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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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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 1967' and
popularized in the 1980s,> 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 infertility” with
increased risk of ectopic pregnancy, should the patient subse-
quently conceive,* abdominal and pelvic pain,’ bowel obstruc-
tion,® and difficult repeat surgical procedures.” In addition,
abdominopelvic adhesions may interfere with the disbursement
of intraperitoneal chemotherapy in patients with abdominal or
pelvic cancer.® After gynecologic surgery, intraperitoneal
adhesions form in 55% to 100% of patientsg'“; 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.'?"'* 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,” infertility,'®!” ectopic pregnancy,'® and
chronic pain'® 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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Figure |. Proposed scheme for the pathogenesis of peritoneal adhe-
sion development following injury.WBCs, white blood cells.

Adhesiogenesis is a culmination of increased extracellular
matrix (ECM) production associated with diminished matrix
degradation, combined with decreased fibrinolytic activity.?**'
Physiological changes in pregnancy favor decreased fibrinoly-
sis,”? 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 x 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.?! 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,*
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).2%!

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 betal (TGF-B1),%*"*> vascular
endothelial growth factor (VEGF),?® a-smooth muscle actin
(2-SMA),*” and components of the ECM such as type I col-
lagen and fibronectin,® decreased ratios of plasminogen acti-
vator/plasminogen activator inhibitor 1 (tPA/PAI-1),%
matrix metalloproteinase 1/tissue inhibitor of metalloprotei-
nase (MMP-1/TIMP-1).>'2° 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 response®! (Figure 2). This fact was
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Figure 2. Proposed scheme for the pathogenesis of adhesion development following injury and induction of gene expression. T, an increase; |, a
decrease; BCI-2, B-cell CLL/lymphoma 2; BAX, BCl2-associated X; COX-2, cyclooxygenase 2; ECM, extracellular matrix; HIF, hypoxia-induced
factor; IFNy, Interferon-y; 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-I, plasminogen activator inhibitor; TGF-

B1, transforming growth factor-beta; TIMP, tissue inhibitor of matrix metalloproteinases; tPA, tissue plasminogen activator; VEGF, vascular

endothelial growth factor.

buttressed by work from Ivarsson and colleagues®> who
show that treatment with the proinflammatory mediators
such as lipopolysaccharide (LPS) and tumor necrotic factor-o
(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 factors® and the nuclear factor kB (NF-kB)
family of proteins.**

There is increasing evidence to suggest that reactive
nitrogen and oxygen species such as nitric oxide (NO),
superoxide (0,°7), and lipid peroxidation (LPO) produced
under oxidative stress may contribute to the development
of postoperative adhesions?'**=7 (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.*®*? 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)***! 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 (I-NMMA).

In biological systems, superoxide dismutase (SOD) pro-
tects against the deleterious actions of the O, by catalyzing
its dismutation to hydrogen peroxide (H,O,), 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 species****
(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.
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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,*>*® and by the action of low-efficiency ROS
scavengers such as free amino acids, peptides, and proteins.*’
There is evidence to suggest that postoperative oxidative stress
may be linked to neutrophil recruitment*® and decreased fibri-
nolytic activity*® 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.®® These experiments have been carried out
in the rat model, where antioxidants such as methylene
blue,*~" indigo carmine,’® 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 fibroblast>® and hypoxia, through the
production of O,°~, causes normal peritoneal fibroblasts to irre-
versibly acquire the adhesion phenotype.>* Scavenging O,°~ with
SOD, even in the presence of hypoxia, prevented the development
of the adhesion phenotype in vitro.”* 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.>'>> This mechanism involves cas-
pase 3 S-nitrosylation and is found to be significantly higher

in adhesion fibroblasts compared to normal peritoneal fibro-
blasts.>® 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.>

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,’® 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
known®”’ compared with those that develop following CD.>’
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 coworkers™®
performed a second-look laparoscopy on 26 infertile women
6 weeks after undergoing abdominal myomectomy for large
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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.”® In a small case—control
study involving 14 patients in each group, Bulletti’® 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.>®

Brill and collaborators®® 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 = .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-
leagues®' 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. Leuwen®” 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 Mason® 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.'*'* Similar finding was
reported by Juntunen and colleagues® who reported a signifi-
cantly higher risk of intraperitoneal adhesions in patients
undergoing their 4th to 10th CD compared to those having their
Ist, 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)'>%>®® 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.®” One systematic review of the published
literature on the risk of postsurgical gynecological SBO® 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 collaborators'> 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.'> Similar
findings were observed in a relatively small case series by
Stricker and colleagues® 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.'>%®

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.”’
Although such risks are low after the first repeat CD,”%""7?
they significantly increase with increasing number of CDs even
when performed electively,”" especially when a midline rather
than a pfannenstiel skin incision was used as route of entry into
the abdomen’® (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,’*7!-74-7¢
which occur while developing the bladder flap over the lower
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Table |. 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% Cl)
Barmparas Systemic United States 304 673 Proportion of SBO mostly due adhesions Unadjusted
etal? Review Cesarean delivery 10/12 980 (0.1%) |
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 Cohort Canada 9789 Proportion of ARSBO Unadjusted
etal'®? Cesarean delivery 3/6480 (0.1%) |
Hysterectomy 35/2140 (1.6%) 0.03 (0.01-0.09)
Adnexal Surgery 8/924 (0.9%) 0.05 (0.01-0.20)
Myomectomy 17245 (0.4%) 0.11 (0.01-1.09)
Makoha Cohort Saudi Arabia 3164 underwent Inadvertent bowel injury Unadjusted
etal”® 1-8 CDs Abdominal incision at CD |
Pfannenstiel 1/2713 (0.04%) 6.03 (0.38-96.52)
Midline 1/451 (0.22%)
Silver etal.”' *  Cohort United States 30 132 underwent Inadvertent bowel injury

elective CDs

Number of CD

Ist to 3rd CD 41/28 333 (0.1%)
4th to >6th CD  26/1799 (1.4%)
Inadvertent ureteric injury

Number of CD

Unadjusted

|

10.12 (6.18-16.58)
Unadjusted

|

Ist to 3rd CD
4th to >6th CD

5/28 333 (0.02%)
3/1799 (0.2%)

9.46 (2.26-39.63)

Abbrevications: |, reference group; No., number; CD, cesarean delivery.

