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Abstract Contemporary management of penetrating abdominal trauma includes potential nonoperative management in a
select group of patients. Patients with hemodynamic instability or peritonitis after penetrating abdominal trauma require
immediate laparotomy. Stable, evaluable patients without
peritonitis, however, may be selected for a protocol of serial
abdominal and laboratory examinations. Cross-sectional imaging is a useful adjunct for trajectory mapping, especially
after gunshot wounds. Although many patients may be successfully managed without operation, a subset of patients selected for nonoperative management will develop clinical
signs of intra-abdominal injury and required delayed laparotomy. Protocols of selective nonoperative management after
penetrating abdominal trauma have been shown to be safe.
The desire to avoid the morbidity of nontherapeutic laparotomy, however, must continue to be weighed against the risk of
missed intra-abdominal injury and the institutional feasibility
of strict adherence to a protocol of serial examinations.
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Introduction
The traditional teaching of mandatory surgical exploration for penetrating abdominal trauma was challenged in
the 1960s with the publication of the high nontherapeutic laparotomy rates associated with this practice [1].
The idea of selective nonoperative management of penetrating abdominal trauma initially gained support in
patients with stab wounds; however, contemporary evaluation of abdominal gunshot injuries is also included in
this algorithm.
A large percentage of patients with abdominal stab wounds
have no clinically significant intra-abdominal injury.
Demetriades et al. prospectively analyzed 467 patients with
abdominal stab wounds and known peritoneal penetration and
found that 27.6 % of patients had no significant intraabdominal injury [2]. In a Western Trauma Association multicenter study of 359 patients with anterior abdominal stab
wounds, only 36 % of patients underwent a therapeutic
laparotomy [3]. The authors concluded that, in the absence of hypotension, peritonitis, or evisceration, patients with anterior abdominal stab wounds could be
observed for potential nonoperative management. These
recommendations were validated in a follow-up study
with no morbidity or mortality incurred by delayed operative intervention [4••]. Similar results have been reported after abdominal gunshot wounds. In a prospective study including 1856 patients, a policy of mandatory laparotomy after abdominal gunshot wound would
have resulted in a nontherapeutic laparotomy rate of 47 %
[5]. Given these high rates of potential nontherapeutic intervention, the role of selective nonoperative management has
been expanded to include both abdominal stab and gunshot
wounds.
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Selective Nonoperative Management
The balance between nontherapeutic intervention and the
morbidity of missed injury remains the cornerstone principle
of selective nonoperative management. Similar to selective
nonoperative management of solid organ injury after blunt
trauma, not all patients selected for observation after penetrating abdominal trauma will avoid an operation. The critical
component to safe selective nonoperative management is frequent and reliable physical examination. The potential morbidity of a nontherapeutic laparotomy is easily outweighed by
the morbidity or potential mortality of a missed intraabdominal injury. Patients should be observed in a monitored
setting with serial exams, ideally by the same, experienced
team, in the absence of narcotics, antibiotics, or anesthesia.
Hemodynamic and laboratory data, including white blood cell
count, lactate, and serial hemoglobin, are monitored. Changes
in the physical exam or hemodynamics should prompt critical
re-evaluation for potential operative intervention. Although
recent literature supports an observation period of 12–24 h,
the majority of patients requiring laparotomy after penetrating
abdominal trauma will manifest clinical symptoms within
4–6 h [6••, 7, 8].
Contraindications to Selective Nonoperative Management
Hemodynamic instability and diffuse peritonitis following
penetrating abdominal trauma remain absolute indications
for exploratory laparotomy. In contrary to the localized tenderness that can be caused by the soft tissue damage of a
superficial wound tract, diffuse peritonitis after penetrating
abdominal trauma is associated with a high therapeutic laparotomy rate, even in the hemodynamically stable patient. In a
review of 139 consecutive hemodynamically stable,
peritonitic patients after penetrating abdominal trauma, 97 %
had intra-abdominal injury on laparotomy [9]. In addition,
39 % required blood transfusion, and 25 % developed intraoperative hypotension.
As accurate physical examination over time is imperative
for safe nonoperative evaluation of a patient with penetrating
abdominal trauma, altered level of consciousness, need for
general anesthesia, or inability to perform reliable serial exams
is a contraindication for selective nonoperative management.
Safety of Selective Nonoperative Management
Although injuries will rarely be missed with a policy of uniform laparotomy after penetrating trauma, the potential morbidity of nontherapeutic laparotomy is as high as 20 % [10,
11], with the later complications of hernias and bowel obstructions likely underreported. Nontherapeutic laparotomy has also been associated with increased hospital length of stay and
cost [5, 12]. With the advent of selective nonoperative
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management for penetrating abdominal trauma, the reservation lies in the patient that converts from the nonoperative to
operative arm and whether or not the delay in operation contributes to patient morbidity and mortality. Delayed intervention, however, when following a protocol of serial abdominal
and laboratory examinations, has not been shown to result in
significant adverse outcome due to the prompt identification
of clinical deterioration [4••, 10, 13–15, 16••].
Imaging
Radiologic imaging, including cross-sectional imaging, is a
central component to the workup of a patient with penetrating
abdominal trauma. Although the decision for operative intervention is largely based on clinical findings, imaging is an
integral part of mapping the missile trajectory after penetrating
injury.
X-ray
Plain X-rays are critical in the evaluation of missile trajectory.
External examination will reveal entry and/or exit wounds;
however, in the setting of gunshot injury, knowledge of the
presence and location of retained fragments is essential to the
understanding of bullet trajectory and for the triage of potential injuries. Paired flank wounds, for example, may represent
a single, extraperitoneal tract, or two transabdominal or even
transthoracic tracts with retained missiles.
Focused Abdominal Sonography for Trauma
Although focused abdominal sonography for trauma (FAST)
has become a critical component of the evaluation of the blunt
trauma patient, its utility after penetrating trauma remains limited. In patients with potential cardiac injury based on missile
trajectory, the FAST is a highly sensitive tool for identifying
pericardial fluid with the exception of patients that decompress the hemopericardium into the left chest through an open
pericardial injury [17, 18]. For abdominal wounds, FAST is
specific for detecting intra-abdominal fluid but has low sensitivity for predicting operatively significant injury [19–21]. A
positive FAST may be reflective of a solid organ injury that
could be managed without operation while a negative FAST
may miss a hollow viscus injury. For this reason, FAST exam
should not be used as the sole indication for operative intervention. In patients with hypotension and multi-cavitary penetrating trauma, ultrasound, including the thoracic windows,
may be a useful adjunct for operative decision-making.
Computed Tomography
Although the utility of computed tomography (CT) scan after
abdominal stab wounds remains uncertain, the associated air
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bubble tract of a gunshot injury allows for trajectory mapping
and potential identification of associated injury [22, 23••, 24].
Overall, CT scan is thought to have a sensitivity and specificity of 90.5 and 96 % in detecting operatively significant injuries after abdominal gunshot wounds. Further, the presence of
an extra-abdominal or solid organ trajectory can precipitate
discharge or change in disposition [15, 25, 26]. Solid organ
injury alone is not an indication for operative intervention, and
the rates of successful nonoperative management in these patients are high, especially with the increasing utilization of
angioembolization techniques [15, 27].
Although radiologic adjuncts can be integral to the evaluation of patients with penetrating abdominal trauma, the decision to proceed with operative intervention in the stable patient remains driven by physical examination. In a subset of
patients with anterior abdominal stab wounds that underwent
operative intervention based on test results, there was a 45 %
nontherapeutic laparotomy rate [4••]. In a prospective analysis
of stable patients with abdominal stab wounds, excluding patients that qualified for immediate laparotomy or discharge,
177 patients were evaluated by both serial physical examination and CT scan. All patients requiring therapeutic laparotomy had physical exam findings precipitating operative intervention leading to a sensitivity and specificity of the physical
exam of 100 and 98.7 %, respectively [23••].

