32)
Inadvertent cystotomy
Previous CD Adjusted
No 5/38 (13.2%) 1
1 or 2 3/14 (2.1%) 2.17 (0.51-9.35)
�3 4/6 (66.7%) 18.44 (5.15-66.0)
Ureteric injurya

Previous CD Unadjusted
No 0/433 (0.0%) 1
Yes 2/141 (1.4%) 0.99 (0.97-1.01)
Conversion to laparotomy
Previous CDa Unadjusted
No 24/433 (5.5%) 1
Yes 15/141 (10.6%) 2.03 (1.03-3.99)

Rehman et al.76 Cohort Saudi Arabia Patients who
underwent
CD (n ¼ 7708)

Inadvertent cystotomya Unadjusted
Previous CD
Primary CD 14/5241 (0.3%) 1
Repeat CD 20/2467 (0.8%) 3.05 (1.54-6.05)
Previous pelvic surgery and presence of adhesions 1
Primary CD 5/14 (35.7%) 2.80 (1.39-
Repeat CD 20/20 (100%) 5.65)

Makoha et al.70 Cohort Saudi Arabia Patients who
underwent 1-8
CD (n ¼ 3164)

Inadvertent cystotomy
Abdominal incision at CD Adjusted
Pfannenstiel 9/2713 (0.3%) 1
Midline 10/451 (2.2%) 3.89 (1.40-8.90)

Silver et al.71 a Cohort United States 30 132 underwent
elective CDs

Inadvertent cystotomy
Number of CD Unadjusted
1st to 3rd CD 41/28 333 (0.1%) 1
4th to �6th CD 26/1799 (0.3%) 3.95 (1.61-9.67)

Khashoggi
et al.80 a

Case–control Saudi Arabia Patients who
underwent 2-8
CD (n ¼ 290)

Inadvertent cystotomy
Number of CD Unadjusted
2nd and 3rd CD 1/140 (0.7%) 1
4th-8th CD 2/150 (1.3%) 1.89 (0.17-20.95)

Rashid
and Rashid81 a

Case–control Saudi Arabia Patients who
underwent 3-9
CD (n ¼ 614)

Inadvertent cystotomya

Number of CD Unadjusted
3rd and 4th CD 2/306 (0.7%) 1
5th-9th CD 4/308 (1.3%) 2.80 (0.36-11.00)

Abbreviation: CD, cesarean delivery; 1, reference group.
a Odds ratio (OR) and confidence interval (CI) calculated from data provided in the manuscripts by the authors, using SPSS version 17.
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specific additional risk for the mother or the baby when com-

pared with the lower order repeat CD (Table 2). However, these

later 2 studies80,81 were case–control, not cohort studies, and the

incidence of bladder injury was not analyzed in relation to the

type of skin incision made at CD.

Intuitively, one would expect that a midline sub-umbilical

incision (MLSI) would be safer than a pfannenstiel incision

in repeat CD; hence, surgeons may place too much confidence

in the safety of MLSI incisions, and therefore act with less cau-

tion than would be exercised with a pfannenstiel. However, the

inferior end of such midline incisions may be carried over the

bladder dome if plastered high up over the lower uterine seg-

ment, making trauma more likely. In the studies by Ashrafinia

and Colleagues61 and Brill et al,60 mentioned previously,

patients with midline incisions had more adhesions than those

with pfannenstiel incisions which may involve bowel or blad-

der, supporting the findings by Makoha and collaborators.70

In the study by Al-Took et al,15 also mentioned above, exclud-

ing adhesions between the small bowel and the pelvis, in the

other 33 women (70.2%), the adhesions were found between

the previous abdominal incision and the intestine. These sug-

gest that a MLSI is less safe than pfannenstiel for peritoneal

access in women undergoing multiple CDs.

Ureteral injury following repeat CD on the other hand is

rarely a result of previous adhesions, being attributable most

often to ureteral transection or ligation associated with uterine

incision extensions in the lower uterine segment or to attempts

to achieve hemostasis during cesarean hysterectomy (CH).82

Eisenkop and Colleagues78 found that during a 5-year period,

the incidence of ureter injuries during CD at the Los Angeles

County/University of Southern California Medical Center was

0.09%. However, a recalculation of data in the study by Silver

and collaborators71 showed that the rate of ureteral injury

following repeat CD may increase dramatically after more than

3 repeat CD (Table 2).

Closure and Nonclosure of the Visceral and Parietal
Peritoneum

One of the highly debated and contentious issues regarding

adhesion development following lower segment CD is the clo-

sure or nonclosure of the visceral and parietal peritoneum.

