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Guidelines for the Management
of the Open Abdomen

This supplement is based on a guidelines conference, which was held
April 2 and 3, 2005, in Dallas, Texas. The purpose was to provide guidelines
from a multidisciplinary expert advisory panel on the management of the
open abdomen and to evaluate each treatment option in the context of
evidence-based medicine. A review of the literature and the personal
experience of the panel were used to provide recommendations.
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Abstract: The management of the open abdomen continues to pose a challenge for surgeons. After surgical explo-
ration for abdominal trauma, operative misadventure, or relief of abdominal compartment syndrome, definitive closure
of the abdominal fascia and abdominal wall immediately following laparotomy may be technically impossible.
Alternatively, the abdomen may need to remain open to allow access for re-operation and time for decompression of
the abdomen.

Multiple techniques for temporary abdominal closure have been described in the literature. To better understand
the current treatment of the open abdomen, an expert panel of surgeons convened to review the literature and current
practices in managing the open abdomen. The panel reviewed the reasons for the increasing number of open abdomen
procedures as well as each treatment method in the context of evidence-based medicine. In addition, panel members
shared their experiences using various techniques for treating the open abdomen.

The use of the open abdomen as a surgical option has increased in recent years. Benefits of maintaining an open
abdomen include ease of re-exploration, control of abdominal contents, reduction of the risk of intra-abdominal hyper-
tension and abdominal compartment syndrome, and fascial preservation for closure of the abdominal wall. The pro-
longed exposure of abdominal viscera can result in high rates of complications, including infection, sepsis, and fistula
formation.

A number of techniques have been published, but no clear consensus on the best technique or device to manage an
open abdomen exists. Recent intensive care unit advances, an awareness of intra-abdominal hypertension and abdom-
inal compartment syndrome, and the increased usage of damage control laparotomy have resulted in a new class of chal-
lenging patients with open abdominal wounds.

Temporary abdominal closure techniques, such as the Bogota bag or vacuum pack, have been described, along with
other closure techniques, including allowing the wound to granulate through a biodegradable mesh and sequential clo-
sure using a Vacuum Assisted Closure® device (V.A.C.® Therapy™, KCI, San Antonio, Tex). Each of these methods is
reported to reduce complications compared to traditional gauze dressings. The V.A.C.” System allows surgeons to close
most open abdomens without the use of skin grafts. Future studies and continued innovation will hopefully lead to bet-
ter understanding of optimal treatment strategies for these devastating injuries.

istorically, surgical management of open
abdominal wounds has been a substantial chal-
lenge. The improvement of anesthesia, a bet-
ter understanding of aseptic technique, blood banking,
and the introduction of antibiotics have led to safer
abdominal operations. An open abdomen following
laparotomy has often been considered a sub-optimal
high
Conventional treatment with moist gauze dressings

treatment due to its complication rate.

allows the bowel to desiccate, resulting in frequent fistu-
las, infections, and sepsis. Because of these predictable
complications, the traditional surgical approach was to
explore traumatic abdominal wounds, repair the
injuries, and close the abdomen immediately. One-time
procedures were performed without consideration of
the underlying physiologic state of the patient. Many
patients had their abdomens closed prematurely, which
led to complications and otherwise preventable deaths.
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Recently, improvements in surgical care have changed
the approach to the open abdomen. Advances in critical
care medicine have allowed surgeons to support patients
in the peri-operative period with respiratory, cardiovascu-
lar, and renal support. There has also been an apprecia-
tion of the dangers associated with long operations after
traumatic injury. The paradigm has shifted from a single
definitive operation to first controlling immediate life-
threatening events, such has hemorrhage, and then fol-
lowing with a later reparative surgery once the patient has
stabilized. This approach has resulted in improved sur-
vival in the first few hours after traumatic injury. Also,
recent evidence in the literature' explains the importance
of intra-abdominal hypertension and the diagnosis of
abdominal compartment syndrome. This has been
extended to conditions other than trauma, such as sepsis
and ruptured abdominal aortic aneurysm, which result in
opening the abdomen as a life-saving maneuver for these
critically ill patients. Surgeons now are commonly faced
with patients with an open abdominal cavity, often with
grossly swollen intestines that occupy several times their
original volume (Figure 1). Fortunately, several methods
have been developed to more effectively treat the open
abdomen and reduce complication rates.

Figure 1. Edematous bowel following motor vehicle crash and subsequent
incision to relieve abdominal compartment syndrome.

In this document, the evaluation of current published
literature relevant to the treatment of traumatic open
abdominal wounds is based on the classification of The
Oxford Centre for Evidence-based Medicine.? The classi-
fication of evidence levels can be useful in critically eval-
uating decision-making in medicine. Evidence varies
from the highest level (1) to the lowest (5) and is subcat-
egorized by letters. Level la evidence is a systematic

review of randomized, controlled trials. Levels 2—4 are
cohort studies of varying degrees of quality. Level 5 is con-
sidered the lowest level of evidence—expert opinion with-
out explicit critical appraisal. Common surgical studies
are retrospective or cohort studies and are often in the
level 2—4 range. Compared to pharmaceutical studies,
good surgical studies are more challenging to perform
because of smaller patient populations, difficulties with
randomization or unwillingness to randomize to the con-
trol arm, inability to blind subjects and/or evaluators,
and the complexity in standardizing surgical procedures
and general medical care.

Many reported techniques are based on surgeon pref-
erence and experience without uniform methods of
management. Techniques have evolved from a static
approach of containing the abdominal viscera or allow-
ing the abdominal wall to granulate, placing a skin graft,
and developing an abdominal wall hernia to more
dynamic systems that control peritoneal fluid and facili-
tate earlier closure of the fascia and abdominal wall.
The goal of temporary abdominal closure is to create a
tension-free closure of the abdomen without elevating
intra-abdominal pressure.

Retrospective studies have shown a marked improve-
ment in survival of patients with open abdomens but have
shown an increase in complications not previously appre-
ciated.” The most logical reason for this is that many
patients previously did not survive the initial injury.
Recognizing the benefits of an open abdomen, clinicians
have developed methods to control abdominal contents.
Methods have evolved from simple gauze packing, which
had significant complications, to negative pressure sys-
tems that control abdominal contents, manage third
space fluid, and facilitate wound closure.

To date, there are no reported prospective, random-
ized studies comparing various forms of closure.
Surgeons currently choose methods of managing the
open abdomen based on personal experience, available
materials, comorbid diseases of the patient, and review of
the relevant literature. An inherent problem with current
clinical studies is the potential for publication bias, even
in randomized, clinical trials,* which can be challenging
for studies involving surgical-related devices and proce-
dures.” More robust studies should be published to ele-
vate the level of evidence in this relatively new field.

In light of significant controversy and the lack of a stan-
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dardized approach to managing the open abdomen, a
panel of physicians with recognized expertise in manage-
ment of these patients convened to develop initial guide-
lines for the optimal management of the open abdomen
with respect to technique, safety, available devices, and
minimization of complications. The panel made every
effort to incorporate known literature of the open
abdomen in this report when making recommendations.
When literature to support an opinion was absent, the
panel attempted to gain consensus based on the panel
members’ wide range of clinical experience. The panel
realizes that these opinions have not undergone the rig-
orous peer-review process common to many articles in
the published literature and have attempted to clearly
note when a consensus opinion was made. This is a rap-
idly evolving and innovative field where recommenda-
tions will likely change over time.

Pathophysiology of the Abdomen

The intestinal wall consists of a luminal surface com-
prised mostly of rapidly dividing enterocytes, with their
nutrition dependent in part on intraluminal sources.
Surrounding the mucosal surface are layers of sub-
mucosa, muscularis, and serosa. The intestine is a highly
vascularized structure supplied through the mesentery.
Within the intestinal wall, there is a rich network of arter-
ies, veins, capillaries, and lymphatic vessels. In patholog-
ic states, a decrease in clearance of fluid from the extra-
cellular space can result in swelling of the intestinal wall
several times the normal diameter, potentially interfering
with perfusion of the bowel. Furthermore, the peritoneal
surface is highly vascularized and colonized with inflam-
matory cells. The net result is a marked inflammatory
response to trauma with excretion of pro-inflammatory
substances that increase the local inflammatory response
as well as systemic absorption. This can lead to a systemic
inflammatory response syndrome (SIRS) and may
progress to a multiple organ dysfunction syndrome
(MODS). Premature closure of the abdomen can exacer-
bate the inflammatory response and potentially acceler-
ate the syndrome.

