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Advances in Abdominal Trauma
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Emergency practitioners routinely encounter patients who suffer from
abdominal trauma, be it blunt or penetrating. These injuries are often con-
founded by altered mental status, distracting injuries, or lack of historical
information, and may present challenges in management. However, in the
last several years new approaches to the diagnosis and management of ab-
dominal trauma, including bedside ultrasound, newer generation computed
tomography scans, laparoscopy, and the ability for selected nonoperative
management expedite identification of life threatening injury and offer
new options in treatment.

Blunt abdominal trauma

Background

Historically, blunt abdominal trauma (BAT) is more frequently encoun-
tered in the emergency department (ED) than penetrating abdominal
trauma, and usually results from a motor vehicle collision (MVC). When
combined with pedestrian versus auto accidents, these types of abdominal
traumas account for up to 75% of cases seen, while direct abdominal blows
and falls comprise the remainder [1,2]. The spleen is the most often injured
organ and may be the only intra-abdominal injury in over 60% of cases.
Liver and hollow viscus injuries follow in decreasing incidence [1]. Blunt
abdominal trauma may herald occult domestic violence or child abuse.
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Initial assessment

Historical data, while often lacking, may provide invaluable information
to the emergency practitioner when evaluating a patient with abdominal
trauma. If the patient was involved in a MVC, information regarding fatal-
ities at the scene, vehicle type and velocity, roll over, intrusion, steering
wheel deformity, use of seatbelts and air bags, and the patient’s location
within the vehicle offer guidance in management [3–5].

Physical examination

While some studies cite physical examination as only 55% to 65% sensi-
tive for diagnosing injury in those sustaining BAT, it is still the cornerstone
for primary assessment [6]. Patients with BAT may present to the ED
anywhere on the spectrum from normotensive and alert to obtunded and
in shock. Careful attention to physical findings helps drive decision making
and proper sequencing of diagnostic tests.

Hypotension after BAT typically results from visceral organ injury and
hemorrhage, usually of the spleen [1]. These patients need emergent
evaluation of the peritoneal cavity, and coincident appraisal of any extra-
abdominal injury creating hemorrhage or hemodynamic instability, such
as long bone fracture, scalp laceration, hemothorax, pneumothorax, or, in
infants, severe head injury [7].

In awake, hemodynamically stable patients with isolated BAT, abdomi-
nal pain, tenderness, and peritoneal signs are the most reliable findings
for intra-abdominal injury and can be found in up to 90% of those with
injury. However, several studies demonstrate that even in these patients,
significant injury may be missed with physical exam alone. Therefore, ab-
sence of physical findings does not preclude injury and the need for further
observation and diagnostic testing [8,9].

Salim and colleagues’ study [9], published in 2006, evaluated 592 subjects
with significant blunt multisystem trauma, who had no visible chest or
abdomen injury, were hemodynamically stable, and had a normal abdomi-
nal physical examination. Of these, 19.6% had clinically significant findings
on chest computed tomography (CT) and 7.1% on abdominal CT, leading
to a change in clinical management in almost 19% of the subjects.

When extra-abdominal injuries are present, suspicion for concomitant
intra-abdominal injury is paramount. Up to 10 % of those with closed
head injury, and 7% of those with a distracting extremity injury, will have
an abdominal injury even with no signs or symptoms of abdominal trauma
[10,11]. Pleuritic left costal margin pain may indicate underlying splenic
injury [12]. Ecchymosis across the lower abdomen, a ‘‘seatbelt sign,’’
portends intra-abdominal injury in up to one third of patients [13].

Some recent small studies suggest that in awake, hemodynamically stable
adult patients who are going to the operating room for extra-abdominal
injuries, physical exam will exclude most intra-abdominal injuries requiring
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immediate operative intervention [14–16]. In 2004, Gonzalez and colleagues
[15] evaluated 162 hemodynamically stable patients after BAT and with
extra-abdominal injuries requiringoperative repair.Thesepatients hadaGlas-
gow Coma Score (GCS) greater than or equal to 14, no findings on physical
examination of the lower ribs, abdomen, and pelvis, and no neurologic defi-
cits. Two injuries (a grade one splenic laceration and a small bowel mesenteric
hematoma) were missed by physical examination but detected on CT.Neither
of these patients required surgical intervention or transfusion. Thus, the inves-
tigators conclude that physical examination alone may be sufficient for evalu-
ating for surgically significant injury in patients with extra-abdominal injury.
However, they suggest that larger prospective studies are still needed.