? Odds ratio (OR) and confidence interval (Cl) calculated from data provided in the manuscripts by the authors, using SPSS version 17.

uterine segment,”*”® and increase with the number of previous

CD.7%7!-7475 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.”’
Injury to the bladder during CD may be related to adhesion
of that organ high up on the lower uterine segment. In the
Finish study®® mentioned above, patients undergoing their
4th to 10th CD had a significantly higher proportion of “cra-
nial” bladder attachment compared with those undergoing their
Ist, 2nd, or 3rd CD (OR, 9.9; CI, 5.0-19.9). The inci-
dence’®"*7%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 al’”* 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 CD’® (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 collaborators’®
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.”*®! 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%).”*%! 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,”’
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,** and Rashid and Rashid®' both
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Table 2. Injury to the Bladder and Ureter at Cesarean Delivery

Authors Study Design Country Study Population Outcome OR (95% Cl)
Phipps et al.”*®  Case Control United States 42/14 757 (0.28%),  Proportion of patients with bladder injury at CD  Adjusted
42 cases of Primary CD 14/42 (32%) |
bladder injury at  Prior CD 28/42 (67%) 3.82 (1.62-8.97)
CD compared Previous pelvic surgery®
with a randomly  Bladder injury Unadjusted
selected cases of No 5/84 (6%) |
CD (n = 84) with Yes 8/42 (19%) 3.72 (1.13-12.19)
no bladder injury  Presence of adhesions®
Bladder injury Unadjusted
No 8/84 (10%) |
Yes 25/42 (60%) 13.97 (5.38-36.27)
Wang etal””?  Cohort Australia Patients who Inadvertent cystotomy?
underwent Previous CD
laparoscopic No 5/433 (1.2%) Unadjusted
hysterectomy with Yes 7/141 (5.0%) 4.47 (1.40-14.32)
history of > CD  Inadvertent cystotomy
(n = 141) Previous CD Adjusted
compared with No 5/38 (13.2%) |
no previous CD | or 2 3/14 (2.1%) 2.17 (0.51-9.35)
(n = 433) >3 4/6 (66.7%) 18.44 (5.15-66.0)
Ureteric injury®
Previous CD Unadjusted
No 0/433 (0.0%) |
Yes 2/141 (1.4%) 0.99 (0.97-1.01)
Conversion to laparotomy
Previous CD? Unadjusted
No 24/433 (5.5%) |
Yes 15/141 (10.6%) 2.03 (1.03-3.99)
Rehman et al.”®  Cohort Saudi Arabia Patients who Inadvertent cystotomy? Unadjusted
underwent Previous CD
CD (n = 7708) Primary CD 14/5241 (0.3%) |
Repeat CD 20/2467 (0.8%) 3.05 (1.54-6.05)
Previous pelvic surgery and presence of adhesions |
Primary CD 5/14 (35.7%) 2.80 (1.39-
Repeat CD 20/20 (100%) 5.65)
Makoha et al.”®  Cohort Saudi Arabia Patients who Inadvertent cystotomy
underwent [-8 Abdominal incision at CD Adjusted
CD (n = 3164) Pfannenstiel 9/2713 (0.3%) |
Midline 10/451 (2.2%) 3.89 (1.40-8.90)
Silver etal.”' > Cohort United States 30 132 underwent  Inadvertent cystotomy
elective CDs Number of CD Unadjusted
Ist to 3rd CD 41/28 333 (0.1%) |
4th to >6th CD 26/1799 (0.3%) 3.95 (1.61-9.67)
Khashoggi Case—control Saudi Arabia Patients who Inadvertent cystotomy
etal®? underwent 2-8 Number of CD Unadjusted
CD (n = 290) 2nd and 3rd CD 17140 (0.7%) |
4th-8th CD 2/150 (1.3%) 1.89 (0.17-20.95)
Rashid Case—control Saudi Arabia Patients who Inadvertent cystotomy?
and Rashid®' * underwent 3-9 Number of CD Unadjusted
CD (n=614) 3rd and 4th CD 2/306 (0.7%) |
5th-9th CD 4/308 (1.3%) 2.80 (0.36-11.00)

Abbreviation: CD, cesarean delivery; |, reference group.
? Odds ratio (OR) and confidence interval (Cl) calculated from data provided in the manuscripts by the authors, using SPSS version 17.

from Saudi Arabia did not find increased bowel or bladder injury  respectively, and compared them with a control group of patients
in association with previous high-order CDs. These authors eval- undergoing 2nd to 3rd and 3rd to 4th CD and found that despite
uated women who underwent their 4th to 8th and 5th to 9th CDs, the presence of adhesions higher-order repeat CD carry no
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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 studies®®®! 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 Colleagues® and Brill et al,®® 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.”
In the study by Al-Took et al,'” 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).*?
Eisenkop and Colleagues’® 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 collaborators’' 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.***®*> 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.®® 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.®”®® A recent study
by Malvasi and colleagues®® 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
+ 1.4vs11.5 £+ 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.”®! In a small rando-
mized study from Iran®? 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,” 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 study”® 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.”
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 colleagues’® 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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Table 3. Adhesion Development Following Peritoneal and Nonperitoneal Closure After Gynecological Surgery and Cesarean Delivery

Authors Study Design Country Population Treatment Groups RR (95% ClI)
Zareian and Randomized trial Iran 45 CDs of which only 31  Parietal and visceral peritoneum
Zareian™ returned for second Adhesion development

Cb

Weerawetwat Randomized trial Thailand 360 CDs of which only 65

et al.” returned for second
CD
Lyell et al.”* Prospective United 173 patients who
cohort States underwent their Ist
repeat CD
Tulandi et al.”® Cohort Canada 120 of 333 women who

underwent

reproductive surgery by

laparotomy via a
pfannenstiel incision

Non closure 3/18 (15%) I

Closure 7113 (54%) 3.2 (1.0-10.2)
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 aand b 3/25 (12%)

Parietal peritoneum

All adhesions Adjusted OR

Left open at Ist CD
Closed at Ist CD
Dense adhesions only
Left open at Ist CD 48/106 (45%) I
Closed at Ist CD 20/67 (30%) 0.32 (0.13-0.79)
Assessment by second-look laparoscopy after clo- OR

sure or nonclosure of parietal peritoneum;

adhesions to anterior abdominal wall
Non Closure 9/57 (15.8%) I
Closure 14/63 (22.2%) 1.52 (0.60-3.85)

771106 (73%) |
35/67 (52%) 0.20 (0.08-0.49)

Abbreviations: CD, cesarean delivery; Cl, confidence Intervals; RR, relative Risk; OR, odds Ratio.

