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Abstract

Materials and Methods

Introduction The optimal management of patients with penetrating abdominal injuries has been debated for dec-
ades, since mandatory laparotomy (LAP) gave way to the concept of “selective conservatism.”
A comprehensive literature review was performed and summarized.

Results A proposed management guideline for patients with penetrating abdominal trauma was created.

Conclusion Indications for immediate laparotomy (LAP) include hemodynamic instability, evisceration, peritonitis,
or impalement. Selective nonoperative management of stable, asymptomatic patients has been demonstrated to be
safe. Adjunctive diagnostic testing—ultrasonography, computed tomography, local wound exploration, diagnostic
peritoneal lavage, laparoscopy—is often used in an attempt to identify significant injuries requiring operative
management. However, prospective studies indicate that these tests frequently lead to nontherapeutic LAP, and are

not cost-effective.

Introduction

The optimal management of patients with penetrating
abdominal injuries has been debated for decades, since
mandatory laparotomy (LAP) gave way to the concept of
“selective conservatism.” [1] There is little disagreement
that hemodynamic compromise, peritonitis, evisceration, or
impalement mandate prompt LAP. But there is consider-
able divergence of opinion and variation in practice with
regard to the approach to a hemodynamically stable,
asymptomatic patient. The current review will focus on
decision-making related to the selective nonoperative
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management (SNOM) of penetrating abdominal trauma.
Most of the literature and therefore most of the discussion
will pertain to stab wounds (SWs), but the concept has
recently been applied to gunshot wounds (GSWs). Our goal
is to create a safe, cost-effective, evidence-based algo-
rithmic approach to stable patients.

Mandatory LAP and its consequences

Mandatory LAP was considered the standard of care for
abdominal SWs until the 1960s, and for GSWs until much
more recently. While LAP may be considered the most
conservative, safest approach to identify and treat all
injuries in a timely manner, it is unnecessary in as many as
70 % of abdominal SW patients [1]. Moreover, there are
significant consequences of unnecessary LAP in terms of
complication rates, length of stay (LOS), and costs. Lep-
paniemi et al. [2] analyzed the records of 459 patients
managed under a mandatory LAP protocol, of whom 147
had no associated extra-abdominal injuries or procedures.
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Among these patients, 17 % had complications and the
mean LOS was 7.6 days. Renz and Feliciano [3] performed
the first prospective study of patients undergoing unnec-
essary LAP after trauma. They found that (1) complications
occurred in 26 % of patients who had a nontherapeutic
(NONTHER) LAP, even in the absence of associated
injuries; (2) complications significantly increased LOS;
and (3) the mean and median LOS following an unneces-
sary LAP for trauma was 5 days, even in the absence of
complications or associated injuries. In two recent Western
Trauma Association (WTA) prospective multicenter trials,
although there were very few LAP-related complications,
the mean LOS of patients undergoing NONTHER LAP
was 3.6 days [4, 5].

Selective nonoperative management

In developing management strategies for penetrating
abdominal trauma, it is helpful to divide the abdomen into
regions: the anterior abdomen (from xiphoid to pubis,
between the anterior axillary lines); the flank and back (pos-
terior to the anterior axillary lines); and the thoracoabdomen
(from the nipple line to the costal margin). Hemodynamic
compromise, peritonitis, evisceration, and impalement
remain indications for LAP, regardless of region. However,
the SNOM approach varies in each of these regions.

