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The management of a “Complex Abdomen” (CA) and the choice of the best way or technique to deal with it is still
a challenge for surgeons. When there are the criteria to define an abdomen as a complex one, whether in
emergency or elective surgery, the abdomen may need to remain open to allow access for re-operation and time
for decompression. The use of an “Open Abdomen” (OA) as a surgical option permits an easy re-exploration, the
control of the abdominal contents, the reduction of the risk of intra-abdominal hypertension (IAH) and conse
quent Abdominal Compartment Syndrome (ACS) and the preservation of the fascia for closure of the abdominal
wall [1–4]. Many different techniques have been described to manage the OA and the Temporary Abdominal
Closure (TAC) [5–7]. This kind of approach to the CA, well known by pediatric surgeons and widely used in the
management of large gastroschisis, is now used also in other situations. We describe our experience with the
Bogot�
a bag in one young man and three children affected by different pathologies, in the first and third one the
OA was necessary because of a massive peritonitis due to acute appendicitis while in the last two cases a
congenital digestive malformation was present at birth. The Bogot�
a bag technique is safe, easily managed and
less expensive than other techniques and can be safely used in children and young adults.

1. Introduction
The term CA is used to describe a clinical condition in which there is
a high risk of compartment syndrome, suture dehiscence and/or early
re-do laparotomy/second look [2,8,9]. These situations are related to
patient, disease and surgical risk factors and may often occur in emer
gency surgery for critical patient, trauma, abdominal sepsis and bowel
occlusion. Although the problem is very frequent, there is neither a clear
definition nor consensus criteria to identify a “Complex Abdominal Wall
Closure” (CAWC); in general, the term refers to an abdominal wall
hernia that is technically challenging and time consuming [10]. The first
aim should be to control immediate life-threatening events, such as
hemorrhage, and to reduce post-operative complications. In the last
year, the paradigm has shifted from a single definitive operation to
staged procedure with a delayed reparative surgery once the patient has
stabilized [1]. This approach has resulted in improved survival in the
first few hours after traumatic injury. While several etiologies may result
in the requirement for an OA, goals of care are similar in all cases:
temporary coverage of the viscera, appropriate critical care to include

fluid resuscitation and nutrition support, treatment of the underlying
etiology, attempts at fascial coverage and prevention or treatment of
complications [4,6,7]. Different techniques have been described to
obtain those goals but up to now there has been no consensus about the
gold standard. We reported our experience with the Bogot�
a bag, one of
the most largely used approaches for the management of the open
abdomen.
2. Case reports
In the last 7 years, in the Pediatric Surgery Units of “S. Orsola-Mal
pighi” Hospital in Bologna and of “San Camillo-Forlanini” Hospital in
Rome, Italy, were treated four cases of CA due to intestinal obstruction
and subsequent surgical complications.
Case 1: male, 11 years old, operated at the age of 6 for appendicular
peritonitis and admitted to our department for intestinal obstruction. A
surgical exploration with an extensive adhesiolysis and a subtotal
omentectomy was needed. A new episode of intestinal obstruction
required a new laparotomy 15 days later, with a finding of ileal volvulus
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with a massive ileal infarction and plastic peritonitis. A subtotal resec
tion of the ileum was needed from 80 cm from the Treitz ligament to the
ileocecal valve. In the intent to avoid an ACS, a Bogot�
a bag was realized
and a second look after 24h allowed us to perform a jejunostomy and a
definitive abdominal closure. A total parenteral nutrition (TPN) was
started. Five months later the intestinal recanalization was scheduled,
and after a difficult adhesiolysis, a jejune-colic anastomosis was per
formed. The immediate post-operative period was uneventful, the TPN
was gradually suspended without short bowel syndrome. After 7 years of
follow-up, the patient is good in health.
Case 2: male, 7 years old, operated at birth for malrotation and
duodenal atresia, under treatment with corticosteroid for eosinophilic
gastroenteritis, was admitted to our department for intestinal obstruc
tion. At the surgical exploration, a diagnosis of ileal volvulus due to
strong peritoneal adhesions was done. Two weeks later a new episode of
intestinal obstruction required a second laparotomy with a difficult
adhesiolysis and a subsequent edema of the intestinal wall. Due to the
�
impossibility to easily close the abdomen and to avoid an ACS, a Bogota
bag was realized. During the second look, performed after 48 hours, a
jejunal resection with jejune-jejunal anastomosis was necessary and the
definitive closure of the abdominal wall was realized. The immediate
post-operative period was uneventful and, after 6 years of follow-up, the
patient is in a good condition.