General surgeons have long abandoned the closure of visceral

and parietal peritoneum based on the studies mainly in oncol-

ogy patients that suggested more adhesion development fol-

lowing closure.83-85 Respected authorities such as The United

Kingdom Royal College of Obstetricians and Gynaecologists

suggested that nonclosure of the peritoneum is associated with

fewer postsurgical complications and can be used in many

gynecological procedures.86 However, studies on this subject

have concluded that insufficient data are available to make a

pronouncement on the issue and that adequately powered and

appropriately designed trials are needed.87,88 A recent study

by Malvasi and colleagues89 supports nonclosure of the visc-

eral peritoneum for CD. These authors performed light micro-

scopy and scanning electron microscopy on specimens

obtained from patients having a repeat CD following nonclo-

sure and closure of the peritoneum in their first CD. Light

microscopy revealed significant (P < .05) reactive mesothelial

hyperplasia (51.8% vs 13.7%), submesothelial fibrosis (48.1%
vs 6.8%), and neoangiogenesis of mesothelial stroma (44.4%
vs 12%), while scanning electron microscopy showed more

patients with pericytes on the surface of microvessels (26.3

+ 1.4 vs 11.5 + 1.1) in the closure compared with the nonclo-

sure group. The authors concluded that closure enhances

inflammatory reactions, based on reactive and regenerative

mesothelial hyperplasia and submesothelial fibrosis.

For other reports, adhesions found at the time of repeat CD

have confirmed previous clinical and animal studies that sug-

gest that peritoneal nonclosure does not promote, and might

even decrease, adhesion development.90,91 In a small rando-

mized study from Iran92 involving 45 patients randomized to

closure (24) and nonclosure of both visceral and parietal perito-

neum (21) in which only 31 returned for repeat CD, intra-

abdominal adhesions were significantly less in the nonclosure

group (Table 3). However, another randomized study from

Thailand,93 in which only 18% (65 of 360) of the patients ran-

domized returned for a repeat CD, found no statistical signif-

icant difference between patients who underwent nonclosure

of both visceral and parietal peritoneum, nonclosure of only

visceral peritoneum, and closure of both visceral and parietal

peritoneum regarding postoperative complications or number

of adhesion formation (Table 3). Nonetheless, this was a small

study and their results could be biased due to a type 2 error.

However, in contrast, one prospective cohort study94 of

women undergoing their first repeat CD, irrespective of

whether the visceral peritoneum was closed or not, found that

after controlling for potential confounding variables, parietal

peritoneal closure at primary CD was 5-fold protective against

all adhesions and 3-fold protective against dense adhesions

(Table 3). The authors concluded that the practice of nonclo-

sure of the parietal peritoneum at CDs should be questioned.

The effects of peritoneal closure with chromic catgut suture

after reproductive surgery by pfannenstiel incisions have also

been studied clinically and by second-look laparoscopy.95

These authors found no statistically significant difference in the

rate of adhesion to the anterior abdominal wall between the

group with peritoneal closure (22.2%) and the group without

peritoneal closure (15.8%; Table 3).

Aside from peritoneal closure, the techniques used to close

the hysterotomy incision in the lower uterine segment, and pro-

pensities for bladder adhesions have also been studied. Blumen-

feld and colleagues96 from Stanford University, in a secondary

analysis from a prospective cohort study of women undergoing

their first repeat CD, found that single compared with double-

layer closure was associated with a 7-fold increase in the odds

of developing bladder adhesions (OR, 6.96; CI, 1.72-28.1). How-

ever, bladder adhesions were not influenced by visceral (OR,

2.70; CI, 0.33-22.2), or parietal (OR, 0.73; CI, 0.15-3.45) perito-

neal closure or use of chromic catgut (OR, 0.93; CI, 0.18-4.92].

Thus, there is still debate, regarding the role of closure or nonclo-

sure of the peritoneum in adhesion development. Larger,
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adequately powered, well-designed trials will be needed to

further assess this issue and may vary with the clinical

circumstances.

Operating Time at Repeat CD Versus Repeat Abdominal
Surgery

Dissecting adhesions before executing the planned operation

takes time at subsequent abdominal surgery,97,98 increases hos-

pital stay and readmissions, and predisposes patients to compli-

cations as enumerated above.65,99,100 There is some evidence to

suggest that postoperative morbidity and mortality of patients

who need adhesiolysis is higher than that of patients with a vir-

gin abdomen.101,102

In one colorectal surgery study,97 previous surgery prolonged

the median incision time (defined as time taken from skin

incision to complete opening of the peritoneal cavity, including

division of adhesions immediately related to the incision) from

5 (range, 3-10) to 8 (range, 4-39) minutes (P < .0001) and the

median division of adhesion time (defined as time taken to

divide any relevant intra-abdominal adhesions for adequate

access to carry out the procedure) from 0 (range, 0-30) to

15 (range, 0-240) minutes. In yet another colorectal surgery

study98 of 198 patients who underwent abdominal operations,

55% had previous abdominal procedures. In total, 83% of

patients with prior surgery had adhesions, whereas only 7% of

patients had adhesions on their initial operation. Patients with

prior surgery also had higher-grade adhesions (P < .001).

Patients with prior surgery required a mean of 21 minutes to

open their abdomens (defined as time from skin incision to when

the surgeon’s usual abdominal retractor was placed), whereas

patients without prior surgery required a mean of 6 minutes

(P < .01).

