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BACKGROUND: Complications from adhesions 
after intra-abdominal surgery accounts for ~6% 
of hospital admissions. Currently, hyaluronate/
carboxymethylcellulose represents the main option 
to prevent postoperative adhesion formation. Human 
amniotic membrane contains inherent anti-inflammatory 
properties that mitigate adhesion formation.

OBJECTIVE: This study aimed to evaluate adhesion 
generation after surgical trauma with amniotic membranes 
compared with standard intraperitoneal adhesion barriers.

DESIGN: This study is a double-blinded, prospective 
evaluation.

SETTING: This study was conducted at an animal 
research facility.

ANIMALS: Forty male rats were studied.

INTERVENTION: Laparotomy was performed with 
peritoneal disruption to the cecum. Animals were 
randomly assigned to 1 of 5 groups: sham, control, saline, 
hyaluronic acid membrane, or amniotic membrane. 
Animals were euthanized at 14 days.

MAIN OUTCOME MEASURES: Independent gross and 
histological assessments of adhesions were analyzed 
between groups by using adhesion scoring and 
microscopy. Scoring was based on the percentage of 
the cecum involved (0–4), vascularity of adhesions 
(0–3), strength (0–3), inflammation (0–3), and 
fibrosis (0–3). Adhered tissue was harvested 
for polymerase chain reaction analysis for gene 
regulation activity.

RESULTS: All rats survived 14 days. Adhesions were 
observed in all animals. There were significantly fewer 
adhesions in the amniotic membrane group (2) versus 
hyaluronic acid (3) group (p = 0.01). The percentage 
of adhesion to the cecum was lower in the amniotic 
membrane group (29%) than in the hyaluronic acid 
group (47%, p = 0.04). Histological examination 
showed no significant difference between or within the 3 
groups for inflammation or fibrosis. Genetic analysis of 
adhered tissues supported high rates of epithelialization 
and inhibition of fibrosis in the amniotic membrane 
group.

LIMITATIONS: We are limited by the small sample size 
and the preclinical nature of the study.

CONCLUSION: Human-derived amniotic membrane 
is effective at reducing intraperitoneal adhesion 
after surgical trauma and is superior to the current 
antiadhesion barriers. Amniotic membranes are well 
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absorbed and demonstrate short-term safety. See Video 
Abstract at http://links.lww.com/DCR/A554.

KEY WORDS: Abdominal adhesions; Adhesiolysis; 
Adhesion prevention; Amniotic membranes; Staged 
operations.

Adhesions are the most common complication of 
abdominopelvic surgery and result in ~6% of all 
hospital readmissions.1 Such a high morbidity 

should mandate preventative measures; however, cur-
rently there is no universally accepted strategy that has 
been widely adopted or shown to be helpful in adhesive 
disease. Peritoneal injury from surgery, trauma, and in-
fection initiates the inflammatory cascade causing fibrin 
formation and ultimately adhesion formation. Inherent 
fibrinolysis is not substantial enough in the immediate 
postoperative period to prevent adhesion formation, 
but the risk of mitigating this cascade must be tempered 
with the possibility of negatively affecting surgical anas-
tomoses.2

Various techniques are used to prevent intra-abdom-
inal adhesion formation, including refining surgical tech-
nique, powder-free gloves, irrigation, minimally invasive 
approaches, and adjuncts such as chemical or mechani-
cal barriers, to name a few. Numerous methods and for-
mulations have been studied, but the most clinically used 
barriers to date are hyaluronic acid (HAC) compounds. 
Preclinical and clinical evidence supporting their efficacy 
and use may be thought of as equivocal at best, leaving 
great opportunity for improvement.3

Human amniotic membrane has been considered 
a possible new treatment in the prevention of adhesion 
formation because of its intrinsic ability for tissue regen-
eration and anti-inflammatory properties. This product 
is harvested from human placenta and is naturally im-
munologically inert. Properties of the human amniotic 
membrane (amnion) contribute to the rapid healing and 
decreased scar formation seen in utero that involves a 
complex interplay between inflammatory cytokines and 
tissue repair enzymes. These properties make the am-
nion, or derivatives thereof, an attractive target for pre-
vention of adhesions following surgery. Indeed, these 
anti–scar-forming properties have been demonstrated 
in surgical procedures ranging from ophthalmology to 
neurosurgery.4–7

Intra-abdominal peritoneal disruption in rat models 
reliably creates adhesion formation clinically comparable 
to humans, and has been commonly used to study novel 
treatments.8,9 We sought to evaluate the effect of human 
amniotic membranes (HAMs) on intra-abdominal adhe-
sion formation in comparison with the current clinical 
standard of HAC.

