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SINDROME COMPARTIMENTAL ABDOMINAL
EN PACIENTES QUEMADOS

OscAR MANRIQUE"". AND RUBEN PERALTA!

Resumen

El sindrome compartimental abdominal (SCA) es una condicién comiin que se produce en una
gran variedad de escenarios clinicos, siendo reportado en diferentes series de trauma entre el
6y 35% de los casos. Hay muchas etiologias que conllevan a un aumento de la presién intra-
abdominal incluyendo las quemaduras masivas. Cuando se produce una alta presiéon intra-
abdominal y no se corrige a tiempo, se da paso a una entidad descrita como sindrome compar-
timental abdominal, con subsiguiente falla multisistémica y muerte. El propésito de esta revision,
es describir la fisiopatologia del SCA en pacientes quemados, reconocer y diagnosticar tempra-
namente del aumento de la presiéon intra-abdominal, también conocido como hipertension
abdominal, y describir los actuales métodos diagnosticos y el tratamiento, de tal manera que
se pueda prevenir la falla multi-organica producida en esta entidad.

Palabras clave: pacientes quemados, trauma cerrado.

ABDOMINAL COMPARTMENT SYNDROME IN BURN PATIENTS

Abstract

Abdominal compartment syndrome (ACS) is a very common condition that occurs in a wide
variety of clinical scenarios, ranging in different trauma series from 6% to 35%. There are many
etiologies which lead to an increase intrabdominal pressure including massive burns. When high
intrabdominal pressure develops and is not corrected in an early course, will lead to a well known
scenario called abdominal compartment syndrome with subsequently multiple organ failure end
death. The purpose of this review is to describe the pathophysiology of ACS in burn patients,
the importance of early recognition and diagnosis of intrabdominal hypertension (IAH) and to
describe some of the current diagnosis and treatment methods to prevent further organ failure.

Key words: burned patients, blunt trauma.

Introduction

Abdominal compartment syndrome (ACS) is a very
common condition that occurs in a wide variety of
clinical scenarios. Ascites, blunt or penetrating
abdominal trauma, mechanical bowel obstruction,
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liver transplantation, packing for uncontrollable
intrabdominal bleeding, and large burns are some
of them!®. An abdominal compartment syndrome
occurs when a less compliant, more rigid tissue
surrounds an expandable tissue (Figure 1). This
acute increased intrabdominal pressure (IAP), if not
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corrected in an early course, will produce intrabdo-
minal hypertension (IAH) and ACS leading to organ
failure and death. Early recognition and treatment
of this condition is important to decrease morbidity
and mortality caused by high IAP. Persistent increa-
sed IAP will involve many of the organ systems,
being more frequently affected the respiratory,
cardiovascular and renal systems’.

Although many cases have been reported as the
cause of ACS, this entity has not been widely des-
cribed for burn patients. The exact incidence of
ACS has not yet been estimated, however some
trauma series have reported an incidence between
5.5% and 35%%°. Other reports concluded that
the incidence of ACS correlates with the burn size
and burn depth®1°. Tension of the abdominal and
thoracic wall secondary to the full-thickness burn
eschar, burn sepsis, bowel edema and massive fluid
resuscitation are some of the predisposing factors
to develop IAH!!.The level at which IAH is con-
verted to ACS is controversial. However, oliguria,
hypercapnia, and high inspiratory pressures during
mechanical ventilation are considered diagnostic
parameters for ACS?. The purpose of our review
is to describe the pathophysiology of ACS in burn
patients, the importance of early diagnosis of IAH
for burn patients, and to describe some of the
current diagnosis and treatment methods.

Normal Abdomen

Historical perspective

Since the last half of the nineteenth century reports
have documented the presentation of ACS'?. One
of the first reports of ACS was done by Heinricius
in 1890, who demonstrated in a animal model
that the artificial increase of IAP will lead to death
secondary to respiratory failure'?. In addition,
Emerson'? also described the pulmonary dysfunc-
tion produced with high IAP. In 1913, Wendt was
the first one to describe the association between
IAH and renal dysfunction!*'>. One decade later,
Thorington and Schmidt!® reported the effects of
IAH in the renal system. In an animal model they
showed that an acute increase of IAP between 15
to 30 mmHg could lead to oliguria, and any
pressure above 30 mmHg could progress to anuria
and death. In 1931, Overholt'” was the first person
to measure the intrabdominal pressure using a
fenestrated catheter and to demonstrate that this
effect was due to hydrostatic pressure of the viscera.
In 1980, Kron!® was the first to introduce the term
ACS and to describe the first case of ACS secon-
dary to aortic aneurysm repair. In the last decade,
important contributions have been made in terms
of early diagnosis and treatment for this condition.
However, just only few articles have described the
ACS in burned patients.