Cesarean delivery is not immune in this regard; Greenberg

and colleagues,103 in a secondary analysis of a prospective

cohort study of 145 women who underwent their first repeat

CD found that adhesion severity predicted delayed delivery of

the newborn. The authors reported that the mean incision to

delivery time in women with a summed weighted adhesion

scores >3 was significantly higher, compared to those with

scores �3 (19.8 minutes vs 15.6 minutes, respectively; P ¼
.04). More importantly, by 30 minutes after skin incision was

made, 17.9% of women with adhesion scores >3 remained unde-

livered, versus 5.1% of those with scores�3 (P¼ .04). Delivery

times have also been reported to increase with increase in the

number of previous CDs. Tulandi and colleagues13 found that

compared with a first CD (7.7 + 0.3 minutes), the delivery time

was significantly longer at subsequent CDs (second CD, 9.4 +
0.1 minutes; 95% CI, 1-2; third CD, 10.6 + 0.3 minutes; 95%
CI, 2-4;�4 CD, 10.4 + 0.1 minutes; 95% CI, 1-2). Similar find-

ings were reported by Morales et al12 who in a cohort study

found that compared with primary CD, delivery of the infant was

delayed 5.6 minutes (52%) with 1 previous CD, 8.5 minutes

(79%) after 2 CDs, and 18.1 minutes (169%) during the fourth

(P < .001 for all comparisons). These authors12,13 also found that

delay in delivery correlated with adhesion severity. Such delay

in the delivery of the newborn may have serious lifelong conse-

quences for the baby and their family.

Whether extensive adhesiolysis before delivery increase the

blood loss and need for transfusion during CD is also debatable.

Table 3. Adhesion Development Following Peritoneal and Nonperitoneal Closure After Gynecological Surgery and Cesarean Delivery

Authors Study Design Country Population Treatment Groups RR (95% CI)

Zareian and
Zareian92

Randomized trial Iran 45 CDs of which only 31
returned for second
CD

Parietal and visceral peritoneum
Adhesion development
Non closure 3/18 (15%) 1
Closure 7/13 (54%) 3.2 (1.0-10.2)

Weerawetwat
et al.93

Randomized trial Thailand 360 CDs of which only 65
returned for second
CD

Parietal (a) and visceral peritoneum (b)
Moderate-to-severe adhesions
Nonclosure of a and b 3/20 (15%)
Closure of a only 2/20 (10%) NS
Closure of a and b 3/25 (12%)

Lyell et al.94 Prospective
cohort

United
States

173 patients who
underwent their 1st
repeat CD

Parietal peritoneum
All adhesions Adjusted OR
Left open at 1st CD 77/106 (73%) 1
Closed at 1st CD 35/67 (52%) 0.20 (0.08-0.49)
Dense adhesions only
Left open at 1st CD 48/106 (45%) 1
Closed at 1st CD 20/67 (30%) 0.32 (0.13-0.79)

Tulandi et al.95 Cohort Canada 120 of 333 women who
underwent
reproductive surgery by
laparotomy via a
pfannenstiel incision

Assessment by second-look laparoscopy after clo-
sure or nonclosure of parietal peritoneum;
adhesions to anterior abdominal wall

OR

Non Closure 9/57 (15.8%) 1
Closure 14/63 (22.2%) 1.52 (0.60-3.85)

Abbreviations: CD, cesarean delivery; CI, confidence Intervals; RR, relative Risk; OR, odds Ratio.
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Although some have suggested that significant blood loss is

associated with higher-order CDs71,73,81 others disagree.64 In

addition, while some have reported that the risk of blood trans-

fusion increased significantly with increase in the number of

prior CDs,71,73 others have either found no difference over-

all81,104 or no difference in those undergoing CD without labor

irrespective of the number of prior CDs.71 These would suggest

that other variables aside from adhesions may be responsible

for the amount of blood loss and need for transfusion in patients

undergoing repeat CDs.

Adhesion-Associated Infertility Following Previous CD
Versus Previous Abdominal Surgery

There is evidence in the published literature that suggests that

pelvic adhesion can cause infertility3,105-107 with an increased

risk of ectopic pregnancy,4 should the patient conceive. In fact,

it has been shown that adhesions may contribute to infertility in

about 40% of infertile couples100 and represent the sole inferti-

lity factor in up to 15% of cases.106 Postsurgical complications

affecting the fallopian tubes seem to be an important cause.

Lalos108 examined data from 120 women with tubal infertility

and 26 pregnant women and found that previous abdominal

surgery, especially pelvic surgery, was the most frequent risk

factor present in 59% of the infertile women followed by pelvic

inflammation (42%) and endometriosis (10%). The proportions

of patients with previous CD in the 2 groups were no different

(2.5% vs 2.4%).

Risk of infertility or subfertility following CD109,110 is

more contentious. There has been speculation that postopera-

tive endomyometritis, pelvic adhesions, and uterine cavity

damage following CD may predispose to subsequent inferti-

lity, and women who deliver by CD have been shown to

be less likely to have a subsequent pregnancy. Hemminki,111

from Helsinki, Finland, reviewed 8 existing cohort-type stud-

ies before 1994 and compared their subsequent reproduction

after CD with a comparable control group and suggested that

a CD was a risk factor for lowered fertility. A similar finding

was reported by Mollison and collaborators,112 and LaSala

and Berkeley113 (Table 4). In the latter study, the 17 patients

with infertility did not have a higher incidence of postpartum

endomyometritis, prolonged rupture of membranes, or pla-

cental abnormalities than controls. Only 4 of the 17 study

patients with infertility in this study had verified tubal or

intrauterine disease as the sole cause of their infertility. The

other 13 women had a cause that either was not clearly

related to CD or was unknown.

