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case report

A 48-year-old patient was admitted to the intensive
Care Unit with severe burn injuries. He suffered from in-
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SUMMArY. Abdominal compartment syndrome (ACS) occurs when increasing intra abdominal-pressure (iAp) reduces blood flow
to abdominal organs. This results in impairment of pulmonary, cardiovascular, renal, hepatic, central nervous system and gastro-in-
testinal (gi) function, causing multiple organ dysfunction syndrome and death. The significant prognostic value of elevated intra-ab-
dominal pressure has prompted many intensive care units to adopt measurement of this physiologic parameter as a routine vital sign
in patients at risk. ACS generally occurs in patients who are critically ill due to any of a wide variety of medical and surgical con-
ditions. it has been recently described as a rare complication of burn injury. it is fundamental to: 1) recognize iAp and ACS; 2) re-
suscitate effectively; and 3) prevent the development iAp-induced end-organ dysfunction and failure. We present our recent experi-
ence with one patient suffering from ACS secondary to burn injury and the physiologic results of abdominal wall escharotomy.
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RÉsUMÉ. Le syndrome du compartiment abdominal (SCA) se produit lorsque l’augmente de la pression intra-abdominale (PIA)
réduit le flux sanguin vers les organes abdominaux. Il en résulte une dépréciation de pulmonaires, cardiovasculaires, rénales, hé-
patiques, système nerveux central et la fonction (GI) gastro-intestinale, causant le syndrome de défaillance multiviscérale et la
mort. La valeur pronostique de la pression intra-abdominale élevée a incité de nombreuses unités de soins intensifs à adopter la
mesure de ce paramètre physiologique comme un signe vital de routine chez les patients à risque. Le SCA se produit générale-
ment chez des patients gravement malades en raison d’une grande variété de conditions médicales et chirurgicales. Il a récem-
ment été décrit comme une complication rare associée aux brûlures. Il est fondamental de: 1) reconnaître la PIA et le SCA; 2)
ressusciter efficacement; et 3) prévenir le développement de la dysfonction et la défaillance des organes cibles induites par la PIA.
Nous présentons notre expérience récente d’un patient souffrant du SCA suite aux brûlures et les résultats physiologiques d’une
escarrotomie de la paroi abdominale.
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halation injury and full-thickness burns affecting more
than 55% of his total body surface area (TBSA), involv-
ing the face, neck, trunk and torso (particularly the ante-
rior and lateral surface of the abdomen) and upper ex-
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fecting both chest and abdomen was parchment, rigid and
inelastic and the abdomen was tense. Urinary bladder pres-
sure was 30mmHg; combined with a net decrease in App
to 55mmHg, it indicated ACS and critical decrease in per-
fusion of intra-abdominal organs. 

Medical management of the patient included hemo-
dynamic support (inotropes), increased ventilatory posi-
tive pressures, and fluid infusion of approximately 4l of
crystalloids per day. The plastic surgery service was then
consulted for surgical management of ACS. Urgent ab-
dominal escharotomy-decompression at the bedside was
recommended and was performed under controlled con-
ditions. postoperatively, the patient’s condition temporar-
ily ameliorated with improvement of all the parameters
measured. iAp dropped adequately to almost normal lev-
els; therefore complete release of the abdominal wall was
not indicated.

Three days later the patient started to be unstable again
and required excessive fluid loads and inotropic support.
no pressure measurement data is available, consequently
his deterioration may not be related to ACS but it could
be due to sepsis. He finally developed septic shock (sep-
tic fever, positive blood cultures) and multi-organ failure
and succumbed a week later.

Discussion

The abdominal cavity has a certain tolerance to ac-
commodate increasing intra-abdominal volume without any
noticeable increase in iAp. in the case of massive over-
load in a severely burned patient, splanchnic edema in-
creases intra abdominal volume. As a consequence, the ab-
dominal wall distends to such a point where more disten-
tion is no more possible. At this point iAp increases sharply
and iAH and ACS result.1

regular calculation of the ivy index (cumulative
ml/kg: 24h volumes exceeding 250 ml/kg) will identify
patients at risk of developing ACS. However, in the even-

DAY 1 DAY2 DAY 3
Fluid intake ~20.000ml ~15.000ml ~6.000ml
Urine output ~1.250ml ~1.530ml ~4.200ml

