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Abstract

Objective: Studies have suggested that closure of the peritoneum at the
time of cesarean may reduce adhesion formation postoperatively. Basic science
implicates the macrophage as one of the primary initiators of the inflammatory
response. Activated macrophages secrete inflammatory cytokines and other
proteins noted to contribute to adhesion formation. The goal of this study is to
identify which suture materials cause the least peritoneal macrophage activation
as an indicator of inflammatory response and predictor of adhesion formation.
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The harvested cells were placed in culture for 12 hours prior to exposure to
suture, PDS, 3-0 Vicryl, 3-0 Plain gut, 3-0 Chromic, or 3-0 Monocryl. Macrophage
activation rates were documented at 24 hrs and 72 hrs for each treatment. The
macrophage activation rate was calculated by counting the number of activated
cells compared to partially activated or non-activated cells in the microscope
field, then dividing each activation classification by the total number of cells in
the field and multiplying by 100.

Results: There is a direct correlation between the suture exposure and
inflammatory response mediated by macrophages. Monofilament suture causes
the least macrophage activation. Monocryl is predicted to cause less activation
than PDS.

Conclusion: The magnitude of inflammatory response mediated by
macrophage activation in peritoneal exposure may be minimized by suture
selection. Thus, choosing the correct suture in closure of the human peritoneum
at the time of cesarean may reduce the inflammatory response and subsequently
reduce adhesion formation.
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Introduction conflicting results evaluating the benefit of peritoneal closure to

minimize adhesions [6-8]. However, since this great debate began

Cesarean delivery has become one of the mainstays of obstetrical there has not been a clear, evidence based, advantage reported for

practice over the last 20 years. In 2007 the cesarean delivery rate in the
US was reported to be 31.7%, an increase of nearly 50% in ten years [1].
The most recent data from 2012 reports the US Cesarean delivery rate
at 32.8% which suggests a slower rate of increase over the past 5years
[2]. Much of the current push to increase VBAC acceptance among
patients and attempts to decrease primary cesarean rates is grounded
in the evidence-based finding of maternal comorbidities and long-
term sequelae of cesarean delivery [3]. Chief among the potential
negative outcomes associated with multiple cesarean deliveries is the
risk of future surgery [4]. Further, adhesions formed as a consequence
of prior surgery can increase the risk of complications during pelvic
and abdominal surgery. Given that Cesarean section has become
so common, it would appear prudent to identify the best surgical
practices to minimize post-surgical adhesive disease.

either technique. Lyell published one of the major prospective
randomized trials that concluded that peritoneal closure has a
protective affect against adhesion formation [8]. These findings were
supported by the meta- analysis completed by Cheong in 2009 [6]. A
recent randomized prospective trial published in 2012 concluded that
there was no significant difference in adhesion formation, but failed to
address visceral peritoneal closure [7]. However, this study identified
several inconsistencies in the previous meta-analysis and reviews by
highlighting use of different suture types to close the peritoneum and
using different techniques [7].

It would appear evident that any debate over the technique
of peritoneal closure and its effect on adhesion formation should
include an evaluation of the process of adhesion formation as
a subset of the inflammatory cascade. The pathophysiology of

Closing the peritoneum was considered part of standard cesarean
technique until the 1990s, at which time the idea was proposed that
skipping this step may cut down on surgical time, comorbidity,
wound infection, postoperative pain, and adhesion formation
[5]. Subsequently there have been a series of mixed studies with

the condition implicates that inflammatory factor concentration
and severity of peritoneal disruption can be correlated to the
subsequent amount/severity of adhesive disease [9]. Studies suggest
the inciting agents would include: L collagen I, fibronectin, matrix
metalloproteinase 1 (MMP-1), tissue inhibitor of metalloproteinases
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Table 1: Pilot Study-Macrophage activation after 24 hr of Exposure to 4 suture
materials.

Suture Type Not Activated Activated Partial Activation
Control 55 20 23
PDS 25 35 39
Vicryl 4.7 78.3 17.2
Chromic 0.1 88 11.2
Plain gut 45 83 115

Table 2: Pilot Study-Macrophage activation after 72 hr of Exposure to 4 suture
materials.

Suture Type Not Activated Activated Partial Activation
Control 53 37 10
PDS 245 54 24
Vicryl 0.5 88 12
Chromic 0.1 97 3
Plain gut 0.5 92.5 7

(TIMP-1), transforming growth factor- beta (TGFB1 and TGIFB2),
cyclooxygenase-2 (COX-2), and interleukin -10 (IL-10) [9], all of
which are manifested in the process of macrophage activation. This
would suggest a technique is needed to evaluate whether surgical
materials, such assuture, contribute tomacrophage activation. Such
information could subsequently be used to determine the suture
and other surgical materials that would be optimal for closing the
peritoneum. Further, the standard use of a low inflammatory index
suture for peritoneal closure studies could then be used to establish
a clear advantage in the closure vs non-closure debate for caesarian
section surgery. The objective of the present study was to determine if
a previously described macrophage culture system [10] could be used
to evaluate suture materials commonly used in peritoneal closure by
determining their ability to activate macrophages in vitro. Such data
might prove useful in predicting the adhesion formation potential of
such materials during use in surgical procedures.