Intra-abdominal Hypertension

Pressure within the abdomen is a function of the vol-
ume of intra-abdominal contents, the distensibility of the
abdominal wall, and the state of contraction of the

Figure 2. The effects of increased intra-abdominal pressure.

abdominal wall musculature and diaphragm. As the ribs
and pelvis have little ability to expand, when intra-
abdominal pressure (IAP) increases, the central
abdomen distends, and increased displacement of the
diaphragm and bladder occurs (Figure 2). Within the
abdomen, organs lie within the peritoneal sac or in a
retroperitoneal location. Bleeding, leakage of abdominal
contents, bowel edema, or ascites in pathologic states can
fill the peritoneal sac, causing an increase in IAP.
Pathophysiology of increased IAP is directly related to the
peritoneal inflammatory response to trauma and abdom-
inal sepsis. Therefore, risk factors have been identified to
predict the development of intra-abdominal hyperten-
sion (IAH) and abdominal compartment syndrome
(ACS). Factors that contribute to IAH are those that
increase intra-peritoneal volume including free blood
and clots, bowel edema, vascular congestion, excessive
crystalloid resuscitation, intraperitoneal packing, and

6,7

nonsurgical bleeding.®” Other contributory factors

Table 1. Grading system for levels of increased

intra-abdominal pressure®

Grade Intra-abdominal Pressure (IAP)
I 12-15 mmHg
II 16-20 mmHg
11 21-25 mmHg
v > 25 mmHg
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include acidosis, hypothermia, transfusion of greater
than 10 units of packed red blood cells in 24 hours, coag-
ulopathy, and postoperative ileus.

The pathologic result is the development of IAH, which
is a graded increase of IAP that can lead to organ dys-
function and eventually to an ACS. High IAP can lead to
significant decreases in organ perfusion, most notably in
the splanchnic blood flow. Abnormal IAP can induce
moderate to severe organ dysfunction that may be unde-
tected. If bladder pressures are not checked regularly in
high-risk patients, the onset of pathologic IAH and ACS
can be insidious and only detected when there is a high
probability of organ failure or death.

Intra-abdominal pressure is usually between 0-5 mmHg
but can be chronically elevated in patients who are mor-
bidly obese or pregnant or have chronic liver failure with
ascites. In a retrospective review of a mixed population of
critically ill patients, Malbrain et al.’ found that on admis-
sion 32% of patients had elevated IAP that was undetect-
ed but was a positive predictor of mortality.

prior to surgical opening for relief of abdominal compartment syndrome.

Abdominal Compartment Syndrome

Abdominal compartment syndrome is a potentially lethal
complication of uncontrolled IAH and is defined as IAP > 25
mmHg with dysfunction of 1 or more organs (ie, heart, kid-
neys, lungs, and central nervous system).” Once the syn-
drome has been detected, immediate decompression of the
abdomen is required (Figure 3). Normalization of organ
function usually occurs, but a mortality rate greater than

50% has been reported secondary to ongoing organ fail-
ure." Therefore, early decompression for high-grade IAH
may prevent the development of ACS and potential compli-
cations. To ultimately prevent ACS, more attention must be
given to the relationship between IAH and ACS.

Abdominal compartment syndrome can be divided into 3
categories: primary ACS, secondary ACS, and tertiary ACS.

Primary ACS is associated with injury or a disease
process within the abdomino-pelvic region. The syn-
drome appears early after a surgical intervention. Patients
with primary ACS include those with injuries that had an
initial period of non-operative management and those
with pelvic injuries."

Secondary ACS refers to patients that developed an
ACS from conditions that did not originate in the
abdomen, such as sepsis, burns, and massive fluid resusci-
tation for non-abdominal injuries."

Tertiary ACS occurs in patients that develop ACS fol-
lowing a prophylactic attempt to prevent ACS."

Bladder Pressure Monitoring

The diagnosis of IAH is frequently made through indi-
rect bladder pressure monitoring (IDBP), which was first
described in 1984 by Krone et al."” Bladder pressure moni-
toring has become a vital tool in monitoring high-risk
patients and should be measured in all high-risk surgical
patients. Indirect bladder pressure monitoring is the only
means to detect pathologic increases in IAP and the only
way to detect the onset of the ACS. Bladder pressure is
measured by instilling 10-40 cc of water into the bladder
and measuring the pressure with a transducer placed at the
level of the pubis with the patient in the supine position.
Respiratory variations should be observed. Intra-abdomi-
nal pressure measurements are taken 1 to 6 hours apart in
patients that are at high risk for the development of
IAH/ACS. The trend toward higher pressure is important;
as the pressure approaches 25 mmHg, the pressure can rise
at a more rapid rate, leading to a full ACS. Intra-abdominal
pressure monitoring is required for patients who have had
major operative procedures, major traumas (operative and
nonoperative), damage control surgery with packing, and
those with temporary abdominal closure.

Fluid Resuscitation

The goal of fluid therapy is to ensure adequate tissue
perfusion and maintain cellular aerobic metabolism.
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Fluid resuscitation technique varies among surgeons,

and no clear recommendation exists in the literature.
Abdominal compartment syndrome is in large part an
iatrogenic complication of current management of severe
trauma (ie, damage control surgery and triage to the inten-
sive care unit for goal-directed resuscitation). This clinical
trajectory of ACS can be predicted soon after emergency
department admission, and different strategies are need-
ed. Hemorrhage control is paramount. According to
Balogh et al., normalizing blood pressure with indiscrimi-
nant crystalloid volume loading should be avoided, and
massive transfusion protocols that include fresh frozen
plasma (FFP) at a ratio of 1 unit FFP per 1 unit of packed
red blood cells should be implemented.'*" Patients should
be monitored closely for ACS and should undergo decom-
pressive laparotomy early if IAP rises above 25 mmHg in
patients requiring ongoing, vigorous resuscitation.

Heart rate, blood pressure, and urine output are not
accurate measures of tissue perfusion, and other more spe-
cific endpoints should be considered. Due largely to the
work of Shoemaker et al.,' a resuscitation strategy based
on a standardized process using O, delivery index (DO,I)
as an endpoint and a physiologic performance goal for
interventions has been developed, studied, and refined for
resuscitation of shock caused by major trauma. According
to McKinley et al., DO,I = 600 mL O,/min/m? is the only
resuscitation endpoint variable that has been tested in
prospective, randomized trials of trauma patient out-
comes, but the studies are limited and the results incon-
clusive."” It is thought that using DO,I as an endpoint is
helpful because it integrates 3 important variables—hemo-
globin concentration, arterial hemoglobin O, saturation,
and cardiac output. Other endpoints of resuscitation that
include serum lactate, base deficit, mixed venous oxygen
saturation, and intra-cellular gastric pH have been shown
retrospectively to be important indicators of adequate tis-
sue perfusion. Resuscitation endpoints are needed to min-
imize over-hydration and minimize the use of fluids that
can precipitate IAH or lead to ACS. Further studies must
be conducted to determine the most appropriate fluid
resuscitation protocol, the most appropriate choice of
fluid, and the most accurate endpoint to measure.

Rationale to Leave Abdominal Cavity Open

The concept of an open abdomen is not new, and its

use is now increasing in surgical patients. The reasons for

not closing an abdomen are complex and multifactorial.
Today, approximately 15-18% of trauma patients that
undergo an exploratory laparotomy have their abdomens
left open at the time of the initial exploration.’

The management of the open abdomen is a controver-
sial topic in the literature. Surgeons have been reluctant
to keep abdomens open and were willing to risk ACS due
to the lack of adequate temporary abdominal closure and
closure techniques. Methods of temporary abdominal
closure have evolved from a skin-only closure using towel
clips for rapid completion of a damage control proce-
dure,"” to devices that control intra-abdominal contents,
such as the Bogota bag, to systems that allow for treat-
ment of the underlying physiologic state as seen with the
Vacuum Assisted Closure® System (V.A.C.® Therapy”,
KCI, San Antonio, Tex) with a specialized abdominal
dressing. Controlling physiologic causes could increase
the rate of early closure and reduce the overall complica-
tions seen in patients with open abdomens.

Other indications for an open abdomen include bowel
edema, severe intra-abdominal infection, hypothermia,
acidosis, and significant risk of developing ACS. These
patients require a temporary abdominal closure until the
underlying physiologic insult has been controlled and
they are stable enough to consider delayed primary clo-
sure or long-term temporization of the abdominal wall
(ie, a skin graft).

The open abdomen presents numerous management
challenges for the operating surgeon, particularly in
patients with traumatic injuries to that region and those
with intra-abdominal sepsis. Complications can be mini-
mized with an understanding of the pathophysiology
found in the open abdomen; proper use of materials that
minimize trauma to the abdominal contents; utilization
of closure techniques that minimize exposure of bowel;
utilization of tension-free fascial closure; prevention of
severe intra-abdominal sepsis; facilitation of multiple re-
explorations; prevention of loss of the abdominal wall;
and control of the inflammatory response found in the
open abdomen.

After a traumatic or septic insult, the open abdomen
should be considered a “hostile” environment." Extensive
tissue destruction, contamination, hematoma, and
inflamed friable tissue that requires aggressive debride-
ment are often present. The end result is an intense
inflammatory response mediated by shock, ischemia-
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reperfusion injuries, and massive fluid resuscitation.” An
accumulation of posttraumatic ascites, bowel edema, and
third space fluid follows, resulting in the development of
increased IAH and a potential for the development of
ACS. Patients that require an open abdomen have experi-
enced a higher incidence of overall complications, includ-
ing SIRS, MODS, fistulas, post-operative ileus, and third
space fluid losses.” These complications may develop as a
result of the underlying pathophysiology, severity of trau-
ma, wound packing, bowel manipulation, abdominal pres-
sure changes, or multiple surgical and nonsurgical proce-
dures that are resource intensive. The abdominal wall can-
not be closed in a tension-free manner in these cases due
to loss of the abdominal wall and bowel edema. If these
factors are not recognized and addressed, they can lead to
an increased number of complications including death.
However, control of the inflammatory factors may help

minimize complications.