Thoracoabdomen

Penetrating trauma in the thoracoabdominal region may cre-
ate injuries in both the chest and the abdomen, including the
diaphragm. Unstable patients present a challenging manage-
ment dilemma, regarding which body to cavity to enter first
[6]. Patients in extremis should undergo resuscitative thora-
cotomy [7]. In the more stable GSW victim, chest and
abdominal X-rays with a skin marker on entry wound(s) will
help to ascertain the trajectory (e.g., transmediastinal or
transdiaphragmatic). The chest X-ray and focused abdominal
sonographic examination for trauma (FAST) will elucidate
the presence of blood in the thoracic cavity, pericardial sac, or
abdominal cavity. Tube thoracostomy may provide definitive
treatment for hemothorax; however, large initial volume
(>1,500 mL) or continued hemorrhage (>200 mL/hr) is
indications for thoracotomy, and inability to evacuate blood
(i.e., “caked hemothorax”) is an indication for thoracoscopic
evacuation and hemorrhage control as necessary. Significant
hemopericardium generally mandates sternotomy or thora-
cotomy for cardiac repair, although if FAST is equivocal or
demonstrates very small henopericardium it is reasonable to
perform subxiphoid pericardial window and irrigate the
pericardium. If there is no evidence of active hemorrhage, it
appears to be safe to simply leave a drain and monitor for
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bleeding or pericardial tamponade [8]. Obviously, major
bleeding in any area or a change in the patient’s condition may
alter the order of interventions and the decision to use damage
control techniques.

Stable, asymptomatic patients with potential thoraco-
abdominal penetrating trauma may still harbor occult
injuries. While blunt diaphragmatic injuries may be rela-
tively easy to diagnose, penetrating injuries are far more
difficult. The presence of a small knife wound in the dia-
phragm can elude detection by the most sensitive imaging
modalities. A prospective series from the University of
Maryland Shock-Trauma Center included 50 patients with
CT findings suggesting a potential diaphragm injury [9].
The authors noted “specific” CT findings of diaphragmatic
injury (defined as contiguous organ injury on either side of
the diaphragm or herniation of abdominal fat through a
defect in the diaphragm) in 20 (40 %) of patients. “Non-
specific” findings included a wound tract extending up to
the diaphragm; thickening of the diaphragm from blood or
edema; or an apparent defect in the diaphragm without
herniation or adjacent hematoma. Seventeen (34 %) of the
50 patients had surgical evaluation of the diaphragm—LAP
in 12 and thoracoscopy in 5—and diaphragmatic injury
was confirmed in only 12 (71 %) of that subgroup. Of note,
two patients with “specific” findings had no diaphragmatic
injury. The authors provided no data on the number of
patients who subsequently presented with diaphragmatic
hernia, so the number of false (—) CT scans is unknown.

Diagnostic peritoneal lavage (DPL) has been employed
to help detect bleeding from diaphragmatic lacerations.
Moore and Marx [10] proposed a red blood cell (RBC)
threshold of 5,000/mm3, as this level was not likely to be
attributed to the DPL procedure. More recently, direct
assessment of the diaphragm with thoracoscopy or lapa-
roscopy has been suggested. Uribe et al. [11] performed
routine thoracoscopy and found diaphragmatic injuries in
32 % of patients with penetrating thoracoabdominal inju-
ries. On subsequent LAP, the authors found that 89 % of
the patients with diaphragmatic injuries had intra-abdom-
inal injuries that required surgical repair. In the 1990s, a
number of investigators attempted to clarify the role of
laparoscopy. Murray et al. [12] prospectively studied 110
patients with penetrating injuries to the left lower chest,
and found occult diaphragmatic injuries in 26 (24 %) of
them. Friese et al. [13] confirmed these results, also finding
diaphragmatic injuries in 24 % (8 of 34) of patients with
penetrating thoracoabdominal injuries. They further eval-
uated the accuracy of laparoscopy by following it with
LAP, and found 1 (11 %) missed injury. Thoracoscopy and
laparoscopy are clearly accurate, but require the resources
of a major operation—including the surgical team. On the
other hand, experience with DPL is marginal in this era, so
its success and accuracy may not be optimal.
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In the interest of allocating resources to the highest risk
patients, a reasonable management strategy for stable
patients with penetrating thoracoabdominal trauma is out-
lined in Fig. 1. An upright chest X-ray and FAST are per-
formed. If both are normal but there is clinical suspicion of
deep enough penetration to cause diaphragmatic injury, DPL
is performed with a RBC threshold of 5,000/mm?>. This will
avoid laparoscopy in the large majority of patients, as only a
(+) DPL mandates LAP or laparoscopy. If there is a hemo- or
pneumothorax with (—) FAST, thoracoscopy is performed
first. Since the patient already requires tube thoracostomy,
this adds little additional morbidity, and the pericardium can
be evaluated. If there is a diaphragm injury—as expected in
24 9% of patients—[ 12, 13] LAP or laparoscopy is performed
to exclude injury below the diaphragm [11]. If there is a (4)
FAST, LAP or laparoscopy is mandatory. The accuracy and
therapeutic value of laparoscopy for abdominal hollow vis-
cus injuries are discussed below.