FIGURE 1. Left: Drawing of a normal abdomen. Right: ACS. Decreased anterior abdominal wall with bowel

edema and decreased intraperitoneal space.

Volumen 14 e No. 1 -Julio de 2006 41




SINDROME COMPARTIMENTAL ABDOMINAL EN PACIENTES QUEMADOS

Pathophysiology

In shock states, blood shunts away from peripheral
tissues like the skin or muscle to supply important
organs like the brain, heart and kidneys. This redis-
tribution is mediated by the sympathetic nervous
system, which produces vasoconstriction and de-
creased blood flow to the peripheral tissues. When
blood shunts away from the gut, this effect will
generate cellular hypoxia in the intestinal epithe-
lium. Prolonged hypoxia will obligate the cells to
suffer an acidotic environment releasing inflamma-
tory cytokines, oxygen free radicals, and decreased
production of adenosine triphosphate (ATP)'°. The
release of these pro-inflammatory products will
increase capillary permeability and tissue edema.
In burn patients, also the addition of aggressive
fluid resuscitation will generate a reperfusion syn-
drome, releasing more toxic substances affecting
even more the cell membranes. When the cell
membrane is damaged, the main pump of the cell
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(Na/K ATPase) is destroyed, producing cell ede-
ma and abnormal fluid cell compensation. Ischemia
can also impact closure of the abdominal wall after
a prolonged laparotomy in that decreased perfu-
sion of the wound edges, can compromise healing
of the wound. Prolonged increased intrabdominal
pressure will disturb many organ systems, most
commonly affecting the central nervous system
(CNS), cardiac, pulmonary and renal systems. This

will generate a vicious cycle leading to organ failure
and death (Figure 2).

Central Nervous System

A major concern with ACS is secondary increased
intra-cranial pressure (ICP) and reduced cerebral
perfusion pressure (CPP)?°?2. Animal models of
ACS have demonstrated that the increase in ICP
and reduction in CPP are independent of changes
in the pulmonary or cardiovascular functions.

Mesenteric Hypoperfusion—

Gut Mucosal Ischemia and Acidosis

Bowel edema +— Cytokines, Free radical

release

FIGURE 2. Physiopathology cycle of ACS in burn patients.
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However, they appear to be the direct result of
elevated intrathoracic and central venous pressures
leading to impairment of the cerebral venous
outflow?>??, The precise mechanisms in which
increased IAP affects ICP and CPP are not yet
elucidated. Some other theories suggest that the
central venous pressure (CVP) due to elevated IAP
may interfere with cerebral venous drainage, in-
crease the size of the intracranial vascular bed, and
raise ICP?3. Reports have demonstrated that de-
compression of the abdominal cavity reverses this
CNS compromise!?*, arguing that this effect is
mainly mechanical secondary to diaphragmatic
elevation, reduced chest wall compliance, and
increased CVP?. Although it is questionable whe-
ther this increase in ICP is associate with decreased
CPP in normal patients?®. Many reports have an
association between increased ICP and ACS,
although no report has shown an association in
burn patients with ACS and adverse effects on ICP
or CPP.

Cardiovascular System

The most common effect of ACS is decreased
cardiac output (CO)?”33. Kashtan et al*? demons-
trated that hypovolemic animals had severe decrea-
se in CO with increased IAP, normovolemic ani-
mals had minimal decrease, and hypervolemic ani-
mals had increased CO. The main mechanism
affecting CO is venous return. The increased IAP
compresses the inferior vena cava (IVC) thus de-
creasing CO3+%. The maximal resistance to caval
flow occurs at the suprahepatic, subdiaphragmatic
IVC, where the high-pressure zone of the abdomen
meets the lower pressure of the thorax®®. Besides
the compression of the IVC, increased vascular
resistance and changes in the position of the heart
due to diaphragm elevation have been proposed
as other main mechanisms affecting CO3®. This
elevation of systemic vascular resistance is secon-
dary to the reduction of CO and direct arteriolar
compression within the abdomen®’. In addition,
other reports showed that increased intrathoracic
pressure decreases the ventricular end-diastolic
volume?®3°. Many burn patients receive massive
fluid resuscitation, creating a hypervolemic state,
which protects the patient against any reduction
in CO like demonstrated by Kashtan®?. However
other circumstances like massive capillary leaking,

generation of a third space and compensation of
the fluid already lost by the burn itself will tend to
decrease the intravascular volume.