Materials and Methods

Two studies were completed using the previously described
macrophage model [10]. In the first study, macrophages were
obtained from previously euthanized research grade mice (CB6F1;
Charles Rivers, Willington, MA) under an approved IACUC
protocol. Macrophages were harvested by rinsing the peritoneal
cavity of 6 males and 2 female mice with phosphate buffered saline
solution (PBS; Irvine Scientific; Santa Ana, CA). The harvested
cells were placed in Ham’s F-10 culture media supplemented with
human serum and antibiotics (Irvine Scientific)and transferred
to a standard 24-culture plate, and then incubated for 12 hours at
37°C, 5% CO, and 95% relative humidity prior to exposure to suture
materials to allow the macrophages to adhere to the culture plate
(Falcon; Bedford, MA). At the end of the initial culture period, the
plates were rinsed with PBS to remove non-adherent cells and fresh
media added using sterile technique. Sterile suture materials were
prepared one hour prior to the end of the initial culture period of the
suture samples to limit possible culture contamination. Study suture
materials were cut into 5 mm segments using sterile technique. Each
row of the 24-well culture plate represented one animal source. Cells
in the first row were used as a control. In the first experiment, the

subsequent rows were then exposed to 5 mm segments of either PDS,
3-0 Vicryl, 3-0 Plain gut, or 3-0 Chromic (Ethicon, Inc.; Bridgewater,
NJ) by placing the sterile suture segments in the wells using sterile
gloves and sterile pickups. Once the entire suture was appropriately
placed, the plates were returned to culture for an additional 72 hours,
with data collection occurring after 24 and 72 hrs of suture exposure.
At the collection time points, wells were first inspected for evidence
of visual contamination and those wells were excluded. The cells in
the remaining wells were then scored for macrophage activation
percentage on an inverted microscope at 630X magnification
(LeitzDiavert Inverted Microscope; Leica Microsystems Inc., Buffalo
Grove, IL) by three trained observers. Each observer counted 100
cells per well (a total of 1200 cells/treatment) using a scoring system
previously defined [10]. In brief, cells were characterized as activated
(globular 3-dimensional), non-activated (flat with long podocyte
projections), or partially activated (thickened 3-dimensional with few
projections, tubular appearance). Data for each cell type (activated,
partially activated, or non-activated) were then expressed as a
percentage of total cells counted per well creating 12 replicates per
treatment (4 wells x 3 observes) for statistical analysis. After confirming
no differences between observers, final data were expressed as a mean
of the 12 observations per treatment per time point.

In the second study, the process was repeated using macrophages
from 3 females and the three most common suture types used by
surgeons during cesarean section: plain gut, Monocryl and Vicryl,
plus the control. The same protocol described above was utilized with
the exception of suture preparation taking place in the operating room
and then transported to the clean area in sterile containers. Further,
because of contamination issues in the first culture experiment, 100
units of Penn-Strep (Fisher Scientific; Pittsburg, PA) /mL of media
was added to the base culture media for this second experiment.

All data were analyzed using the Statistical Package for the Social
Sciences (SPSS ver. 12; Chicago, IL). The basic analysis was a one-way
analysis of variance of treatment at each time point using a p value of
0.05 for significance, with Tukey’s mean separation as appropriate.

Results and Discussion

The initial study was designed as a pilot study with two plates
of cells. One plate became contaminated with a fungal infection
and was removed from the study. The remaining plate contained
the macrophages of three animals. Table 1 displays the results of
macrophage activation after 24 hrs of exposure. It is apparent that
all suture materials induced some level of macrophage activation
compared to the control (P < 0.01). Further, there were distinct
patterns of activation between the suture groups with Vicryl, Plain
gut, Chromic inducing significantly more activation than the PDS. As
expected, the rate of cellular activation increased from 24 to 72 hrs.
However, the same general pattern of activation continued between
the four treatments groups (P < 0.001; Table 2). Further, while over
half the macrophages in the control remained unactivated, 75 to
almost 100% of the macrophages exposed to one of the four suture
types demonstrated at least partial activation after 72 hrs.

In the second trial, using suture materials found commonly in
cesarean section procedures, additional care was taken to prevent
infection of the culture wells.
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Figure 1: State of activation of macrophages after 24 hrs of exposure to
various suture materials in vitro.