Laboratory testing

Most hematologic and blood chemistries serve only as adjuvants in the
management of patients with abdominal trauma. A baseline hematocrit
may be useful, but rarely will alter emergent management. Blood typing
should routinely be sent for any patient with abdominal trauma and signs
of hemorrhage or potential need for transfusion. Base deficit is often used
as a marker for hemorrhagic shock, but as with all laboratory values, it
must be interpreted in context of the clinical scenario and what resuscitation
has occurred, as correction of the metabolic acidosis will lag behind physi-
ologic correction [17,18]. White blood cell count, pancreatic enzymes, and
liver function tests have all been used as markers of intra-abdominal injury
in the past; however, most studies now show these are nonspecific and may
not provide much guidance in the acute decision-making for patients with
abdominal trauma [19,20]. Urinalysis with detection of hematuria (both
microscopic and gross) indicates renal injury, and coupled with abdominal
tenderness predicts intra-abdominal injury following BAT with 65% sensi-
tivity and 94% specificity [21,22]. Toxicologic studies have little value in
the acute management of abdominal trauma, unless there is unexplained
altered mental status [23].

Emergency management

Unstable patients
Determining need for emergent operative care is the top priority in the

evaluation of patients sustaining BAT. In those patients who are hemody-
namically unstable, the presence of intra-abdominal hemorrhage must be
expeditiously established. Risk of death from isolated intra-abdominal in-
jury increases with time spent in the emergency department and severity
of hypotension (Fig. 1) [24].

Clarke and colleagues’ review [24] of the Pennsylvania Trauma Systems
Foundation trauma registry, from October 1986 until July 1999, identified
243 hypotensive patients with intra-abdominal injury who were initially
evaluated in a trauma center. Using logistic regression, the probability of
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death increased as time spent in the ED increased up to 90 minutes. Also,
those patients with initial systolic blood pressures of less than 60 mm Hg
had a significantly higher risk of death, while those with a systolic blood
pressure of greater than 80 mm Hg had a significantly lower risk of death.
Traditionally, bedside diagnostic peritoneal lavage or tap (DPL or DPT)
quickly triages unstable patients with multisystem trauma. If 10 cc of gross
blood is aspirated then intra-abdominal hemorrhage is present and the
patient requires urgent laparotomy. This knowledge is especially useful
when multisystem trauma is present and the physician must decide which
therapeutic path to tread, be it exploratory laparotomy or angiography
with embolization. However, with the advent of bedside ultrasonography
(US), DPL is being employed less and is no longer the standard diagnostic
procedure in these unstable patients.

Recent literature shows mixed opinion on the use of US in the unstable
patient. While some studies cite near 100% sensitivity for hemoperitoneum
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requiring surgical intervention in the hypotensive patient [25], others show
a wide range of sensitivity and caution against its sole use in this patient
population, especially when no intraperitoneal free fluid is detected [26].

Farahmand and colleagues’ [25] retrospective review of 128 hypotensive
BAT patients demonstrated an assessment of focused abdominal sonogra-
phy for trauma (FAST) sensitivity of 85% for detection of any intra-
abdominal injury. When only those injuries requiring surgical intervention
were included, sensitivity rose to 97%, and it was 100% sensitive for all fatal
injuries. The only missed surgical injury was a mesenteric injury. Of the
other missed injuries, 63% were extraperitoneal. Thus, the investigators
concluded that FAST in the hypotensive patient is an effective screening
tool and, when coupled with risk assessment, can effectively rule out
intra-abdominal injury requiring surgical intervention.

A recent study of 7047 patients demonstrated lower accuracy in those
subjects with additional closed head injury and low GCS [27]. However,
in most centers, hemodynamically unstable patients with a positive FAST
exam proceed to exploratory laparotomy.

Because intra-abdominal injury can not be entirely ruled out in those un-
stable patients with a negative FAST, further diagnostic testing, bedside
DPL or DPT, ordonce more stabledCT, must be performed to completely
evaluate for intra-abdominal injury, while concurrently pursuing possible
extra-abdominal injury as a cause of instability (Fig. 2).