MATERIALS AND METHODS

In vivo experiments were completed in an American As-
sociation for Laboratory Animal Science accredited large 
animal research facility. Institutional Animal Care and Use 
Committee (IACUC) protocol approval was obtained and 
experiments completed on adult male Sprague-Dawley 
rats weighing between 350 and 450 g. Before the experi-
ments, animals were housed at the facility for a minimum 
5 days, under the supervision of a licensed veterinary staff. 
General care did not vary among animals, no animals re-
quired unexpected medical attention before participation, 
and their diet was ad libitum. The use of HAMs is not cur-
rently approved by the Food and Drug Administration as 
an intra-abdominal antiadhesion barrier in humans, and 
its use as such is still investigational.

Design
This prospective pilot study was accomplished by using 
40 animals, randomly assigned to 1 of 5 groups includ-
ing sham (n = 5), control (n = 5), 10 mL normal saline 
(n = 10), hyaluronate/carboxymethylcellulose (HAC) 
(Seprafilm, Genzyme Biosurgery, Framingham, MA)  
(n = 10), HAM (BioDFence G3, BioDlogics, Cordova, TN, 
n = 10). Human amniotic membrane is a 3-layered prod-
uct with 2 layers of amnion surrounding a single layer of 
chorion. Randomization was computer generated, and the 
surgeon was blinded to treatment group until after injury 
creation was completed. Animals survived for 14 days, at 
which point they were euthanized and necropsies were 
completed. Primary outcomes evaluated included gross 
and histological severity of adhesion formation. Second-
ary outcomes focused on the genetic activity in adhered 
tissues related to inflammation and fibrotic adhesion 
formation. Gross and histological adhesion burden was 
evaluated with a widely used semiquantitative scoring sys-
tem based on the percentage of the cecum involved (0–4), 
vascularity of adhesions (0–3), strength (0–3), inflamma-
tion (0–3), and fibrosis (0–3) as shown in Table 1.10 Gross 
adhesions were graded by 2 general surgeons who were 
blinded to the animals’ treatment groups. All adhesions 
were harvested for tissue and histological analysis. His-
tological analysis was completed by 2 pathologists. Final 
grades were decided after scores were agreed on by the ob-
servers. No evaluators were ever involved in adhesion for-
mation. Specimens were submitted to the laboratory with 
specimen number only and no other identifying informa-
tion. Gross, histological, and total scores were averaged for 
each animal and compared between groups. To assess our 
secondary outcomes, a portion of tissue from each animal 
was frozen for further biomolecular evaluation.

Adhesion Creation
Surgical procedures were conducted by using aseptic tech-
niques as previously described.11 A ventral midline abdom-
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inal incision was made ~3 cm in length. Sham animal’s 
celiotomy was simply closed, and the rats were surviving at 
this point. In the remaining experimental animals, the ce-
cum was isolated and abrasions were created with surgical 
gauze until the peritoneal layer was lifted and removed, cre-
ating a raw serosal surface as evidenced by petechial hem-
orrhage (Fig. 1). This was followed by peritoneal violation 
of the abdominal wall by 5 to 10 scrapes of the sharp edge 
of a 5-mm core biopsy tool using moderate pressure. There 
was no gross violation of abdominal musculature or skin. 
Once the injury was completed, a veterinarian technician 
would inform the surgeon of the assignment to control or 
a treatment group. Application of 10 mL of normal saline 
or a single 2 × 2 cm membrane (HAC or HAM) was placed 
over the injured area. No saline was placed in control ani-
mals or those treated with membranes. Animals were then 
closed by using a running fascial 3-0 prolene stitch, and the 
skin was closed by using surgical staples. 

