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Abstract

Introduction Secondary abdominal compartment syn-
drome (ACS) can occur in trauma patients without abdomi-
nal injuries. Surgical management of patients presenting
with secondary ACS after isolated traumatic lower extrem-
ity vascular injury (LEVI) continues to evolve, and associ-
ated outcomes remain unknown.

Methods From January 2006 to September 2011, 191
adult trauma patients presented to the Ryder Trauma
Center, an urban level I trauma center in Miami, Florida
with traumatic LEVIs. Among them 10 (5.2 %) patients
were diagnosed with secondary ACS. Variables collected
included age, gender, mechanism of injury, and clinical
status at presentation. Surgical data included vessel injury,
technical aspects of repair, associated complications, and
outcomes.

Results Mean age was 374 =+ 18.0 years (range
16-66 years), and the majority of patients were males (8
patients, 80 %). There were 7 (70 %) penetrating injuries
(5 gunshot wounds and 2 stab wounds), and 3 blunt injuries
with mean Injury Severity Score (ISS) 21.9 £ 14.3 (range
9-50). Surgical management of LEVIs included ligation (4
patients, 40 %), primary repair (1 patient, 10 %), reverse
saphenous vein graft (2 patients, 20 %), and PTFE interpo-
sition grafting (3 patients, 30 %). The overall mortality rate
in this series was 60 %.
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Conclusions The association between secondary ACS and
lower extremity vascular injuries carries high morbidity
and mortality rates. Further research efforts should focus
at identifying parameters to accurately determine resus-
citation goals, and therefore, prevent such a devastating
condition.
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Introduction

Abdominal compartment syndrome (ACS) is a condi-
tion of serious multi-organ dysfunction resulting from
sustained intra-abdominal hypertension (IAH), affect-
ing the cardiovascular, respiratory, and renal systems [1].
IAH leading to ACS is a result of massive swelling of the
intra-peritoneal viscera, which can occur with (primary) or
without (secondary) intra-peritoneal injury [2, 3]. Second-
ary ACS (SACS) is a life-threatening condition in critically
ill trauma patients, if not confronted promptly, resulting in
multi-system organ failure and is associated with mortality
rates up to 100 % in some series [4, 5]. SACS most often
occurs after trauma (hemorrhagic shock), burn-related
injury, or septic shock requiring massive resuscitation
[5]. The incidence is estimated at 8 % of all shock trauma
patients requiring aggressive resuscitation and 0.7 % of all
trauma ICU admissions [6].

There has been a resurgent interest over the past several
years in better understanding the pathogenesis and manage-
ment of secondary ACS with the widespread acceptance of
staged laparotomy in trauma [7, 8]. Most published series,
SACS includes a wide range of etiologies, both trauma and
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non-trauma, therefore focused management and outcomes
of patients with isolated traumatic lower extremity vas-
cular injury (LEVI) remain unclear. We aim at describing
our experience with SACS after traumatic LEVI, thereby
focusing on initial presentation, surgical management, and
outcomes.

Methods

Between January 2006 and September 2011, 191 adult
trauma patients presented to the Ryder Trauma Center, an
urban level I trauma center in Miami, Florida with trau-
matic LEVIs. Among them 10 (5.2 %) patients were diag-
nosed with SACS and were included in this analysis. Insti-
tutional review board approval for this study was obtained,
waiving the need for informed consent. Patients with con-
current intra-abdominal injury were excluded from this
study. Data was retrospectively collected by a single inves-
tigator and included patient’s demographics, mechanism
of injury, type of vascular injury, and physiologic status on
initial assessment. Laboratory and clinical data evaluation
included emergency department (ED) base deficit, serum
pH, and hematocrit levels. The amount of crystalloids and
colloids given during the operative fluid resuscitation phase
was recorded. Injury severity was determined based on the
Revised Trauma Score (RTS), Injury Severity Score (ISS),
and admission Glasgow Coma Scale (GCS). A severe
injury was categorically defined as an ISS of greater than
15. Outcome variables included mortality, surgical proce-
dures, complications, hospital length of stay, and intensive
care unit (ICU) length of stay.