Chest and pelvic radiographs determine the presence of extra-abdominal
causes of hypotension or hemorrhage, namely pneumothorax or hemo-
thorax and pelvic ring fracture, respectively (Fig. 3). Needle decompression,
chest tube placement, or pelvic wrapping and subsequent angiography

Fig. 2. Ruptured left diaphragm and grade 3 splenic laceration.
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control further blood loss and aid in resuscitation. Large scalp lacerations
may also prove a source of hemorrhage and should be whip-stitched (or
Rainey clipped) closed.

Stable patients
New advances in computed tomography and ultrasound continue to alter

the management of stable patients with BAT (Fig. 4). Hemodynamically
stable patients allow for a more time intensive evaluation and alternative
testing to diagnose intra-abdominal injury. While physical exam in the
stable, alert, nonintoxicated patient is reasonably accurate, it is not infallible
and clinical observation with serial examinations is warranted [8]. Further-
more, one recent study advocates for CT evaluation in all patients sustaining
BAT. The authors cite missed significant injury, one requiring alteration of
treatment, at a rate of 7% in a patient population with no signs of external
trauma and normal abdominal examination [9].

Most centers employ US as part of their initial survey in trauma resusci-
tation. Studies demonstrate a range in sensitivity for hemoperitoneum from
65% to 95%, although most recent studies cite ranges of 86% to 89%
[28–30]. If the FAST is noted to be positive, these stable patients then
proceed to CT for delineation of intraperitoneal injury and quantification
of the hemoperitoneum (Fig. 5).

If the FAST is negative, concern for intra-abdominal injury is still pres-
ent, as US is notoriously poor at identifying solid organ subcapsular injury,
bowel injury, or injury to the retroperitoneum or diaphragm [26,31,32].
However, some report that a negative FAST coupled with a negative phys-
ical exam, followed by an observation period of 12 to 24 hours in an alert,
stable patient virtually excludes intra-abdominal injury [33]. Others recom-
mend serial abdominal US to increase the sensitivity of the FAST exam
[34,35].

Fig. 3. Nasogastric tube in left chest with diaphragmatic rupture.
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A recently published study prospectively illustrates that US use in
patients with abdominal trauma changed management decisions in 32.8%
of cases and decreased the need for CT and DPL or DPT. This prospective
study compared 419 patients who required trauma team activation. A con-
venience sample of 194 subjects received an initial bedside FAST after the
trauma team leader specified the patient management plan. After the
FAST, the plan was reviewed and a revised plan was documented. The re-
maining 225 subjects did not undergo FAST examination and proceeded
with the trauma leader’s original plan. Of those with a FAST examination,
the subsequent use of CT decreased from 47% to 34% and DPL from 9% to
1% [36]. Other studies cite decreased time to laparotomy and improved use
of hospital resources when US was part of the initial trauma evaluation in
those with abdominal trauma.

Branney and colleagues [37] prospectively evaluated 486 BAT patients
who followed an ultrasound-based key clinical pathway during a 3-month
period. He compared these with a similar cohort for 3 months and found
that those using the US pathway had significant reductions in the use of
CT (56% to 26%) and DPL (17% to 4%).
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Most recently Melniker and colleagues’ [38] point-of-care limited ultraso-
nography (PLUS) for trauma study prospectively evaluated the amount of
time from ED arrival to transfer to operative care. The 29 subjects in the
PLUS group who went to the operating room had a decrease of 64% in
time to operative care when compared with the 34 controls. Secondary
measures noted a coincident decrease in use of CT, length of stay, and
complications for the 111 subjects in the PLUS cohort when compared
with the 106 control subjects.

The advent of 64-slice helical CT scanners has improved diagnosis of
both solid and hollow viscus injury post-BAT (see Fig. 3). Recent studies
advocate the use of CT, even in patients with no signs of injury, be it intra-
or extra-abdominal [9]. Most admit to its low yield in those patients who are
alert with no signs of trauma; however, missed injury in these studies was at
times significant and, therefore, routine use of CT can not be abandoned in
certain patient populations, namely those with extra-abdominal injuries, eth-
anol ingestion, and otherwise unreliable abdominal examination [8,14,39].