Case 3: female 9 years old admitted to Emergency Department, in
critical condition for long lasting peritonitis. After clinical stabilization
she underwent open appendectomy. After 4 days from the previous
operation, she was readmitted to the operation room due to intestinal
occlusion, intense abdominal distension and biliary vomiting. At this
time due to the intense bowel edema and distension, after the resolution
of a midgut volvulus caused by peritoneal adhesion, a Bogot�a bag was
� bag
realized (Fig. 1). After 48 h of Intensive Care Unit stay, the Bogota
was removed and the primary abdominal closure was realized. After 3
years of follow up, patient is in a good condition.
Case 4: male 15 years old, was born affected by aesophageal atresia
type 2 and treated at birth with cervicostomy and gastrostomy and
subsequent aesophagocolonplasty. At the age of 13, a laparoscopic
cholecystectomy was performed due to cholelithiasis. The patient was
affected by schizophrenia. The patient came to our attention due to an
intestinal obstruction; he underwent a laparotomy and an extensive
adhesiolysis. The immediate postoperative course was complicated by a
peritonitis due to an intestinal perforation; during the laparotomy, an
ileal resection and an ileostomy were performed. Due to the peritoneal
� bag was realized
inflammation and the intestinal edema, a Bogota

(Fig. 2) The post-operative period in the Intensive Care Unit (ICU) was
characterized by a septic shock and an acute renal failure without severe
consequences and a definitive primary abdominal closure was realized 9
days later. After 2 years of postoperative follow-up, the patient is in a
good condition.

Fig. 1. Bogot�
a bag in 9 years old girl.

Fig. 2. Bogot�
a bag in 17 years old male.

3. Discussion
There is no clear definition of CAWC although the problem is very
frequent; the term is used by general surgeons to describe an abdominal
wall hernia that is technically challenging and time consuming [10]. To
date, there is not even a consensus about the criteria to define an
abdominal wall closure as “complex”. Analyzing the different classifi
cation systems proposed, four categories of risk factors are found
frequently and could be used to define and categorize the CAWC [1,4,5,
10]:
a) “Defect size and location”: large hernia, lumbar/subcostal or lateral
hernia localization, loss of domain >20%;
b) “Contamination and soft tissue condition”: infected wound, loss of
substance, graft closure;
c) “Patient and risk factors”: old age, male gender, associated
pathology;
d) “Clinical scenario”: emergency operation, extensive adhesiolysis,
presence of entero-cutaneous fistula, closure after OA technique.
One of the most feared complications in a CAWC is the ACS, a
potentially lethal result of uncontrolled IAH. IAH is defined as bladder
pressure greater than 12–15 mmHg (normal pressure: 0–5 mmHg); when
it reaches 25 mmHg and is associated with the dysfunction of one or
more organs (i.e., heart, kidneys, lungs, and central nervous system), it is
defined as ACS [3]. Primary ACS is associated with injuries or disease of
the abdominal region and appears immediately after a surgical inter
vention. The secondary ACS is subsequent to extra-abdominal condi
tions, such as sepsis, burns and massive fluid resuscitations. The tertiary
ACS occurs in patients that develop ACS following a prophylactic
attempt to prevent ACS. Once the ACS has been detected, immediate
decompression of the abdomen is required [1,3,5,11]. In order to pre
vent the potential complications related to the syndrome.
OA is a surgical treatment method in which an abdominal wall defect
is created by deliberately leaving the peritoneal cavity open at the end of
the abdominal surgery or by opening (or re-opening) the abdomen
because of concern for the abovementioned clinical situations [6,7,12].
OA techniques were firstly applied to Damage Control Surgery (DCS)
[5,6,13]. The medical practice of DCS was derived from military expe
rience and consists in limited and rapid surgical interventions to initially
control a hemorrhage and contamination with packing and a temporary
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closure, followed by appropriate critical care and subsequent deferred
definitive operation once the patient has stabilized. These conditions
may often occur in emergency surgery for critical patients, trauma,
abdominal sepsis or bowel occlusion; in these circumstances, the sur
geon should assess the most suitable surgical technique for the abdom
inal wall closure, the first aim being to control immediate
life-threatening events and reduce post-operative complications [1,7].
Retrospective studies have shown a significant increase of survival in
adult patients managed with OA but an onset of complications related to
the technique previously unknown. Indeed, leaving the abdomen open is
beneficial, when indicated, but can result in major complications such as
fluid and protein loss, fistula formation (entero-cutaneous or
entero-atmospheric fistula), loss of domain due to muscle/fascia
retraction and infections (surgical site or intra-abdominal) [3,18].
