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T his is a recommended evaluation and management algo-
rithm from the Western Trauma Association (WTA) Algo-

rithms Committee addressing the management of adult patients
with potential bowel and/or mesenteric injuries resulting from
blunt trauma. Because there is a paucity of published prospective
randomized clinical trials that have generated class I data, these
recommendations are based primarily on published prospective
and retrospective cohort studies, and expert opinion of the WTA
members. The final algorithm is the result of an iterative process
including an initial internal review and revision by the WTA Al-
gorithm Committee members, followed by final revisions based
on input during and after presentation of the algorithm to the full
WTA membership.

Significant blunt bowel and/or mesenteric injury (BBMI),
that is, that requiring operative intervention, presents a diagnostic
challenge because it occurs infrequently and can develop insidi-
ously. Although computed tomography (CT) cross-sectional imag-
ing of the abdomen and pelvis is widely applied following blunt
trauma, findings can be nonspecific. The surgeon is faced with de-
termining whether the patient has significant BBMI, requiring op-
erative management, versus an insignificant injury that will resolve
without treatment. Unrecognized significant BBMI is the most fre-
quent cause for delayed intervention after blunt abdominal trauma,
and a diagnostic delay of 5 to 8 hours has a negative impact on
survival.1,2 Nonetheless, 45% to 70% of patients with evidence
for BBMI on initial CT imaging will not require surgical repair,
and nontherapeutic laparotomy exposes patients to risk for both
early and late complications including atelectasis, wound com-
plications, adhesive bowel obstruction, and incisional hernia.3–5

Surgical decision making for such patients is predicated on the
synthesis of imaging findings and clinical variables with respect
to choosing operative management versus serial clinical evalua-
tion. The intent of this WTA Critical Decisions Algorithm is to
provide a structured pathway for this decision.

The algorithm (Fig. 1) and accompanying comments rep-
resent a safe and sensible approach to the evaluation of the

patient with suspected BMMI. We recognize that there will be
multiple factors that may warrant or require deviation from
any single recommended algorithm and that no algorithm can
completely replace expert bedside clinical judgment. We en-
courage clinicians to use this as a general framework in the ap-
proach to these patients and to customize and adapt the
algorithm to better suit the specifics of their program or location.

ALGORITHM

The following lettered sections correspond to the letters
identifying specific sections of the algorithm shown in Figure 1.
In each section, we have provided a brief summary of the impor-
tant aspects and options that should be considered at that point in
the evaluation and management process.

A. Identification of Patients at Risk for BBMI From
Mechanism of Injury

There are three primarymechanisms of injury that may re-
sult in BBMI.6 A direct blow to the abdomen may cause BBMI
as a result of compression. Rapid deceleration as a result of
shearing forces from high-velocity impact may cause tears in
the bowel mesentery resulting in devascularization injuries.
Lastly, sudden increases in intra-abdominal pressure (Valsalva-
type effect) may cause perforation of a hollow viscus. Therefore,
patients injured as a result of the above mechanisms should be
considered for the possibility of having BBMI. Typical scenarios
would include direct blows to the abdomen (physical assault,
seatbelt compression), high-speed vehicular collisions, fall
from significant height, pedestrian or cyclist struck by vehicle
at high speed, and impact of restraints causing sudden increase
in intra-abdominal pressure.

B. Identification of Patients Requiring Immediate
Operative Intervention

On presentation to the emergency department, the he-
modynamically unstable patient must be rapidly assessed for
intra-abdominal hemorrhage as a potential cause of shock.
Intra-abdominal fluid identified on focused assessment with
sonography for trauma examination in an unstable patient is an in-
dication for immediate laparotomy, as it strongly suggests the pres-
ence of intra-abdominal hemorrhage. In the event of a negative
focused assessment with sonography for traumawith ongoing sus-
picion for intra-abdominal hemorrhage (or lack of availability of
ultrasound), diagnostic peritoneal aspiration may be performed.
In the unstable patient, the finding of 10 mL of blood in the peri-
toneal cavity on diagnostic peritoneal aspiration would also be an
indication for immediate laparotomy.

Plain x-rays of the chest and pelvis are often obtained as
an adjunct to the primary survey in the evaluation of blunt
trauma patients. The presence of free intra-abdominal air on
plain x-rays is an indication to proceed with laparotomy, with
the caveat that a large pneumothorax may result in air dissection
below the diaphragm resulting in pneumoperitoneum. Peritoneal
signs on physical examination may also be indicative of bowel
injury. In practice, however, it is often difficult to distinguish
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Figure 1. Western Trauma Association algorithm for the evaluation and management of patients for BBMI requiring operative
intervention. Boxed letters correspond to sections in the associatedmanuscript. *The criterion standard for abdominal exploration is via
laparotomy. However, diagnostic and/or therapeutic laparoscopy may be performed in select stable patients and by an appropriately
skilled surgeon experienced in minimally invasive surgical techniques. **Patient may be discharged if no other indication for continued
hospitalization.
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peritoneal signs from generalized tenderness in trauma patients,
especially if mental status is impaired.