The 2004 American College of Emergency Physicians Clinical Policy
statement, based on review of the literature, touts CT as reliably excluding
liver and spleen injury after BAT. This clinical policy also states that CT
alone could not reliably rule out hollow viscus, diaphragmatic, or pancreatic
injury [40].

Hollow viscus injury (HVI) remains difficult to detect despite advances in
diagnostic modalities. Coincident solid organ injury often masks CT find-
ings of HVI, increasing morbidity and mortality because of delay in diagno-
sis [41]. Recent studies suggest physical examination for signs of peritonitis,
coupled with CT with intravascular (IV) contrast only, may be adequate for
diagnosing bowel injury [42–45]. However, the low incidence of HVI makes
large prospective studies for noncontrast CT identification difficult.

Fig. 5. Free fluid in Morrison’s Pouch.
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Stuhlfaut and colleagues [43], restrospectively evaluated 1082 patients
with BAT who had a noncontrast CT of the abdomen and pelvis. Eleven
patients were diagnosed with HVI requiring operative repair. Noncontrast
CT had a sensitivity of 82% and specificity of 99% for detecting these
injuries.

In 2004 Allen and colleagues [54] prospectively evaluated 500 patients
after blunt abdominal trauma with noncontrast CT of the abdomen and
pelvis. A CT was considered positive for HVI if there was presence of bowel
wall thickening, bowel perforation, free intraperitoneal air, free fluid with-
out solid organ injury, and mesenteric laceration or hematoma. Of these
500, 19 of 20 subjects with HVI were detected on initial CT read (a duodenal
perforation was missed). There were two false-positive studies that were
read as suspicious for bowel injury but at laparotomy had only splenic in-
jury, and another misinterpreted as a gastric hematoma on the initial CT
read, but correctly refuted on immediate follow up CT with oral contrast.
In this study, noncontrast CT had a sensitivity of 95% and specificity of
99.6% for HVI.

In 2003 the Eastern Association for the Surgery of Trauma (EAST)
multi-institutional hollow viscus injury study reviewed trauma registries
from 95 trauma centers over 2 years. They concluded that no test or combi-
nation of findings could reliably exclude colonic injury. They noted that,
though only used in 22 % of cases, DPL was the only diagnostic test with
a sensitivity of 97% and negative predictive value of 80% for HVI [42].

If liver or splenic injury is detected by CT in a hemodynamically stable
patient, nonoperative management with close observation, serial examina-
tions, and hematocrits is now standard [46–48]. This is in part due to im-
proved resolution on CT, which allows better definition of the injury and
quantification of hemorrhage [47]. Even high-grade liver lacerations can
be initially managed nonoperatively; however, complications and the possi-
ble need for therapeutic laparotomy should be expected [48].

In 2005, Kozar and colleagues [48] evaluated 230 patients with grade 3 or
higher blunt hepatic injury initially managed nonoperatively. Of these, 25
had complications (11%) including bleeding, biliary tract related complica-
tions, abdominal compartment syndrome, liver abscesses, and liver necrosis.
Grade 5 injuries had a 63% complication rate, whereas only one of the
grade 3 patients had a complication (a peripheral bile duct leak). Operative
intervention was required in 5.2% of all study subjects initially managed
nonoperatively.

Special considerations

Pelvic fracture is routinely managed nonoperatively with angiography.
Therefore determination of concurrent hemoperitoneum in unstable
patients is paramount, as need for laparotomy in these patients may require
external fixator placement in the operating room for fracture stabilization.



722 ISENHOUR & MARX
Ultrasound and DPT have both proven efficacious in the management of
this patient population [49].

Closed head injury renders physical exam less useful in the triage of
patients with BAT. Furthermore, the ability perform more time intensive
diagnostic testing, such as CT, may be limited. When no lateralizing signs
are present, the need for urgent craniotomy is less and a quick head CT
follow by abdominal CT may be possible. However, those with lateralizing
signs and hemodynamic instability may need a burr hole with concurrent
laparotomy. Others that respond to resuscitative measures may have time
for a ‘‘quick’’ head CT just before abdominal CT [50,51].

There is evidence that patients with serious abdominal trauma, especially
those requiring surgical intervention, do better at regional trauma centers.
Consultation and transfer should occur early in the evaluation of patients.
However, a subset of patients with hemodynamic instability and known
hemoperitoneum will benefit from laparotomy with hemorrhage control
before transfer [52].

