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Abstract

Burn injuries carry an increased risk of intra-abdominal hypertension 
and are an independent risk factor for abdominal compartment syn-
drome (ACS). ACS is most commonly due to large volume resuscita-
tion. The added concern of ACS can complicate resuscitative efforts. 
Early monitoring for ACS (intra-abdominal pressure > 20 mm Hg with 
associated new-onset organ dysfunction) and performing prudent de-
compressive laparotomies are important factors to keep in mind when 
treating large surface area burn patients. This case report describes the 
hospitalization of a 60-year-old male who presented with 45% full-
thickness (FT) total body surface area (TBSA) and inhalation injury. 
On arrival to the emergency department (ED), he had received a total 
of 6 L of intravenous lactate Ringers, and vasopressors were initiated 
due to hypotension. During the tertiary examination it was noted that 
there was increased difficulty ventilating the patient, and his abdomen 
was becoming increasingly distended and tense. His intra-abdomi-
nal pressure was measured in the ED and found to be elevated at 32 
mm Hg. The findings were suggestive of ACS and a decompressive 
laparotomy was performed in the ED. Upon entering the abdominal 
cavity, the abdominal contents extruded through the incision and dif-
fuse venous congestion and gastric distention were noted. Items com-
monly found in operating rooms (Top-Draper® warmer drape, Kerlix 
rolls, Jackson-Pratt suction drains, and 3M® Ioban sterile antimicro-
bial incise drape) were utilized to maintain an open abdomen where 
abdominal contents could easily be observed and to prevent delay in 
performing a decompressive laparotomy. Here we describe a patient 
with 45% FT TBSA and inhalation injuries requiring an emergent de-
compressive laparotomy for ACS after only 6 L of lactate Ringers 
were administered. This highlights the importance of early monitor-

ing for ACS and the ease of performing a decompressive laparotomy 
with commonly found items in the ED and operating rooms.
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Introduction

Burn injuries have long been noted to carry an increased risk 
of intra-abdominal hypertension (IAH) and are identified as an 
independent risk factor for abdominal compartment syndrome 
(ACS) [1]. The increased susceptibility to ACS is multifacto-
rial, with the most common etiology being large-volume re-
suscitation. Furthermore, large volumes of fluid are often nec-
essary and are standard of care in resuscitating patients with 
severe deep burn injuries. When combined with the systemic 
inflammatory response, a large infusion of fluid may lead to 
significant capillary leakage and “third-spacing” of fluid into 
the abdomen in the form of tissue edema and ascites [2]. In 
addition, cases of circumferential thoracic and abdominal wall 
deep burns can result in reduced abdominal wall compliance 
further propagating the issue [3].

Collectively, these factors create an increase in intra-
abdominal pressure (IAP). While baseline IAP can vary per 
patient, healthy individuals have been found to have an aver-
age IAP of 5 - 6 mm Hg [4]. Variations in baseline IAP are 
influenced by a variety of medical conditions. Obese patients 
have higher baseline IAP values, some with values even higher 
than the threshold for IAH of 12 mm Hg [5]. Liver cirrhosis 
with ascites [6] and pregnancy [7] have inherently elevated 
IAP. A meta-analysis review by Hershberger et al recommends 
the need for abdominal pressure monitoring in burn cases with 
greater than 30% total burn surface area (TBSA) along with 
early therapeutic maneuvers such as sedation and paralysis, 
escharotomies, or changes in fluid management may be per-
formed to prevent ACS [8]. Epidemiological studies conducted 
in the last decades vastly differ in their report of incidence and 
prevalence. The prevalence of ACS ranged from 0% to 28% 
[9]. and mortality for ACS can be as high as 60% as evidenced 
by higher total and renal Sequential Organ Failure Assessment 
(SOFA) score, lower renal filtration gradient (FG), repetitive 
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use of mechanical ventilation, and longer intensive care unit 
(ICU) length of stay [10].