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,’”*® increases hos-
pital stay and readmissions, and predisposes patients to compli-
cations as enumerated above.®>°?'%° 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.'°!:102

In one colorectal surgery study,”” 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 0O (range, 0-30) to
15 (range, 0-240) minutes. In yet another colorectal surgery
study®® 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,'” 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 =
.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 (P = .04). Delivery
times have also been reported to increase with increase in the
number of previous CDs. Tulandi and colleagues' 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%
CL 2-4; >4 CD, 10.4 + 0.1 minutes; 95% CI, 1-2). Similar find-
ings were reported by Morales et al'*> 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 authors'>'* 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.
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Although some have suggested that significant blood loss is
associated with higher-order CDs’""*#! others disagree.®* In
addition, while some have reported that the risk of blood trans-
fusion increased significantly with increase in the number of
prior CDs,”""7® others have either found no difference over-
all®"1% or no difference in those undergoing CD without labor
irrespective of the number of prior CDs.”' 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 infertility>'°>'°7 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 couples'® and represent the sole inferti-
lity factor in up to 15% of cases.'*® Postsurgical complications
affecting the fallopian tubes seem to be an important cause.
Lalos'® 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 CD'%%''? 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,'"!
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,''> and LaSala
and Berkeley'' (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
CD!'">!* (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 CD'®!'71%? (Table

1). One case—control study from Aberdeen, United Kingdom,'"”
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 delivery''® (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,''” previous pelvic
surgery,118 and endometriosis''® 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)'?° was confirmed by Mollison and colleague''? 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, Turkey'?' 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 colleagues'®
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 review> 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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Table 4. Subsequent Fertility After Cesarean Delivery

Odds Ratio
Authors Study Design Country Number  Study Population (95% Cl)
LaSala and Cohort United States 570 ®Previous primary CD/VD
Berkeley''? Risk of subfertility Adjusted
Overall 3.40 (1.24-9.35)
Controlled for contraception use or 3.67 (1.33-10.12)
sterilization
Excluding patients with previous history ~ 2.98 (1.04-8.52)
of infertility
Collin et al.'®% Cross-sectional survey Sub-Saharan 35398 Previous CD/VD Adjusted
Africa Overall 0.83 (0.73-0.96)
>| year to conceive, parity = | 1.0 (0.80-1.20)
>| 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.''? 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.''* Population-based cohort  England 14 541 Parous women Adjusted
Previous CD/VD >1 year to conceive
Overall 1.53 [1.09-2.14]
Parity = | 1.05 (0.66-1.69)
Parity >2 2.97 (1.72-5.10)
Saraswat et al.''® Case-control Scotland 19 840 Secondary infertility Adjusted
TD (Gpl) vs No TD (Gp2) 1.06 (0.73-1.52)
Gpl vs no infertility (Gp3) 1.20 (0.90-1.70)
Wolf et al.''® Case—control United States 404 CD and subsequent tubal infertility Adjusted
Previous CD vs VD 1.2 (0.40-3.70)
Jolly et al.''® Cobhort, posted England 170 PPrevious CD/SVD/IVD Unadjusted
questionnaire CD vs vaginal delivery after 5 years 1.44 (0.72-2.87)
64% response rate followup
Tried not pregnant
Bhattacharya et al.'”®  Cohort, posted Scotland 1675 PPrevious CD/SVD/IVD Unadjusted
questionnaire CD vs vaginal delivery after a mean
60% response rate 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.
? Provided information on the desire of women to conceive.
® OR (CI) calculated from data provided by the authors using SPSS version 17.

in only the subgroup of women with severe, vascularized, and
dense adhesions involving bowel (stage IV) but not between the
2 groups overall.'*? The authors and others'* 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 study®* 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,'® 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
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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.'® 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.'?® With this increase in
repeat CD comes associated risk factors for CH such as pla-
centa previa, placenta accrete, and uterine rupture.'?” As men-
tioned previously, the number and severity of abdominopelvic
adhesions and associated intra-abdominal organ damage
increase with the number of prior CD.**"*747¢ In the study
by Silver and colleagues’' 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,'?” 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."* 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.'°

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).>* 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
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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 FVIIa'"' (Figure 4). In addition, estrogen-induced
increase in o2-antiplasmin and o2-macroglobulin'**'** 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.'*

As mentioned previously,”® 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-
borators'®> 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-o0 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 al'*® 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-Bengtsen'?’ 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 colleagues'® 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, others'*®!*° 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,'**'*! and has also been demonstrated in par-
turient term and preterm myometrial samples.'** 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 (x-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.?’
Using the rat model, Shynlova and colleagues'** showed that
both a-SMCA (vascular-specific actin isoform) and y-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,'* 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.'*” 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.'*® 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%."*® 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 average'*®!>°
of 3 + 2to 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.''
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.'>® 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. 5111 the latter
study, a preoperative myoma volume >110 cm® 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 colleagues®® 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
studies'>* 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.'>® 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."* 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.'3>"1%8

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 repair'>'** and have been studied
extensively in gynecologic'' and general surgery.'®>!'®! More
recently, Seprafilm has been studied in CDs.'* Fushiki and col-
leagues'* 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 = .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.'®® 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.'®> However,
the need for meticulous hemostasis®’ 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.

Declaration of Conflicting Interests

Author AOA, NMF and GMS, declared no potential conflicts of
interest with respect to the research, authorship, and/or publication
of this article. Author MPD has the following conflicts of interest
with the following companies: Board membership of the American
Society for Reproductive Medicine; Consultancy with Genzyme
Biosurgery, Neomend, Omirix, ZSX Medical, Sanofi-Aventis,
SyntheMed; Contracts with BioSante, Boerhinger Ingleheim.

Funding

The authors disclosed receipt of the following financial support
for the research, authorship, and/or publication of this article:
in part by NIH/NICHD grant K12HD001254 and in part by
NIH grant number NIH 1RO1 GM069941.

References

1. Swolin K.50 fertility operations. I. Literature and methods. Acta
Obstet Gynecol Scand. 1967;46(2):234-250.

10.

11.

12.

13.

14.

15.

16.

18.

19.

20.

. Winston RM. Microsurgery of the fallopian tube: from fantasy to

reality. Fertil Steril. 1980;34(6):521-530.

. Vrijland WW, Jeekel J, van Geldorp HJ, Swank DJ, Bonjer HJ.

Abdominal adhesions: intestinal obstruction, pain, and infertility.
Surg Endosc. 2003;17(7):1017-1022.

. Marana R, Catalano GF, Muzii L. Salpingoscopy. Curr Opin

Obstet Gynecol. 2003;15(4):333-336.

. Duffy DM, diZerega GS. Adhesion controversies: pelvic pain as a

cause of adhesions, crystalloids in preventing them. J Reprod
Med. 1996;41(1):19-26.

. Barmparas G, Branco BC, Schnuriger B, Lam L, Inaba K, Deme-

triades D. The incidence and risk factors of post-laparotomy adhe-
sive small bowel obstruction. J Gastrointest Surg. 2010;14(10):
1619-1628.

. Holmdahl L, Risberg B. Adhesions: prevention and complications

in general surgery. Eur J Surg. 1997;163(3):169-174.

. Potter KL, Held-Warmkessel J. Intraperitoneal chemotherapy for

women with ovarian cancer: nursing care and considerations. Clin
J Oncol Nurs. 2008;12(2):265-271.