C. CT Findings Suggestive of High Risk for
Significant BBMI

In patients without an indication for immediate operative
intervention as outlined in Section B, CT imaging of the abdo-
men and pelvis should be performed. Intravenous contrast is
strongly recommended. Oral contrast is unnecessary for the ini-
tial CT scan because it is not particularly helpful in injury detec-
tion and can also contribute to significant delay in obtaining
imaging andmaking a diagnosis.7 Operative intervention is indi-
cated if there are CT findings highly suggestive of BBMI. There
are three pathognomonic CT findings or “hard signs” for BBMI:
bowel wall discontinuity (which may be seen with or without
oral contrast), extraluminal air (with the exception of pneumo-
peritoneum as a result of pneumothorax as described in Section
B8), and vascular blush or extravasation in the mesentery. These
three findings warrant operative management. Other findings on
CT may be associated with BBMI but are not themselves indic-
ative of a need for operative intervention. These “soft signs” in-
clude free fluid (particularly in the absence of solid organ
injury), focal bowel wall thickening, nonenhancing bowel, and
mesenteric stranding. The presence of multiple soft signs should
signal to the surgeon that significant BBMI is likely and opera-
tive intervention is warranted.

The imaging finding of free fluid deserves further discus-
sion. When associated with solid organ injury and of high den-
sity, it may be simply representative of blood from the injured
solid organ. In the absence of solid organ injury, free fluid is
moreworrisome but may nonetheless be relatively benign: phys-
iologic in women or a result of self-limited bleeding from an in-
consequential rent in the retroperitoneum or mesentery that has
collected in the peritoneal cavity.9 In female patients, free pelvic
fluid isolated to the pouch of Douglas that is low in density and
does not extend more superiorly than the S3 body may be con-
sidered “physiologic.”10 Nonetheless, any amount of free fluid
associated with any of the other soft signs as described previ-
ously suggests significant BBMI, and operative intervention is
warranted. A moderate to large volume of free fluid with no
other soft signs present (either in the absence of solid organ in-
jury or relative to what would be expected from solid organ in-
jury in a stable patient) is highly suspicious for BBMI and also
warrants operative intervention. In addition to bowel injury, the
fluid may be indicative of intraperitoneal bladder rupture. A ca-
veat to this directive would be suspicion that the free fluid is not
blood, urine, and/or succus but rather ascites related to underly-
ing cirrhosis (a known history of cirrhosis, morphologic charac-
teristics of a cirrhotic liver on CT, and/or low-density simple
fluid would support this suspicion and could be confirmed by
needle aspiration of the free fluid). Nonetheless, erring toward
the side of operative versus intervention versus observation is rec-
ommended, given the known mortality risk associated with delay.

D. CT Findings Suggestive of Possible
Significant BBMI

Less substantial findings on CT that are not considered
highly suspicious for significant BBMI but warrant consideration

of underlying BBMI that will require operative interventionmay
be observed. Such findings would include isolated soft signs,
such as mesenteric stranding or small volume free fluid, often
described in radiology reports as “trace.” Other findings that
warrant suspicion for BBMI include traumatic abdominal
wall hernia and seatbelt-related stranding and/or hematoma
of the abdominal wall. For patients with any of these findings
on CT imaging, BBMI cannot be ruled out, and consideration
of the patient’s clinical picture in context with the CT findings
is warranted.

E. Operative Intervention Versus Serial
Clinical Evaluation

Should the CT scan reveal any suspicion for BBMI, clin-
ical judgment is necessary with respect to choosing operative in-
tervention versus serial clinical examination with or without
repeat imaging. Systemic/constitutional findings such as tachy-
cardia or fever increase the likelihood of significant BBMI, as
does abdominal ecchymosis (i.e., the “seat belt sign”), and ten-
derness and/or distention in the setting of an abnormal CT scan.
Leukocytosis and/or acidosis can also suggest significant
BBMI. Although abdominal exploration may result in a non-
therapeutic procedure, as stated previously, we recommend a
low threshold for operative exploration rather than observation.
Diagnostic laparoscopy may be used selectively by surgeons
with appropriate skills; however, laparotomy remains the crite-
rion standard for operative exploration for BBMI. During lapa-
roscopy, adequate visualization of the entire bowel and
mesentery may be compromised by intraperitoneal blood, which
should prompt conversion to laparotomy.

Patients with an abnormal CT without any clinical evi-
dence for BBMI (i.e., normal vitals, laboratory results, and ab-
dominal examination) may undergo close observation with the
understanding that relatively short delays to intervention (as
early as 5–8 to 24 hours) contribute to increased risk for morbid-
ity and mortality.1,2,11 Close clinical monitoring and with serial
abdominal examinations and repeat laboratory parameters is
warranted. Should the patient’s clinical picture worsen as mani-
fest by worsening abdominal pain and/or development of con-
cerning laboratory findings, operative exploration is warranted.
A patient with a stable to improved clinical assessment is un-
likely to have significant BBMI.