The diagnosis of SACS was established based on the
clinical presentation, with evidence of physiologic com-
promise. Criteria included intra-abdominal pressure greater

Table 1 Patient demographics, mechanism of injury, and outcomes

than 20 mmHg and progressive organ dysfunction (urinary
output <0.5 mL/kg/h, PaO,/FiO, ratio <200, peak air-
way pressure >45 cmH,0, or cardiac index <3 L/min m?)
despite resuscitation.

The operative management of all patients was similar in
this series. A midline celiotomy from the xiphisternum to
the pubic symphysis was performed to establish adequate
abdominal decompression at the time of diagnosis. The
abdominal contents were explored to confirm there were
no associated injuries. Upon completion a perforated ster-
ile plastic sheet was placed in addition to closed suction
drains and an Ioban™ dressing 60 cm x 45 cm (3M™
Health Care, St. Paul, MN) to establish a watertight seal.
All patients were then transferred to the trauma intensive
care unit (ICU) for continued postoperative care and resus-
citation. All survivors returned back to the operating room
within 48 to 72 h to attempt definitive closure.

Results

Of the 10 patients included in this series, there were 7
(70 %) penetrating injuries (5 gunshot wounds and 2
stab wounds) and 3 blunt injuries (2 pedestrians struck
and 1 motor vehicle collision). The mean age was
37.4 + 18.0 years (range 16—66 years), and the majority
of patients were males (8 patients, 80 %). Demographics
and clinical data are summarized in Table 1. The presence
of hard signs was evaluated in patients who presented with
a measurable blood pressure. All patients were immedi-
ately transported to the operating room for vascular repair.
Ankle brachial index (ABI) and preoperative computed
tomography were not performed in any patient upon admis-
sion. Mean ISS and RTS were 21.9 £+ 14.3 (range 9-50)
and 5.8 £ 4.8 (range 0-12), respectively. Five patients had

Patient Age Gender Mechanism Presentation LEVI Outcome
GCS ISS pH BE Ht
1 20 M GSW 13 13 6.98 —-19 28 SFA, SFV, profunda vessels Alive
2 47 M SW 15 13 7.19 —13 35 Popliteal vessels Alive
3 24 M GSW 3 50 72 =7 21 SFA Death
4 27 M GSW 11 26 6.27 -37 31 CFA, CFV Death
5 32 M MVC 6 43 7.29 —-17 27 Popliteal vessels Death
6 55 F Sw 3 25 6.39 —34 24 CFV Death
7 66 M Pedestrian struck 7 14 7.19 -8 16 Anterior tibial Death
8 16 M GSW 15 7.33 -2 31 Popliteal vessels Alive
9 60 F Pedestrian struck 7.2 —15 22 Popliteal vessels Death
10 27 M GSW 3 17 6.83 -19 28 CFA Alive

GSW gunshot wound, SW stab wound, MVC motor vehicle crash, GCS Glasgow Coma Scale, ISS Injury Severity Score, LEVI lower extremity
vascular injury, SFA superficial femoral artery, SFV superficial femoral vein, CFA common femoral artery, CF'V common femoral vein
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no recorded blood pressure on arrival, and the remain-
ing had an overall mean admission systolic blood pres-
sure of 108.8 & 52.1 mmHg (range 65-190 mmHg). The
majority of patients had severe acidosis on initial blood
gas, with a mean pH of 6.97 &+ 0.37 (range 6.27-7.33). A
base deficit was seen in all patients on initial presentation
with mean of —17.1 & 11.2 (range —37 to —2) (Table 1).
The average amount of crystalloid used intraoperatively
was 12.8 &+ 8.2 L (range 3-30 L). The mean total units of
packed red blood cells (PRBC), fresh frozen plasma (FFP),
and platelets transfused were 25.6 = 16.31 units (range
9-53), 13.5 & 10.6 units (range 4-36), and 11.5 & 9.4 units
(range 0-30), respectively.