. Diamond MP. Incidence of postsurgical adhesions. In: GS

diZerega, ed. Peritoneal Surgery. New York, NY: Spriger-Ver-
lag; 2000:217-220.

Diamond MP. Surgical aspects of infertility. In: J S, ed. Gyne-
cology and obstetrics. Vol 2. Philadelphia, PA: Harper & Row;
1988:1-23.

Diamond MP. Reduction of adhesions after uterine myomectomy
by Seprafilm membrane (HAL-F): a blinded, prospective, rando-
mized, multicenter clinical study. Seprafilm Adhesion Study
Group. Fertil Steril. 1996;66(6):904-910.

Morales KJ, Gordon MC, Bates GW, Jr. Postcesarean delivery
adhesions associated with delayed delivery of infant. Am J Obstet
Gynecol. 2007;196(5):461.e461-e466.

Tulandi T, Agdi M, Zarei A, Miner L, Sikirica V. Adhesion devel-
opment and morbidity after repeat cesarean delivery. Am J Obstet
Gynecol. 2009;201(1):56.e51-e56.

Fushiki HIT, Kobayashi H, Yoshimoto H. Efficacy of Seprafilm
as an adhesion prevention barrier in cesarean sections. Obstet
Gynecol Treat. 2005;91:557-561.

Al-Took S, Platt R, Tulandi T. Adhesion-related small-bowel
obstruction after gynecologic operations. Am J Obstet Gynecol.
1999;180(2 Pt 1):313-315.

Tollanes MC, Melve KK, Irgens LM, Skjaerven R. Reduced fer-
tility after cesarean delivery: a maternal choice. Obstet Gynecol.
2007;110(6):1256-1263.

. Bhattacharya S, Porter M, Harrild K, et al. Absence of conception

after caesarean section: voluntary or involuntary? BJOG. 2006;
113(3):268-275.

Kendrick JS, Tierney EF, Lawson HW, Strauss LT, Klein L,
Atrash HK. Previous cesarean delivery and the risk of ectopic
pregnancy. Obstet Gynecol. 1996;87(2):297-301.

Stark M, Hoyme UB, Stubert B, Kieback D, di Renzo GC. Post-
cesarean adhesions—are they a unique entity? J Matern Fetal
Neonatal Med. 2008;21(8):513-516.

Dunn RC, Buttram VC, Jr. Tissue-type plasminogen activator as
an adjuvant for post surgical adhesions. Prog Clin Biol Res. 1990;
358:113-118.



Awonuga et al

1181

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Saed GM, Diamond MP. Molecular characterization of postopera-
tive adhesions: the adhesion phenotype. J Am Assoc Gynecol
Laparosc. 2004;11(3):307-314.

Szecsi PB, Jorgensen M, Klajnbard A, Andersen MR, Colov NP,
Stender S. Haemostatic reference intervals in pregnancy. Thromb
Haemost. 2010;103(4):718-727.

Saed GM, Diamond MP. Hypoxia-induced irreversible up-
regulation of type I collagen and transforming growth factor-
betal in human peritoneal fibroblasts. Fertil Steril. 2002;78(1):
144-147.

Chegini N. The role of growth factors in peritoneal healing: trans-
forming growth factor beta (TGF-beta). Eur J Surg Suppl.
1997(577):17-23.

Idell S, Zwieb C, Boggaram J, Holiday D, Johnson AR, Raghu G.
Mechanisms of fibrin formation and lysis by human lung fibro-
blasts: influence of TGF-beta and TNF-alpha. Am J Physiol.
1992;263(4 Pt 1):L487-L494.

Diamond MP, El-Hammady E, Munkarah A, Bieber EJ, Saed G.
Modulation of the expression of vascular endothelial growth fac-
tor in human fibroblasts. Fertil Steril. 2005;83(2):405-409.

Saed GM, Diamond MP. Differential expression of alpha smooth
muscle cell actin in human fibroblasts isolated from intraperito-
neal adhesions and normal peritoneal tissues. Fertil Steril.
2004;(suppl 3):1188-1192.

Saed GM, Zhang W, Chegini N, Holmdahl L, Diamond MP.
Alteration of type I and III collagen expression in human perito-
neal mesothelial cells in response to hypoxia and transforming
growth factor-betal. Wound Repair Regen. 1999;7(6):504-510.
Saed GM, Diamond MP. Modulation of the expression of tissue
plasminogen activator and its inhibitor by hypoxia in human
peritoneal and adhesion fibroblasts. Fertil Steril. 2003;79(1):
164-168.

Saed GM, Zhang W, Diamond MP. Molecular characterization of
fibroblasts isolated from human peritoneum and adhesions. Fertil
Steril. 2001;75(4):763-768.

Saed GM, Munkarah AR, Diamond MP. Cyclooxygenase-2 is
expressed in human fibroblasts isolated from intraperitoneal
adhesions but not from normal peritoneal tissues. Fertil Steril.
2003;79(6):1404-1408.

Ivarsson ML, Holmdahl L, Falk P, Molne J, Risberg B. Characteri-
zation and fibrinolytic properties of mesothelial cells isolated from
peritoneal lavage. Scand J Clin Lab Invest. 1998;58(3):195-203.
Shavell VI, Saed GM, Diamond MP. Review: cellular metabo-
lism: contribution to postoperative adhesion development.
Reprod Sci. 2009;16(7):627-634.

Cookson VJ, Chapman NR. NF-kappaB function in the human
myometrium during pregnancy and parturition. Histol Histo-
pathol. 2010;25(7):945-956.

Shukla A, Rasik AM, Shankar R. Nitric oxide inhibits wounds
collagen synthesis. Mol Cell Biochem. 1999;200(1-2):27-33.
Ferrini MG, Vernet D, Magee TR, et al. Antifibrotic role of indu-
cible nitric oxide synthase. Nitric Oxide. 2002;6(3):283-294.
Jiang ZL, Zhu X, Diamond MP, Abu-Soud HM, Saed GM. Nitric
oxide synthase isoforms expression in fibroblasts isolated from
human normal peritoneum and adhesion tissues. Fertil Steril.
2008;90(3):769-774.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Valko M, Leibfritz D, Moncol J, Cronin MT, Mazur M, Telser J.
Free radicals and antioxidants in normal physiological functions
and human disease. Int J Biochem Cell Biol. 2007;39(1):44-84.
Terada LS, Guidot DM, Leff JA, et al. Hypoxia injures endothe-
lial cells by increasing endogenous xanthine oxidase activity.
Proc Natl Acad Sci U S A. 1992;89(8):3362-3366.

