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Abstract

Background Secondary peritonitis causes considerable
mortality and morbidity. New strategies have been intro-
duced like relaparotomy and temporary abdominal closure
in the management of such persistent intra-abdominal
infections.

Materials and methods Rats were divided into five groups
each having ten animals. After induction of peritonitis,
relaparotomies were done, and the abdomen was closed by
different temporary abdominal closure techniques. After
performing two relaparotomies during a 48-h period, all
fascias closed primarily and incisional tensile strengths,
hydroxyproline contents, and adhesions were measured on
the following seventh day.

Results The median values of tensile strength and hydroxy-
proline concentrations were lowest in skin-only closure
rats. Intraperitoneal adhesion scores were highest in Bogota
bag closure group.

Conclusion Primary, Bogota bag, and polyprolene mesh
closures seem to be safe in terms of early fascial wound
healing. Although it is easy to perform, skin-only closure
technique has deleterious effects on fascial wound healing
probably due to fascial retraction. Interestingly, Bogota bag
has caused increased intraperitoneal adhesion formation.
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Introduction

Secondary peritonitis after perforation or postoperative
anastomotic disruption of the digestive tract is characterized
with considerable mortality and morbidity rates [1].
Currently, timely control or elimination of the source of
the infection by surgery, antimicrobial therapy, and critical
care support constitutes the main parts of the standard
treatment [2]. However, in the presence of persistent or
recurrent intra-abdominal infections, this standard therapy
consisting of source control, lavage, and primary closure is
considered to be insufficient [3]. Correspondingly, new
strategies such as relaparotomy and temporary abdominal
closure have been introduced [4—6].

Despite well-described advantages of various temporary
abdominal closure techniques, the ongoing intraperitoneal
sepsis and trauma to the fascial edges during relaparotomies
may affect wound healing negatively and contribute in the
formation of a ventral hernia [7-12]. The incidence of
ventral hernia is reported to be up to 21% even in patients
with primary fascial closure in the early postoperative
period after temporary abdominal closure [13]. As well as
fascial wound healing, the incidence and amount of
postoperative adhesion formation after temporary abdomi-
nal closure is also another matter of concern for surgeons.
Adhesions between the intestine and abdominal wall may
be the reason of serious complications and difficult
laparotomies in the future management of the patients [14].

Currently, due to lack of prospective randomized clinical
studies regarding the best temporary abdominal closure
technique, no one method has yet emerged in as clearly
superior. The skin-only technique was used to close the
abdomen rapidly, thus permitting resuscitation of the
clotting system, shock, and hypothermia [15, 16]. Potential
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disadvantages are evisceration, injury and loss of skin, and
a high incidence of abdominal compartment syndrome [16].
The Bogota bag process is observed first in Colombia in the
management of devastating abdominal injuries [16]. The
technique consists of sewing large sterile polyvinyl chloride
genitourinary irrigation bags to the skin or fascia. The
advantages are that they are widely available, inexpensive,
biologically inert, and minimize fluid loss. Disadvantages
include loss of abdominal domain and ease of tearing with
subsequent evisceration [7, 9, 17]. Polypropylene meshes
are resistant to infection; they allow egress of fluid and are
relatively easy to apply either to skin or fascia. However, in
a summary of 14 studies involving 128 patients managed
with a polypropylene mesh, it is reported that there was a
23% enterocutaneous fistula rate [18]. Because of the
difficulties in designing a randomized prospective clinical
study, it is obvious that well-designed experimental models
are needed to investigate the effects of relaparotomies and
temporary abdominal closure techniques on the healing of
abdominal fascia and postoperative adhesions. Therefore, in
this present study, we investigated the effects of different
temporary abdominal closure techniques on the fascial
wound healing and adhesion formation in rats with
secondary peritonitis.

Materials and methods

The study was performed with Sprague—Dawley rats
weighing between 125 and 150 g. The animals were
housed in wire-bottom cages at room temperature with a
12-h light-dark cycle and had free access to water and
standard rat chow until 12 h before surgery. The use of
anesthesia during the surgical procedure and subsequent
postoperative care were consistent with the guidelines in
the National Institute of Health’s Guide for the Care and
Use of Laboratory Animals (National Institutes of Health
publication no. 86-23, revised 1985, Bethesda, MD, USA).
The study was also approved by the Animal Ethics
Committee of the Pamukkale University Medical School.