It has also been reported that patients with prior CDs may

take longer to conceive compared to women with no prior

CD112,114 (Table 1). Whether this is due to a direct effect of the

procedure on future fertility or due to deliberate avoidance of a

future pregnancy is unclear. Most studies, however, lack infor-

mation about the desire of women to conceive. Nonetheless, sev-

eral studies have suggested that the reduced fertility following

CD was to a large degree voluntary and not related to the indica-

tion, nor to any physical consequence, of the CD16,17,109 (Table

1). One case–control study from Aberdeen, United Kingdom,115

found that after adjusting for confounding factors, prior CD did

not appear to be significantly associated with tubal infertility as

the AOR (95% CI) for previous CD for infertile and fertile con-

trols were 1.06 (0.73-1.52) and 1.2 (0.9-1.7), respectively. In

addition, a population-based case–control study of 61 married

women diagnosed with secondary infertility due to tubal prob-

lems who had a previous viable pregnancy were compared with

343 married women who had a previous viable pregnancy and

then had a live birth that was conceived at the same time the

infertile women began trying to conceive. The risk of tubal infer-

tility was not substantially elevated in women who had a previ-

ous CD in the most recent viable pregnancy compared to women

with vaginal delivery116 (Table 4). To date, all the studies on CD

and subsequent subfertility are either case–control or cohort-

type studies. Despite methodological flaws associated with

these studies, evidence is lacking that patients with previous

CD have a higher incidence of subsequent tubal disease than

controls; additionally, while the apparent reduced fertility fol-

lowing CD may in part be voluntary.

Adhesion-Associated Risk of Ectopic Pregnancy Following
Previous CD Versus Previous Abdominal Surgery

It is well known that peritubal and periovarian adhesions

resulting from previous pelvic infection,117 previous pelvic

surgery,118 and endometriosis119 are risk factors for ectopic

pregnancy. Whether pelvic adhesions secondary to previous

CD is another risk factor is debatable. An earlier report of

an increased risk of ectopic pregnancy related to previous

CD after adjusting for age and parity (AOR, 8.0; CI, 2.0-

32.7)120 was confirmed by Mollison and colleague112 who

found that women who delivered by CD were 67% more

likely to have an ectopic pregnancy in their next pregnancy

compared with women who delivered by spontaneous vaginal

delivery (OR, 1.67; CI, 1.03-2.66). Also, a case–control study

from Ankara, Turkey121 found that the relationship observed

in the univariate analysis with CD (crude OR, 2.0; CI, 1.2-

3.1) did not change after adjustment for main risk factors

(AOR, 2.1; CI, 1.2-3.6). However, after adjusting for age,

parity, marital status, history of pelvic inflammatory disease,

infertility, douching, and smoking, Kendrick and colleagues18

found no evidence of such an increase (AOR, 0.6; CI 0.4-

1.1). At the present time, it is unclear whether previous CD

predisposes to subsequent ectopic pregnancy. Larger studies

are required to clarify the role of previous CD in the patho-

genesis of ectopic pregnancy.

Adhesion-Associated Chronic Pelvic Pain Following
Previous CD Versus Previous Abdominal Surgery

Although pain evaluation for the most part is subjective and

associated with several potential confounders, one review5 con-

cluded that adhesions can cause pelvic pain, and adhesiolysis

relieves pain in up to 60% to 90% of cases. However, a rando-

mized clinical trial found significant less pain after adhesiolysis
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in only the subgroup of women with severe, vascularized, and

dense adhesions involving bowel (stage IV) but not between the

2 groups overall.122 The authors and others123 have concluded

that adhesiolysis for the treatment of pelvic pain has not been

shown to be effective in achieving pain control.

Specific to CD, Almeida and collaborators,124 conducted a

retrospective case–control study of 116 women with previous

CD submitted to laparoscopy for the diagnosis of chronic pel-

vic pain and 83 asymptomatic patients submitted to tubal liga-

tion by laparoscopy and found that after logistic regression

analysis chronic pelvic pain was associated with a history of

CD (OR, 3.7; CI, 1.7-7.7), as well as with endometriosis (OR,

8.5; CI, 3.4-21.4), and sequelae of pelvic inflammatory disease

(OR, 10.5; CI 3.2-34). However, the latter study did not observe

an association between pelvic pain and pelvic adhesions in

patients with previous CD and controls (OR, 1.7; CI, 0.8-3.5).