Back/flank

Penetrating trauma to the back or flank is associated with a
lower likelihood of significant injury compared with ante-
rior abdominal or thoracoabdominal wounds. However,
these injuries can pose a special problem because of the
difficulty in clinically evaluating the retroperitoneal organs
with physical exam and FAST. In a stable asymptomatic
patient, CT scanning is reliable for excluding significant

Table 1 Classification and management recommendations for CT
scan findings following penetrating flank/back injuries

Risk CT findings Intervention
Low No penetration Discharge from
Penetration into subcutaneous tissue ED
Moderate Penetration into Muscle Serial clinical

Retroperitoneal hematoma, not near assessments
critical structure
High Contrast extravasation from colon Laparotomy

Major extravasation from kidney

Hematoma adjacent to major
retroperitoneal vessel

Free air in retroperitoneum, not
attributed to wounding object

Evidence of injury above and below
diaphragm

Free fluid in peritoneal cavity

Adapted from Himmelman et al. [28]

injury [14, 15]. Findings may be classified as low, mod-
erate, or high risk, and patients are managed accordingly
(Table 1). More recently, the necessity of rectal contrast
has been questioned, as the image quality of current-gen-
eration CT scanners appears to allow adequate evaluation
of the colon and rectum to determine the need for surgical
exploration, without instillation of intraluminal contrast
[16].
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Anterior abdomen

It is recognized that of all anterior abdominal SWs
(AASWs), only 50-75 % enter the peritoneal cavity—and
of those, only 50-75 % cause an injury requiring operative
repair. The large majority of patients requiring operative
repair of injuries will present with hemodynamic compro-
mise, peritonitis, evisceration, or impalement. Conse-
quently, only a minority of initially stable, asymptomatic
patients would be expected to require operative interven-
tion [17]. In 1960, Shaftan [1] first challenged the dictum
of mandatory LAP for AASWs, introducing a policy of
“selective conservatism”—i.e., management based pri-
marily on clinical evaluation. This approach was promul-
gated by the groups at Kings County Medical Center [1]
and Charity Hospital [18]. Then as now, however, the
desire to avoid NONTHER LAP has been tempered by the
fear of morbidity related to a delay in intervention, and a
number of adjuncts have been employed in an attempt to
identify significant injuries prior to clinical deterioration.
Initially there were tests aimed at determining whether the
peritoneum had been entered, including sinography [19]
and local wound exploration (LWE) [17, 20]. Although
sinography proved less useful [21], LWE allowed many
patients to be safely discharged (D/C’ed) from the emer-
gency department (ED) if the peritoneal cavity was not
violated [17]. As it was realized that the decision for LAP
should be based not just on peritoneal penetration, but on
the presence of a significant intraperitoneal injury, DPL
was adopted to look for evidence of significant intra-
abdominal injury in the setting of a “positive” (+) LWE
(i.e., penetration into the peritoneal cavity) [17, 20, 22].
Subsequently, technology-based approaches were intro-
duced, including laparosocopy [23, 24], CT scanning [25],
and ultrasonography (US) [26]. The debate has continued
to focus on the balance between invasiveness, resource
utilization, and timely repair of significant injuries [27-29].