Histological Analysis
Intra-abdominal adhesions were excised in block and fixed 
in 10% buffered formaldehyde (formalin) for at least 24 
hours for all specimens. Adhesions from every specimen 
were sectioned and submitted for histology. Histopatho-
logical examination of paraffin-embedded hematoxylin 
and eosin slides was performed by 2 separate patholo-
gists, in a blinded fashion, with only a specimen number 
for identification. Both inflammation and fibrosis were 
assessed by using a semiquantitative scale of 0 to 3, simi-
lar to prior adhesion-reducing product studies (Table 1). 
Examples of gross and histopathological tissues examined 
can be seen in Figure 2.

Biomolecular Analysis
Polymerase chain reaction (PCR) analysis was completed 
using approximately 100 mg of frozen tissue from nor-
mal rat cecum, or adhesions from HAM- or HAC-treated 
rats. These tissues were pulverized before RNA extraction 
(RNeasy Lipid Tissue Mini Kit, Qiagen, Inc) per the man-
ufacturer’s instructions. In brief, tissue was incubated with 
lysis buffer at room temperature followed by protein and 
lipid extraction with chloroform. Nucleotide was precipi-
tated from the aqueous phase on a spin column. RNA was 
eluted and quantified on a NanoDrop 1000 (Nanodrop, 
Inc), whereas quality was measured on a 2100 Bioanalyzer 
(Agilent Technologies, Inc).

Four hundred nanograms of high-quality RNA was 
used to create a cDNA library for replication (RT2 First 
Strand kit, Qiagen). cDNA was mixed with a proprietary 
replication mix (RT2 SYBR Green Mastermix, Qiagen) and 
plated into the 384-well rat-targeted, wound-healing PCR 
Array (PARN-121ZG-4, SABiosciences, Inc). The PCR Ar-
ray was thermocycled using a Roche LightCycler 480-II 
with a 384-well block following the PCR Array suggested 
protocol. Control and treatment groups were separately 
analyzed. Results were averaged together to validate the 
change in expression between sample sources. These in-
dividual samples were replicated in triplicate, as well, to 
validate a positive response.

Data analysis of the rat groups was completed using 
the RT2 Profiler PCR Array Data Analysis software (version 
3.5, SABiosciences, http://pcrdataanalysis.sabiosciences.
com/pcr/arrayanalysis.php). Fold change was calculated 
by dividing the difference in treatment group gene expres-
sion by the change in baseline (normal rat cecum) gene 

TABLE 1.   Gross and histological grading rubric

Value 1 2 3 4

Adhesions, % 1–25 26–50 51–75 >75
Vascularity Filmy avascular Vascular or opaque Cohesive attachment NA
Degree Gentle traction Moderate traction Sharp dissection NA
Inflammation Giant cells, lymphocytes,  

and plasma cells
Giant cells, plasma cells,  

eosinophils, neutrophils
Microabscesses NA

Fibrosis Minimal Moderate Dense NA

FIGURE 1. Injury creation beginning with a ray tech lifting peritoneum (A) followed by peritoneal separation from cecum (B) then grossly 
graded at 14 days (C).

http://pcrdataanalysis.sabiosciences.com/pcr/arrayanalysis.php
http://pcrdataanalysis.sabiosciences.com/pcr/arrayanalysis.php
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expression to equal fold change. This was done for each 
individual gene tested. The resulting relative gene expres-
sions were considered substantial if the regulation fold 
change was over 2, or less than –2 from the correspond-
ing gene expression seen in normal rat cecum. Genes with 
low expression levels in all 3 groups were excluded. Once 
sorted, genes were grouped based on pathway or gene 
type (adhesion, immune cytokine, chemotaxis, etc) and 
reviewed.