Table I - Overview of fluid resuscitation and urine output for Days
1-3 post-burn

tremities (Figs. 1, 2, 3 and 4).
Upon admission, the patient was haemodynamical-

ly stable, tachypneic, anxious but oriented. He was in-
tubated and mechanically ventilated and resuscitated
with intravenous fluids by a central venous line (femoral
vein). The protocol used for the resuscitation was the
parkland formula, using lactated ringer’s solution. Dur-
ing the first day post-burn he received 20l of the so-
lution and his respiratory, cardiovascular and renal func-
tions were closely monitored. His urine output was
1250ml, which slightly exceeds the upper limit of the
recommended 0.5 to 1ml/kg/h range. Measurement of
bladder pressure, as a reflection of iAp, via the urinary
catheter, and calculation of arterial perfusion pressure
(App), permitted monitoring of intra-abdominal hyper-
tension (iAH) and ACS. Fluid resuscitation and urine
output during the first three days following injury are
summarized below (Table I).

Three days after initial clinical improvement, the pa-
tient’s cardiovascular, respiratory and urinary status dete-
riorated. Despite the aggressive and apparently adequate
initial resuscitation and fluid volume replacement, he be-
came heamodynamically unstable and developed hypoten-
sion, tachycardia, elevated jugular venous pressure, pe-
ripheral oedema, and lactic acidosis. Urine output decreased
below 0,5ml/h/kg body weight. 

Despite chemical paralysis with succinylcholine, ven-
tilation was difficult (peak pressure = 60cm H20) and ad-
vanced ventilation methods were required. Serious ab-
dominal tenderness was also noted. The burn eschar af-

fig. 2 - Escharotomies.fig. 1 - patient upon submission.
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tuality of a thick abdominal eschar, abdominal distention
is restricted, thus the critical point of increased iAp is
reached with lesser increase in intra abdominal volume and
iAH and ACS may occur with lesser fluid resuscitation
volumes.4-6

increasing iAp causes progressive hypoperfusion and
ischemia of the intestines and other peritoneal and
retroperitoneal structures. The effects of iAH are not lim-
ited just to the intra-abdominal organs, but rather have an
impact either directly or indirectly on every organ sys-
tem in the body (dysfunction of pulmonary, cardiovascu-
lar, renal, hepatic, central nervous and gastro-intestin-
al system).7

iAp may be measured directly by means of an in-
traperitoneal catheter or indirectly by measuring rectal, gas-
tric, inferior vena cava, or urinary bladder pressures. The
most accepted and practical method is recording the uri-
nary bladder pressure as a reflection of iAp. The perfu-
sion pressure (App) of intra-abdominal organs is the dif-
ference between the mean arterial pressure and the intra-
abdominal pressure (App = MAp-iAp). Higher systemic
blood pressure may maintain abdominal organ perfusion
even when the intra-abdominal pressure may be increased.
patients with an iAp =< 10 mmHg are not at risk of de-
veloping ACS, while patients with an iAp => 25 mmHg
usually develop ACS.1,4,8-11

Severe burns represent a devastating injury that results
in massive fluid loss and induces profound systemic in-
flammation requiring large volumes of resuscitative fluids.
There is no perfect resuscitation protocol and studies have
demonstrated that patients frequently receive larger
amounts of fluids than required precipitating a condition
recently recognized as “fluid creep”. Fluid creep is an ia-
trogenic phenomenon resulting from misuse of the origi-
nally described approaches to crystalloid resuscitation. it
is associated with massive edema and compartment syn-
dromes (orbital, abdominal, and extremity compartment
syndrome).11,13,14

groups of burn patients that have been identified in
whom resuscitation requirements are usually greater than
the parkland Formula predictions include patients with
inhalation injuries, electrical burns, those with addition-
al injuries, patients with high alcohol or drug intake, and
those in whom resuscitation was delayed. To avoid “flu-
id creep”, the resuscitation formulas have to be used on-
ly as indicators for the initial fluid resuscitation rate. This
rate must be adjusted according to several parameters,
the most important and most frequently used being urine
output. This parameter should not be allowed to exceed
the recommended hourly urine output range of 0.5 to 1
ml/kg/h.

recently, the U.S. Army institute of Surgical research
proposed a simplified guideline called “the rule of 10”
for the calculation of the initial resuscitation fluid rate min-
imizing the risk of overload:

• Estimate burn size to the nearest 10

• %TBSA × 10 = initial fluid rate in ml/h (for adult
patients weighing 40–80kg)

• For every 10kg above 80kg, increase the rate by
100ml/h15-17

Oda et al.4 retrospectively reviewed burn patients
(> 40% total body surface area) who received either iso-
tonic or hypertonic crystalloid resuscitation. Hypertonic re-
suscitation was associated with a significantly decreased
fluid requirement and significantly higher App levels. On
the other hand, isotonic resuscitation was associated with
a 3.5-fold increased risk for developing iAH (defined as
iAp> 30cm H2O). Oda et al. concluded that the decreased
fluid load afforded by hypertonic crystalloid resuscitation
could reduce the risk of secondary ACS, however hyper-
tonic resuscitation may be associated with complications
of its own as well as with higher mortality.