Although the recent literature on AASWs has been
predominated by reports of adjunctive measures, the safety
of serial clinical assessments (SCAs) has continued to be
demonstrated [30]. The WTA conducted a prospective
observational multicenter trial, to evaluate the outcomes of
various management strategies [4]. In that study, there
were three notable findings: (1) If a stable asymptomatic
patient was taken to the OR primarily on the basis of a test
result (i.e., FAST, LWE, DPL, or CT), the NONTHER
LAP rate was high, ranging from 24 to 57 %; (2) Per-
forming LWE in stable patients would allow the D/C of
over 40 % of the stable patients from the ED; and (3)
Nonoperative observation with SCAs was safe—i.e., there
was no apparent morbidity related to a potential delay to
operative treatment of injuries. Based on all of these
findings, a unifying algorithm for the management of
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patients with AASWs was proposed (Fig. 2) [4]. A sub-
sequent WTA multicenter study was designed to evaluate
the algorithm [5]. Between the two WTA trials [4, 5], a
total of 581 patients were prospectively followed through
their hospital course and afterward, allowing an analysis of
the various management strategies.

Immediate LAP

There is uniform agreement that immediate LAP is war-
ranted for hemodynamic compromise, peritonitis, eviscer-
ation, or impalement. Between the two WTA trials, a total
of 143 (25 %) of the 581 patients were taken for immediate
LAP; 122 (85 %) were therapeutic (THER). Of 41 patients
taken for immediate LAP who had signs of hemodynamic
compromise, 37 (90 %) were THER. “Peritonitis” is a
relatively subjective finding. In the combined WTA trials,
if a patient had “diffuse peritonitis” without either shock or
evisceration, the NONTHER LAP rate was 20 %—but if it
isolated “local peritonitis,” 50 % of LAPs were NON-
THER. The authors still contend that it is difficult to justify
delaying intervention in a patient with peritonitis, but an
experienced clinician should attempt to differentiate true
peritoneal signs from tenderness related to the wound. Of
76 patients taken to the OR with evisceration, the overall
THER LAP rate was 89 %. If there was intestinal evis-
ceration, 100 % had THER LAP; on the other hand, of 40
patients with omental evisceration who did not have shock
or peritonitis, 33 (83 %) had THER LAP. Although the
significance of omental evisceration has been debated, the
fact is that the patient has a symptomatic hernia, and
greater than 65 % chance of requiring a THER LAP [17,
31, 32], so evisceration should remain an indication for
immediate LAP.

Management of stable, asymptomatic patients

A number of adjuncts have been employed in order to
identify significant abdominal injuries in the absence of
shock, evisceration, or peritonitis. The WTA management
algorithm (Fig. 2) [4] was designed to streamline care to be
cost-effective and minimize the number of NONTHER
LAPs. According to the algorithm, if a patient does not
have an indication for immediate LAP, LWE is performed.
It is important to recognize that LWE must be technically
adequate; a simple probing of the stab wound is not reliable
to rule out peritoneal violation [33]. The procedure requires
adequate exposure of the wound to follow the tract of the
stabbing object [17]. Further, some surgeons consider
violation of anterior fascia to constitute a (+) LWE. This
definition ignores the muscle and/or posterior fascia, and
does not correlate with violation of the peritoneal cavity. A
stricter definition of (4+) LWE—that is, violation of the
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posterior fascia and peritoneum—increases the number of
patients eligible for ED D/C. The surgeon must keep in
mind that LWE may be compromised in very obese
patients or those with a tangential wound tracking through
muscle layers. If the peritoneal cavity is not violated, the
patient may be D/C’ed from the ED. In the WTA trials [4,
51, 31 % of patients had a (—) LWE and could have been
D/C’ed from the ED; this is consistent with historical data
on the incidence of peritoneal violation in penetrating
abdominal trauma [1, 18]. If the peritoneal cavity is vio-
lated, the patient should be admitted for SCAs. Peritoneal
violation is not an indication for LAP; if stable asymp-
tomatic patients were taken to the OR for (4+) LWE in the
WTA trials, 22 (55 %) of 40 had a NONTHER LAP [4, 5].
If the peritoneum is breached, the patient should be
admitted for SCAs. SCAs require serial physical exam,
ideally by the same examiner. If there is to be a patient
handoff it should take place at the bedside to ensure clear
understanding of physical exam findings. Laboratory eval-
uation need not be extensive—a complete blood count will
allow the detection of hemorrhage and demonstrate the trend
in the white blood cell (WBC) count. Absolute WBC count is
less helpful than the trend; however, a value <12.5 x 10%
mL is reassuring, whereas a value >20 x 10*/mL is asso-
ciated with a significant risk of hollow viscus injury [34].
Many have advocated for CT scanning in the evaluation
of patients with AASWSs. There is no question that CT
scanning is invaluable in the management of blunt trauma
patients. However, in the setting of AASW, published data
do not prove the value of CT, and in fact suggest it is