Yamamoto Y, Konig P, Henrich M, Dedio J, Kummer W.
Hypoxia induces production of nitric oxide and reactive oxygen
species in glomus cells of rat carotid body. Cell Tissue Res.
2006;325(1):3-11.

Zhu H, Bunn HF. Oxygen sensing and signaling: impact on the
regulation of physiologically important genes. Respir Physiol.
1999;115(2):239-247.

Kettle AJ, van Dalen CJ, Winterbourn CC. Peroxynitrite and mye-
loperoxidase leave the same footprint in protein nitration. Redox
Rep. 1997;3(5-6):257-258.

Weiss SJ, Klein R, Slivka A, Wei M. Chlorination of taurine by
human neutrophils. Evidence for hypochlorous acid generation.
J Clin Invest. 1982;70(3):598-607.

Tahboub YR, Galijasevic S, Diamond MP, Abu-Soud HM.
Thiocyanate modulates the catalytic activity of mammalian per-
oxidases. J Biol Chem. 2005;280(28):26129-26136.

Droge W. Free radicals in the physiological control of cell func-
tion. Physiol Rev. 2002;82(1):47-95.

Rier SE, Martin DC, Bowman RE, Dmowski WP, Becker JL.
Endometriosis in rhesus monkeys (Macaca mulatta) following
chronic exposure to 2,3,7,8-tetrachlorodibenzo-p-dioxin. Fundam
Appl Toxicol. 1993;21(4):433-441.

Stadtman ER. Oxidation of free amino acids and amino acid resi-
dues in proteins by radiolysis and by metal-catalyzed reactions.
Ann Rev Biochem. 1993;62:797-821.

Reed KL, Heydrick SJ, Aarons CB, et al. A neurokinin-1 receptor
antagonist that reduces intra-abdominal adhesion formation
decreases oxidative stress in the peritoneum. Am J Physiol Gas-
trointest Liver Physiol. 2007;293(3):G544-G551.

Heydrick SJ, Reed KL, Cohen PA, et al. Intraperitoneal adminis-
tration of methylene blue attenuates oxidative stress, increases
peritoneal fibrinolysis, and inhibits intraabdominal adhesion for-
mation. J Surg Res. 2007;143(2):311-319.

Reed KL, Stucchi AF, Leeman SE, Becker JM. Inhibitory effects
of a neurokinin-1 receptor antagonist on postoperative peritoneal
adhesion formation. Ann NY Acad Sci. 2008;1144:116-126.
Kluger Y, Weinbroum A, Ben-Avraham R, Galili Y, Klausner J,
Rabau M. Reduction in formation of peritoneal adhesions by
methylene blue in rats: a dose response study. Eur J Surg.
2000;166(7):568-571.

Gul A, Kotan C, Dilek I, Gul T, Tas A, Berktas M. Effects of
methylene blue, indigo carmine solution and autologous erythro-
cyte suspension on formation of adhesions after injection into rats.
J Reprod Fertil. 2000;120(2):225-229.

Saed GM, Abu-Soud HM, Diamond MP. Role of nitric oxide in
apoptosis of human peritoneal and adhesion fibroblasts after
hypoxia. Fertil Steril. 2004;82(suppl 3):1198-1205.

Fletcher NM, Jiang ZL, Diamond MP, Abu-Soud HM, Saed GM.
Hypoxia-generated superoxide induces the development of the
adhesion phenotype. Free Radic Biol Med. 2008;45(4):530-536.



1182

Reproductive Sciences 18(12)

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Jiang ZL, Fletcher NM, Diamond MP, Abu-Soud HM, Saed GM.
S-nitrosylation of caspase-3 is the mechanism by which adhesion
fibroblasts manifest lower apoptosis. Wound Repair Regen. 2009;
17(2):224-229.

Ellis H, Moran BJ, Thompson JN, et al. Adhesion-related hospital
readmissions after abdominal and pelvic surgery: a retrospective
cohort study. Lancet. 1999;353(9163):1476-1480.
Gonzalez-Quintero VH, Cruz-Pachano FE. Preventing adhesions
in obstetric and gynecologic surgical procedures. Rev Obstet
Gynecol. 2009;2(1):38-45.

Tulandi T, Murray C, Guralnick M. Adhesion formation and
reproductive outcome after myomectomy and second-look
laparoscopy. Obstet Gynecol. 1993;82(2):213-215.

Bulletti C, Polli V, Negrini V, Giacomucci E, Flamigni C. Adhe-
sion formation after laparoscopic myomectomy. J Am Assoc
Gynecol Laparosc. 1996;3(4):533-536.

Brill Al, Nezhat F, Nezhat CH, Nezhat C. The incidence of
adhesions after prior laparotomy: a laparoscopic appraisal. Obstet
Gynecol. 1995;85(2):269-272.

Ashrafinia M, Vazirichimeh Z, Dastjerdi MV, Moiini A. Adhe-
sion Formation in Patients with Previous Laparotomies. J Am
Assoc Gynecol Laparosc. 1996;3(4 suppl):S2.

Leuwen V. Ann de. Gynec. 1904;2.s., 1,:577-580.

Mason NR. The end results of caesarean section. Boston Med
Surg J. 1911;CLXIV:889-891.

Juntunen K, Makarainen L, Kirkinen P. Outcome after a high number
(4-10) of repeated caesarean sections. BJOG. 2004;111(6):561-563.
Diamond MP, Hershlag A. Adhesion formation/reformation.
Prog Clin Biol Res. 1990;358:23-33.

Miller G, Boman J, Shrier I, Gordon PH. Etiology of small bowel
obstruction. Am J Surg. 2000;180(1):33-36.

Monk BJ, Berman ML, Montz FJ. Adhesions after extensive
gynecologic surgery: clinical significance, etiology, and preven-
tion. Am J Obstet Gynecol. 1994;170(5 Pt 1):1396-1403.
Stricker B, Blanco J, Fox HE. The gynecologic contribution to intest-
inal obstruction in females. J Am Coll Surg. 1994;178(6):617-620.
Fevang BT, Fevang J, Lie SA, Soreide O, Svanes K, Viste A.
Long-term prognosis after operation for adhesive small bowel
obstruction. Ann Surg. 2004;240(2):193-201.

Makoha FW, Fathuddien MA, Felimban HM. Choice of abdom-
inal incision and risk of trauma to the urinary bladder and bowel
in multiple cesarean sections. Eur J Obstet Gynecol Reprod Biol.
2006;125(1):50-53.

Silver RM, Landon MB, Rouse DJ, et al. Maternal morbidity
associated with multiple repeat cesarean deliveries. Obstet Gyne-
col. 2006;107(6):1226-1232.