*- indicates means different from the control for that state activation (P <
0.001).
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Figure 2: Comparison of macrophage activation after 24 hrs of exposure
to various suture materials. Bars with different subscripts are significantly
different (P < .001).

The present study reexamines a model of in vitro macrophage
activation [10] and its usefulness for evaluating surgical agents for
their potential adhesion- inducing properties. The most salient point
in this study is that monocryl macrophage activation is statistically
similar to the control macrophage activation in the cell culture model.
Therefore it can be concluded that, of the suture types described in
this study, Monocryl is the least activating. The extrapolation is that
Monocryl is the least inflammatory and therefore would demonstrate
the least adhesion- generating potential.

This finding maybe extremely important to the original question
inspiring the study and suggests studies investigating the benefit of
closing the peritoneum at the time of cesarean delivery to minimize
adhesions at the time of future abdominopelvic surgery can now be
undertaken with the use of a consistent minimally inflammatory
suture. Currently, the protocol and IRB are being developed for a
prospective randomized control trial. Another application of this
result is that additional minimally inflammatory devices and suture
selections can be developed based on what is known about the
construction of Monocryl. Additional larger studies using the animal
model described above will also be useful in solidifying the potentially

Resulting data demonstrated increased activation of cells exposed
to Vicryl compared to the control at 24 hrs (Figure 1; P < .001). Both
Plain gut and vicryl had fewer non-activated cells than the control
(P < .001). Further, when comparing suture types to each other,
Monocryl and plain gut appear to have fewer activated macrophages
than Vicryl and were in a range statistically similar to the control
(Figure 2). As in the original pilot study, activation continued to
increase over time and at 72 hrs both Plain Gut and Vicryl appeared
to have more activated macrophages than the control (Figure 3; P <
.001) However, by 72 hrs only Monocryl had activated cell counts in
a range statistically similar to the control (Figure 4).

Conclusion

The debate over closure technique during cesarean section
continues [6-8]. Presently it remains unclear if closure of the
peritoneum has more beneficial or detrimental effects on long-term
patient morbidity. However, there can be little debate that materials
that induce macrophage activation may have significant influence
on subsequent adhesion development and issues that might develop
during subsequent surgical procedure [9].
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Figure 3: State of activation of macrophages after 72 hrs of exposure to
various suture materials in vitro.

*- indicates means different from the control for that state activation (P <
0.001).
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Figure 4: Comparison of macrophage activation after 24 hrs of exposure
to various suture materials. Bars with different subscripts are significantly
different (P < .001).
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beneficial qualities of Monocryl and other monofilament synthetic
suture types such as PDS.

Limitations of the animal model utilized consist of keeping the
cell cultures free of contamination, the time allocation for counting
and calculating macrophage activation, inter-observer bias, and
potential environmental effect on activation. Supplementation of
the culture media with antibiotic solution additive may minimize
the risk of cell plate bacterial contamination, but promote fungal
contamination. It is difficult to prevent all contamination without
risk of potentially affecting the results. Even strict sterile technique
is dependent on the environmental constraints. Airborne microbes
can contaminate the plates each time they are opened. Better protocol
techniques to minimize contamination without altering the baseline
activation amount will be invaluable to the utility of future studies.

The counters that collected the data received 30 minutes to 1
hour of training for recognizing and counting the cells. However
with multiple hours of counting, the possibility of error exists
secondary to fatigue and inter-observer differences. To evaluate
this effect, comparison of each counter’s data at the conclusion of
each plate being counted was conducted, demonstrating relative
consistency among the counters. There is no way to reconcile the
limitation of the fixed amount of time required to count 100 cells
from each well sample population. In order to have an increased
study size the number of counters must be increased as well. Lastly,
the limitation of an animal model is inherent in the inability to
replicate the human cell environment in a synthetic cell plate. There
are hormones and cytokines that maternal macrophages are exposed
to during pregnancy that have inflammatory effects and could affect
macrophage activation. This limitation can only be overcome with
human subject clinical trials.

Other meaningful findings include a clear and significant increase
in macrophage activation, both at 24 hrs and 72hrs of exposure to
vicryl. Both Plain Gutand Vicryl demonstrated macrophage activation
rates around 40 % at 72hrs. It is reasonable to extrapolate that Vicryl,
Plain Gut and likely chromic will cause increased inflammation and
more adhesion forming potential. Therefore it would be preferable

to avoid using these suture materials when closing the layers of the
abdominal wall including the peritoneum.

While these data suggest the macrophage model represents a
potential means for evaluating the adhesion- inducing properties
of surgical agents, more study is needed with larger cell populations
to fully assess its usefulness. These studies should include both
molecular (measure of culture cytokines) and functional (ability of
macrophages for phagocytosis) aspects as well as the morphological
changes currently described. However, once proven, the model may
be a simple and inexpensive means of assessing the adhesion- forming
potential of new materials prior to their use in surgical procedures.
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