Penetrating abdominal trauma

Background

Penetrating trauma is increasing because of the growth of violence in our
society. Stab wounds are encountered three times more often than gunshot
wounds, but have a lower mortality because of their lower velocity and less
invasive tract. As a result of their greater force and extensive missile tract,
gunshot wounds account for up to 90% of the mortality associated with
penetrating abdominal trauma. Injury to the bowel (small, then large) is
most often found, followed by hepatic injury, regardless of type of penetrat-
ing injury [53].

Initial assessment

For those with penetrating abdominal trauma, it is important to note in
stab wounds the implement used, its trajectory, and length, and in gunshot
wounds, the type of gun, number of shots heard, the position of the patient
during the assault, and the distance of the patient from the gun. Shotgun
wounds create a special scenario, as their velocity and trajectories differ
from gunshot wounds. As distance is gained, shotgun pellets disperse and
thus mortality is decreased; however, debris carried into these resulting
multiple wounds increases morbidity [54].

Physical examination

It is vital that patients sustaining penetrating trauma be completely
undressed and thoroughly examined for injury. Often these patients will
present with an obvious wound to the anterior abdomen, only to have
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a secondary wound in an axilla, perineum, scalp, or skin fold that may be
unnoticed and perhaps lethal.

The tenet of evaluating penetrating abdominal trauma is to determine
peritoneal violation and then peritoneal injury. Physical exam may reveal
peritonitis, evisceration, or other indications of peritoneal violation, and
thus the need for operative management [55]. Those patients with unstable
vital signs may have an intra-abdominal injury with hemorrhage; however,
tension pneumothorax, hemothorax, and pericardial tamponade must be
considered and evaluated.

Emergency management

With the advent of anesthesia, sterilization, and surgical training, post
World War I treatment of penetrating injury to the abdomen was manda-
tory laparotomy. This dogmatic approach was predicated by battlefield
experience with trauma laparotomies and translated to civilian populations
in the post-war era. However, as nontheraputic laparotomy rates ap-
proached 30%, surgeons found that the injuries and morbidity associated
with noncombat penetrating wounds differed from those produced by
military weapons. In 1960 Shaftan [56] published a paper advocating nonop-
erative management in select patient populations sustaining stab wounds,
and the tenet of mandatory laparotomy was lost. Today, nonoperative
treatment of abdominal gunshot wounds is also gaining favor [57–60].

Indication for mandatory laparotomy

The mainstay of evaluation of those with penetrating abdominal trauma is
identification of the need for immediate surgical intervention. Physicians
agree that immediate laparotomy is indicated if there is hemodynamic insta-
bility or the presence of peritoneal signs on physical examination [9,57,61–69].

When evisceration is present, surgical intervention is generally accepted
as the next step in management. Nagy and colleagues’ [63] prospective study
in 1999 included 81 patients with abdominal stab wounds and evisceration:
either omentum (75%), small intestine (22%), colon (1%), or both small
bowel and colon (1%). Peritoneal signs or hemodynamic instability were ab-
sent in 76% and evisceration was therefore the sole indication for surgical
exploration. A necessary laparotomy was performed in 76% of this sub-
group, and of those with only omental evisceration, the necessary laparot-
omy rate was 73%. This high incidence of intra-abdominal injury
following stab wounds with evisceration has made exploratory laparotomy
in these patients standard [9,61–63].

Newer studies are challenging this standard in those with anterior stab
wounds. Arikan [64] published a small study in 2005, evaluating nonopera-
tive management for abdominal stab wounds with evisceration. Thirty-one
patients were managed non-operatively, despite evisceration of omentum
(28) or organ (3). Of these, 24 were discharged home without exploratory
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laparotomy, including two with organ evisceration. Seven patients were
explored because of development of concerning physical exam findings dur-
ing the observation period. There were two negative, five therapeutic, and
no nontheraputic laparotomies. Those patients with nonoperative manage-
ment had decreased hospital length of stay and complication rates when
compared with a group of 21 patients managed with mandatory laparot-
omy. Patients with refractory hypotension, peritonitis, blood from a naso-
gastric tube, or obviously perforated bowel were excluded. Evisceration
after gunshot wounds mandates immediate laparotomy because of increase
injury and contamination associated with these injuries [57].