Swank DJ, Van Erp WF, Repelaer Van Driel OJ, Hop WC, Bonjer
HJ, Jeekel H. A prospective analysis of predictive factors on the
results of laparoscopic adhesiolysis in patients with chronic abdom-
inal pain. Surg Laparosc Endosc Percutan Tech. 2003;13(2):88-94.
Nisenblat V, Barak S, Griness OB, Degani S, Ohel G, Gonen R.
Maternal complications associated with multiple cesarean deliv-
eries. Obstet Gynecol. 2006;108(1):21-26.

Phipps MG, Watabe B, Clemons JL, Weitzen S, Myers DL. Risk
factors for bladder injury during cesarean delivery. Obstet Gyne-
col. 2005;105(1):156-160.

75.

76.

71.

78.

79.

80.

81.

82.

83.

84.

85.
86.
87.

88.

89.

90.

91.

92.

93.

94.

Sobande A, Eskandar M. Multiple repeat caesarean sections:
complications and outcomes. J Obstet Gynaecol Can. 2006;
28(3):193-197.

Rahman MS, Gasem T, Al Suleiman SA, Al Jama FE, Burshaid S,
Rahman J. Bladder injuries during cesarean section in a Univer-
sity Hospital: a 25-year review. Arch Gynecol Obstet. 2009;
279(3):349-352.

Kulenthran A, Sivanesaratnam V. Recurrent uterine myomata in
three sisters—an uncommon occurrence. Int J Gynaecol Obstet.
1988;27(2):289-291.

Eisenkop SM, Richman R, Platt LD, Paul RH. Urinary tract injury
during cesarean section. Obstet Gynecol. 1982;60(5):591-596.
Wang L, Merkur H, Hardas G, Soo S, Lujic S. Laparoscopic hyster-
ectomy in the presence of previous caesarean section: a review of
one hundred forty-one cases in the Sydney West Advanced Pel-
vic Surgery Unit. J Minim Invasive Gynecol. 2010;17(2):186-191.
Khashoggi TY. Higher order multiple repeat cesarean sections:
maternal and fetal outcome. Ann Saudi Med. 2003;23(5):278-282.
Rashid M, Rashid RS. Higher order repeat caesarean sections:
how safe are five or more? BJOG. 2004;111(10):1090-1094.
Shellhaas CS, Gilbert S, Landon MB, et al. The frequency and
complication rates of hysterectomy accompanying cesarean
delivery. Obstet Gynecol. 2009;114(2 Pt 1):224-229.

Kadanali S, Erten O, Kucukozkan T. Pelvic and periaortic pertio-
neal closure or non-closure at lymphadenectomy in ovarian can-
cer: effects on morbidity and adhesion formation. Eur J Surg
Oncol. 1996;22(3):282-285.

Hugh TB, Nankivell C, Meagher AP, Li B. Is closure of the
peritoneal layer necessary in the repair of midline surgical
abdominal wounds? World J Surg. 1990;14(2):231-233; discus-
sion 233-234.

Pearl ML, Rayburn WF. Choosing abdominal incision and closure
techniques: a review. J Reprod Med. 2004;49(8):662-670.
Kingdom. RCoOaGU. Peritoneal closure. Guideline. 2002;15:1-7.
Bamigboye AA, Hofmeyr GJ. Closure versus non-closure of the
peritoneum at caesarean section. Cochrane Database Syst Rev.
2003(4):CD000163.

Berghella V, Baxter JK, Chauhan SP. Evidence-based surgery for
cesarean delivery. Am J Obstet Gynecol. 2005;193(5):1607-1617.
Malvasi A, Tinelli A, Farine D, et al. Effects of visceral peritoneal
closure on scar formation at cesarean delivery. Int J Gynaecol
Obstet. 2009;105(2):131-135.

Stark M, Chavkin Y, Kupfersztain C, Guedj P, Finkel AR. Eva-
luation of combinations of procedures in cesarean section. Int
J Gynaecol Obstet. 1995;48(3):273-276.

Joura EA, Nather A, Hohlagschwandtner M, Husslein P. Perito-
neal closure and adhesions. Hum Reprod. 2002;17(1):249-250.
Zareian Z, Zareian P. Non-closure versus closure of peritoneum
during cesarean section: a randomized study. Eur J Obstet Gyne-
col Reprod Biol. 2006;128(1-2):267-269.

Weerawetwat W, Buranawanich S, Kanawong M. Closure vs non-
closure of the visceral and parietal peritoneum at cesarean delivery:
16 year study. J Med Assoc Thai. 2004;87(9):1007-1011.

Lyell DJ, Caughey AB, Hu E, Daniels K. Peritoneal closure at pri-
mary cesarean delivery and adhesions. Obstet Gynecol. 2005;
106(2):275-280.



Awonuga et al

1183

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

Tulandi T, Hum HS, Gelfand MM. Closure of laparotomy
incisions with or without peritoneal suturing and second-look
laparoscopy. Am J Obstet Gynecol. 1988;158(3 Pt 1):536-537.
Blumenfeld YJ, Caughey AB, El-Sayed Y'Y, Daniels K, Lyell DJ.
Single- versus double-layer hysterotomy closure at primary caesar-
ean delivery and bladder adhesions. BJOG. 2010;117(6):690-694.
Coleman MG, McLain AD, Moran BJ. Impact of previous sur-
gery on time taken for incision and division of adhesions during
laparotomy. Dis Colon Rectum. 2000;43(9):1297-1299.

Beck DE, Ferguson MA, Opelka FG, Fleshman JW, Gervaz P,
Wexner SD. Effect of previous surgery on abdominal opening
time. Dis Colon Rectum. 2000;43(12):1749-1753.

Diamond MP, Daniell JF, Feste J, et al. Adhesion reformation
and de novo adhesion formation after reproductive pelvic sur-
gery. Fertil Steril. 1987;47(5):864-866.

Diamond MP, Decherney AH. Pathogenesis of adhesion forma-
tion/reformation: application to reproductive pelvic surgery.
Microsurgery. 1987;8(2):103-107.

Lower AM, Hawthorn RJ, Ellis H, O’Brien F, Buchan S, Crowe
AM. The impact of adhesions on hospital readmissions over ten
years after 8849 open gynaecological operations: an assessment
from the Surgical and Clinical Adhesions Research Study.
BJOG. 2000;107(7):855-862.

Lower AM, Hawthorn RJ, Clark D, et al. Adhesion-related read-
missions following gynaecological laparoscopy or laparotomy in
Scotland: an epidemiological study of 24 046 patients. Hum
Reprod. 2004;19(8):1877-1885.

Greenberg M DK, Blumenfeld Y, Caughey A, Lyell D. Do adhe-
sions at repeat cesarean delay delivery of the newborn? Am
J Obstet Gynecol. 2011;204(1):S267-S268.