In a Finish study64 mentioned above, patients in the third trimester

before undergoing their 4th to 10th CD reported lower abdominal

pains significantly more often than patients undergoing their 1st,

2nd, or 3rd CD (OR, 44.1; CI, 5.9-327.3); however, the 2 groups

were not equal in all respects. In another study by Stark et al,19 no

correlation between the prior clinical symptoms and the operative

findings at repeat CD was found regarding abdominal pains, urin-

ary symptoms, dyspareunia, or dysmenorrhea. Surprisingly,

although nonsignificant, these authors also found that women

with adhesions reported fewer postoperative GI symptoms than

the women with no adhesions. The preponderance of evidence

does not support adhesion-associated chronic pelvic pain follow-

ing previous CD. A reason for this might be the location of adhe-

sion mainly in the lower pole of the uterus and anterior cul-de-sac

away from bowel. At the present time, it is unclear whether CD-

related adhesions cause chronic pelvic pain. Further studies are

Table 4. Subsequent Fertility After Cesarean Delivery

Authors Study Design Country Number Study Population
Odds Ratio
(95% CI)

LaSala and
Berkeley113

Cohort United States 570 bPrevious primary CD/VD
Risk of subfertility Adjusted
Overall 3.40 (1.24-9.35)
Controlled for contraception use or

sterilization
3.67 (1.33-10.12)

Excluding patients with previous history
of infertility

2.98 (1.04-8.52)

Collin et al.109a Cross-sectional survey Sub-Saharan
Africa

35 398 Previous CD/VD Adjusted
Overall 0.83 (0.73-0.96)
>1 year to conceive, parity ¼ 1 1.0 (0.80-1.20)
>1 year to conceive, parity �2 1.9 (1.10-3.10)
Odds of pregnancy in 5 years 0.75 (0.62-0.89)
Desire for further children 0.67 (0.54-0.84)

Mollison et al.112 Population-based cohort Scotland 25 371 Previous CD/SVD/IVD Adjusted
Previous CD vs SVD 0.89 (0.82-0.96)
Previous CD vs IVD 1.01 (0.94-1.08)

Murphy et al.114a Population-based cohort England 14 541 Parous women Adjusted
Previous CD/VD >1 year to conceive
Overall 1.53 [1.09-2.14]
Parity ¼ 1 1.05 (0.66-1.69)
Parity �2 2.97 (1.72-5.10)

Saraswat et al.115 Case-control Scotland 19 840 Secondary infertility Adjusted
TD (Gp1) vs No TD (Gp2) 1.06 (0.73-1.52)
Gp1 vs no infertility (Gp3) 1.20 (0.90-1.70)

Wolf et al.116 Case–control United States 404 CD and subsequent tubal infertility Adjusted
Previous CD vs VD 1.2 (0.40-3.70)

Jolly et al.110 Cohort, posted
questionnaire
64% response rate

England 170 bPrevious CD/SVD/IVD Unadjusted
CD vs vaginal delivery after 5 years

followup
1.44 (0.72-2.87)

Tried not pregnant
Bhattacharya et al.17a Cohort, posted

questionnaire
60% response rate

Scotland 1675 bPrevious CD/SVD/IVD Unadjusted
CD vs vaginal delivery after a mean

of 12-14 years
No further viable pregnancy 1.08 (0.82-1.42)
Desire for further children 1.78 (1.32-2.29)

Abbreviations: CD, cesarean delivery, Gp, group, IVD, instrumental vaginal delivery; No, number of subjects in the study; SVD, spontaneous vaginal delivery;
TD, tubal disease; vs, versus.
a Provided information on the desire of women to conceive.
b OR (CI) calculated from data provided by the authors using SPSS version 17.
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needed to clarify this issue before the performance of adhesiolysis

can be recommended for the treatment of pelvic pain after CD.

Other Adhesion-Related Issues During
Repeat CD

Emergent CH is often performed for life-threatening obstetric

complications during CD or within 24 hours postpartum.

Cesarean delivery rate has increased over the past several

decades.125 This increase in primary CD and lately a decrease

in the vaginal birth after CD (VBAC) rate will naturally lead to

an increase in the number of repeat CD.126 With this increase in

repeat CD comes associated risk factors for CH such as pla-

centa previa, placenta accrete, and uterine rupture.127 As men-

tioned previously, the number and severity of abdominopelvic

adhesions and associated intra-abdominal organ damage

increase with the number of prior CD.64,70,74,76 In the study

by Silver and colleagues71 mentioned previously, approxi-

mately 9% of women with a history of �5 prior CDs required

a peripartum hysterectomy. Nevertheless, the presence of pel-

vic adhesion per se is unlikely to be the sole indication for

CH. However, the location, extent, and severity of pelvic adhe-

sion may influence the CH approach, and sway the surgeon to

opt for a supracervical (SH) rather than a total hysterectomy

(TH). However, in our own study published recently,127 the

numbers of patients with prior CD were equally matched

between those who underwent peripartum TH and SH (72.5%
vs 81.4%), the injury rate to bowel (8.8% vs 10%), and the

bladder (15.0% vs 15.7%) were no different. Finally, adhesions

discovered at CD may limit assess and prevent the surgeon

from carrying out concurrently planned procedure such as tubal

ligation.129 In one cohort study, 1.61% of patients scheduled

for tubal ligation at repeat CD could not have the operation per-

formed solely due to adhesions from previous CD.130

Physiological Changes in Pregnancy and How
it Might Impact Adhesion Markers and
Adhesion Development After CD

Pregnancy is associated with adaptation of maternal physiology

aimed at accepting the fetal allograft, aside from satisfying the

fetus’s nutritional, metabolic, and physical needs. Such physio-

logical changes affect virtually all the organs of the body

including the human uterus which undergoes profound tissue

remodeling during pregnancy. The effect of pregnancy on the

myometrium is due to interplay of increasing levels of estro-

gens and progesterone initially produced by the corpus luteum

of pregnancy and later by the placenta.