The patterns of vascular injuries are summarized in
Table 1. Surgical management of LEVIs included liga-
tion (4 patients, 40 %), primary repair (1 patient, 10 %),
reverse saphenous vein graft (2 patients, 20 %), and PTFE
interposition grafting (3 patients, 30 %). Six patients also
had calf fasciotomies performed prophylactically on the
affected lower extremity. The use of tourniquets was uti-
lized in only three patients, including one application by
the emergency medical services at the scene. Three patients
completed intraoperative angiography at the discretion of
the attending surgeon. Two patients (20 %) required emer-
gent abdominal decompression in the postoperative period,
within 24 and 72 h of vascular repair. Eight patients (80 %)
required a decompressive laparotomy at the completion of
lower extremity revascularization.

All surviving patients required ICU admission, with
a mean length of stay 9.5 + 5.4 days (range 4-17 days).
Mean length of hospitalization stay was 19.5 & 11.8 days
(range 8-34 days). The overall mortality rate for this series
of patients who developed SACS traumatic LEVI was
60 %. Three of these patients arrived with pulseless elec-
trical activity (PEA), and return of hemodynamics was
obtained upon fluid resuscitation and ACLS protocol. All
patients who arrived in the ED were alive prior to trans-
port to the operating room. Two patients died in the operat-
ing room, and four patients died in the ICU secondary to
multi-system organ failure. Three of these patients under-
went resuscitative thoracotomy in the ED (2 patients) or
operating room (1 patient). No significant differences were
observed in mortality rates between penetrating and blunt
trauma groups.

There were no vascular-related complications, and all
vascular repairs were patent upon discharge. Three patients
(30 %) required lower extremity amputations during the
initial operation for non-salvageable limbs. Complications
in the survival group included groin hematoma (10 %) and
lower extremity paresthesia (10 %). There were no surgi-
cal site infections, and two patients required split-thickness
skin grafting to the lower extremity fasciotomy sites.

Discussion

Secondary ACS is yet a poorly understood syndrome
where increased intra-abdominal pressure occurs with-
out abdominal injuries. It can be partially explained by
two phenomena: massive fluid resuscitation after shock
and ischemia-reperfusion injury to the bowel. Nearly all
patients developing secondary ACS present with severe
shock; in this series mean base deficit at presentation was
—17.1 £ 11.2 (range —37 to —2). After this transient
period of tissue hypoperfusion, reperfusion with blood flow
paradoxically results in further tissue injury due to gen-
eration of cytotoxic oxidants [9]. This will ultimately lead
to microvascular permeability, and therefore, bowel wall
edema [10]. Concurrently, the development of retroperito-
neal edema and acute ascites are likely related to resuscita-
tion with large volumes of crystalloid.

Traditionally normal intra-abdominal pressure (IAP)
ranges from 2-7 mmHg. According to recent con-
sensus guidelines, IAH is graded as follows: grade I
(12-15 mmHg), grade II (16-20 mmHg), grade II (21—
25 mmHg) and grade IV (>25 mmHg) [11]. ACS is defined
as a sustained IAP greater than 20 mmHg that is associ-
ated with new organ dysfunction. The elevated IAP impairs
venous return, which further increases capillary filtration
pressure, congestion, and edema, thereby leading to organ
dysfunction [6].

Recent data suggests that post-injury secondary ACS is
an earlier phenomenon, usually manifesting 12—14 h after
hospital admission [12]. In this series 80 % of patients
developed secondary ACS while in the operating room
during the repair of LEVI, while 20 % developed second-
ary ACS postoperatively in the ICU. Therefore, it is of
paramount importance for surveillance of this syndrome to
occur in this early time frame, in combination with hem-
orrhagic control, vascular repair, and completion of diag-
nostic studies in the pre-ICU period. The clinical suspicion
includes elevated peak airway pressure, poor cardiac index,
low urinary output, and elevated IAP. The most widely
accepted technique of IAP monitoring is via intravesical
catheterization. IAP monitoring has been recommended in
patients receiving 0.25 L/kg crystalloids, or 10 L of crystal-
loid (or 10 units of PRBCs) [4, 13]. Biffl et al. [7] recom-
mended IAP monitoring in ICU patients acutely resusci-
tated from shock (base deficit >10), particularly if requiring
vasopressors, and receiving 6 L or more of crystalloid or
6 units of PRBCs in a 6-h period.