Identification of peritoneal injury

Stab wounds
Stab wounds produce peritoneal violation in up to 70% of instances, but

of these only one fourth to one third will require operative intervention
(Fig. 6) [65,70]. For those patients without evisceration, peritonitis, or
hemodynamic instability, studies show that judicious use of local wound ex-
ploration, CT, DPL, laparoscopy, and US, coupled with physical examina-
tion, can safely select patients appropriate for nonoperative management
[66,69,71].

Local wound exploration is easily and safely performed at the bedside in
those patients with abdominal stab wounds. If the stab wound tract ends
before violation of the abdominal fascia, studies show these patients are
safe for discharge. However, if the tract is not completely visualized because
of body habitus, other injuries, or technical inability then further testing is
necessary.

Most centers employ CT as the next step in evaluation of these stable
patients as it is noninvasive, offers information about the extent of injury
to visceral organs, and can help plan both operative and nonoperative man-
agement [9,72,73]. While triple contrast CT is still routinely used for its 97%
sensitivity and 98% specificity [72], one recent study evaluated the use of CT
with only IV contrast and found a similar sensitivity and specificity. This
protocol reserves use of oral and rectal contrast for specific patient popula-
tions, thus decreasing the amount of time needed to perform the diagnostic
test in most patients [59]. Injuries to the bowel, diaphragm, and pancreas are
poorly visualized on CT (even with triple contrast), and in those patients
with high suspicion for injury (such as those with hepatic injury and
right-sided hemothorax), further diagnostic testing with laparascopy or
DPL may be warranted despite negative CT [60,72].

The role of ultrasound in penetrating abdominal trauma is still evolving.
A positive FAST may indicate intraperitoneal hemorrhage and injury, but
in this group of stable patients, more definitive testing must follow as there
is potential for nonoperative management. A negative FAST does not ex-
clude injury and requires further evaluation [74]. A small study of 35
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hemodynamically stable patients with anterior abdominal stab wounds used
US to determine fascial violation. After anesthetizing the wound, the 8.0
MHz probe was used to assess abdominal fascial integrity directly beneath
the wound and in a 10-cm by 10-cm area surrounding the injury. All stab
wounds were then evaluated with standard local wound exploration. While
overall sensitivity was only 59%, this increased as the operator’s years of
training increased (specificity was 100%) [75]. As emergency practitioners
become more facile with alternative applications of US, this less invasive
test for peritoneal violation may play a larger role.
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Fig. 6. Abdominal stab wounds. US, ultrasonography.
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At some centers, diagnostic laparoscopy (DL) is used as a screening tool
for those with abdominal stab wounds. It is useful for inspecting the dia-
phragm and evaluating the depth of wound tracts [67,76,77]. Its routine
use for penetrating trauma, however, is controversial.

A small prospective study of 232 subjects demonstrated that in patients
with clear peritoneal violation (43 subjects), diagnostic laparoscopy (N ¼
20) performed no better than exploratory laparotomy (N¼ 23). In this study,
no therapeutic laparoscopieswere performedandnine subjectswere converted
from DL to laparotomy. However, in those 63 subjects with local wound ex-
ploration showing equivocal penetration, those randomized to laparoscopy
(N ¼ 28) had more minor and occult organ injury detected than those in the
selected nonoperative management group (N ¼ 31). But, this was at the ex-
pense of increased length of stay, hospital cost, and time to recovery in the
DL group, leading the investigators to recommend against routine use of
DL in penetrating abdominal trauma [78].

Other advocates of DL point to decreased cost and length of stay when
laparoscopy is employed rather than exploratory laparotomy; albeit, this
is at centers adept at DL [67,79]. Simon and colleague’s [79] 5-year review
of over 9,000 trauma patients at Jacobi Medical Center in New York found
344 explorations for penetrating abdominal trauma (300 laparotomies and
44 laparoscopies). During the last 4 years of the study period, he noted
a rise in the use of DL for stab wound evaluation from 19.4% to 27%,
which correlated to a decrease in the negative laparotomy rate during that
time period. Of the 44 laparoscopies, 22 were positive for peritoneal viola-
tion and 15 of those required conversion to laparotomy for repair (there
was 1 nontheraputic laparotomy). The remaining seven were three non-
bleeding liver lacerations managed nonoperatively and four left diaphrag-
matic injuries repaired laparoscopically. There were 238 positive, 31
nontheraputic, and 31 negative laparotomies in those patients managed
with initial laparotomy.