Rouse DJ, MacPherson C, Landon M, et al. Blood transfusion
and cesarean delivery. Obstet Gynecol. 2006;108(4):891-897.
Becker JM, Dayton MT, Fazio VW, et al. Prevention of post-
operative abdominal adhesions by a sodium hyaluronate-based
bioresorbable membrane: a prospective, randomized, double-
blind multicenter study. J Am Coll Surg. 1996;183(4):297-306.
Milingos S, Kallipolitis G, Loutradis D, et al. Adhesions: laparo-
scopic surgery versus laparotomy. Ann N Y Acad Sci. 2000;900:
272-285.

Diamond MP, Freeman ML. Clinical implications of postsurgi-
cal adhesions. Hum Reprod Update. 2001;7(6):567-576.

Lalos O. Risk factors for tubal infertility among infertile and fertile
women. Eur J Obstet Gynecol Reprod Biol. 1988;29(2):129-136.
Collin SM, Marshall T, Filippi V. Caesarean section and subse-
quent fertility in sub-Saharan Africa. BJOG. 2006;113(3):276-283.
Jolly J, Walker J, Bhabra K. Subsequent obstetric performance
related to primary mode of delivery. Br J Obstet Gynaecol.
1999;106(3):227-232.

Hemminki E. Impact of caesarean section on future pregnancy—
a review of cohort studies. Paediatr Perinat Epidemiol. 1996;
10(4):366-379.

Mollison J, Porter M, Campbell D, Bhattacharya S. Primary
mode of delivery and subsequent pregnancy. BJOG. 2005;
112(8):1061-1065.

LaSala AP, Berkeley AS. Primary cesarean section and subse-
quent fertility. Am J Obstet Gynecol. 1987;157(2):379-383.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

Murphy DJ, Stirrat GM, Heron J. The relationship between
Caesarean section and subfertility in a population-based sample
of 14 541 pregnancies. Hum Reprod. 2002;17(7):1914-1917.
Saraswat L, Porter M, Bhattacharya S. Caesarean section and
tubal infertility: is there an association? Reprod Biomed Online.
2008;17(2):259-264.

Wolf ME, Daling JR, Voigt LF. Prior cesarean delivery in
women with secondary tubal infertility. Am J Public Health.
1990;80(11):1382-1383.

Mol F, van Mello NM, Mol BW, van der Veen F, Ankum WM,
Hajenius PJ. Ectopic pregnancy and pelvic inflammatory dis-
ease: a renewed epidemic? Eur J Obstet Gynecol Reprod Biol.
2010;151(2):163-167.

Ankum WM, Mol BW, Van der Veen F, Bossuyt PM. Risk fac-
tors for ectopic pregnancy: a meta-analysis. Fertil Steril. 1996;
65(6):1093-1099.

Clayton HB, Schieve LA, Peterson HB, Jamieson DJ, Reynolds
MA, Wright VC. Ectopic pregnancy risk with assisted reproduc-
tive technology procedures. Obstet Gynecol. 2006;107(3):
595-604.

Parazzini F, Tozzi L, Ferraroni M, Bocciolone L, La Vecchia C,
Fedele L. Risk factors for ectopic pregnancy: an Italian case-
control study. Obstet Gynecol. 1992;80(5):821-826.

Karaer A, Avsar FA, Batioglu S. Risk factors for ectopic preg-
nancy: a case-control study. Aust N Z J Obstet Gynaecol.
2006;46(6):521-527.

Peters AA, Trimbos-Kemper GC, Admiraal C, Trimbos JB, Her-
mans J. A randomized clinical trial on the benefit of adhesiolysis
in patients with intraperitoneal adhesions and chronic pelvic
pain. Br J Obstet Gynaecol. 1992;99(1):59-62.

Hammoud A, Gago LA, Diamond MP. Adhesions in patients
with chronic pelvic pain: a role for adhesiolysis? Fertil Steril.
2004;82(6):1483-1491.

Almeida EC, Nogueira AA, Candido dos Reis FJ, Rosa e Silva
JC. Cesarean section as a cause of chronic pelvic pain. Int J
Gynaecol Obstet. 2002;79(2):101-104.

Deneux-Tharaux C, Carmona E, Bouvier-Colle MH, Breart G.
Postpartum maternal mortality and cesarean delivery. Obstet
Gynecol. 2006;108(3 Pt 1):541-548.

Menacker F, Declercq E, Macdorman MF. Cesarean delivery:
background, trends, and epidemiology. Semin Perinatol. 2006;
30(5):235-241.

Imudia AN, Hobson DT, Awonuga AO, Diamond MP, Bahado-
Singh RO. Determinants and complications of emergent cesar-
ean hysterectomy: supracervical vs total hysterectomy. Am J
Obstet Gynecol. 2010;203(3):e221-e225.

Scott JR. Avoiding labor problems during vaginal birth after
cesarean delivery. Clin Obstet Gynecol. 1997;40(3):533-541
Sbarra M, Boyd M, Dardarian TS. Complications due to adhe-
sion formation following cesarean sections: a review of deliv-
eries in three cases. Fertil Steril. 2009;92(1):394.e313-¢396.
Uygur D, Gun O, Kelekei S, Ozturk A, Ugur M, Mungan T.
Multiple repeat caesarean section: is it safe? Eur J Obstet Gyne-
col Reprod Biol. 2005;119(2):171-175.

Esmon CT, Vigano-D’Angelo S, D’ Angelo A, Comp PC. Antic-
oagulation proteins C and S. Adv Exp Med Biol. 1987;214:47-54.



1184

Reproductive Sciences 18(12)

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

Petersen CM. Alpha 2-macroglobulin and pregnancy zone pro-
tein. Serum levels, alpha 2-macroglobulin receptors, cellular
synthesis and aspects of function in relation to immunology. Dan
Med Bull. 1993;40(4):409-446.

Wallmo L, Gyzander E, Karlsson K, Lindstedt G, Radberg T,
Teger-Nilsson AC. alpha 2-Antiplasmin and alpha 2-macroglo-
bulin—the main inhibitors of fibrinolysis—during the menstrual
cycle, pregnancy, delivery, and treatment with oral contracep-
tives. Acta Obstet Gynecol Scand. 1982;61(5):417-422.
Hellgren M. Hemostasis during normal pregnancy and puerper-
um. Semin Thromb Hemost. 2003;29(2):125-130.

Rehman KS, Yin S, Mayhew BA, Word RA, Rainey WE.
Human myometrial adaptation to pregnancy: cDNA microar-
ray gene expression profiling of myometrium from non-
pregnant and pregnant women. Mol Hum Reprod. 2003;9(11):
681-700.

Prochazkova J, Dhaifallah I, Mechurova A, et al. [Monitoring of
endothelial activation markers during physiological pregnancy].
Ceska Gynekol. 2010;75(2):92-100.