The question at hand is whether pregnancy alters the adhe-

sion development process, and whether this could account for

an apparent decrease in the likelihood of adhesion development

following CD compared with gynecological operations. It

appears that physiological changes in pregnancy favor adhesio-

genesis and thus cannot account for the decrease in adhesion

development associated with CD. In normal pregnancy, there

is a marked increase in the procoagulant activity in maternal

blood characterized by elevation of procoagulation factors such

as factors VII, VIII, IX, fibrinogen, and von Willebrand factor,

which are maximal near term (Figure 4).22 There is also a

decrease in physiological anticoagulants manifested by a

significant reduction in protein S activity and by acquired acti-

vated protein C (APC) resistance. Proteins C and S are 2

FXII

Intrinsic Surface contact 
Collagen FXII Ac�vator

FXIIa

Injury To The 
Peritoneum

FXIa
↑

↑

FVIIa
Ca++
Thrombin

FXa
FXIIa
Thrombin

↑ FIX ↑ FIXa

↑ FVII↑ FVIIa
Ca++

↑ FVIII ↑ FVIIIa
Platelet F3
Thrombin

FX ↑ FXa

Tissue
thromboplas�n

FV↑ FVa

↓ Protein S
Ac�vated Protein C

Prothrombin↑ Thrombin

↑ Fibrinogen Fibin
Monomers

Fibrin 
Polymers

↑ Fibrin
Gel

↑ Adhesion 
Development

Fibroblast 
Ingrowth

↓ An�thrombin III

Plasminogen

Plasmin

tPA↑ PA1 & 2

↑α2 an�plasmin
↑α2-macroglobulin

Tissue Factor

FXIIIa
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vitamin K-dependent plasma proteins that work in concert as a

natural anticoagulant system. Activated protein C is the proteo-

lytic component of the complex and protein S serves as an

APC-binding protein that is essential for assembly of the antic-

oagulant complex on cell surfaces. The anticoagulant activity is

expressed through the selective inactivation of FV(activated)a

and FVIIIa131 (Figure 4). In addition, estrogen-induced

increase in a2-antiplasmin and a2-macroglobulin132,133 has

been observed during pregnancy. Thus, the overall fibrinolytic

activity is impaired during pregnancy and may not return com-

pletely to normal for 6 to 8 weeks after delivery.134

As mentioned previously,29 work in our laboratory has

shown that tPA activity of the peritoneum exists in the

mesothelial cells, as well as within fibroblasts and that com-

pared with normal peritoneal fibroblasts, adhesion fibroblasts

produce reduced basal levels of tPA/PAI-1. Rehman and colla-

borators135 evaluated specimens obtained from the superior

margin of the lower uterine segment incision at the time of

elective (prior to onset of labor) CD. These authors found that

PAI-1 was upregulated 7.5-fold, while ER-a was downregu-

lated 2.9-fold in the myometrium of term pregnant compared

to nonpregnant women, suggesting that pregnancy may be an

adhesiogenic state with increasing propensity to healing by sec-

ondary intention and adhesion development after CD. Prochaz-

kova et al136 examined venous blood samples in normal

pregnant women and noted that while the level of PAI-1

increased during the entire course of pregnancy, the level of

tPA did not change significantly leading to a decreased tPA/

PAI-1 ratio as pregnancy progresses, thus also consistent with

pregnancy having an enhanced propensity for adhesion devel-

opment. In addition, Hahn and Korsan-Bengtsen137 studied

coagulation parameters, fibrinolysis, and hormonal levels in

peripheral, and uterine venous blood before elective CD in

10 women at term and found lower levels of fibrinolytic inhi-

bitors in uterine blood than in peripheral blood. In addition,

during the course of the operation, the authors reported a short-

ening of the activated partial thromboplastin time and an

increase in the number of platelets and FVIII activity in periph-

eral and uterine blood. These changes favor a tendency to clot

formation within the myometrium during CD. However,

whether the decrease in fibrinolytic inhibitors within the uter-

ine vasculature is due to decreased synthesis or secretion or

increased extraction is unknown, which undoubtedly may lead

to different interpretations.

While Prochazkova and colleagues136 found the venous lev-

els of MMP-9 (first trimester average level 8371, second and

third trimester 8290 and 7470, respectively) and TIMP-2 (first

trimester average level 92.5 ng/mL, second and third trimester

98.5 and 96.5 ng/mL, respectively) did not change significantly

throughout pregnancy, others138,139 reported that during labor

at term, the myometrium is associated with increased expres-

sion of MMP-9. Further studies are needed to assess the role

of MPP and TIMP in the pathogenesis of adhesion develop-

ment following CD.