Complications of the Open Abdomen

Fistula

Fistula formation is perhaps the most dreaded compli-
cation of the open abdomen. Fistulas can develop if the
bowel is exposed to air and allowed to desiccate, is abrad-
ed by dressings, or is deserosalized.” Fistulas are also
caused by “biomaterial adherence” to the bowel, causing
transmural changes of the bowel wall. If the bowel is fixed
to the abdominal wall, perforation with sudden changes
in abdominal pressure may occur.” Fistula rates as high as
18.2% have been reported in patients with an open
abdomen after damage control surgery.” Ivatury et al.
were able to significantly lower fistula rates with the use of
early closure of the skin and fascial defects.* Chavarria-
Aguilar et al. reported a 10.5% anastomotic breakdown in
patients with an open abdomen and suggested placing
the anastomosis deep in the peritoneal cavity to avoid
exposure.”

Abdominal fistulas often result in large amounts of con-
taminated bowel contents spilling into the wound, caus-
ing local infection, intra-abdominal abscess, or systemic
infection with the potential for electrolyte imbalance.
Some fistulas will close spontaneously; however, this is
rare in the open abdomen where adequate soft tissue
generally is not available to cover the fragile bowel wall.
Reports of patients with open abdomens®* have docu-
mented fistula rates between 2% and 25% and intra-

abdominal abscess rates as high as 83%. These patients
require repeated invasive procedures including dressing
changes, abscess drainage, and bowel resection.

Infection

The open abdomen has a high potential for infection,
either from fistulas or from exposure to the environment.
Traditional treatment with moist gauze dressings will
almost universally result in wound contamination or
infection. To minimize exposure and because of the
potentially painful nature of the wounds, many of these
dressing changes require treatment in the operating
room or under conscious sedation. Abdominal wall clo-
sure may not be possible after major trauma or in septic
patients for many reasons (Table 2).

Table 2. Abdominal wall closure may not be possible
after major trauma or in septic patients for many

reasons including:

® Massive intestinal edema
e Risk of ACS/treatment of ACS
¢ Rapid conclusion of procedure in damage control

surgery
* Need for multiple re-explorations of the abdomen
¢ Fascia and abdominal wall preservation

¢ Triad of hypothermia, coagulopathy, and acidosis

Bleeding

Given the rich blood supply of the intestine and
abdominal solid organs, bleeding is a significant risk, par-
ticularly when inflamed and traumatized bowel wall is
exposed. Trauma patients with significant intra-abdomi-
nal injuries that require damage control procedures have
an associated coagulopathy from hypothermia, acidosis,
hypotension, dilution, and consumption of clotting fac-
tors. The anatomy and coagulopathy can lead to diffuse
localized bleeding that can only be controlled with pres-
sure dressings and resuscitation of the patient. A rapid
increase in abdominal pressure is indicative of ongoing
bleeding, and a rapid re-exploration of the abdomen is
needed. There is no reported data that open abdominal
techniques exacerbate intra-abdominal bleeding. V.A.C.®
Therapy can allow for close monitoring of drainage for
the development of or an increase in bleeding.
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Loss of Bowel Function

Open abdominal wounds with exposed bowel often
result in poor nutrition from the increased metabolic
demands on the patient, the loss of bowel motility, and
the patient’s inability to tolerate oral feedings. Enteral
feeding has been shown to decrease the incidence of
infections in critically ill patients, presumably by enhanc-
ing the immune response.”*

Decreased Central Temperature

In the open abdomen, a large, moist surface area of the
bowel is exposed to the environment and can suffer large
evaporative water losses, significantly decreasing the core
body temperature. Decreased core temperature con-
tributes to a significant coagulopathy and is a significant
cause of death in trauma patients. Post-operative man-
agement must include aggressive rewarming with the use
of in-line fluid warmers, warming blankets, warm naso-
gastric lavage, and bladder lavage.

Fluid loss from the abdomen also contributes to heat
loss by convection. Also, if third space fluid losses are
uncontrolled and the patient is allowed to remain in a
wet bed, heat loss from the patient will accelerate. The
goal of a temporary abdominal closure is to maintain the

patient in a dry environment with minimal heat loss.

Loss of Domain

Patients left with an open abdomen following a vertical
midline incision have unopposed forces of the oblique
muscle that tend to pull the abdominal wall in a lateral
direction. As a result, after days of not having the abdom-
inal wall re-approximated in the midline, the soft tissue
shrinks, making re-approximation more difficult over
time. These phenomena have been referred to as loss of
domain (Figure 4). This can lead to planned hernia due
to inability to close the abdominal wall. Attempts at early
approximation could lead to a pathologic increase in IAP.
A method of gradual abdominal closure is needed as the
edema and fluid decrease.

Hernia

Damage to the abdominal fascia results in hernia for-
mation. Closure of the abdominal wall with skin, muscle,
and/or peritoneum will result in hernia formation over
time. When intestines are allowed to granulate and are
covered with a skin graft, a hernia universally develops.

Figure 4. The loss of domain that can occur as the unopposed forces of the
oblique muscles pull the abdominal wall in a lateral direction.

Hernias can be caused by abdominal distention, abdomi-
nal wall tension, fistula formation, and the underlying
medical status of the patient.” Closure of planned her-
nias is usually complex and staged for complete fascial
closure.” Hernias that form as a result of an open
abdomen generally have little risk of strangulation of the
bowel but cause considerable deformity and discomfort.

Temporary Abdominal Closure (TAC)

An open abdomen is maintained with a temporary
abdominal closure (TAC) device. Patients with open
abdomens require multiple trips to the operating room
(ie, every 24-48 hours for as long as 2 or 3 weeks) using
staged abdominal explorations. Thus, in addition to facil-
itating re-access to the abdominal cavity, an ideal TAC
protects the abdominal contents; prevents evisceration;
preserves fascia; minimizes desiccation and damage to
the viscera; quantifies third space fluid losses; allows for
selective tamponade; minimizes the loss of domain; low-
ers bacterial counts, infection, and inflammation; and
keeps the patient dry and intact. High-risk patients can
rapidly develop high abdominal pressures secondary to
bleeding, pack placement, and rapid accumulation of
third space fluid. A TAC can potentially minimize the
development of IAH and ACS, and unlike a surgically
closed abdomen, can be quickly removed with increased
pressure, if necessary. Optimization of delayed closure
can be achieved with a system that is non-reactive, easily
removed from the bowel, pliable, permeable, and con-
formable to the shape and configuration of the abdomi-
nal contents and that minimizes bowel adherence to the
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Figure 5. Gauze packing of the open abdomen.

abdominal wall.* Nonadherent dressings should be used

in direct contact with the bowel, and the omentum can be
used as a protective layer. The earliest TAC technique was
gauze packing of the abdomen covered with an occlusive
drape with eventual formation of granulation tissue and
subsequent skin grafting (Figure 5)." Numerous pros-
thetic materials have been used for temporary closure but
can be associated with complications.* A significant risk
(20-30%) for the development of ACS exists in
abdomens covered with a TAC device; therefore, close
monitoring of IAP is required.”

A TAC is a technique developed to minimize the effects
of increased IAP and to minimize the possibility of ACS
development. Allowing the abdominal wall to expand in
proportion to the pressure exerted by intra-abdominal
forces allows pressure to be equilibrated, facilitating ade-
quate tissue perfusion and visceral organ perfusion.
Controversy exists regarding the benefit of TAC and the
relationship between IAH and ACS. In a survey of surgeons
that were members of the American Association for the
Surgery of Trauma (AAST), Mayberry et al.” reported that
a majority of expert surgeons in the association would use
TAC for instances of massive bowel edema, pulmonary
decompression, hemodynamic instability, and packing in
the abdomen. Only a minority of expert surgeons would
leave the abdomen open for massive transfusions, gross
contamination, hypothermia, acidosis, multiple abdominal
injuries, and coagulopathy,” all of which are known risk
factors for the development of ACS. In the same study, 14%
of surgeons surveyed would open the abdomen based sole-
ly on increased pressure without evidence of systemic signs
of an ACS (ie, oliguria, increased airway pressures,

decreased cardiac perfusion, or elevated intracranial pres-
sure). In a 1999 survey of the AAST, Mayberry et al.”!
showed that surgeons utilize multiple TAC methods,
including the Bogotd bag (25%); absorbable mesh (17%);
polypropylene mesh (14%); polytetrafluoroethylene
(PTFE) (14%); silastic mesh (7%); miscellaneous (28%);
and towel clip closure (1%). Some surgeons (3%)
responded that they “never used open abdomen tech-
nique.” Table 3 represents a summary of TAC methods.