Statistical Analysis
Data were analyzed using SPSS v22 (IBM, Armonk, NY). 
Continuous data with normal distributions were com-
pared between 2 groups by Student t test. Nonparametric 
data were analyzed using median values with Kruskal-
Wallis testing followed by post hoc pairwise analysis to 
delineate significant findings between groups. All p values 
are 2-tailed and values of <0.05 are considered to indicate 
statistical significance.

RESULTS

All animals survived to evaluation on day 14. Neither HAC 
nor HAM groups had any observable product remnants at 
the time of gross evaluation. No adhesions were appreci-
ated in any of the sham animals.

Adhesion Scores
A summary of our scoring and findings are shown in Ta-
ble 2. Kruskal-Wallis tests for nonparametric data found 
significant differences for number of adhesions (p = 0.004),  

total gross scores (p = 0.010), trends toward significance 
with gross plus histological scores (p = 0.05), and scores 
for vascularity (p = 0.07). Post hoc analysis revealed 
significant differences in the number of adhesions be-
tween HAM in comparison with all groups with a me-
dian number of 2 versus 4 for controls (p = 0.001) and 
3 for HAC (p = 0.01) and saline (p = 0.01) groups. The 
percentage of cecum involved was significantly less in 
the HAM group (29%) when compared with both con-
trol (70%, p < 0.001) and HAC groups (48%, p = 0.04). 
Gross scores were also significantly improved with HAM 
with a median score of 6 compared with 9 in the control 
group (p = 0.01). Vascularity scores alone showed a trend 
toward improved outcomes in the HAM group with a 
median score of 2 compared with 3 in the control group  
(p = 0.06). Gross scores showed a trend toward signifi-
cance for the HAM group when compared with HAC 
with 6 and 7 (p = 0.08).

Adhesion Quantitative PCR Results
Of 88 genes analyzed, 25 and 34 genes met inclusion crite-
ria for HAC and HAM. A summary of the HAC and HAM 
genes and their fold changes are seen in Table 3. Twelve 
genes overlapped between the 2 groups, 5 of which were 
associated with inflammation, 4 with epithelialization, and 
3 with fibrosis. This comparison is shown between the 2 
groups in Figure 3. This comparison showed that the HAM 
group observed significant inhibition of macrophage ac-
tivity with significant upregulation of macrophage inhibi-
tory factor, and huge increases in epithelialization (Egfr, 
Vtn) and downregulation of genes associated with fibrosis 
(Acta2, TagIn, Col1a1).

FIGURE 2. Examples of increasing severity from column A to column C for gross and histological adhesion burden. Arrows designate the area 
of adhesion. White arrows grossly correlate to the black arrows in histology.
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DISCUSSION

Adhesion formation is a complex process that stems from 
the body’s natural inflammation cascade. Adhesions are 
expected in surgery because of trauma from the surgical 
manipulation. The body normally repairs itself by estab-
lishing a fibrin network that is reinforced with fibroblasts 
preventing its breakdown, resulting in the formation of 
troublesome postsurgical adhesions.2

Surgical adhesions have been associated with abdom-
inal surgery and can cause severe complications, includ-
ing, most commonly, a bowel obstruction. Postoperative 
adhesions following abdominal surgery are reported to 
occur in >90% of patients, making it the most common 
complication of abdominopelvic surgery. This complica-
tion alone results in 6% of all hospital readmissions with 
a wide range of severity from abdominal pain and female 
infertility, to life-threatening bowel obstructions. From a 

fiscal standpoint, small-bowel obstructions alone account 
for $1.3 billion in hospital stays and produce a mortality 
rate of 3% to 30% annually.1

Many attempts have been made to prevent the for-
mation of postsurgical adhesions. These methods can be 
grouped into 2 main classifications: surgical techniques 
represented by minimally invasive procedures, careful tis-
sue handling, irrigation, and starch-free gloves, and ap-
plied barriers such as HAC compounds, which are placed 
between the affected tissues as a means to prevent tissue 
opposition while healing. Applied barriers are placed be-
fore the conclusion of the operation.11

The most commonly used membrane barriers, which 
contain HAC, have been widely studied in both preclini-
cal and prospective randomized trials.2,3,11 Hyaluronic 
acid barriers have been found to reduce the number of 
adhesions, but many studies have found that the sever-
ity of adhesions remains unchanged between groups.12,13 
Furthermore, most studies do not show an overall clinical 
benefit to the use of HAC, describing similar rates of com-
plications such as small-bowel obstructions.13–16 These 
results are not overwhelmingly positive and leave much 
room for improvement.