Study groups

Rats were divided into five groups each having ten animals.
A cecal ligation and puncture (CLP) was performed in all
groups except in controls (group I) to induce bacterial
peritonitis. On the following day, relaparotomy was done in
all rats, the peritoneal cavity was flushed with sterile 0.09%
NaCl solution, and the abdomen was closed as follows: In
group I (control), the abdomen was closed primarily; in
group II, only the skin was closed; and in groups III and IV,
a sterile plastic bag (Bogota bag) and polypropylene mesh
were used for temporary abdominal closure, respectively. In
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group V, primary fascial closure was performed as in group
I. While controls (group I) underwent no relaparotomy
thereafter, two relaparotomies were done with 24-h interval
in the other groups. Finally, after completion, a total of 48-
h interval with temporary abdominal closure technique, the
abdominal fascia were closed primarily in groups I, II, III,
IV, and V. On the seventh day of the final closure, rats were
killed, tensile strength of fascial suture line was measured
in each rat, and tissue samples for biochemical analysis
were obtained by different investigators blinded to the
operations.

Operative details

Animals were fasted overnight and anesthetized by an
intramuscular injection of 50 mg/kg ketamine (Ketalar;
Parke Davis, Eczacibasi, Istanbul, Turkey) and xylazine
10 mg/kg (Rompun; Bayer AG, Leverkusen, Germany) and
allowed to breathe spontaneously during the surgery. Sterile
saline solution (NaCl 0.9%, 10 ml) was given subcutane-
ously in the dorsal area to prevent dehydration of the rats.

The abdomen was entered through a midline incision.
Bacterial peritonitis was induced with CLP as described
previously [19]. The cecum was identified, dissected, and
ligated with a 3-O silk tie after filling backward with feces.
Special care was taken to prevent bowel obstruction and
maintain continuity of the intestinal flow. Subsequently, the
cecum was punctured once with an 18-G needle at the
antimesenteric side, squeezed gently until feces were just
visible through the puncture, and then placed back into the
abdominal cavity. The abdominal incision was closed with
running 4/0 polyglactin suture (Vicryl, Ethicon, UK). After
abdominal closure, rats received a single dose of cipro-
floxacin 20 mg/kg body weight plus clindamycin 15 mg/kg
body weight and 10 ml saline solution subcutaneously for
compensation of perioperative fluid loss. After 24 h of CLP,
the abdomen was reopened, and the ligated cecum was
resected. Samples were taken by swabs for verification of
the induced peritonitis. Peritoneal lavage further continued
with 40 ml of warm sterile saline. The abdomen was closed
continuously with 4/0 polyglactin suture (Vicryl, Ethicon,
UK) in groups I and V. In group II, abdominal fascia was
left open and only the skin was closed primarily with 4/0
polypropylene suture (Prolene, Ethicon, UK) continuously.
In group 111, a sterile 150-ml plastic serum bag was adapted
to cover the abdominal viscera. The bag was secured to the
abdominal fascia with continuous 4/0 polypropylene suture
(Prolene, Ethicon, UK). In group IV, a 3x4-cm piece of
polypropylene mesh was used to close the abdomen, which
was sutured to the fascia in the same way with group IIL
After 24 h, rats were anesthetized again in groups II, III, IV,
and V, with the peritoneal cavity reopened and irrigated
with warmed sterile saline. Thereafter, the abdomen was
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closed temporarily in the same manner with the previous
relaparotomy in each group, as described above.

Tensile strength

Tensile strength of the fascial suture line was measured by a
simple technique, which is a modification of a previously
described one elsewhere [20]. First, directly after killing,
strips of abdominal wall measuring 1x2 cm, including 1-
cm length of suture line in the midpoint and 1 cm of fascia
on each side of this suture line, were prepared. It was then
held from the inferior side with a clamp that was secured to
a 1,000-g weight placed on a digital weight scale. The
upper side of fascia was held with another clamp that was
secured to an electric motor with a 2/0 monofilament suture
(Prolene, Ethicon, UK). During the upward steady traction
at a speed of 5 mm/s, maximum decrease in the weight just
at the time of separation was accepted as tensile strength of
the fascial suture line.