Respiratory System

The main effect of IAP on the respiratory system
is also mainly mechanical. In a swine model, Ri-
dings et al. showed the relationship between in-
creased IAP, decreased PO, and increased PCO,*".
Other reports in animal models showed that when
IAP was between 20 and 25 mmHg, pressure
would force the diaphragm to be pushed against
the chest cavity®. The incursion of the diaphragm
will compress the lungs, increase the intrathoracic
pressure, decrease lung compliance and decrease
tidal volume. All these effects will lead to alveolar
hypoventilation with increased dead space and hy-
percarbia. Lung compression will predispose to
atelectasis, areas of ventilation-perfusion mismatch,
and hypoxemia, increasing the incidence of noso-
comial pneumonia. In addition, many burn patients
also have airway compromise secondary to trau-
ma or inhalation injury. A burned airway will pro-
duce a decrease compliance of the small airways,
edema, capillary leakage and airway plugging. The
common presentation of pulmonary compromise
secondary to ACS will be high peak inspiratory
pressures and very low respiratory system com-
pliance. Chest imaging can help to localize the
areas of major compromise. Positive end-expira-
tory pressure (PEEP) is required to maintain ade-
quate oxygenation and decrease the areas of
ventilation-perfusion mismatch?*.

Renal System

Renal derangements in ACS manifest most
commonly as oliguria. If pressures are high and pro-
longed enough complete anuria can occur3%:40:45:46,
Renal dysfunction is characterized by oliguria, anuria
and prerenal azotemia unresponsive to volume
expansion. The cause of the decrease in urine output
is multifactorial. The first experiments to understand
the physiopathology of ACS in the renal system
were conducted by Harman et al.?°. They noted a
marked decrease in the glomerular filtration rate
(GFR) and CO after the IAP was artificially increased
in their animal models. The decreased GFR was

Volumen 14 e No. 1 -Julio de 2006 43




SINDROME COMPARTIMENTAL ABDOMINAL EN PACIENTES QUEMADOS

attributed to a direct compression to the renal pa-
renchyma and blood supply. In addition, increased
vascular resistance with changes in intrarenal regio-
nal blood flow and increased tubular sodium-water
retention, will contribute to this effect®*4¢. Ureteral
occlusion with postrenal azotemia can be eliminated
as an important causal factor in ACS because
placement of ureteral stents did not improve renal
function®°.

For burn patients we have to add other important
factors that are associated with renal compromise.
The lack of adequate intravascular flow is secondary
to fluid loss and the generation of third space com-
partments. This volume reduction associated with
the release of high amounts of myoglobin and high
molecular weight products from the muscle will
directly affect the glomerular filtration system de-
creasing the GFR. Decompression and reduction
of the IAP in addition to high volume replacement
will reverse this renal compromise3847-49,

Abdominal Visceral and
Wall Abnormalities

During ACS, most of the intrabdominal viscera
blood flow is reduced®®!. Diebel et al. demons-
trated that even with an IAP of 10 mmHg, organs
like the liver begin to decrease their blood supply.
An IAP above 20 mmHg, will reduce mesenteric
and intestinal mucosa flow, impairing intestinal
perfusion at the mucosal and submucosal levels,
leading to reduction in tissue oxygen tension, anae-
robic cell metabolism, acidosis, bacterial translo-
cation and free radical generation®?>3. Some
reports have suggested that prolonged bowel ische-
mia is associated with an increased incidence of
multiple organ failure, sepsis, and increased morta-
lity>*. Further investigations have shown that a
prolonged increased IAP may lead to intestinal
infarction, which most commonly presents in the
ileum and right colon®°.

Diebel et al.%® described how high IAP reduce ab-
dominal wall blood flow. In burn patients there
are many factors affecting abdominal wall perfu-
sion. Prolonged IAH will create a compressive
effect over the abdominal wall leading to edema
and even ischemia. In addition to the lack of ade-
quate peripheral perfusion, the lost tissue
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secondary to the burn will further complicate hea-
ling. This will decrease abdominal wall compliance
and increase pressures within the abdominal cavity,
exposing abdominal organs to prolonged high
pressures.

Diagnosis

Based on the patient’s clinical scenario and physical
exam, the diagnosis of ACS is generally straightfor-
ward. Our experience has shown that most of the
patients present with a tense abdomen, although
ACS can occur with a normal abdominal examina-
tion. Patients at risk for developing ACS are those
who underwent prolonged intrabdominal or retro-
peritoneal surgery and patients who have required
vigorous resuscitation for shock or extensive burns.
However, those patients who are at highest risk
include postoperative laparotomy due to abdomi-
nal trauma and abdominal packing for damage con-
trol. In addition, coagulopathies, cirrhosis, idiopa-
thic thrombocytopenia purpura or profound hypo-
thermia can further elevate the risk for ACS®*%7,
The most common physical findings in patients
with ACS are tensely distended abdomen, progre-
ssive oliguria despite adequate CO or volume repla-
cement, and/or hypoxia with increased airway pre-
ssures?!. Besides physical findings, more objective
methods are necessary to diagnose the increased
IAP. The IAP can be measured by direct or indirect
methods. The direct methods are rarely used becau-
se of the invasive nature of the procedure that ma-
kes it impractical in the ICU setting. The most com-
mon methods used to measure IAP are the indirect
methods. Measuring the bladder pressure is very
accurate, easy and highly cost-effective.