Although primarily and widely used in general surgery, the OA
technique with TAC is a well-known approach also in pediatric age. In
fact, the Schuster technique or “silo technique” for big gastroschisis or
omphalocele has been in use since 60’ [19]; it consists in a silastic bag to
contain the abdominal content in order to avoid a forced closure of the
defect when there is a “loss of domain” of almost 20% with high risk of
compartment syndrome and second look surgery [20]. Recent im
provements in intensive care systems and in the technology and quality
of materials have changed the approach to the OA and many different
techniques with the use of different materials have been described.
Techniques have evolved from a static approach of containing the
abdominal viscera or allowing the abdominal wall to granulate, placing
a skin graft, and developing an abdominal wall hernia to more dynamic
systems that facilitate earlier closure of the fascia and abdominal wall;
each method is characterized by different specific features in terms of
control of fluid loss, frequency of dressing, reducing the risk of loss of
domain, ease of use and cost [9]. The number of operations and the time
interval between the temporary closure and the definitive one is not well
defined either; anyway, even in case of different interval abdominal
closure, the aim should be to create a tension-free closure of the
abdomen without elevating Intra-Abdominal Pressure (IAP) to achieve a
final abdominal closure preferable by restoration of fascia integrity [1,6,
18,21].
A commonly used technique in past decades was the Simple packing:
non-adherent wet gauzes or hydrophilic dressing were placed on the top
of the abdominal contents at the end of the first operation [9]. The ne
cessity for reconstructive surgery due to granulation and retraction of
the wound and the high incidence of protein loss and
entero-atmospheric fistula formations, have led us to abandon this
technique. In Skin-Only Closure technique the surgeon uses the skin, by
running suture or towel clips to contain the abdominal viscera. This
procedure is easy and quick with minimal fluid and heat loss; on the
other hand, it does give rise to the risk of visceral injuries, skin loss and
IAH/ACS and for these reasons it is used only in selected cases [22,23].
In the Patch or Mesh technique, generally defined as Fascial Closure
Techniques (FCT), the abdominal wall closure is obtained by interposing
prosthetic materials that are sutured at the edges of the fascia and
subsequently excised in the medial portion and re-sutured with an
effective fascial approximation [24–34]. Prior to the introduction of
biologic meshes in the late 1990’s/early 2000’s, synthetic meshes (both
absorbable and non-absorbable) were the only available products for
closing fascial defects that could not be closed primarily or covered with
skin closure alone. The potential interactions between synthetic material
and host, with the risk of complications, must be kept in mind when
using a mesh. The use of a synthetic mesh is in general discouraged in
contaminated or infected environments (relative contraindication) due
to the high risk of mesh infection. The most widely used non-absorbable
mesh is the Polytetrafluoroethylene (PTFE) patch, that is advantageous
because it is non-adherent to the underlying bowel and presents a low
fistula rate [30]. The absorbable material can be removed or left in place
and is completely absorbed between 90 and 180 days, resulting gener
ally in a ventral hernia [27,28,30]. Biological mesh is a type of

absorbable patch; it derives from different types of tissue (bovine,
porcine and human), that has been decellularized to leave an extracel
lular collagen matrix. This material acts as a regenerative system;
initially, it causes an inflammatory response and subsequently it pro
motes remodeling, though fibroblast incorporation, collagen deposition
and vascular infiltration. Due to its biocompatible nature, the mesh is
wholly incorporated into the host tissue; to obtain a successful repair, its
structure should not be degraded until this integration occurs [29–33].
Biological meshes generally don’t induce a foreign body or immune
response and are more resistant to infection. Some studies have been
reported a higher hernia recurrence rate and after longer periods than
synthetic mesh, even if the data are conflicting; no significant differ
ences in the recurrence rate are found among several types of biological
meshes (homograft or xenografts) whereas non-linked grafts show a
higher incidence of recurrence but a lower rate of infections than linked
ones [33,34].
The Wittmann patch or “artificial burr” is a type of dynamic patch
closure technique that consists of two detachable components, a loop
sheet and a closure one (Velcro-like closure); each side is sutured to the
fascia and tightened every 24–48 h until the fascia is approximately 2–4
cm apart in order to allow primary closure [35,36].