Biochemical analysis

Another 2x1-cm portion of the abdominal wall sample,
including the suture line in the middle, was frozen in liquid
nitrogen and stored at —80°C for further biochemical
analysis. As previously described in detail, tissue hydroxy-
proline concentrations were determined by using a modified
procedure based on alkaline hydrolysis of the tissue
homogenate and subsequent determination of the free
hydroxyproline in hydrolyzates [21]. Results were
expressed in micrograms of hydroxyproline per milligram
of tissue (W/mg, wet weight).

Scoring of adhesions

Density of adhesions was scored according to the classifi-
cation of Zuhlke et al. [22]. Sites of adhesions scored
included the midline, adnexial/epididymal fat bodies, the
upper abdomen (liver), the parietal peritoneum, the omen-
tum, and between the bowel loops. The total score of these
six locations was noted as the total adhesion score (0-24).
Two independent investigators, who were blinded to the
group assignment of the rats, performed scoring of
adhesions and incorporation. In case of inter-observer
variance, the median was scored.

Statistical analysis

The results were expressed as mean+SEM and median
(range) where appropriate. The differences among the
groups were evaluated using Kruskal-Wallis variance
analysis and Mann—Whitney U test. Differences were
considered statistically significant when P<0.05. Data were

analyzed by statistical software [Statistical Package for the
Social Sciences (SPSS) for Windows 11.5; SPSS, Chicago,
IL, USA].

Results

A total of five animals died during the study, two of them
from group II and one from each group except the controls
(group I). There were symptoms and peritoneal findings of
sepsis such as lethargy, piloerection, exudation, and pus
formation with filmy adhesions around cecum 1 day after
CLP in all rats.

Tensile strength

All wounds were mechanically disrupted at the fascia-to-
fascia interface. The median tensile strength measurements
were significantly different among the groups (X*=10.333,
df=4, P<0.05; Fig. 1). While groups I, III, IV, and V have
almost similar median tensile strength values, skin-only
closure rats (group II) have significantly lower values when
compared with values in the other four groups (P<0.05).

Hydroxyproline concentrations in fascial healing tissue

The median tissue hydroxyproline concentrations were
significantly different among the groups (X*=12.748, df=
4, P<0.05; Fig. 2). Parallel with the tensile strength values,
median tissue hydroxyproline concentrations were signifi-
cantly lower in skin-only closure rats when compared to all
other groups (P<0.05).

700
600"~ —————— —
500 +————t——————— i e
_ o t i
=
£ i o
D g0 em— ]
= JR
%0 S
S i —
=
»w 300+—-————-"—""""—"—"—"—"—"—"—"——"———————— —
<L S
Rz
=
)
H 200 T T T T T
N= 10 8 9 9 9
control Bogota bag primary closure
skin only prolene mesh

Fig. 1 Tensile strength values
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Fig. 2 Hydroxyproline concentrations in fascial healing tissue
Adhesion score

The median adhesion scores were significantly different
among the groups (X*=20.839, df=4, P<0.05; Fig. 3).
Only the Bogota bag closure rats (group III) have
significantly increased adhesion scores when compared to
the other four groups (P<0.05).

Body weight analyses

The mean body weights were reduced in all of the groups
during the study period (Table 1). There was no statistically
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Fig. 3 Postoperative adhesion scores
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significant difference in the rate of weight reduction among
the groups (X*=5.089, df=4, P>0.05).

Discussion

This current study has shown that temporary abdominal
closure with skin-only technique has a negative effect on
early fascial wound healing in an experimental model of
intra-abdominal infection. Additionally, as a temporary
closure technique, usage of Bogota bag resulted in a
statistically significant high rate of postoperative intraperi-
toneal adhesions.

Planned abdominal re-explorations are increasingly
taking place in the current management of severe secondary
peritonitis. Recurrent or persistent peritonitis is the main
reason, which requires multiple operative interventions. Re-
evaluation of known injuries, control of gastrointestinal
continuity, and delayed closure to avoid abdominal com-
partment syndrome are major concerns in the emergency
setting. On the other hand, fascial dehiscence and finally
ventral hernias constitute the other challenging issues in the
long term. As an alternative to primary fascial closure,
numerous methods of temporary abdominal closure have
been proposed but, currently, there is no consensus
regarding the best technique [7-11, 13, 23, 24]. It is logical
that the optimal technique should protect the bowel from
adhesions and desiccation, preserve the skin and fascial
edges for definitive closure, and permit visual inspection of
the abdominal cavity [3, 16, 23]. Some previous experi-
mental studies focused on the optimal prosthetic material in
the presence of peritonitis [25, 26]. Despite the fact that
prosthetic mesh grafts are commonly preferred for tempo-
rary abdominal closure in the clinical setting, skin-only
closure or even primary fascial closure may well be used
especially when the abdominal compartment syndrome is
not a problem [7]. Therefore, in an effort to compare all
these temporary abdominal closure options including the
Bogota bag, this experimental study consisted of five
groups.