Oxidative stress is a feature of normal pregnancy; it induces

vascular endothelial cell dysfunction and, in excess,

contributes to the pathophysiology of abnormal placentation

and preeclampsia,140,141 and has also been demonstrated in par-

turient term and preterm myometrial samples.142 It is unknown

whether oxidative stress in these women alters adhesion devel-

opment following CD and whether there is an increase in adhe-

sion development in women with preeclampsia compared to

those without the disease. Verification of this possibility

requires further study and is now underway in our institution.

Smooth muscle cell actin (a-SMCA) isoforms are a major

component of the myometrial contractile apparatus and cytoske-

leton, which is modified during pregnancy. We have shown that

when normal fibroblasts develop the adhesion phenotype, they

are characterized in part by an overexpression of a-SMCA.27

Using the rat model, Shynlova and colleagues143 showed that

both a-SMCA (vascular-specific actin isoform) and g-actin

(predominant in visceral smooth muscle) were detected in the

rat myometrium, and the expression of both their mRNA and

protein was high throughout pregnancy. Further studies are

required to determine whether a-SMCA expression in the

peritoneum is further increased during adhesion development

following CD.

Although great details are known about the physiological

changes in each system, in most cases, the relative contribu-

tions and the interactions between dysregulation of the coagu-

lation system, oxidative stress, and tissue hypoxia on adhesion

development in pregnancy are still incompletely understood

and require further studies.

Proposed Mechanisms to Explain Why
Adhesion Development is Less Following CD

Despite the physiologic changes associated with pregnancy just

described which would tend to promote adhesion development

following CDs, uterine adhesions after CDs are less than those

reported after myomectomies. The reasons why adhesion

development is less following CD remains largely a mystery.

Five basic hypotheses may be proposed to explain the reason

why adhesion development is less following CD.

In the first, adhesions may be less after CD because of less

tissue hypoxia due to greater tissue perfusion associated with

physiological changes in pregnancy. In pregnancy, there are

physiological changes that could theoretically protect against

tissue hypoxia compared to the nonpregnant state. These

include increased cardiac output,144 increased red cell mass,145

increased uterine blood flow,146 and alteration in the shape of

the oxyhemoglobin dissociation curve which is shifted to the

right in pregnancy (produced by an increase in the 2,3-

diphosphoglycerate level in red blood cells), such that oxygen

is delivered to tissues more efficiently compared to the non-

pregnant state.147 Given that adhesions develop in response

to hypoxia, less hypoxia associated with pregnancy may ame-

liorate adhesion development.

The second hypothesis relates to 1 of the basic principles of

good healing, which is that the injured site be at rest. The lower

segment transverse incision is made along the distribution of

muscle fibers in the lower uterine segment, which is more
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fibrous than muscular, and is subjected to fewer movements

than the upper segment in the puerperium. Thus, the low trans-

verse incision is relatively at rest during the puerperium, and by

virtue of its fibrous nature responds less to oxytocin stimulation

compared with the upper segment.

The third hypothesis relates to the location of the lower seg-

ment incision. By virtue of its location, the lower uterine seg-

ment incision is covered by the bladder which is constantly

being filled and emptied during the healing process. Although

unproven, the constant filling and emptying of the bladder in

the puerperium is likely to disrupt any fibrinous strands

between the uterus and the bladder, and between the lower

uterine segment and the anterior abdominal wall, thus decreas-

ing adhesion development at this location. Classical uterine

incisions, in contrast, transect the muscle fibers of the muscular

upper uterine segment, which despite suturing, is subjected to

great movements during the puerperium, a process that is

accentuated by breast feeding. It is therefore not surprising that

the classical cesarean scar has been proven to have a greater

propensity to rupture before and during labor.148 Although

uterine rupture is rare (<1%) with one previous low transverse

scar, uterine rupture rates in women with previous classical

scar and T-shaped scar ranged between 4% and 9%.128 Such

incisions have few indications for their performance and have

largely been abandoned for the low-transverse and low-

vertical incisions, except in special circumstances.

A fourth hypothesis is that, although CD entails 1 single

incision in the lower uterine segment, the number of uterine

incisions at myomectomy has varied from an average149,150

of 3 + 2 to 5 + 1. An increased number of uterine incisions

by inference will be associated with more tissue handling;

therefore, adhesion development to the uterus will be more

likely to follow myomectomy compared with CD. Further-

more, uterine adhesions after myomectomy have been associ-

ated with an increasing number of uterine incisions.11

Although preoperative treatment with gonadotropin-releasing

hormone agonist (GnRH-a) for 3 months before open abdom-

inal myomectomy was used in 1 study to decrease adhesion

development, this strategy did not decrease adhesion formation

compared with placebo.150 This latter study also reported that

for every additional centimeter of incision length at myomect-

omy, the total adhesion area over the uterine serosal surface

increased by 0.55 cm, while the number of myomas removed

and the number of incisions were each positively correlated

with total adhesion area.