Kron et al'® described the first technique for measu-
ring IAP in patients with ACS. He explained that
the bladder acts as a passive reservoir at volumes
less than 100 mL, and that it is capable of transmi-
tting IAP without imparting any additional pressure
from its own musculature. Contraindications like
neurogenic or contracted bladder are very uncom-
mon in the clinical practice®®. Other indirect me-
thods less commonly used are placement of a cen-
tral venous catheter in the IVC?*% and measure-
ment of intragastric pressure via a nasogastric
tube®!. There is not an exact IAP at which patients
manifest clinical signs of ACS. Therefore the diag-
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nosis depends on the patient physiologic responses
to increased IAP.

Treatment

The treatment depends on the clinical presentation,
burn total body surface area (TBSA) and level of
IAP. However, the main goal should always focus
on prevention strategies. Early detection and treat-
ment with noninvasive measures is important, be-
cause many of the complications already described
occur long before the syndrome is clinically obvious.
Any patient with ACS, especially those with large
burns should be aggressively fluid resuscitated,
while monitoring hemodynamics, physical exam,
and urine output?®263_ Greenhalgh found that the
development of IAH was correlated with the per-
centage of burnt body surface area, percentage of
full thickness burnt and sepsis®. Ivy documented
that IAH developed in patients with more than
20% TBSA and ACS with more than 70% of
TBSA in primarily full thickness burns®.

Some authors have suggested that when TBSA is
lower than 80% and IAP is between 15-20 mmHg
an intrabdominal percutaneous drainage catheter
should be inserted®®. However, when the patient has
a burn area with more than 80% of TBSA and

inhalation injury, this technique is more likely to fail
and may require laparotomy for decompression.
Burch*!, has reported a grading scale for the treat-
ment and management of patients with ACS. Grade
[ is considered when IAP is between 10-15 mmHg;
conservative therapy is appropriate at this point. With
IAP between 15 and 25 mmHg, the patient is
considered grade 1I, and treatment is still generally
conservative. These conservative measurements
include flushing the bladder catheter to ensure
patency, nasogastric tube decompression, bowel care,
and escharotomies for any existing circumferential
abdominal or thoracic wound®®. Additional measures
like sedation and pharmacological paralysis can be
very effective reducing IAP. Patients with grade IIl
IAP (25-35 mmHg), require abdominal decompre-
ssion, although signs and symptoms may develop
insidiously. All patients in grade IV (>35 mmHg)
require abdominal decompression via laparotomy
(Figure 3). The most cost effective method to prevent
ACS is the “Bogota bag”, which is a sterilized 3 litter
urologic irrigation bag sutured to the patients fascia®.
Hobson et al®, reported that treatment with abdo-
minal decompression improved survival in 40% of
burn patients with ACS. They recommend initial
bladder pressure monitoring and laparotomy in any
patient who develops an IAP higher than 30 mmHg.
After the acute episode resolves, the laparotomy
should be closed as soon as possible.

L
lck i

FIGURE 3. Burn patient who developed ACS and treated with midline laparotomy and covered with silo.

Courtesy from Robert L. Sheridan, MD.
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However, many argue that a laparotomy in burn pa-
tients will bring additional morbidity, making decom-
pression a higher risk than conservative therapy.
When most of the anterior abdominal wall is burnt, a
midline incision can predispose to intrabdominal
infections®’. Corcos et al., proposed percutaneous
drainage of peritoneal fluid in early stages of IAH®.

Recommendations

Clinical signs will lead us to diagnose ACS. Howe-
ver, more accurate methods are necessary to find
initial changes in IAP. No matter the clinical picture
of the patient, the main standard of treatment is
to prevent the increase of IAP for patients with
large burn TBSA. Based on our clinical experience,
any patient with a TBSA of more than 20%, bla-
dder pressure should always be monitored. For
patients with a TBSA of less than 80% and IAP of
less than 25 mmHag, a conservative therapy should
be done. For patients with the same or even less
TBSA but an IAP above 25 mmHg percutaneous
drainage should be performed. This less invasive
technique is appropriate to reduce significant com-
plications secondary to the burn itself. However,
patients with IAP higher than 30 mmHg will require
obligatory laparotomy, covering the bowels with
silastic. However, after laparotomy, these patients
should be closely monitored for clinical improve-
ment so the laparotomy could be closed as soon
as possible to decrease further complications.
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