The standard treatment of secondary ACS is staged sur-
gical decompression with application of temporary abdom-
inal closure. Critically ill patients on aggressive ventilator
support and unstable for transfer to the operating room, can
be safely decompressed in the ICU, with standard aseptic
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techniques [14]. There is no preoperative prognostic factor
identified, and a good physiological response to decom-
pression does not ensure better outcome [13, 15]. Cheatham
et al. proposed that abdominal perfusion pressure (mean
arterial pressure minus IAP) of >50 mmHg optimized sur-
vival. Balogh et al. [16] correlated persistent response in
cardiac output and urinary output with increased outcomes,
whereas transient hemodynamic improvement postopera-
tively was associated with non-survivors. In this series, the
mortality was 60 %, which is comparable with other series
of trauma patients with similar injury scores, reporting
mortality rates of 3871 % [4, 6, 17]. Interestingly mor-
tality seems to be higher in non-trauma patients admitted
in the medical ICU with rates up to 100 % [4]. This may
reflect increased awareness of this condition in the trauma
population with earlier recognition. It is clear that prompt
diagnosis and surgical management aiming at restoration of
physiologic status are essential to enhance outcomes. The
exact timing and threshold of when decompression should
be performed, however, remain unclear [16, 18, 19]. Recent
data, including patients decompressed within 16 h of hospi-
tal admission, showed no significant difference in mortality
in relation to the time until decompression [7].

The key to enhance outcomes of post-injury secondary
ACS seems to be prevention. The correct amount corre-
sponds to enough fluid to adequately compensate for losses
without over resuscitating. To date there is no accurate
parameter to predict third spacing or determine the cor-
rect amount of fluid resuscitation. Although not yet widely
used, DO,I (oxygen delivery index measures the volume of
gaseous oxygen pumped from the left ventricle per minute
per meter square and may play a role in determining resus-
citation endpoints. Over-resuscitation (DO,I >600 mL/
min/m?) does not have additional benefits on the outcome
of critically ill patients [20]. Moreover recent data corre-
lated DO,I (at goal 500-600 mL/min/m?) with less crys-
talloid requirement, better intestinal perfusion, and lower
incidence of ACS [21]. Balogh et al. [21] proposed a proto-
col with goal DO,I at 500 mL/min/m? during the first 24 h
of resuscitation, and to continue resuscitation beyond that
time only if evidence of persistent malperfusion. Efforts to
maintain a DO,I greater than 500 mL/min/m* beyond 24 h
are rarely beneficial and may be harmful.

We acknowledge that our study has several important
limitations. In addition to the retrospective design and rela-
tively small number of patients, we were unable to analyze
long-term outcomes, including vascular complications. In
our practice, fasciotomies were performed prophylactically
at the initial operation immediately after restoration of
blood perfusion [22]. The decision to perform fasciotomies
was a clinical one and its liberal use has been recommended
by some groups [23, 24]. In our previously reported experi-
ence, we found fasciotomy rates around 75 % [22], similar
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to some series [25], but higher as compared to the National
Trauma Data Bank of 50 % [26]. The liberal use of fasci-
otomies appears to be associated with lower rates of ampu-
tation. Of the survivors, all vascular grafts remained patent
upon discharge, and all laparotomies performed received
delayed closures. Interestingly there was no evidence of
wound infection among survivors either in abdominal or
lower extremity fasciotomy sites.

In conclusion, secondary ACS associated with traumatic
lower extremity vascular injuries is associated with very
high morbidity and mortality. Large volume fluid resuscita-
tion should be carefully monitored intraoperatively to avoid
over-resuscitation in patients at risk for abdominal com-
partment syndrome. Further studies are needed for identi-
fying causative factors and accurate parameters to prevent
such a condition from ensuing.
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