The generally defined Negative Pressure Wound Therapy (NPWT)
dressing is nowadays widely used for TAC. It was first described in 1995
with the name of “vacuum pack” by Barker et al. [37,38]. It is a dynamic
FCT that consists of three or four layers: a perforated inert layer in
contact with the viscera, a layer formedwith either sterile surgical
towels or polyurethane foam with a suction system, a silicon drain layer
placed above the towels/sponges and an adhesive sheet to cover the skin
surrounding the wound and complete the vacuum seal. Different tech
nical variations have been described starting with the initial description
of Barker. All these systems, with application of negative pressure, allow
the abdominal cavity to expand, contrasting the lateral retraction of
abdominal musculature and minimizing loss of domain; furthermore,
they provide good protection for the viscera and an excellent control and
quantification of the peritoneal fluid and losses [43,44]. In some case
series association of the NPWT with FCT is also described. The combi
nation of techniques works in a synergic way allowing the approxima
tion of the fascial edges to the midline without interfering with the
abdominal content but seems to be expensive and complex and
well-trained personnel is needed [45–47].
� bag is one of the most widely used techniques [48]. A large
Bogota
intravenous sterilized bag, sutured to the skin or abdominal fascia, en
sures containment of the abdominal viscera; antibiotic soaked towels are
applied on the line of suture and an iodine-impregnated adhesive plastic
drape is used to cover. Every 24h the coverage is inspected and changed
[49,50].
A post-operative course of a TAC is very complex and needs ICU
admission. The patient requires constant monitoring due to the risk of
bleeding, hypothermia, significant fluid loss, respiratory dysfunction
and coagulopathy; moreover, abdominal dressing used for closure must
to be changed, when necessary, with inspection every 48–72 hours of
the abdominal contents both in ICU and in the operating theatre
depending on the patient’s risk factor and type of TAC [6,51]. Aggres
sive fluid administration may worsen edema, with potential increase in
abdominal pressure and IAH/ACS onset; the use of colloid or hypertonic
solutions and a serial measurement of bladder pressure (every 1–6
hours) can prevent these complications [52]. Mechanical ventilation
and paralysis are not mandatory in an OA, even if most patients remain
intubated due to critical underlying conditions; conversely, a light or
deep sedation depending on the case is necessary to avoid TAC damage
[4,6]. A prophylactic perioperative antibiotic treatment compared to
prolonged antibiotic management seems to give the same results in
terms of complication rate; in patients with complicated
intra-abdominal infection no unique antibiotic schemes are suggested
and therapy should be restricted to 5–7 days, as recommended by Sur
gical Infection Society Guidelines [53–55].
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Unless there aren’t other contraindications, enteral feeding is
allowed in an OA and TAC and may be beneficial for decreased
complication rates and increased closure rates. The protein intake
should be higher than normal due to the loss of protein-rich peritoneal
fluid. However, the difficult re-feeding in these patients, also caused by
repeated and close fasts for dressing in the operating room, leads to the
placement of enteral feeding tubes and parenteral nutrition integration
[56–58].
OA management develops in three phases. The first phase is the
“acute resuscitative phase”, which comprises the first 24–48 hours after
the initial injury that requires a TAC and close monitoring in ICU. The
second period, the “intermediate resuscitation” or “early reconstructive
phase”, starts 48-h post-primary event and can last up to 10 days: during
this phase the risk of complications is low, and a primary abdominal
closure should be attempted. The last phase, “the late reconstruction
phase”, is the period which elapses between 10-days post-injury and the
primary or secondary closure of the abdominal wall [1].
In principle, the longer the abdomen remains open, the more difficult
the primary closure will be due to fascial retraction, intestinal adhesions
and the onset of complications [59]. Furthermore, early fascial closure is
associated with the best functional outcome in the long-term [60,61].
A component separation of the abdominal wall layers may be
considered in the reconstruction of very large abdominal wall defects to
provide a fascial apposition using autogenous tissue. The Component
Separation Technique is based on the evidence that separation of the
muscle components of the abdominal wall allows mobilization of each
unit greater than possible by mobilization of the abdominal wall “en
bloc”. This method uses bilateral, innervated rectus muscle and fascia
flap complexes (abdominis-transversus and abdominis-internal oblique
muscle flap) transposed medially to reconstruct the central abdominal
wall [62].
Fascial bridge technique consists in the use of prosthesis (synthetic or
biologic mesh) to bridge the gap between the edges of the fascial defect.
The use of permanent non-absorbable prosthetic mesh has been aban
doned because of the high rates of complications (infection, enter
ocutaneous fistula, recurrent herniation, mesh extrusion). Conversely, a
biologic mesh has the capacity to integrate with surrounding tissues,
with less incidence of complications when compared with synthetic
materials; it performs the function of scaffolding for the granulation
tissue to form new fascial tissue, with future skin grafting and planned
ventral hernia [63,64].