In a retrospective study, Ivatury et al. demonstrated the
effectiveness of TAC in preventing the development of
IAH.* Patients defined as high risk for ACS included
those with hemodynamic instability, multiple injuries,
strong suspicion for the development of ACS, or a need
for intra-abdominal packing. These patients were studied
in 2 groups: group I had TAC placement using a loosely
applied prosthetic mesh; group II had their abdomens
closed at the time of surgery after bleeding was controlled
and organs were repaired. Incidence of IAH (defined as
pressure > 25 mmHg) was 22.2% in the mesh closure
group versus 52% in the fascial closure group.? Survival
was higher and organ dysfunction was less severe in
patients that did not develop IAH. There was an overall
survival of 90.1% in the mesh-closure group compared to
68% in the fascial closure group.* This study demonstrat-
ed the effectiveness of established guidelines to monitor
and prevent the development of IAH.

In a retrospective study to evaluate the efficacy of plac-
ing a TAC to prevent ACS, Mayberry et al. compared the
primary placement of absorbable mesh in patients at high
risk for developing ACS at the time of the initial celioto-
my to placement at second exploration.”” The group that
had mesh placed secondarily had an increased incidence
of ACS, necrotizing fasciitis, intra-abdominal sepsis, and
enterocutaneous fistulas. The conclusion from this study
suggested a benefit in early TAC placement.

Since patients closed with a TAC method are at risk for
the development of ACS, serial bladder pressure moni-
toring is imperative. The incidence of ACS can be as high
as 38% with a TAC.® Progressive IAH and the develop-
ment of an ACS can be predicted by a progressive
increase in serial bladder pressures, and despite the
method used for TAC, the IAP must be closely moni-
tored. Kaplan reported that the trend of IAP is more
important than an absolute number.” The most common

cause of ACS is continued bleeding either from a surgical
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bleeding site or coagulopathy. Moore stated that bladder

pressures greater than 35 mmHg denote ongoing bleed-
ing and warrant immediate decompression in the operat-
ing room.” Ivatury et al. recommended immediate re-
exploration at the bedside to check for increasing pres-

evacuate clots, control

sures—even in the event of ongoing coagulopathy—to

bleeding, and repack the

abdomen.** Re-exploration can disrupt the cycle of aci-
dosis, coagulopathy, and hypothermia by improving pul-
monary and cardiac performance and reversing the

Table 3. Temporary closure techniques

Technique

Materials

Advantages

Disadvantages

Skin approximation

Towel clips; running
suture

Inexpensive; rapid; maintains
abdominal domain; mini-
mizes heat and fluid loss

Risk of evisceration; dam-
age to or loss of skin; high
incidence of ACS; no con-
trol of fluid loss

Bogota bag

3 L IV bag; Steri-Drape
(3M, Minneapolis, Minn);
10-10 Drape; Bowel Bag;
Silastic

Inexpensive; biologically
inert; minimizes heat and
fluid loss; nonadherent

Risk of evisceration; loss
of abdominal domain;
increased risk of ACS

Absorbable mesh

Vicryl (Ethicon,
Somerville, NJ); Dexon
(Davis & Geck, Danbury,
Conn)

Absorbable; resistant to infec-
tion; protection from eviscer-
ation; possible definitive clo-
sure with split-thickness skin
graft

50% hernia rate; fascial
retraction; enterocuta-
neous fistula; may prevent
fluid egress; increased risk
of ACS

Marlex with zipper

Wittmann Patch™
(Starsurgical, Inc.,
Burlington, Wis)

Ease of re-exploration; main-
tains abdominal domain;
extends time temporary clo-
sure is employed

Requires special equip-
ment; requires multiple
fascial manipulations

Vacuum pack
closure

Fenestrated, nonadherent
polyethylene sheet; moist
surgical towels; silicone
drains; iodoform-impreg-
nated adhesive dressing;
wall suction

Inexpensive; uses material
found in the operating room;
moderate fluid control; may
allow abdominal wall closure

Lacks ability to approxi-
mate abdominal wall;
moderate fluid control;
lacks bleeding detection
and safe guards to main-
tain constant suction

Vacuum Assisted
Closure®

V.A.C.® Therapy” (KCI,
San Antonio, Tex)

Decreased incidence of ACS;
prevents loss of abdominal
domain; uniformly draws
wound closed; extends time
temporary closure is
employed; minimizes heat
loss; collects and quantifies
fluid loss; minimizes suturing
through fascia; assists in
abdominal stabilization via
splinting effect; nonadherent
layer available; provides a bar-
rier to infection

Requires special equip-
ment
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effects of cellular shock.”

Gracias et al.* reported that the development of an
ACS was a rapidly progressive process in the open
abdomen developing between 1.5 and 12 hours post-
insult and was associated with significant mortality (60%).
Patients with high crystalloid requirements and severe
physiologic derangements were at risk for ACS, and these
factors may be predictive of ACS development.*

Earlier studies used TAC in cases with clinical evidence
of ACS, while more recent studies suggest the use of TAC
to minimize IAH and, therefore, decrease the probability
of developing ACS and subsequent complications.”
Controversy exists regarding the effectiveness of TAC in
decompressing the abdomen and reversing the systemic
effects on organ dysfunction with the onset of an ACS. A
study completed by Meldrum and associates showed the
detrimental effects of IAH and organ dysfunction.”” This
study demonstrated that rapid onset of ACS can be pre-
dicted by the physiologic state of the patient with use of
an IAH grading system based on abdominal pressure and
systemic manifestation. The study also demonstrated the
effectiveness of early decompression in high-risk patients.

Sugrue et al. showed limited clinical efficacy in revers-
ing the adverse systemic effects in patients that had
increased IAP* This prospective, nonrandomized study
used a polypropylene mesh or PTFE patch for temporary
closure of the abdomen. Reasons for TAC were decom-
pression (22 patients), inability to close the abdomen
(10), re-exploration (8), and multifactorial (9). Increased
abdominal pressure was defined as greater than or equal
to 18 mmHg. Mean abdominal pressure was 24.2 mmHg
and was reduced to 14.1 mmHg upon decompression of
the abdomen. Due to inadequate drainage or severe
bowel edema, 25% of patients in the study could not have
their IAP lowered below 18 mmHg. Patients that were

Table 4. Requirements for TAC devices

Allow multiple abdominal re-explorations
Control peritoneal fluid and third space loss
Minimize increases in intra-abdominal pressure
Preserve fascial integrity/facilitate abdominal
wall closure

Minimize dressing changes and wound exposure
Contain intra-abdominal contents

Protect intra-abdominal contents

Lower bacterial counts

10

decompressed did not experience significant changes in
their urinary output. Twenty-eight patients in this study
had brisk diuresis. There was a reported improvement in
dynamic lung compliance, but minimal improvement in
gas exchange or acid base status. There was no significant
improvement in renal function or oxygenation. While the
benefits of decompression were minimal for IAH, the
study suggested that IAH prevention might be the key to
reducing complications in high-risk patients. In contrast,
a retrospective study completed by Ertel et al. showed
improvement in physiologic parameters of patients with
documented ACS with defined clinical patterns and time
of onset typical to ACS that underwent emergent decom-
pression.” However, with improved hemodynamics, there
was still a 35% mortality rate. Saggi et al. reported a 59%
30-day mortality rate after decompression for ACS
because of MODS that resulted after the systemic inflam-
matory process.” Retrospective data suggest the preven-
tion of ACS and IAH could lower the complications and
mortality observed.

Management of Patients with TAC

Patients with open abdomens initially require place-
ment in the intensive care unit. This class of patients is at
risk for bleeding, hypothermia, significant fluid losses,
and respiratory dysfunction. They are also at risk for SIRS
and MODS. Aggressive fluid resuscitation can lead to
increased abdominal pressures and ACS. According to
the panel, all patients with open abdomens should have
serial bladder pressures taken 1-6 hours apart to monitor
changes in IAP. The development of IAH can be insidious
if not monitored with the development of ACS as early as
12 hours postoperatively. Intra-abdominal pressure
trends should also be monitored for the development of
ACS. Patients with progressive increases in IAH or devel-
opment of ACS should be decompressed immediately.

Patients with TAC should be periodically re-explored
for bleeding and sepsis. This typically occurs every 48
hours but can be altered depending on the condition of
the patient. Dressing changes and exploration can be per-
formed at the bedside or operating room. A complete
exploration should be performed with attention to
drainage of interloop fluid and exploration of all gutters.
Bowel should be dissected free from the abdominal wall
to the lateral, superior, and inferior aspects of the
abdomen. Every effort should be made to prevent the
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bowel from adhering to the abdominal wall if fascial clo-
sure is desired. When bowel loops begin to congeal, they
should not be separated, as this could cause a fistula.

Patients with TAC can be safely fed enterally. The
exceptions are those patients that are hypotensive and on
vasopressor therapy and patients with high output fistu-
las. The panel reported problems with enteral feeding
tubes and recommends placement of a jejunal feeding
tube in the most lateral position on the abdominal wall,
use of a Moss tube, or placement of a nasogastric feeding
tube at the time of laparotomy.