Human amniotic membrane in utero is present as a 
thin avascular layer enveloping fetal tissues.4 Its biological 
activity is represented by production of anti-inflammato-
ry cytokines such as interleukin-10 and downregulation 
of macrophage activity in concert with high rates of epi-
thelialization.4,17 These properties are likely responsible 
for the decreased fibrosis and scar formation seen in fetal 
surgery. Our molecular analysis supports this biological 
interplay, because we saw downregulation of gene expres-
sion related to macrophage activity and fibrosis while 
seeing extremely high levels of gene expression related to 
epithelialization. One theory is that this type of environ-
ment may allow for early repair of basement membranes 
and could explain why we saw a decreased number of in-
terorgan adhesions.

TABLE 2.   Median scores and percentiles per group with comparison

Adhesion scores Sham (n = 5) Control (n = 5) Saline (n = 10) HAC (n = 10) HAM (n = 10)

Total 1 11 8.5 10.5  9†
Gross total 0 9 6 7  6**
Cecum Involved, % 0 75 25 50 25†*
Vascularity 0 3 2 3 2
Strength 0 3 3 3 3
Histology total 1 3 3 3 3
Inflammation 1 1 1 1 1
Fibrosis 0 2 2 2 2
Adhesions, n 0 4 3 3 2†‡

Post hoc p values between controls. HAM and HAC groups are represented by the following: 
†p ≤ 0.01 HAM improved compared with control. 
*p ≤ 0.05 HAM improved compared with HAC. 
‡p ≤ 0.01 HAM improved compared with HAC. 
**p < 0.09 HAM improved compared with HAC.
HAC = hyaluronic acid; HAM = human amniotic membrane.
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FIGURE 3. Gene expression comparing HAM vs HAC for genes 
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HAC = hyaluronic acid; HAM = human amniotic membrane.



Copyright © The American Society of Colon & Rectal Surgeons, Inc. Unauthorized reproduction of this article is prohibited.

DISEASES OF THE COLON & RECTUM VOLUME 61: 4 (2018) 489

Our work also revealed that HAM was associated with 
a lower adhesion burden, as represented by a significantly 
lower percentage of involved cecum that may be due to 
early epithelialization of raw or injured tissues. Clinically, 
this is significant, because adhesion burden is directly re-
lated to the severity and frequency of postoperative com-
plications.18 Further reoperation is often complicated by 
adhesions. Colorectal surgeons, for example, often per-
form staged operations making adhesion prevention of 
significant interest. Decreased adhesion burden also dra-
matically decreases the chance of serious complications, 
such as inadvertent enterotomy and prolonged surgical 
times.19–21

Peritoneal healing after surgical trauma has been in-
creasingly characterized and is analogous to tissue healing 
throughout the body with a progression from inflamma-
tion to epithelialization and fibrosis.22–24 Genetic activity 
in the HAC group displayed upregulation of all collagen-

forming genes. In addition, integrins for chemotaxis of 
macrophages were upregulated with a simultaneous 
downregulation of the genes CXCL11, FGF7, and TGFB1, 
which are associated with inflammation. This suggests 
that rats treated with HAC experienced significant fibrosis 
in a monocyte/macrophage environment. There is also a 
group of genes (PLAT, PTSG2, EGFR, and FGF7) that sug-
gest late-stage wound healing. This supports the adhesion 
burden seen in the HAC group observed both grossly and 
histologically.