Some authors add colloids to their resuscitation regi-
men within the first 24h to reduce the total resuscitation
volumes. However, this remains a debatable issue even
though there is growing evidence of its usefulness. Despite
some reservation concerning the use of albumin in the ear-
ly phases of burn resuscitation, recent work demonstrated
a decreased mortality rate. There is also growing evidence
that vitamin C supplementation, in the early post-burn pe-
riod, seems to decrease the needed fluid volumes. Tanaka
et al. found that adjuvant high dose ascorbic acid (66
mg/kg/h for 24h), administered during the first 24h after
thermal injury, significantly decreased the amount of flu-
id given compared to the control.18-20

Close monitoring of intra-abdominal pressure is rec-
ommended in any burn patient who has received 0.25ml/kg
or more of fluid resuscitation than estimated. A resuscita-
tion volume greater than 237cc/kg over the course of 12h
(or 16l during a 12 hour period in a 70kg man) appears
to be the threshold for the development of Abdominal Com-
partment Syndrome.21

it is currently unknown whether the syndrome is an
iatrogenic consequence of excessive fluid resuscitation
or an unavoidable sequelae of the primary injury. A re-
cent systematic review of severely burned patients con-
cluded that the fluid resuscitation volume was directly
responsible for the development of ACS. it exacerbates
splanchnic oedema leading to an increase in gut perme-
ability, bacterial translocation, and increased intra-ab-
dominal pressure. resuscitation-related ACS is associat-
ed with a mortality of 97% when burn size is greater
than 60% TBSA.22-26

Capillary leak and third spacing are universal in ma-
jor burns. in patients with burns of more than 60% of their
body surface area and without abdominal pathology, the
pathogenesis for increased iAp is most likely due to mas-
sive fluid resuscitation with third spacing and secondary
extrinsic compression by burn eschars. “Capillary leak”
following shock, with ischemia-reperfusion injury and the
release of vasoactive substances and oxygen-derived free
radicals increases extracellular volume. Especially when it



Annals of Burns and Fire Disasters - vol. XXVIII - n. 1 - March 2015

8

occurs with associated inhalational injury, delayed resus-
citation, and abdominal wall injuries.26-28

Despite a number of noninvasive management strate-
gies (sedation, chemical paralysis, diuresis), interventions
such as decompressive escharotomy, percutaneous peri-
toneal drainage or even laparotomy are often required once
the ACS is established. it is unclear from the available lit-
erature what level of iAp requires surgical intervention
(decompression), or what length of time intra-abdominal
hypertension can be tolerated before significant end-organ
damage occurs.29

in the patient we are presenting, urine output, exceeded
by far on the second and third post injury days the rec-
ommended hourly rate. Had this been timely addressed
properly, probably the patient’s outcome might have been
different. Was abdominal escharotomy delayed? Was a la-
parotomy indicated? These are difficult questions to an-
swer with our current state of knowledge. What is defi-
nite is that urine output of burn patients must not be al-
lowed to remain high for a prolonged period without rad-
ical reduction in perfused fluid volumes.

conclusion

Development of ACS in burn patients is associated with
high mortality. prevention, early detection and proper man-
agement may avoid this usually fatal complication. intra-ab-
dominal hypertension is a not an infrequent complication in
severe burn patients requiring massive fluid resuscita-
tion. Over-resuscitation and fluid creep is a well recognised
causative factor for ACS. Though fluid resuscitation to cor-
rect hypovolemia and avoid organ failure remains a corner-
stone for critical care management, in severely burned pa-
tients judicious fluid resuscitation needs to be established.
Circumferential abdominal burn eschars might also lead to
ACS by producing a tourniquet effect. At bedside, urgent de-
compressive escharotomy of the abdominal wall is a safe sur-
gical procedure that provides rapid relief of intra-abdomi-
nal pressure. it improves ventilation, hemodynamic parame-
ters, and oxygen metabolism and can decrease morbidity and
mortality. Further decompression with laparotomy also needs
to be considered when simple escharatomy or abdominal skin
releasing incisions do not result in a net decrease of iAp.
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