Finally, hematoma within the low transverse CD incision

must be rare, as no recorded case was found in a PubMed

search up to January 2011. However, hematoma in the

myomectomy bed was observed postoperatively by ultrasono-

graphy in 40 (24%), 28 (17%), and 12 (7%) patients on day

2, day 7, and 1 month, respectively, in one study.151 In the latter

study, a preoperative myoma volume >110 cm3 measured by

transvaginal ultrasound, the use of a tourniquet, and the expe-

rience of the surgeon were significantly correlated with the for-

mation of uterine scar hematomas. Such hematomas increase

the amount of exudate that had to be removed by the

fibrinolytic system during healing, which may increase adhe-

sion development, especially if such hematoma were to reach

the serosa.

Despite the advantages associated with the lower segment

CD scar, such scars are still relatively associated with poor

healing. Juntunen and colleagues64 reported a significantly

higher percentage of thin (<2 mm) lower uterine segment in

patients undergoing their 4th to 10th CD (study group) com-

pared to those having their 1st, 2nd, or 3rd CD (control; OR,

60.4; CI, 18.4-198.3), while 10.1% of study group had mem-

branous, transparent, or ‘‘lacerated’’ lower segment, none in the

control group did. A recent systematic review of 12 eligible

studies152 which included 1834 women in whom ultrasound

was used to evaluate the CD scar, reported a 6.6% rate of scar

defect. Addition of sonohysterogram to such evaluation in

another study found that a much higher percentage (20%) had

large defects.153 Therefore, incomplete healing of the low

transverse uterine incision as determined by transvaginal ultra-

sound may occur more frequently than earlier thought.

Prevention of Adhesions Following CD

The burden of adhesion-related complications has enormous

personal, litigious, and economic costs to patients, physicians,

health care facilities, and the society. In 1994 alone, adhesioly-

sis procedures were performed during 303 836 hospitalizations,

with the total costs of abdominal adhesion-related problems in

the United States estimated at over $1.3 billion dollars annu-

ally.154 Such costs are likely to increase with increasing CD

rates; hence efforts should be geared toward measures that will

decrease postoperative adhesion development.

Hypoxia and increased oxidative stress appear to be a com-

mon contributory factor in the pathogenesis of adhesions.

Therapies directed at more specific aspects of the pathophysio-

logic mechanism of the disease including MMP inhibitors,

GnRH-a and antagonists, immune modulators, antioxidants,

and free radical scavengers may help as they have shown prom-

ise in animals.155-158

Two antiadhesion barriers approved for use following gyne-

cologic surgical procedure in the United States have been tried

in CD. Modified sodium hyaluronate/carboxymethylcellulose

(Seprafilm; Genzyme Corporation, Cambridge, Massachusetts)

reduces adhesions by mechanical separation of injured tissue

surfaces during peritoneal repair159,160 and have been studied

extensively in gynecologic11 and general surgery.105,161 More

recently, Seprafilm has been studied in CDs.14 Fushiki and col-

leagues14 performed a prospective cohort study of Seprafilm

placement at the time of primary CD with a view to reducing

adhesive disease. Reanalysis of their data showed that at repeat

CD, the incidence and severity of adhesions were significantly

reduced in the Seprafilm group compared with the control

group (OR, 11.54; CI, 2.24-59.49); as were an adhesion score

of 0.07 vs 1.32, respectively; P ¼ .001.

Oxidized-regenerated cellulose (Interceed; Johnson and

Johnson Medical, Arlington, Texas) is the second adhesion bar-

rier available, although this product is not approved for use in
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CD in the United States. While its primary mode of action is

considered a barrier separating injured tissue surfaces,

oxidized-regenerated cellulose inhibits hydrogen peroxide pro-

duction by macrophages and competes with LPS for the sca-

venger receptors on macrophages, thus potentially reducing

the release of inflammatory mediators, cellular growth factors,

and secretion of matrix components that are promoters of the

adhesion fibroblast.162 In a small Korean study available only

in abstract form, Kim and collaborators evaluated 8 patients

who underwent CD and who received Interceed at the vesicou-

terine fold, and 37 patients who underwent standard closure

without Interceed. No adhesion developed in the 8 patients in

the Interceed group, while all patients in the non-Interceed

group had adhesions ranging from mild to severe.163 However,

the need for meticulous hemostasis57 may limit the use of Inter-

ceed for adhesion prevention following CD.

Larger, well-designed, randomized studies are needed to

corroborate these findings and to assess the place of these adhe-

sion barriers in the prevention of adhesion development follow-

ing CD. In the meantime, only meticulous hemostasis and the

use of appropriate surgical techniques are available to the

obstetrician to minimize post-CD adhesion development.

Conclusions

Attempts to summarize the interactions and changes between

complex coagulation factors, growth factors, cytokines, and

immune systems in pregnancy are predictably complex. Although

great details are known about each system, in most cases, the link

between dysregulation of the coagulation system, growth factors,

and cytokines is still incompletely understood. These uncertain-

ties have delayed the formulation of standard preventive mea-

sures for the prevention of adhesion development following

CD, although some have shown promise. The stage is now set

to pursue our hypothesis in greater depth and ascertain why

despite an increased propensity to adhesions associated with preg-

nancy, adhesion development is less prevalent after CD.
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