abdominal stab wounds is not universally accepted, crosssectional imaging is frequently utilized at our center. If it is
not obtained, and there is no concern for solid organ injury,
serial abdominal exams are performed as part of the selective
nonoperative management algorithm. CT imaging after abdominal gunshot wounds treated without operative intervention is clearly indicated and universally performed. CT imaging will then yield four possible groups. First, patients that
clearly have intra-abdominal pathology on imaging require
immediate operative intervention. Second, patients with fully
extra-abdominal trajectory may be considered for potential
discharge. Third, patients with isolated solid organ injury
can be triaged to observation, potential angioembolization,
or operative intervention depending on the radiologic findings
and clinical progression. Finally, patients with concern for
intra-abdominal trajectory but unclear injury can be observed.
This is the primary group of patients that constitutes the selective nonoperative management cohort, relying on serial physical examinations and laboratory data to guide management.
Patients that have operatively significant intra-abdominal injury will become clinically apparent within 24 h. If patients
decline clinically or develop diffuse peritonitis, they should be
immediately re-evaluated for transition to operative
intervention.

Left Thoracoabdominal Penetrating Trauma
Selective Nonoperative Management Algorithm
Patients with penetrating abdominal trauma may be divided
into two distinct groups. First are the patients that present with
hemodynamic instability, peritonitis, or are unevaluable
(Fig. 1). This group of patients should be taken immediately
to the operating room for exploration. Stable patients are then
evaluated for possible imaging. Although, CT scan after
Fig. 1 Algorithm for selective
nonoperative management

Penetrating trauma to the left thoracoabdominal region from
the nipple and scapular tip to the costal margin has potential to
result in diaphragmatic injury in as many as 17–40 % of patients [28–30]. Although patients with left diaphragmatic injury are often asymptomatic on presentation, there is a potential for wound expansion and delayed diaphragmatic hernia.
For this reason, patients that have successfully undergone
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nonoperative management of left thoracoabdominal stab
wounds should be offered a diagnostic laparoscopy or
thoracoscopy to evaluate the diaphragm prior to discharge.
Injuries to the diaphragm can be repaired using minimally
invasive techniques.

Summary
Selective nonoperative management can be safely applied to
patients with penetrating abdominal trauma. The desire to
avoid nontherapeutic laparotomy, however, must be tempered
with a clear understanding of the clinical signs and symptoms
that signify failure of nonoperative management and the need
for conversion to operative intervention. Serial abdominal
exams remain the cornerstone of selective nonoperative management; however, radiologic and laboratory studies can be
useful adjuncts in the decision-making process.
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