Continued exploration should be based on the
patient’s physiologic state. This will dictate final closure
of the abdominal wall. In order to minimize fistulas and
hernia formation, an attempt at early fascial closure
should be made. If the patient is unstable or cannot tol-
erate multiple re-explorations, a skin-only closure is the
next optimal method of closure, followed by skin grafting
of the abdominal wall. When fascial closure is not possi-
ble, the patient will develop a hernia and require further

surgical intervention.

Closure Techniques

The goal of TAC is to minimize the effects of sepsis,
IAH, and secondary complications seen with an open
abdomen. Early coverage of the abdominal contents will
decrease complications, such as fistula formation with
restoration of fascia integrity. Care must be taken to pre-
vent desiccation and adherence of the bowel to dressings.
Earlier studies using mesh closure alone had variable clo-
sure rates with a significant incidence of fistulas regard-
less of the material used.” The introduction of dynamic
closure devices, such as Velcro® closure or V.A.C.®
Therapy, has improved closure and resulted in lower
complication rates.”

In cases where fascial closure is not feasible due to
edema or ongoing sepsis, other closure options include
allowing the abdominal wall to granulate and placing a
skin graft, attempting to approximate the skin and allow-
ing a ventral hernia to develop, or using a prosthetic
material that can be skin grafted over granulation tissue.
If a skin graft is placed over granulation tissue, a 6-month
maturation period is usually needed before attempting to
permanently close the abdomen.” This will allow the
inflammatory process to subside and facilitate entry into
the abdomen.

. &
Figure 6. Towel-clip closure over Dexon mesh. Reprinted with permission
from Rutherford EJ, Skeete DA, Brasel KJ. Management of the patient with
an open abdomen: techniques in temporary and definitive closure. Curr
Probl Surg. 2004;41(10):823.

Late abdominal wall reconstruction can be accom-
plished with a number of techniques. Fabian et al. used
the separation of components technique effectively in a
staged procedure to close the abdomen.” This procedure
avoids the use of prosthetic material and therefore can be
used when stomas are taken down with a lower risk of
infection. There is a 33% incidence of hernia recurrence
when mesh is used and 11% with the separation of com-

ponents technique.”

Skin-Only Closure

Skin-only closure was initially described as a rapid
method to close the abdomen in an unstable, at-risk
patient.* Towel clips or a running suture can be used for
a skin-only closure (Figure 6). This technique can be
used for rapid closure in patients that will need re-explo-
ration within 24 hours. Retrospective studies have shown
efficacy with complication rates similar to other methods;
however, towel clips may interfere with other advanced
diagnostic studies, such as abdominal computed tomog-
raphy (CT) scans or magnetic resonance imaging (MRI),
which many trauma patients with multiple injuries may
require. Skin closure with 2-0 nylon may prevent inter-
ference with advanced studies for trauma patients who
require rapid closure. Smith et al.*” demonstrated a high
rate of fascial closure in patients initially closed with
towel clip closure. The authors reported a 14% risk of
ACS development with towel-clip closure because the
abdomen has a limited ability to expand with the increas-
ing abdominal pressure. Skin-only closure has been
replaced in most centers with placement of a prosthetic
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material to cover the abdominal wall. Meldrum et al.*!
reported that packing of major liver injuries with towel-
clip skin closure resulted in significant compromise in
cardiopulmonary function. They warned that while this
may provide life saving tamponade of uncontrollable
bleeding, timely alleviation of worsening IAH may be crit-
ical for ultimate salvage especially in patients with limited
cardiopulmonary reserve.

Bogota Bag
The Bogota bag has been used in practice for more

than 20 years. The use of an open intravenous (IV) bag
was popularized in Bogotd, Columbia, and has been used

since 1984 in the United States.”** Many variations have
been reported (eg, sterile x-ray cassette sleeves, urology
bags, silastic drapes, latex), but none appear to be
advanced methods for keeping the abdomen open while
maintaining control of the abdominal contents.

The Bogota bag can be made from a pre-gas-sterilized
3-L urology bag that is cut into an oval shape and sutured
to the skin (Figure 7 and 8).** The advantages of the
Bogota bag include low cost, nonadherence, prevention
of evisceration, ease of application, and availability in the
operating room.” Disadvantages include tearing of the
skin, adherence of the bowel to the abdominal wall, diffi-
¥| cultre-entry into the abdomen, and the need for gas ster-
::.‘ ilization of the bag before use.** Control of third space

Figure 8. Bogotd bag. Reprinted with permission from Rutherford EJ, loss is minimal, and any leakage from under the bag can

S N O R L U e eyl [cave the bed wet and increase the risk of worsening
techniques in temporary and definitive closure. Curr Probl Surg. hypothermia.

2004;41(10):82. The effectiveness of the Bogotd bag has mostly been
illustrated in case reports and noncontrolled studies with
a wide variety of patients. However, the Bogota bag has
gained wide acceptance, and this technique was a starting
point for the development of new devices for the preven-

tion and treatment of IAH and ACS.

Mesh Closure

The advantages of mesh closure include ease of place-
ment, facilitation of re-exploration, the ability to open
and re-close the abdomen at the bedside, and increased
strength compared to Bogota bag closure. Mesh closures

Figure 9. Dexon mesh. Reprinted with permission from Rutherford EJ, have varied by type and material used. Experience with
Skeete DA, Brasel KJ. Management of the patient with an open abdomen: polypropylene mesh showed an advantage of closure of
techniques in temporary and definitive closure. Curr Probl Surg.
2004;41(10):827.

the abdomen by granulation and skin grafting, but the

reported fistula rate with polypropylene mesh placed over
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bowel has been between 50-75%."* Mayberry et al.
showed effectiveness in placement of an absorbable mesh
for the prevention of ACS.” The mesh can be removed
easily and facilitates skin grafting and granulation tissue
development.* However, Nagy et al. reported that the use
of absorbable mesh resulted in significant formation of
disabling hernias and a risk of late evisceration and, as a
the PTFE.*
Polytetrafluroethylene mesh is desirable because it is

result, recommended use of
nonadherent to the underlying bowel and is related to a
low fistula rate.* Disadvantages of PTFE use are the price,
inability to skin graft, lack of resistance to infection, and
chronic subcutaneous infections. GORE-TEX® (W.L.
Gore & Associates, Inc., Newark, Del) has also been used
for abdominal closure, but it does not allow for fluid

removal, is prone to chronic infection, and is expensive.

Wittmann Patch

In 1990, Aprahamian et al. described an open abdomi-
nal technique with a Velcro®like prosthetic placed over
the abdomen.* This device allowed for easy entrance into
the abdomen for re-exploration and facilitated closure of
the abdomen with serial narrowing and trimming of the
mesh until the abdomen was closed (Figure 10). The
potential for IAH and ACS was high, and there was mini-
mal control of third space fluid. Liner pressure placed on
the abdominal wall can potentially lead to fascial necro-
sis. Complication rates were similar to other methods of
closure, but reports in the literature on its use and effec-

tiveness are limited.*

Vacuum Pack

The vacuum pack technique is a modification of the
Bogotd concept that allows for rapid closure of the
abdominal wall with application of wall suction to control
abdominal secretions (Figure 11 and 12). Barker et al.
reported a 7-year retrospective experience with vacuum
pack in 112 patients.” This technique utilizes a fenestrat-
ed, nonadherent polyethylene sheet that is placed over
the viscera and covered with moist surgical towels. Two
10-French silicone drains are placed over the towels, and
the wound is sealed with an iodoform-impregnated adhe-
sive dressing. Continuous wall suction is applied at
100-150 mmHg. Patients are re-explored serially at dress-
ing changes. This method is inexpensive and effective in
managing an open abdomen. The authors achieved a fas-

Figure 10. Wittmann patch. Reprinted with permission from Rutherford EJ,
Skeete DA, Brasel KJ. Management of the patient with an open abdomen:
techniques in temporary and definitive closure. Curr Probl Surg.
2004;41(10):829.

Figure 11. Vacuum pack technique.

Figure 12. Vacuum pack. Reprinted with permission from Barker DE,
Kaufman HJ, Smith LA, Ciraulo DL, Richart CL, Burns RP. Vacuum pack
technique of temporary abdominal closure: a 7-year experience with 112
patients. J Trauma. 2000;48(2):204.
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cial closure rate of 55.4%. In this patient population,
23.3% had their abdomens closed with absorbable mesh
and skin grafts. The fistula rate was 4.5%, which was lower
than other reported techniques. Vacuum pack appeared
to be an effective technique in managing the open
abdomen. Barker et al. reported that if the abdominal
wall could not be closed in 7-10 days, the bowel would
adhere to the abdominal wall, and the abdomen could
not be closed. At this point, the only option was to allow
granulation tissue to form over the abdominal contents
and then place a skin graft. The patient would then need
definitive closure of the abdominal wall at a later date.