The duration of observation necessary to exclude signifi-
cant BBMI remains unclear; at least 24 hours is recommended.
Repeat CT scan approximately 24 hours following admission
may be used to evaluate for changes in appearance of fluid
and/or stranding or for new findings such as extraluminal air.
This may be particularly useful for patients with an unreliable
physical examination secondary to associated brain injury or
other neurologic compromise.

Diagnostic peritoneal lavage is seldom used in contempo-
rary practice. It may be entertained for the rare patient with
poorly controlled intracranial hypertension at risk for exacerba-
tion with transport and supine positioning for a CT scan. Lavage
fluid that appears grossly bilious (or otherwise suspicious for
succus) or has measurable levels of amylase or alkaline phospha-
tase is consistent with hollow viscus injury.
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F. Determining Low Likelihood of BBMI Requiring
Operative Intervention

Although patients with no abnormal findings on initial CT
are unlikely to have underlying BBMI requiring operative inter-
vention, a normal CT scan does not completely rule out
BBMI.12,13 A patient may have a significant mesenteric tear that
is not evident on initial imaging but results in insidious bowel is-
chemia and late presentation of segmental bowel necrosis, which
can occur 3 to 7 days following injury. Nonetheless, because this is
a rare scenario, discharge home is reasonable for those patients
meeting discharge criteria. Such patients should be counseled to
return to the hospital immediately should they develop worsening
abdominal pain, nausea, or fever. For patients remaining in hospi-
tal for management of extra-abdominal injuries, monitoring specif-
ically for BBMI may be discontinued, but any onset of symptoms
or signs consistent with BBMI later in the hospital course should
be immediately evaluated with repeat CT imaging.

Patients with an abnormal initial CTwho are observed for
at least 24 hours without clinicalworsening, especially with a re-
peat CT that demonstrates stability or improvement of the initial
CT findings, are also unlikely to have underlying significant
BBMI. The decision to continue surveillance beyond this time
must be individualized according to the patient’s CT findings
(minimal vs. more extensive), examination reliability (awake,
tolerating diet vs. obtunded from extra-abdominal injuries, sub-
stance abuse, etc.), and overall injury burden.

AREAS OF CONTROVERSY AND EXISTING
KNOWLEDGE/RESEARCH GAPS

It is also important to note that there are many areas of this
algorithm that lack high-quality evidentiary support and where
further focused research is required:

1. Role of repeat CT imaging. Single-institution studies sug-
gest that repeat CT scan improves positive and negative pre-
dictive value for BBMI compared with the initial CT
alone.14,15 The optimal timing of repeat imaging is unclear;
the need for some duration of time to pass to allow for ob-
servable change from the first CT must be balanced against
incurring delayed operative intervention. Common practice
is to obtain the repeat CT approximately 24 hours following
admission. Addition of oral contrast has not been shown to
necessarily improve diagnostic performance but is a reasonable
adjunct for repeat CT, as it would not inherently result in any de-
lay. Repeat CT is a potentially useful test to help guide decision
making, particularly for patients who do not have a reliable
physical examination. Excess radiation exposure is another
consideration that is particularly relevant to the younger pa-
tient. It is recommended that dose reduction strategies for
cross-sectional imaging be used according to local practices.

2. Duration of observation. Serial clinical evaluation for the de-
velopment of constitutional or focal abdominal signs of
BBMI warranting operative intervention is often performed,
but the optimally safe duration of observation has yet to be
established. Although the majority of patients observed for
BBMI undergo operation within 24 hours, there are still in-
stances whereby operative intervention is delayed for days,

likely as a result of devascularized bowel becoming clini-
cally evident only after the onset of bowel necrosis. No study
has yet to evaluate the optimal duration of observation.
Given that existing retrospective studies demonstrate that
significant BBMI generally manifests within 24 hours, we
recommend that clinical serial examinations be performed
at a minimum for this interval of time.

3. Surgical decision-making tools. A number of scoring tools
have been described (based onCT findings or a combination
of imaging and clinical findings) with sensitivity and speci-
ficity, and positive and negative predictive values that are
reasonably high.16–20 However, few have been externally
validated. McNutt et al.16 described the Bowel Injury Pre-
diction Score based on admission CT findings, white blood
cell count, and abdominal tenderness (present or absent). Al-
though the authors reported a positive predictive value of
70.6%, retrospective evaluation of Bowel Injury Prediction
Score by Zingg et al.21 at their own institution resulted in a
positive predictive values of only 19.0%. Similarly, Faget
et al.18 described a scoring system based on initial CT find-
ings with negative predictive value of 99.6%, but external
evaluation by Lannes et al.15 demonstrated a negative pre-
dictive value of only 77.4%. The described scores have yet
to be widely adopted. We recommend that adoption of any
scoring system for clinical decisionmaking be deferred until
prospective external validation of the scoring system is suc-
cessfully completed.
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