Hahn L, Korsan-Bengtsen K. The coagulation system during
caerean section. Coagulation, fibrinolysis and hormonal levels
in peripheral and uterine venous blood during caesarean section.
Acta Obstet Gynecol Scand. 1975;54(1):49-55.

Roh CR, Oh WJ, Yoon BK, Lee JH. Up-regulation of matrix
metalloproteinase-9 in human myometrium during labour: a
cytokine-mediated process in uterine smooth muscle cells. Mol
Hum Reprod. 2000;6(1):96-102.

Choi SJ, Oh S, Kim JH, Roh CR. Changes of nuclear factor
kappa B (NF-kappaB), cyclooxygenase-2 (COX-2) and matrix
metalloproteinase-9 (MMP-9) in human myometrium before and
during term labor. Eur J Obstet Gynecol Reprod Biol. 2007;
132(2):182-188.

Myatt L. Review: reactive oxygen and nitrogen species and func-
tional adaptation of the placenta. Placenta. 2010;31(suppl):
S66-S69.

Aris A, Benali S, Ouellet A, Moutquin JM, Leblanc S. Potential
biomarkers of preeclampsia: inverse correlation between hydro-
gen peroxide and nitric oxide early in maternal circulation and at
term in placenta of women with preeclampsia. Placenta. 2009;
30(4):342-347.

Khan RN, Matharoo-Ball B, Shaw RW. Antioxidant enzyme
expression, lipid peroxidation, and protein oxidation in
human myometrium with parturition. Reprod Sci. 2010;17(1):
78-84.

Shynlova O, Tsui P, Dorogin A, Chow M, Lye SJ. Expression and
localization of alpha-smooth muscle and gamma-actins in the preg-
nant rat myometrium. Biol Reprod. 2005;73(4):773-780.

Mesa A, Jessurun C, Hernandez A, et al. Left ventricular diasto-
lic function in normal human pregnancy. Circulation. 1999;
99(4):511-517.

Taylor DJ, Lind T. Red cell mass during and after normal preg-
nancy. Br J Obstet Gynaecol. 1979;86(5):364-370.

Palmer SK, Zamudio S, Coffin C, Parker S, Stamm E, Moore
LG. Quantitative estimation of human uterine artery blood flow
and pelvic blood flow redistribution in pregnancy. Obstet Gyne-
col. 1992;80(6):1000-1006.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

Leibson RG, Likhnitzky II, Sax MG. Oxygen transport of the
foetal and maternal blood during pregnancy. J Physiol. 1936,
87(2):97-112.

Schrinsky DC, Benson RC. Rupture of the pregnant uterus: a
review. Obstet Gynecol Surv. 1978;33(4):217-232.

Vercellini P, Trespidi L, Zaina B, Vicentini S, Stellato G, Cro-
signani PG. Gonadotropin-releasing hormone agonist treatment
before abdominal myomectomy: a controlled trial. Fertil Steril.
2003;79(6):1390-1395.

Coddington CC, Grow DR, Ahmed MS, Toner JP, Cook E, Dia-
mond MP. Gonadotropin-releasing hormone agonist pretreatment
did not decrease postoperative adhesion formation after abdominal
myomectomy in a randomized control trial. Fertil Steril. 2009;
91(5):1909-1913.

Darwish AM, Nasr AM, El-Nashar DA. Evaluation of post-
myomectomy uterine scar. J Clin Ultrasound. 2005;33(4):
181-186.

Jastrow N, Chaillet N, Roberge S, Morency AM, Lacasse Y,
Bujold E. Sonographic lower uterine segment thickness and risk
of uterine scar defect: a systematic review. J Obstet Gynaecol
Can. 2010;32(4):321-327.

Vikhareva Osser O, Valentin L. Risk factors for incomplete heal-
ing of the uterine incision after caesarean section. BJOG. 2010;
117(9):1119-1126.

Ray NF, Denton WG, Thamer M, Henderson SC, Perry S.
Abdominal adhesiolysis: inpatient care and expenditures in the
United States in 1994. J Am Coll Surg. 1998;186(1):1-9.

Portz DM, Elkins TE, White R, Warren J, Adadevoh S,
Randolph J. Oxygen free radicals and pelvic adhesion forma-
tion: 1. Blocking oxygen free radical toxicity to prevent adhe-
sion formation in an endometriosis model. Int J Fertil. 1991;
36(1):39-42.

Salaris SC, Babbs CF, Voorhees WD, 3rd. Methylene blue as an
inhibitor of superoxide generation by xanthine oxidase. A poten-
tial new drug for the attenuation of ischemia/reperfusion injury.
Biochem Pharmacol. 1991;42(3):499-506.

Ozcelik B, Serin IS, Basbug M, Uludag S, Narin F, Tayyar M.
Effect of melatonin in the prevention of post-operative adhesion
formation in a rat uterine horn adhesion model. Hum Reprod.
2003;18(8):1703-1706.

Sharpe-Timms KL, Zimmer RL, Jolliff W], Wright JA, Noth-
nick WB, Curry TE. Gonadotropin-releasing hormone agonist
(GnRH-a) therapy alters activity of plasminogen activators,
matrix metalloproteinases, and their inhibitors in rat models for
adhesion formation and endometriosis: potential GnRH-a-
regulated mechanisms reducing adhesion formation. Fertil
Steril. 1998;69(5):916-923.

Gago LA, Saed GM, Wang RX, Kruger M, Diamond MP.
Effects of oxidized regenerated cellulose on the expression
of extracellular matrix and transforming growth factor-
betal in human peritoneal fibroblasts and mesothelial cells.
Am J Obstet Gynecol. 2003;189(6):1620-1625; discussion
1625-1626.

Tarhan OR, Eroglu A, Cetin R, A YN, Bulbul M, Altuntas YR.
Effects of seprafilm on peritoneal fibrinolytic system. ANZ J
Surg. 2005;75(8):690-692.



Awonuga et al

1185

161.

162.

Vrijland WW, Tseng LN, Eijkman HJ, et al. Fewer intraperitoneal
adhesions with use of hyaluronic acid-carboxymethylcellulose
membrane: a randomized clinical trial. Ann Surg. 2002;235(2):
193-199.

Reddy S, Santanam N, Reddy PP, Rock JA, Murphy AA,
Parthasarathy S. Interaction of Interceed oxidized regenerated

163.

cellulose with macrophages: a potential mechanism by which
Interceed may prevent adhesions. Am J Obstet Gynecol. 1997,
177(6):1315-1320; discussion 1320-1311.

Kim TH, Kim JS, Lee HH, Nam KH, Lee KH, Lee JJ. Prevention
of vesicouterine adhesions after cesarean with Interceed
[abstract]. Korean Soc Fetal Med. 2006;2:194.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