Figure 13. Finite element model of a V.A.C.® foam applied to a wound showing
deformations. The wound surface is stretched in most areas of the device.®
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Figure 14. Application of VLA.C.2 Therapy induces surface undulations
stretching cells in the wound. Wound with VLA.C.2 device at 7 days (lower
right) has a higher surface area (blue line) and more blood vessels than a
wound not exposed to the foam (lower left).** Reprinted with permission
from Saxena V, Hwang CW, Huang S, Eichbaum Q, Ingber DE, Orgill
DP. Vacuum-assisted closure: Microdeformations of wounds and cell
proliferation. Plast Reconstr Surg. 2004;114(5):1087.
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V.A.C.° Therapy

Prior to the adoption of V.A.C.” Therapy, vacuum pack
closure was the modality of choice for the majority of
panel members. Historically, if the abdomen was not
closed within 7-10 days, the combination of adhesions
and fascial retraction frequently made primary fascial clo-
sure impossible, and creation of a planned ventral hernia
was required.” Using the vacuum pack technique, Barker
et al. were able to achieve fascial closure as late as 9 days
post-operatively.” Since the adoption of V.A.C.® Therapy,
Miller et al. have reported successful primary fascial clo-
sure as late as 49 days post-operatively.” This technique
applies subatmospheric pressure to the open abdomen
through a reticulated polyurethane foam dressing. The
device, dressings, tubing, and canisters are used as a com-
plete system, and it is currently the only system verified by
the Centers for Medicare & Medicaid Services (CMS) for
negative pressure wound therapy.

V.A.C.® Therapy application uses a specialized dressing
that includes a semi-occlusive drape and resilient, open-cell
foam (V.A.C.® GranuFoam®) that can transmit pressure
changes equally throughout the foam. The current VA.C.®
GranuFoam® Dressing can be modeled as multiple small
suction cups applied to the wound. Using known mechan-
ical properties of tissues, a finite element model can be
constructed to predict deformation of the wound. Saxena
et al.” designed a finite element model of the wound in
contact with the foam with pore sizes of approximately 1
mm (Figure 13). Using known mechanical properties of
tissue, this model predicted that the wound would deform
between contact points of the foam resulting in increased
surface area of the wound. The deformations predicted are
very similar to microscopic wound cross-sections observed
a few days after V.A.C.® Therapy application when a rough
surface of well-vascularized tissue may be seen (Figure 14).
It is hypothesized that stretching the wound surface by
inducing wound undulations stimulates cell division, pro-
liferation, and angiogenesis through mechanisms
described by Ingber.” This has been confirmed by a recent
animal study by Chen et al.™

As opposed to many wounds treated with V.A.C.®
Therapy where the foam is directly in contact with
wounds, surgeons have learned that placing the
polyurethane foam directly on bowel may potentiate fis-
tula formation. The panel agreed that extreme precau-
tion must be taken to ensure the V.A.C.® GranuFoam® is
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not in contact with the bowel. Thus, most surgeons using
this technology use the V.A.C. Abdominal Dressing
System and place the specially designed nonadherent
layer over the bowel (Figure 15) in order to protect the
bowel while allowing fluid egress. The open-pore
polyurethane foam is in contact with this non-adherent
layer and also with the abdominal wall. In the experience
of the panel, the open pore foam is efficient at both dis-
tributing the subatmospheric pressure throughout the
abdomen and removing a large amount of fluid effi-
ciently. Because of the specific characteristics of the
open-pore polyurethane foam (V.A.C.® GranuFoam?®),
V.A.C.” Therapy may induce microdeformations of the
wound edges while efficiently removing excess fluids
from the open abdomen.

The subatmospheric or negative pressure for VA.C.°
Therapy is controlled with a computerized vacuum pump
that applies a regulated negative pressure to the wound
surface. A sensing device provides continuous feedback
from the wound to ensure a prescribed amount of negative
pressure is delivered to the wound and indicates when the
canister is full of fluid.” While initially developed at Wake
Forest by Argenta and Morykwas as an adjunct to wound
healing,” the therapy has evolved into an effective device
in the management of open abdomens (Table 5). When
using V.A.C.® Therapy with an open abdomen, the patient
is taken for re-exploration, separation of adhesions, and
application of a new V.A.C.® Dressing every 48 hours.

The V.A.C.” Abdominal Dressing System should only be
used with the V.A.C.® Therapy System. The pressure should
be started at 125 mmHg and increased if an interface is uti-
lized or lowered if not tolerated well. The initial research
on V.A.C.® Therapy showed that 125 mmHg was the critical
pressure to stimulate cell reproduction and to maximize
the negative tissue expansion effect. VA.C.® Therapy also
has several safety features that other options do not: con-
trolled delivery of negative pressure, alarms, pressure mon-
itoring at the wound site, and regulated canister volume.

The initial layer of the V.A.C.® Abdominal Dressing
System is composed of nonadherent fenestrated
polyurethane that prevents bowel adherence to the ante-
rior abdominal wall and facilitates fluid drainage into the
foam. Preventing the fascia from adhering to the abdom-
inal wall allows the fascia to be gradually pulled over the
bowel and closed—preventing planned ventral hernia
and/or complex closure procedures. Appropriate appli-

Figure 15. Application of the specially designed nonadherent layer with
fenestrations from the V.A.C.® Abdominal Dressing System.

Table 5. Consensus panel summary of the benefits of
V.A.C.® Therapy with the V.A.C.® Abdominal Dressing

System

® Provides a bridge to closure of the fascia and
abdominal wall

Removes, collects, and quantifies abdominal fluids
Removes infectious materials

Minimizes frequency of dressing changes

Helps protect the wound environment

Helps promote wound healing and assists in
granulation tissue formation

* Helps approximate wound margins

cation of the nonadherent layer requires placing the
dressing down into the gutters. When properly applied,
the V.A.C.® GranuFoam® will exert a macro-force on the
abdominal wall, holding it together. From the panel expe-
rience with abdominal wounds left open, they tend to
enlarge, probably due to the unopposed action of the
oblique muscles that pull the abdominal wall laterally.
Application of the V.A.C.® Therapy System visually shows a
mechanical pull of the 2 edges of the abdominal wall
together when negative pressure is applied. The net effect
is a reverse tissue expansion of the abdominal wall, which
pulls the abdomen together in a slow and progressive
manner. The consensus of the panel is that the use of the
V.A.C.® Therapy System will result in progressive approxi-
mation of the wound margins, a reduction in the size of
the abdominal wall defect, removal and quantifying of
abdominal fluid, and removal of infectious materials. The
panel also hypothesizes that V.A.C.” Therapy assists in the
removal of inflammatory substances that accumulate in
the abdomen during inflammatory states.
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Day 7: Fascial closure

Figure 16. V.A.C.° Therapy with the V.A.C.® Abdominal Dressing System and the ability

to progressively close the fascia and abdominal wall.
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Figure 17. V.A.C.® Therapy System with retention sutures in place as negative pressure is
being initiated.

Garner et al. reported the use of VA.C.® Therapy in the
early approximation of open wounds in patients that under-
went decompressive laparotomy or damage control sur-
gery.” The authors placed a Bogota bag over the wound for
24-48 hours. If the abdomen could not be closed, they
returned the patient to the operating room, applied V.A.C.®
Therapy, and closed the abdomen. The authors reported a
92% fascial closure rate at an average time of 9.9 days in 14
patients. No fistulas or eviscerations were reported.

Suliburk et al. expanded on the experience of Garner
et al. with the use of V.A.C.® Therapy in trauma patients.’
This group of 35 patients had a primary closure rate of
86% with a mean time to closure of 7 days. Four patients

16¢

Day 4: V.AC.® Therapy

failed to close using V.A.C.® Therapy, and 2 of
those 4 developed fistulas.

Miller et al. reported their experience using
V.A.C.° Therapy on the open abdomen. Of the 83
patients that survived their injuries, 59 patients
(71%) had their fascia closed; 37 (62%) closed in
less than 9 days; and 22 (37%) closed in greater
than 9 days.” These results compare favorably to
other modalities of closure, and retrospective data
show a greater percentage of closure in patients
with VA.C.® Therapy, decreasing the need for re-
admission to the hospital for long and more com-
plex closure procedures. In a more recent study by
Miller et al.,”” a protocol was developed based on
the findings of the previous study and was strictly
followed. Of the 45 (78%) patients that survived
until abdominal closure, 88% were closed with the

mean time to closure of 9.5 days, and 21 patients
(48%) were closed at > 9 days. Miller concluded
that by using a carefully defined protocol, they
were able to achieve a significantly higher closure
rate (p=0.03), obviating the need for subsequent
hernia repair in most patients.

Kaplan reported similar experiences with addi-
tional benefits of lower intensive care unit length
of stay, primary closure of 78% of patients as
compared to 12% using vacuum pack, and lower
complications when compared to other tech-
niques.” Based on these findings, a cost analysis
demonstrated an average savings of $31,842
when VA.C.° Therapy was used including a cost
of $2,220 per patient for cost of V.A.C.® Therapy
and supplies. The total cost of hospital charges
for latex was $358,576 and the total cost of hospital charges
for VA.C.® Therapy was $326,734. This cost analysis was
based on 13 VA.C.® Therapy patients and 9 vacuum pack
patients from this study population; no other data was avail-
able for analysis on other patients.