A skin abdominal coverage in a planned ventral hernia may be
achieved with two techniques: skin-only closure, previously described,
and split-thickness skin graft. In the last technique, the granulation tis
sue that has formed above the abdominal viscera is covered by a skin
graft, using an absorbable mesh if necessary; 6–12 months is usually
necessary before trying an elective hernia repair, also to allow the un
derlying inflammatory process of regressing [65].
Analyzing the literature to compare all of the TAC methods described
previously, it emerges that the optimal approach for management of OA
doesn’t exist and the best approach is the one most suitable for that
specific clinical situation. An important distinction must be made be
tween an infected and a non-infected field. In the first case, the Witt
mann patch and the NPWT therapy had the best outcome followed by
meshes; in the field of infected/contaminated abdomen, NPWT tech
niques are the protagonists. The Wittmann patch allows a rapid and safe
reentry into the abdomen tore-exploration and a gradual approximation
of the fascia with possible adjustments according to IAP. It has a high
rate of delayed primary closure with a low rate of overall complications
thanks to its dynamic fascial closure mechanism; on the other hand, it is
very costly, does not permit good evacuation of the peritoneal fluid and
wound drainage and the fascial suturing could increase the fascial
trauma, necrosis and future incisional hernia [35,36]. NPWT techniques
are associated with significantly higher 30-day primary fascial closure
rates and lower 30-day all-cause mortality rates among patients who
require an OA for at least 48 hours. The role of NPWT therapy in the

infected/contaminated field is based on the efficient removal of peri
toneal fluid, containing all inflammatory mediators and bacteria, and
promotion of systemic inflammatory response and granulation tissue
formation. In the presence of sepsis, these techniques have the highest
delayed primary closure rate and the lower mortality and fistula rate.
Among all, the ABThera system seems to have the best performance,
thanks to smaller negative pressures produced on the bowel loops, with
a lower rate of fistula. NPWT combined with meshes show an
improvement in the primary fascial closure rates [39–47]. The advan
tages of mesh closure include ease of placement and facilitation of
re-exploration; disadvantages include the risk of fascial necrosis that
may impair future primary fascial closure and the high cost. The syn
thetic mesh may be associated with complications due to foreign ma
terial reactions and mesh infection, whereby it shouldn’t be used in
contaminated/infected fields. Out of them all the absorbablemesh has a
higher resistance to infections, though it is encumbered by a high risk of
fistula formation and is always related to a large ventral hernia; for these
reasons, in addition to the high cost and the difficulty in finding bio
logical material, the biological mesh should be implanted only in
contaminated or potentially contaminated (presence of stoma,
gastro-intestinal perforation, history of mesh infection) surgical fields or
in fascial bridge techniques. Given the lack of experience on the use of
biological patches in pediatric age in OA techniques, further randomized
studies are necessary to evaluate the long-term results and the right
indication for the use of biological prosthesis rather than a synthetic one
[24–34].
In the Bogota bag technique, the use of an almost inert and nonadhesive material minimizes fluid and heat loss, reduces trauma on
the viscera and permits an easy control of the IAP with a very low rate of
entero-cutaneous fistula. The technique is simple, low cost and the
semitransparent coverage allows visual inspection of the viscera; it is
strongly recommended in the rural region to stabilize the patient and
�
safely transfer him to a major hospital. On the other hand, the Bogota
bag doesn’t permit good removal of abdominal fluids, doesn’t prevent
retraction of the abdominal wall and is burdened by a high rate of
delayed complications such as ventral hernia. It should be used in cases
at risk of intra-abdominal bleeding, in which case itprovides closure
within 2 or 3 days, as in our cases [49,50].
4. Conclusion
OA is managed with TAC using one of several techniques, followed
by intervalled abdominal closure, preferably by bringing the edges of
the abdominal fascia together primarily (primary closure) or, if this is
not feasible, using a functional closure or simple coverage. The goal of
TAC is to create a tension-free closure of the abdomen without elevating
� bag is only one of the many described approaches.
IAP. The Bogota
Pediatric surgeons are used to dealing with this kind of approach; the
Schuster or Silo technique for big gastroschisis or omphalocele is quite
similar to the Bogot�
a bag technique. In our experience, the Bogot�
a bag in
OA management represents a feasible and reproducible technique which
is cheaper than other ones and doesn’t require a particularly well trained
�
equipe. It should be used in selected cases, particularly where there is
the need of a visual inspection of abdominal viscera and in cases of high
risk of intra-abdominal bleeding or intestinal suffering and necrosis.
This approach should be limited to those cases where the primary
closure can be planned in a short period, normally no longer than 7 days.
Patient consent
“Consent to publish the case report was not obtained. This report
does not contain any personal information that could lead to the iden
tification of the patient."
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