Collagen is important in all phases of wound healing and
is critical for the regaining of tissue integrity and strength
[27]. In our study, we determined the levels of hydroxy-
proline content in the abdominal fascia at the incision site
as an indicator of collagen synthesis and wound healing.
The tensile strength of the wound depends on the
equilibrium between collagen lysis, which occurs early,
and collagen synthesis, which takes a few days to initiate
[27]. However, ultimate wound strength is not always
related to the absolute amount of collagen, and the structure
and arrangement of the collagen matrix may be also
important [28]. The mechanical stability of laparotomy
incision is achieved after 5-7 days in rats [29-32].
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Table 1 Body weight alterations

Groups Mean+SD body weights (g) Percent change of means P vs control
Day of CLP Seventh day of final closure

Control (I) 139.2+8.81 134.7£9.1 3,.25+0.72 1

Skin only (II) 140.38+5.42 136+5.23 3.11+0.73 0.79

Bogota bag (III) 136.67+4.38 1314+4.82 4.15+1.43 0.13

Mesh closure (IV) 140+6.87 135.89+6.73 2.93+0.87 0.41

Primary fascial closure (V) 139.22+7.82 134.33+7.68 3.51+1.08 0.54

There was no difference regarding body weight changes among the groups.

Therefore, we also measured the tensile strength in addition
to tissue hydroxyproline content analysis on the seventh
day of final closure of the abdomen.

The important role of nutritional status is also a well-
recognized factor that influences wound healing. Because
body weight changes were similar in all study groups, it
seems unlikely that differences in the nutritional status are
responsible for the differences in wound healing observed
in the current study. There was no statistically significant
difference between the groups in terms of body weight loss,
and in experimental studies it has been shown that weight
loss of less than 20% of body weight did not have an effect
on wound healing [33, 34]. Therefore, the percentage of
weight reduction in animals are not enough to describe that
the malnutrition is a factor that might affect the fascial
wound healing in our study.

Skin-only closure of the abdominal incision is perhaps
the most rapid of the temporary closure techniques.
Additional advantages are low cost and minimization of
heat and fluid losses. It is performed using a running
nonabsorbable suture or towel clips placed to the skin
approximately 1 cm apart. Disadvantages include possible
evisceration, injury and loss of skin, and a high incidence of
abdominal compartment syndrome [7, 11]. In our study, the
worst results in terms of fascial wound healing were
obtained in the skin-only closure group. According to these
results, suturing only skin seems to be the most disadvan-
tageous method with regard to early fascial wound healing
and thus preventing ventral hernia formation in the long
term. Although it was not evaluated in our study, fascial
retraction was considered to be a factor as causing a tension
in the suture line at the moment of definitive closure and
resulting in a failure of wound healing [16, 23]. Supporting
this idea, high suture tension has been previously shown to
affect the mechanical quality of midline laparotomies
inadvertently [35, 36].

Several types of mesh materials have been used for
temporary closure of the abdominal wall, including poly-
propylene, polyglactin, and polytetrafluoroethylene [9, 11,
26]. As predominating materials for temporary abdominal
closure, meshes permit drainage of infected fluids, visual-

ization of the underlying viscera, and mobilization of the
patient [23]. The interaction between usage of mesh and the
occurrence of ventral hernia was analyzed in a clinical
study, which reveals a 16% increased risk of ventral hernia
for each day of open abdomen with prosthetic mesh [12]. In
the same study, it was concluded that this increased rate of
ventral hernia was also related to the severity of the
abdominal injury because the more time that fascial edges
remains far apart, the more fixed in the position they
become and less likely they are to ever be approximated.
Therefore, according to these findings, due to the natural
differences of abdominal injury scores, it is not possible to
compare statistically the relation between hernia formation
and usage of mesh itself. Therefore, designing an experi-
mental model that minimizes the differences between the
degrees of abdominal injury makes it possible to compare
the results of mesh usage with the other temporary
abdominal closure techniques. In this present work, to
provide comparable study groups by means of the severity
of the abdominal injury, the same procedure (CLP) was
performed. Polypropylene was utilized in our study, and
there was no harmful effect on fascial wound healing when
compared to other groups. The degree of intraperitoneal
adhesions with polypropylene mesh was also similar with
the other groups except the Bogota bag group, which has
the highest adhesion scores.