The 7 retrospective studies reviewed by the panel for this
document demonstrate the safety and efficacy of VA.C.®
Therapy and compare favorably to the vacuum pack tech-
nique. There may to be an advantage in applying a dynam-
ic closure device, such as the V.A.C.® Therapy System, to an
open abdomen in that edema and third space losses can be
controlled and the abdomen closed in a timelier manner. A
critical component of VA.C.® Therapy is the reticulated
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Figure 18. Initial incision to relieve abdominal compartment syndrome (A); after 48 hours of V.A.C.® Therapy, abdominal compartment syndrome is
resolved (B); and abdomen is closed (C).

Table 6. Summary of the various techniques of managing the open abdomen and their perceived benefits accord-

ing to the consensus panel

Technique Controls | Achieves | Achieves | Actively | Quantifies | Promotes Controls
Abdominal Skin Fascial Removes | Third Space| Granulation | Infection
Contents | Closure Closure Exudate Losses

Bogota bag + - - - - - -
Wittmann i + 3 - - - -
Patch™
Prosthetic + - (+) - - - -
mesh
Vacuum pack 1 - +/- +/— /= +/= +/—
method
Vacuum i i + + + + +
Assisted
Closure®

+ demonstrated benefit; — no demonstrated benefit; +/— may or may not provide benefit; (+) technique
facilitates the benefit. Adapted with permission from Swan and Banwell 2004.

foam, which helps approximate the abdominal wall while
removing third space fluid from the peritoneal space, thus
enhancing the ability to close the abdomen.

Comparison of the Various Techniques of
Managing the Open Abdomen

A comparison was made of all of the TAC options pre-
viously discussed and their ability to meet the require-
ments of an optimal TAC (Table 6). Upon review of these
outcomes, the consensus of the panel was that VA.C.®
Therapy meets the requirements and is therefore the pre-
ferred method of managing the open abdomen.

The panel reviewed current literature on the various
techniques used to manage the open abdomen based on
historical controls and nonrandomized, controlled stud-

ies as shown in Table 7.

In addition, a further analysis was performed of previ-
ous work that includes 6 vacuum pack articles and 7
V.A.C.® Therapy articles to assess fascial closure rates,
mortality, and rates of fistula formation as presented in
the published literature. A Fisher’s Exact test was used to
analyze the data found in the literature.

Clinical Phases in Management of the Open
Abdomen

The panel developed a guide containing 3 phases for
managing open abdomen patients based on the physio-
logic status of the patient. Figure 19 illustrates a clinical
treatment pathway during these 3 phases.

The initial phase is the acute resuscitative phase. Patients
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Table 7. Compilation of data comparing various techniques of managing the open

abdomen as described in published literature

ally seen in the first 12-24
hours postoperatively. Re-
explorations for IAH/ACS

Technique |Articlesy N | Trauma |Mortality| Fascial Fistula and bleeding are considered
N (%) N (%) Closure* |Occurrence® part of the resuscitative

N (%) N (%) phase. Types of TAC closure

include the Bogota bag, vac-

Polypropylene| 5 175 | 126 (72) | 46 (26) 44 (34) 28 (21) wum  pack, and VA.C
Polyglactin 5 667 | 584 (88) | 279 (42) | 129 (33) 87 (22) Therapy. Due to the lack of
polyglycolic data relevant to this treat-
j ment phase, the panel was
Bogot.a 4 553 | 446 (81) | 293 (53) | 48 (18) 35 (13) undecided as to the best
bag/ silo method of closure. However,
Vacuum pack | 6 | 358 | 324 (91) [110 (31) | 143 (58) 17 (7)  the panel agreed that some
method form of negative pressure in
the form of vacuum pack or

VA.C. 7 327 | 306 (94) | 99 (30) | 181 (79) 6 (2.6) V.A.C.® Therapy was more
Therapy® beneficial than static meth-
Tegsiel 27 | 2080 |1786 (86) | 827 (40) | 545 (43) | 173 (14)  O% of TAC. Application of
negative pressure to the

*Calculations based on number of survivors

Table 8. Comparison of vacuum pack™*®%*% s,

VA.C® Therapy System?®*%57¢1& (EFisher's Exact test)

Parameter Vacuum pack| V.A.C.® | p value
(N =358 | (N -=327)

Trauma 324 (91%) (306 (94%)| 0.160

Fascial closure** 143 (58%) (181 (79%)|< 0.001%

Mortality 110 (31%) |99 (30%) | 0.934

Fistula formation®**| 17 (7%) | 6 (2.6%) | 0.034*

*Significant at the 0.05 level; **percentages are
based on the total number of survivors

in this phase are 24-48 hours removed from the initial
incident requiring the abdomen to be left open. A TAC is
used because of the inability to close the abdomen. This
class of patients requires care in the intensive care unit
including warming, hydration, correction of acidosis, cor-
rection of coagulopathy, ventilator support, intensive
monitoring (including indirect bladder pressure moni-
toring), and prevention of IAH/ACS. This group has the
highest risk of developing ACS, and these issues are usu-
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abdomen will allow for con-

trol of third space losses,
keep the patient dry, and improve output monitoring.
Additional retrospective data suggests a lower IAP in
patients receiving V.A.C.® Therapy.”

The second phase is defined as the intermediate resusci-
tative phase or early reconstructive phase. In this phase,
patients have survived the initial physiologic insult, the
abdominal packing has been removed, and the risk of
IAH/ACS has been minimized. Patients are no longer
hypothermic, and coagulopathy has been controlled.
Sources of sepsis from bowel and solid organs have been
controlled. This phase is usually seen 48 hours post-
injury and can extend to 10 days. This period will have
the highest incidence of primary abdominal wound clo-
sures. V.A.C.® Therapy has been retrospectively shown
to have a significant benefit in this class of patients, and
the panel recognizes the retrospective data to support
the use of V.A.C.® Therapy in this phase.”

The third phase is the late reconstructive phase. This phase
is defined as the time between 10 days postinjury and
either primary or secondary closure of the abdominal
wall. The panel recognizes the importance of long-term
protection of the abdominal contents with the patient’s
physiologic status as the main determinant. The panel
reported personal experience using V.A.C.® Therapy for
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Open Abdomen

.
Temporary abdominal closure: V.A.C.*
Acute phase ‘Abdominal Dressing System or vacuum pack

Resuscitate patient/monitor for ACS

Is patient stable and is abdominal
wall closure possible?

ra/ \TQ

Primary closure V.A.C.* Abdominal
Dressing System

V.A.C." Dressing
Intermediate phase

change every 48 hours
48 hours to 10 days

Abdominal wall
closure possible

Yﬂs \ Nﬂ

Continue V.A.C." Dressing changes
Abdominal wall and every 48 hours; attempt to
foirinlldosice approximate abdominal wall using
reverse lissue expansion

{

Stable for repeat V.A.C." Dressing
change and attempts to close
V
Late reconstructive Serial V.A.C.* Dressing e
~ phase changes to promote
10 days to closure reverse fissue expansion
]
— Use V.A.C.* Therapy to

Closure of fascia and pmm.grumhﬁun over bowel

abdominal wall /\

Late ventral Skin graft Skin closure over
hernia repair - _'gmnﬂuﬁﬂn

Figure 19. Algorithm developed by the panel to illustrate a clinical treatment pathway during the acute, intermediate, and late reconstructive phases in

the patient with an open abdomen.

SUPPLEMENT TO WOUNDS: A COMPENDIUM OF CLINICAL RESEARCH AND PRACTICE « OCTOBER 2005 19



Guidelines for the Management of the Open Abdomen

primary closure up to 49 days after the initial surgery.
Patients that are stable and can tolerate multiple proce-
dures can have a primary closure. In patients who are
unstable or whose clinical status precludes multiple explo-
rations, the abdominal wall is allowed to granulate until
the skin is closed over the granulation tissue or a skin graft
is placed. The panel agreed that use of V.A.C.° Therapy in
this phase is beneficial because it promotes primary clo-
sure. If a primary closure was not feasible, V.A.C.® Therapy
will promote the formation of dense and viable granula-
tion tissue for protection of the abdominal contents. Also,
in the cases of skin grafting, V.A.C.” Therapy will act as a
malleable bolster to the irregular surface of the abdomen
and promote adherence of the skin graft.

Panel Questions and Answers on Treatment of
the Open Abdomen

1) How did the panel develop the guidelines and make

recommendations?

e The panel convened over a 2-day period and was
represented by surgeons that have recognized
expertise in the management of patients with open
abdomens. The guidelines were developed using a
best practices model based on the current litera-
ture and experience of the panel. After each topic
was discussed, a consensus of the panel was formu-
lated to make recommendations. A unanimous

majority was not always met, but recommendations

were only made when a majority of the panel mem-
bers agreed.

2) Why do trauma centers see more open abdomens?

¢ Advances in critical care medicine have allowed
surgeons to support patients in the peri-operative
period with respiratory, cardiovascular, and renal
support. There has also been an appreciation of
the dangers associated with long operations after
traumatic injury. The paradigm has shifted from a
single definitive operation to first controlling
immediate life-threatening events, such has hem-
orrhage, and then following with a later reparative
surgery once the patient has stabilized. This
approach has resulted in improved survival in the
first few hours after traumatic injury.