Advancements in burn care and technology have im-
proved the survival rate of patients with large full-thickness 
burns; however, the added concern of ACS further complicates 
patients’ resuscitative efforts. In severely burned patients de-
scribed as TBSA > 20%, the prevalence of ACS is estimated 
to be 4.1-17%, with 65-75% at further risk of developing IAH 
without end-organ dysfunction [11]. This case report exempli-
fies the need for vigilant monitoring of ACS and further de-
scribes the ease of performing a decompressive laparotomy 
(DL) with common emergency department and operating room 
items. Here we describe a patient in the emergency department 
with 45% TBSA full-thickness burn and inhalation injuries 
requiring an emergent DL for ACS after 6 L of resuscitative 
fluids were administered.

Case Report

Investigations

A 60-year-old male presented with a 45% full-thickness burns 
with inhalation injury after being trapped in a structural fire 
for a prolonged period of time. The patient presented with 
second-degree burns to the bilateral anterior upper extremities, 
right upper and lower extremity, scalp, and entirety of the face, 
with crusted soot and blood noted in the nares. The patient was 
initially pulseless with the initiation of advanced cardiac life 
support (ACLS) until obtaining return of spontaneous circula-
tion (ROSC) with systolic blood pressure in the 70s and sinus 
tachycardia prior to transport to the local community hospital. 
Per emergency medical services (EMS) the patient had under-
gone intubation in the prehospital setting due to having a low 
Glasgow Coma Scale (GCS). After the initial rapid evaluation 
at the community hospital, the patient was transported to the 
regional trauma and burn center. He was given a total of 4 L of 
intravenous (IV) crystalloids (lactate Ringers) and vasopres-
sors (norepinephrine and vasopressin) that were initiated prior 
to arrival at the regional burn center.

Vitals upon arrival included a blood pressure of 80/56 mm 
Hg, heart rate of 65 beats per minute, respiratory rate of 14 
per minute, pulse oximetry of 71% on 100% oxygen, the core 
body temperature of 36.1 °C via foley catheter, and GCS 3. 
An Extended Focused Assessment with Sonography in Trau-
ma (eFAST) exam was noted to have free fluid in Morrison’s 
pouch and no lung sliding on the left, requiring an emergent 
placement of a left-sided thoracostomy tube followed by a left 
subclavian vein central access and right femoral arterial line 
placement. Fluid resuscitation continued using the modified 
Parkland formula and the patient was continued on norepi-
nephrine 16 µg/mL and vasopressin 0.03 units/min to improve 
mean arterial pressure (MAP), along with an IV infusion of 
supplemental magnesium and potassium for his electrolyte 
derangement. Approximately 60 mins after arrival at the burn 
center, during tertiary examination it was noted that there was 
increased difficulty ventilating the patient with elevated peak 
airway pressures, arterial blood gas was significant for a pH 
of 6.83, PaCO2 of 81 mm Hg, PaO2 of 79 mm Hg, bicarbo-
nate of 13 mEq/L, a base deficit of 22 mEq/L, and a lactate 10 
mmol/L, and his abdomen was noted to be distended and tense.

Diagnosis

At this time the patient was given an additional 50 mg of ve-
curonium intravenously and bladder pressure measurements 
were found to be elevated at 32 mm Hg. Since the findings 
were suggestive of ACS, the decision was made to perform 
bedside DL.

Treatment

Upon making the standard surgical incision to enter the ab-
dominal cavity, abdominal contents extruded through the in-
cision and diffuse venous congestion and gastric distention 
were noted (Fig. 1a). The existing nasogastric tube was slowly 
advanced and significant tan-colored output was noted. A Top-
Draper® warmer drape ORS-100 (O.R. Solutions, Inc., Chan-
tilly, VA) was secured to the fascial edge using non-absorbable 

Figure 1. (a) Abdominal contents extruded through midline abdominal incision with venous congestion and gastric distention. 
(b) Abdominal cavity status post decompressive laparotomy with overlying Top-Draper® warmer drape ORS-100 and Kerlix at 
bilateral fascial edges with suction drains in place.
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sutures in an interrupted fashion (Fig. 1b). Bilaterally Kerlix 
rolls were placed along the edges of the fascia alongside suc-
tion drains. 3M® Ioban sterile antimicrobial incise drape was 
then applied to the entire abdominal surface, covering the 
drape, towel, and suction area. Prior to the DL, the patient had 
received a total of 6 L of crystalloid and two units of packed 
red blood cells.