Another method for temporary abdominal closure
applies an empty and sterile plastic bag (Bogota bag) of
the type used for intravenous fluid administration or for
urological irrigation, which is secured to the edges of fascia
with a continuous monofilament suture [7, 9]. These
materials are inexpensive, easy to apply and remove,
biologically inert, minimize fluid loss, prevent musculoa-
poneurotic necrosis, and allow the drainage of infectious
material and the inspection of the intestine [3, 16].
Disadvantages include loss of abdominal domain and ease
of tearing with subsequent evisceration [16]. To our
knowledge, applying a Bogota bag in a rat model was not
used previously despite relatively common preference of
this technique among the clinicians. Rather the short time
of usage may be sensed by the surgeons that it would not
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have any problem with the fascial wound healing and also
intraperitoneal adhesion formation. In our study, while the
parameters of fascial wound healing were not different
compared to controls, intraperitoneal adhesions were
interestingly highest in Bogota bag group. The mechanism
of this high rate of postoperative intraperitoneal adhesions
related with the usage of Bogota bag is not clear. The
initiation of adhesion formation begins with configuration
of a fibrin matrix, which typically occurs during coagula-
tion. Surgical injury to tissues produces ischemia, which
leads to local persistence of fibrin matrix. Eventually, this
matrix is replaced by vascular granulation tissue and
covered by mesothelium that contains blood vessels and
connective tissue fibers [37]. Some factors such as
abdominal infection, inconvenient surgical techniques, and
foreign bodies have been described to increase the amount
of adhesion formation [37, 38]. The cecal ligation puncture
model that we used in our study seems to be one of the
main promoting factors for adhesions. It is also known that
the foreign bodies that left the abdomen cause adhesion
formation by inducing allergic reactions [37, 39]. Recently,
Zografos et al. [40] have showed in an animal study that
pieces of polyurethane, Teflon, silicone, and polyvinyl
chloride, which were placed intraperitoneally, all caused
adhesion formation. Similarly in our study, higher adhesion
scores in group III rats may be explained in part by the
effect of Bogota bag as a foreign body. Although the
Bogota bag cannot be considered as an intraperitoneal
foreign body, it has wide-enough surfaces that are in direct
connection with the visceral peritoneum. Based on the
relationship between the surface area and the adhesion
formation, it may be speculated that the foreign bodies,
which have a mesh pattern, cause less reaction in the
peritoneum because of a decreased surface contact with the
material. Therefore, less adhesion formation in the propyl-
ene mesh group when compared to Bogota bag group may
be explained by this theory.

As previously mentioned, the primary fascial closure
technique can be used when there are no clinical signs of
abdominal compartment syndrome. The advantages of this
technique are that it ensures optimal environment by
covering the fascial repair with skin and subcutaneous
tissue; it also maintains the integrity of the fascia and limits
its retraction [16]. In our model, primary fascial closure
group had favorable results as expected. Both the hydroxy-
prolin content and tensile strength of the fascia were not
different from the controls. As for the adhesions, there is
also no difference from the other groups except Bogota bag
group.

In conclusion, in this current study, temporary abdominal
closure with skin-only technique has a negative effect on
fascial wound healing in the management of secondary
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peritonitis when compared to other techniques such as
polypropylene mesh, Bogota bag, and primary fascial
closure. In practice, Bogota bag is an inexpensive, non-
adherent, widely available, and biologically inert material.
It also minimizes heat and fluid loss, permits re-exploration
of the abdomen, and decreases the rate of abdominal
compartment syndrome [15, 16]. However, despite the
relatively short duration, Bogota bag usage increased the
rate of intraperitoneal adhesions in this current study.
Further studies are needed to elucidate the mechanisms
that cause increased adhesions related to Bogota bag.
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