cost-ineffective [4, 5, 35]. Whereas LWE will determine
peritoneal breach, the accuracy of CT scanning for this
purpose has not been strictly determined. The major benefit
of CT is in demonstrating a tangential wound tract and
allowing ED D/C, but LWE should serve this purpose except
in the morbidly obese patient. If stable asymptomatic patients
are taken to the OR based on CT scan findings, the WTA
trials indicate that 15 (25 %) of 59 will have NONTHER
LAP [4, 5]. Indeed, Inaba and colleagues [35] recently
reaffirmed that management of patients without CT scanning
is safe and avoids the additional insult of radiation dosing.
Ultrasonography (FAST) is ubiquitous in trauma care,
but its role in AASW management is dubious. Once the
patients with indications for immediate LAP are deter-
mined, FAST is not helpful and can be quite misleading.
Detectable hemoperitoneum does not necessarily correlate
with a significant injury requiring operative intervention,
particularly in stable, asymptomatic patients. In the WTA
trials, 10 (50 %) of 20 such patients had a NONTHER LAP
or did not require LAP [4, 5]. The major value of the test is
probably in identifying patients who have hemoperito-
neum, as it can obviate the need for LWE. On the other
hand, the absence of hemoperitoneum does not equate with
the absence of injury. In the WTA trials, 30 (17 %) of 175
patients with a “normal” FAST ultimately had a THER
LAP [4, 5]. Thus, we agree with Udobi and colleagues—
[36] who reported 18 % sensitivity of FAST in penetrating
trauma—that patients should not be D/C’ed from the ED
based solely on a (—) FAST. And although US has been
advocated for identifying fascial defects after penetrating
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trauma [37], it is probably not reliable enough to determine
a patient’s suitability for ED D/C.

While the authors believe there may still be a role for
DPL in the setting of potential diaphragmatic laceration, it
is less helpful in the setting of AASW. Because significant
injuries are commonly manifest by shock, evisceration, or
peritonitis, a small amount of bleeding may have come
from the abdominal wall, omentum, or a solid organ. Thus,
RBC counts are not helpful. The detection of hollow viscus
injuries is also unreliable with DPL. Difficulties in inter-
preting the DPL. WBC count have also been widely dis-
cussed and to date there is no threshold that offers 100 %
accuracy [38—40]. In the first WTA series [4], a high lavage
WBC count (>500 WBCs/mm?) led to two NONTHER
LAPs, and two patients with hollow viscus injuries had a
subthreshold lavage WBC count. Recognizing the problem
of equivocal DPL results, measurement of amylase and
alkaline phosphatase have been suggested to improve the
sensitivity of DPL [41, 42]. These results, like the WBC
count, are somewhat dependent on the timing of DPL;
furthermore, the enzymes may not reliably diagnose colon
injury [39-42]. Based on the reports out of Dallas [22] and
Denver [28], false (—) results (i.e., WBC <500/mm3) are
found in 3-10 % of patients with hollow viscus injuries
when DPL is performed relatively soon after injury. On the
other hand, waiting 67 h may result in a 35 % incidence
of false (+) studies based on high WBC counts [38].
Standard threshold values for WBCs and enzymes are not
reliable enough to overcome physical exam findings. In the
experience of the WTA trials, 8 (40 %) of 20 patients had
NONTHER LAP based on DPL results [4, 5].