During the stay at the burn unit, the patient’s IAP gradu-
ally increased, putting pressure on the covering layer. As a re-
sult, the Bogota bag was opened and loosened at the bedside to 
release the pressure.

Outcomes

No improvement in his neurological exam was noted during 
the next 48 h and his lactate levels remained elevated accom-
panied by notable metabolic derangements. During this time, 
it was noted that the patient had a GCS of 3 with bilateral fixed 
and dilated pupils and no detectable gag or coughing reflexes. 
On day 3 of the hospitalization, the patient had an episode of 
pulseless electrical activity and underwent ACLS protocol re-
suscitation by the critical care team. ROSC was obtained after 
one round of resuscitation efforts. Later that day, the patient 
was determined to have a futile status and was put on the com-
fort care measures. On his fourth day of admission to the burn 
unit, the patient succumbed to his injuries.

Discussion

ACS is a severe condition caused by increased IAH [12]. We 
present a 45% full thickness TBSA patient that arrived at the 
emergency department trauma bay in hypotensive shock and 
requiring aggressive resuscitation. With minimal fluid resus-
citation the patient developed ACS and required a DL in the 
emergency department highlighting the need for early moni-
toring and utilization of easy to obtain material to perform a 
DL to prevent any delay in care.

The consensus and guidelines of IAH and ACS are well 
defined and summarized by the World Society of the Abdomi-
nal Compartment Syndrome (WSACS) [13]. IAP is defined 
as the pressure within the abdominal cavity with normal IAP 
ranging from 0 to 5 mm Hg and critically ill patients extending 
to 7 mm Hg [14]. IAH is defined into four grades categorized 
by the level of the IAP: grade I is an IAP 12 - 15 mm Hg; grade 
II is an IAP 16 - 20 mm Hg; grade III is an IAP 21 - 25 mm 
Hg, and grade IV is an IAP > 25 mm Hg [15]. ACS is usually 
noted in cases with the IAP greater than 20 mm Hg and is as-
sociated with new-onset organ dysfunction [16]. ACS can also 
be placed into three separated causative categories defined as 
primary, secondary, and recurrent [16]. Primary ACS occurs 
as a result of abdominopelvic disease, secondary ACS refers 
to conditions that do not originate from the abdominopelvic 
region and recurrent ACS usually reoccurs following previous 
surgical or medical treatment of primary or secondary ACS 
[17].

Multiple patient population characteristics, comorbidities, 

and therapeutic interventions may contribute to the develop-
ment of IAH and ACS. Hence it is challenging to forecast 
which patient will eventually develop IAH and ACS. The most 
common risk factors noted for the development of IAH and/or 
ACS are large volume crystalloid resuscitation, the respiratory 
status of the patient, and shock/hypotension [18]. The increase 
in pressure within the static compartment impairs capillary 
blood flow, leading to a decrease in arteriole blood flow and 
decreased venous outflow resulting in cellular hypoxia and an-
aerobic respiration, and lactic acidosis [16].