20¢

3) Under what circumstances should an abdomen remain

open?

e Patients who are diagnosed with IAH or ACS should
remain open. This has been extended to conditions
other than trauma, such as sepsis and ruptured
abdominal aortic aneurysm, resulting in opening of
the abdomen as a life-saving maneuver for these criti-
cally ill patients.

4) What is the recommended resuscitation protocol to

minimize elevation of IAP in trauma patients?

® There have not been any randomized, controlled tri-
als that clearly indicate a specific fluid or specific pro-
tocol to be used in volume resuscitation. Until fur-
ther research is done in this area, various protocols
will continue to be used. The critical point is to close-
ly monitor IAP and respond appropriately.

5) What is the best way to deal with massive bowel edema

after a damage-controlled laparotomy?

e Vacuum pack and V.A.C.® Therapy are the 2 treatment
choices that will actively remove fluid. There is no gold
standard in the management of the open abdomen,
but retrospective studies have shown some advantage of
V.A.C.® Therapy in the management of the open
abdomen. V.A.C.® Therapy delivers controlled, moni-
tored, negative pressure and provides the safety of
alarms and limited canister volume. V.A.C.® Therapy
will also help promote granulation tissue formation at
the wound edges due to the contact of the foam with
the wound margins and will help approximate wound
edges to allow closure of the fascia and abdominal wall.

e Refer to Table 8 for statistical significance of vacuum
pack and V.A.C.® Therapy related to fistula rates and
fascial closure rates.

®  Gauze should not be used in the management of the
open abdomen. Using gauze as a dressing has signifi-
cant potential for complications related to its
hydrophilic nature and the fact that it acts as a nidus
for significant and uncontrolled bacterial growth.

* Negative pressure applied to open abdomens should
be regulated to control pressure at the wound site,
and controls should be utilized to warn the clinician
and prevent exsanguination. Realistically, wall suction
does not meet these criteria and should be avoided.
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6) What are some tips on using V.A.C.® Therapy in an

open abdomen?

e Use the V.A.C.® Abdominal Dressing System. If
not using the dressing specifically indicated for
this wound type, be sure to protect exposed bowel
from exposure to air and potential desiccation, as
well as damage due to abrasion by dressings.
Failure to adequately protect exposed bowel by
applying the V.A.C.® Abdominal Dressing System
appropriately can potentially lead to fistula for-
mation.

7) What are the optimal settings for V.A.C.® Therapy use

in the open abdomen?

®  Pressure should be initiated at 125 mmHg. For fluc-
tuating fluid amounts, the pressure can be increased
to 175 mmHg for copiously draining wounds and
reduced to as low as 75 mmHg as drainage becomes
controlled with V.A.C.® Therapy. Pressures may be
titrated based on patient tolerance.

e Continuous therapy is recommended for the open
abdomen in order to provide a splinting effect and
gentle tension to the fascia to allow closure.
Continuous therapy also helps prevent shifting of
dressing materials, which could lead to bowel abra-
sion and subsequent fistula formation.

8) If the abdomen is skin grafted, what timing considera-

tions are there for subsequent hernia repair?

* Consider waiting approximately 6 months for matu-
ration before attempting to close the abdomen in
order to allow the inflammatory process to subside
and facilitate entry into the abdomen.

9) Does V.A.C.® Therapy cause fistulas?

e If the V.A.C.® Abdominal Dressing System is applied
appropriately, the bowel is protected, and the risk of
developing fistulas is minimal.

e Fistulas can develop if the bowel is exposed to air and
allowed to desiccate, is abraded by dressings, or is
deserosalized.” Fistulas are also caused by “biomater-
ial adherence” to the bowel, causing transmural
changes to the bowel wall. If the bowel is fixed to the
abdominal wall, perforation with sudden changes in
abdominal pressure may occur.

10) In the case of fistula development, how can these

open abdomens be managed?

e VA.C.® Therapy has been shown to effectively treat
wounds containing enteric fistulas. Specific tech-
niques described in the literature can be applied to
effectively close acute fistulas or to segregate effluent

until surgical intervention is indicated.

11) What are the potential complications of using V.A.C.®

Therapy in the open abdomen?

Bleeding:

e Precaution should be taken when using V.A.C.°
Therapy for patients with active bleeding, and
V.A.C.® Dressings should not be placed over exposed
blood vessels or organs.

¢ Trauma patients with significant intra-abdominal
injuries that require damage control procedures have
an associated coagulopathy from hypothermia, acidosis,
hypotension, dilution, and consumption of clotting fac-
tors, and these patients should be closely monitored.

e There is no reported data that V.A.C.” Therapy exac-
erbates intra-abdominal bleeding, and it can be an
effective method to monitor ongoing bleeding or to
detect new or increased bleeding. If sudden or
increased bleeding is observed, immediately discon-
tinue V.A.C.® Therapy. Take appropriate measures to
stop bleeding and contact the physician. V.A.C.®
Therapy dressings are not designed to prevent, mini-
mize, or stop bleeding.

Foam retention:

¢ The maximum recommended dressing change inter-
val for V.A.C.” Therapy is 48 hours. A reason this was
established was to prevent large amounts of tissue
ingrowth into the foam, which can prevent easy
removal of the foam.

¢ Do not place VA.C.® GranuFoam® Dressing into tun-
nels, sinus tracts, or undermined areas due to limited
visibility and risk of not removing all components.

e  Always count the total number of pieces of foam used
in the dressing and document on the drape and in
the patient’s chart.

12) What considerations, other than bladder pressures,
should be considered when managing patients with open
abdomens?

¢ Closely monitor fluid balance by keeping an accurate
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intake and output log.

®* Monitor hemodynamics closely to assess potential
ACS and organ compromise.

e Utilize prophylactic antibiotics.

® Closely monitor serial labs including hemoglobin
and hematocrit, electrolytes, liver enzymes, blood
urea nitrogen and creatinine, arterial blood gases,
and lactate levels. Also consider cultures if there are

any concerns of sepsis.

Conclusions

The management of patients with open abdomens is an
evolving concept. Review of retrospective data has shown
that certain techniques for managing the open abdomen
patient can be effective in treating IAH and ACS. An
understanding of the pathophysiology is needed to
understand the principles of management. The goal of
therapy is to maximize tissue perfusion and minimize
potential intra-abdominal complications, such as fistulas
and hernias. Meticulous care of the bowel, minimizing
trauma from techniques or systems used to cover abdom-
inal contents, and protection of the bowel from exposure
to the environment can reduce the complications associ-
ated with the open abdomen. A TAC device should not
only protect the intra-abdominal contents, but facilitate
primary closure of the fascia and minimize the need for
secondary repairs of ventral hernias and subsequent
repair. Serial bladder pressure monitoring should be a
part of post-operative management protocols in high-risk
patients, and decompression of the abdomen with a pres-
sure of > 25-30 mmHg should be considered even with-
out clear clinical evidence of ACS. While many closure
techniques are reported in the literature, a dynamic clo-
sure device, such as V.A.C.° Therapy with the V.A.C.°
Abdominal Dressing System, appears to have an advan-
tage in meeting most requirements for managing an

open abdomen.

Summary of Consensus Panel

1. The incidence of open abdomen use is increasing
with the need for defined guidelines and approaches.

2. There is no gold standard in the management of the
open abdomen, but retrospective studies have shown
some advantage of V.A.C.® Therapy in the manage-
ment of the open abdomen.

3. TAH and ACS remain the most significant considera-
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tions for the management of the open abdomen.

4. IAH and ACS are in part iatrogenic and can be mini-
mized with the appropriate resuscitation protocols.

5. Gauze should not be used in the management of the
open abdomen. Using gauze as a dressing has signifi-
cant potential for complications related to its
hydrophilic nature and the fact that it acts as a nidus
for significant and uncontrolled bacterial growth.

6. Abdominal dressings should be nonadherent to pre-

vent the bowel from adhering to the abdominal wall,
should allow for drainage of abdominal contents into
a controlled system, and should facilitate primary clo-
sure of the abdominal wall once the patient is opti-
mized. The panel agrees that if there is exposed
bowel, a nonadherent interface or the V.A.C.°
Abdominal Dressing must be placed over it prior to
placing the V.A.C.” GranuFoam® Dressing in order to
prevent fistula formation or other bowel damage.

7. Negative pressure applied to open abdomens should
be regulated to control pressure at the wound site,
and controls should be utilized to warn the clinician
and prevent exsanguination. Realistically, wall suction
does not meet these criteria and should be avoided.

8. Consideration for the type of closure is based on the

patient’s clinical status with the optimal result of pri-
mary facial closure.

9. When the fascia cannot be closed, skin over granula-

tion tissue is preferred to skin grafting over granula-
tion tissue.

10. Complications found in patients with open
abdomens may be minimized with V.A.C.® Therapy
resulting in early closure of the abdomen.

11. VA.C.® Therapy appears to provide the highest
advantage in managing the open abdomen and is
applicable to most phases of management of the
open abdomen.

12. Further study is necessary to define patient popula-
tions, guidelines, and device application to optimize

management of this class of patients.
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