The HAM group had considerably different changes 
of gene expression in comparison with the HAC. There 
was markedly higher upregulation of genes previously 
postulated to be associated with wound healing in amniot-
ic tissue.4 Overall, the profile suggests an early inflamma-
tory environment with large increases of genes expressed 
during epithelial growth (Fig. 3). The upregulation of 
VTN, FGA, and the integrin αvβ3 suggest clot formation 
continues, which is supported by the downregulation of 
PDGFA. High levels of gene expression for T cells and neu-
trophil chemoattractants also support early inflammation. 
Importantly, there is a clear increase in macrophage in-
hibitory factor as seen in Figure 3. Macrophage inhibitory 
factor is an inhibitory factor for macrophages that appears 
to be arresting progression to fibrosis in HAM-treated 
animals. Restricting fibrogenesis with concomitantly high 
levels of epithelialization may explain the reduced adhe-
sion burden seen in the HAM group.

Interestingly, we observed a benefit in our saline 
group. In human populations, this phenomenon has not 
been seen because saline is rapidly absorbed and does 
not stay in the abdomen long enough to prevent intra-
loop adhesions.3 The concept of “hydroflotation” has 
been theorized as a possible way to reduce intraloop ad-
hesions.25 It is possible that, in a rat model, saline does 
allow for “hydroflotation” thus providing a therapeutic 
benefit; however, there are currently no published data 
evaluating this. This finding has inspired us to further 
evaluate other fluid-based treatments in our adhesion 
model.

Our study is limited by small sample size and the pre-
clinical nature of this pilot study. However, this study could 
be used as a model for similar experiments on a larger co-
hort. Furthermore, prospective studies involving human 
subjects would need to be completed to validate our find-
ings for the clinical setting. Finally, our model grades ad-
hesion formation at 14 days. Although 2 weeks represents 
the time period that abdominal adhesion formation is at 
its peak in humans, it is possible that different lengths of 
survival may yield different results.26 Despite these limita-
tions, this work represents the first study evaluating this 
specific product’s effect on abdominal adhesions and also 
the first to integrate adhesions assessment grossly, micro-
scopically, and genetically.

TABLE 3.   Significant gene expression change vs control

HAC HAM

Gene Fold change Gene Fold change

Acta2a 3.47 Acta2a –8.94
Ccl12a 2.33 B2m 7.75
Cdh1 3.00 Ccl7a –9.76
Col14a1 7.50 Col14a1 7.44
Col1a1a 2.07 Col1a1a –7.04
Col3a1 3.28 Col5a1 2.22
Col5a1 3.64 Ctsl 15.01
Cxcl11a –3.61 Cxcl1 60.13
Egfra 4.10 Cxcl11a 4.50
Fgf7a –2.22 Egfa 6.23
Itga2 3.12 Egfra 169.0
Itga3 2.61 F13a1 –7.75
Itga4 –4.57 Fga 235032.4
Itga5 5.23 Fgf7a –11.75
Itga6 2.03 Hgf 7.81
Itgb6 5.41 Hprt1 5.73
Ldha 3.03 Igf1 133.44
Mapk3 2.73 Il6st 7.53
Mmp2 4.88 Itga2 –9.14
Pdgfa 2.75 Itga3 –7.01
Plat 3.51 Itga4 –4.29
Ptgs2 2.81 Itga5 4.06
Taglna 3.66 Itgav 2.36
Tgfa 5.52 Itgb3 2.93
Tgfb1 –2.08 Itgb5 2.76
Wnt5a 2.78 Ldha 14.25
  Mifa 10.47
  Pdgfa –2.98
  Plg 46825.3
  Pten 2.08
  Rplp1 2.87
  Stat3 5.41
  Taglna –10.80
  Vegfa 5.72
  Vtna 21027.6

HAC = hyaluronic acid; HAM = human amniotic membrane.
aGenes used for comparison in Figure 3.
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CONCLUSION

Human amniotic membrane appears to decrease adhe-
sion burden with fewer adhesions and significantly less in-
volvement of the cecum. Based on our molecular data, we 
theorize that the high rates of epithelialization along with 
inhibition of fibrosis may have contributed to the lower 
adhesion burden seen in the HAM group. Human amni-
otic membrane may represent a new and potentially effec-
tive option in the prevention of intra-abdominal adhesion 
formation. Prospective, human clinical trials should be 
pursued.
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