Advancements at burn facilities have improved mortality 
rates in patients with greater than 30% TBSA [19]. Patients 
with FT burns pose significant challenges including infection, 
dermal coverage, and management of medical comorbidities. 
Burn injury disrupts the normal capillary barrier and leads to 
rapid shifts of intravascular fluid and protein into interstitial 
spaces. As such, the initial mainstay of treatment in severely 
burned patients is large volume fluid resuscitation to reduce 
further cellular injury. While ACS is a rarely reported compli-
cation in burn patients the risk of mortality is difficult to deter-
mine in the setting of both diseases. Oda et al noted patients re-
quiring 300 mL/kg/24 h were on average 64.5 years of age, had 
a TBSA of 85%, and the majority of patients had inhalation 
injury compared to 53.5 years of age, had a TBSA of 37.9%, 
and no inhalation injury. The modified Baux score takes into 
consideration TBSA, inhalation injury (inhalation injury is 
equivalent to an addition of 17 years to a burn patient’s age 
or 17% to the TBSA), and age to determine the probability of 
mortality. Modified Baux mortality scores in the group that de-
veloped ACS was 95% and the group without ACS was 10%. 
In these cases, it should be noted that patients with increased 
modified Baux mortality scores should have close monitoring 
of peak inspiratory pressure (PIP) and invasive blood pressure 
(IBP) monitoring to prevent ACS [20].

Fluid resuscitation also may contribute to the development 
of IAH, a risk that seems especially relevant in patients with 
capillary leakage, in which fluids accumulate in the bowel 
wall and mesentery, free peritoneal cavity, retroperitoneum, 
and abdominal wall [15]. This is especially true for patients 
requiring high volume resuscitation efforts like in the setting 
of burn patients. Balancing the need for fluid resuscitation, 
development of ACS, and treatment of ACS poses extensive 
difficulties. WSACS management algorithm has five medical 
treatment arms namely: 1) evacuate intraluminal contents; 2) 
evacuate intra-abdominal space-occupying lesions; 3) improve 
abdominal wall compliance; 4) optimize fluid administration; 
and 5) optimize systemic/regional perfusion [15]. These medi-
cal interventions essentially target the three critical contribu-
tors to IAH, which are 1) solid-organ and hollow-viscera vol-
ume; 2) space-occupying lesions, such as ascites, blood, fluid, 
or tumors; and 3) conditions that limit the expansion of the ab-
dominal wall [15]. Burn injuries that affect the abdominal and 
chest wall are thought to affect the expansion of the abdominal 
wall and due to the pathophysiology of the disease can lead to 
ascites and third spacing. The unique balance between fluid 
loss, fluid accumulation, and prevention of ACS is needed to 
be considered in high-risk burn patients.

In the present study our patient presented in severe shock 
(systolic blood pressure under 90 mm Hg, base deficit of 22 
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mEq/L) with severe burn injuries requiring aggressive resus-
citation and was on vasopressors. This patient with secondary 
ACS did not receive resuscitation goals as defined by the mod-
ified Parkland formula before the development of ACS. Once 
surgical decompression was achieved it was noted there was 
massively and diffusely edematous bowel with present ascites. 
During the resuscitative efforts, it was noted that the patient 
continued to exhibit increasingly elevated bladder pressures 
requiring further abdominal release.

DL has been shown to be effective in decreasing IAP and 
improving organ function [17]. However, although DL results 
in a decrease in IAP, IAH has been noted to persist in a con-
siderable number of patients, with mean IAP after DL remain-
ing well above the 12 mm Hg IAH threshold [17]. A study by 
Balogh et al noted multiple trauma patients undergoing shock 
resuscitation with increased mortality once patients developed 
ACS requiring DL [21]. Their findings suggested once patients 
developed ACS even after DL there was a noted increase in ab-
dominal compartment pressures. This was similarly exhibited 
by our patient. Therefore, IAP should be closely monitored af-
ter DL to prevent recurrent ACS [22].

Learning points

Close monitoring and alternative management of ACS cases 
need to be part of the regular burn team routine to avoid ad-
verse side effects. Early ACS needs to be considered in pa-
tients with severe full-thickness burns and inhalation injury. 
Additionally, frequent monitoring of bladder pressures is in-
dicated in burn patients during fluid resuscitation to intervene 
prior to the development of ACS. If needed a DL can be safely 
performed in an emergency department when needed for ACS.
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