Many authors have advocated for laparoscopy in the
setting of penetrating abdominal trauma. As discussed
above, laparoscopy is an excellent test for evaluating the
diaphragm for laceration, and allows minimally invasive
repair. However, the surgeon must beware the missed
hollow viscus injury. A small wound can be difficult to
detect, particularly on the posterior wall of the stomach or
on the colon underneath pericolonic fat or on the mesen-
teric border. Leppaniemi and Haapiainen [43] performed a
prospective randomized study of diagnostic laparoscopy in
AASWs. In stable patients with (+) LWE, 60 % had
NONTHER operation, which was the same as the rate with
mandatory LAP. Among patients with equivocal peritoneal
violation, laparoscopy offered no advantage over SCAs—
but increased LOS, costs, and time off of work. A recent
systematic review of the literature identified selection and
publication bias in the existing literature. Still, the NON-
THER LAP rate overall was 16 %, and 12 % negative
LAP; further, there were 83 (7 %) missed injuries among
1,129 patients with injuries [44]. In the setting of AASWs,
the authors feel it is an inappropriate use of resources.
Although the group from Memphis [45] recently suggested
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it was a safe and efficient use of resources, 86 % of their
patients underwent formal operative intervention (either
LAP or laparoscopy); 62 % had LAP, and 24 % of LAPs
were NONTHER. If the goal is cost-effective care, LWE
can rule out peritoneal penetration, and observation with
SCAs is much less costly than a surgical procedure.

In the WTA trials, most patients (77 %) who did not
have LAP and were admitted for observation stayed one
day or less [4, 5]. Prolonged stays were generally attributed
to psychiatric or social issues, or to the need for chest tube
management. The mean LOS of patients undergoing LAP
was 4.7 days; the LOS following a THER LAP was
5.1 days, and 3.6 days following NONTHER LAP. There
was a morbidity rate of 20 % following THER LAP, and
4 % following NONTHER LAP. The LOS associated with
complications after LAP was 7.8 days, compared with
4.1 days without complications.

Regarding the safety issue, as noted in previous studies,
admission for SCAs appears to be a safe strategy [27, 29,
30]. In the most recent WTA multicenter study [5], there
were 11 patients managed with this strategy who went to
the OR in a delayed fashion. Although delayed intervention
is potentially deadly in the setting of blunt small bowel
injury [46], this does not seem to translate to penetrating
trauma victims [47, 48]. Indeed, with vigilant observation,
clinical change is generally evident early: in the WTA
study [5], 10 (91 %) of the 11 delayed LAPs occurred
within 4 h of presentation. Moreover, the mean LOS was
two days shorter for patients having THER LAP after a
period of SCAs, compared with those undergoing THER
LAP immediately, or after CT or DPL. We harken back to
Nance and Cohn [49], who wrote (emphasis theirs):

...the incidence of complications was the same in the
patients operated on immediately and in those whose
surgery was delayed. Further, the incidence of com-
plications reflected more the nature of the injury (i.e.,
whether or not a hollow viscus was entered) than it
did a delay in surgery. This observation is confirmed
in the data of Wilson and Sherman and in the report
of McNabney and McCanse. The oft-expressed fear
that a delay in exploration will increase morbidity
and/or mortality is not supported by these nor by any
other data we can find.

Gunshot wounds

Mandatory LAP has long been considered the standard of
care for management of abdominal GSWs, given that over
90 % of patients with peritoneal penetration have an injury
requiring operative management [50]. In recent years,
however, a number of reports have identified a subset
of patients who may be candidates for nonoperative
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management [51-54]. Stable, asymptomatic patients are
candidates for CT scanning. Those who have clear evi-
dence of extracavitary trajectory can be D/C’ed from the
ED. Patients with isolated solid organ injuries may be
candidates for nonoperative management. However, the
setting must be appropriate, as the patient’s condition could
change abruptly [55].
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