Length of stay for those patients with no other injuries and a negative
laparotomy (N ¼ 21; length of hospital stay 4.0 plus or minus 1.7 days)
and those with no other injuries and a negative DL (N ¼ 5; length of hos-
pital stay 2.2 plus or minus 1.1 days) were compared and noted to be signif-
icantly less in the DL group (P ¼ .0349). Neither of these groups had any
significant complications. The investigators concluded that in a trauma cen-
ter with an aggressive DL program, patients with anterior stab wound can
benefit from this approach [79].

A small prospective study of 52 subjects with penetrating abdominal
trauma, by Ahmed and colleagues [67], demonstrated that 77% of stable
patients could avoid laparotomy when DL was employed. Of the 38%
with visceral injury, almost half were managed nonoperatively. In this small
series, only 12 subjects required open therapeutic laparotomy. When com-
pared with National Trauma Data Bank matched patients, the use of DL
was estimated to reduce hospitalization by over 55% in this series.
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Diagnostic peritoneal lavage performed at the bedside determines both
peritoneal violation and peritoneal injury. This rapid, yet invasive, test
provides information about solid viscus, bowel, and diaphragmatic injury.
While there has been debate over what red blood cell counts to use for
detecting injury, most agree that the presence of greater than 10,000 red
blood cells per high-power field (RBCs/hpf) indicates visceral injury in
penetrating abdominal wounds [55,80]. A reduced range of 5 to 10,000
RBCs/hpf should be used for thoracoabdominal wounds [54]. When cou-
pled with physical examination, DPL helps identify those patients who
are candidates for nonoperative management [66,68,71]. However, as other
less invasive diagnostic modalities are gaining favor, routine use of DPL is
decreasing [57].

Gunshot wounds
Determining trajectory of gunshot wounds helps to determine the pres-

ence of intraperitoneal injury (Fig. 7). Once a thorough physical exam is
completed and the number of wounds counted, plain film radiographs
elucidate the missile path. Radio-opaque markers on any wounds, coupled
with anteroposterior and lateral films, create a three dimensional estimation
of trajectory path. Caution should prevail, as even wounds suggesting a su-
perficial path may have intraperitoneal injury. If an odd number of wounds
are present, careful attention to radiographs should reveal the missile
location [57].

Computed tomography scanning is frequently employed after abdominal
gunshot wounds, as it allows for determination of trajectory path, identifies
organ injury and, therefore, optimal patients for nonoperative management
[57,59,72]. As discussed previously, sensitivity and specificity remain high
for this modality, even when IV contrast is solely used [59]. Many studies
use CT as an adjuvant to nonoperative management [57,60,69,73]. It is es-
pecially helpful for defining hepatic injury that may be ideal for conservative
treatment with observation only.

While more invasive, DPL has known high sensitivity for intra-
abdominal injury after gunshot wounds [55,57,80]. It is an excellent means
of determining peritoneal violation: using 10,000 RBCs/hpf as the threshold,
it has a sensitivity of 96% [55]. Brakenridge and colleagues [80] also demon-
strated its utility in shotgun wounds, citing a sensitivity of 87.5% in these
patients. But, while DPL is sensitive for hemoperitoneum, it does not give
specific information regarding organ injury and is therefore less useful in
determining nonoperative management in stable patients, and its use as
a screening exam in these patients is declining [57].

Conversely, laparoscopy is slowly gaining favor in the management of
abdominal gunshot wounds. Laparoscopy serves primarily to determine
the presence of peritoneal violation and to inspect the diaphragm. Draw-
backs include the need for anesthesia, inability to repair certain injuries (re-
quiring conversion to laparotomy), and difficulty in visualizing the posterior
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diaphragm, subtle bowel injuries, and the retroperitoneum [57,67,76]. As for
stab wounds, as trauma centers become more adept at this procedure
laparoscopy may be used more frequently, especially in those patients
with left sided thoracoabdominal injuries in which diaphragmatic injury
must be ruled out [57].

Selective nonoperative management

Once the need for mandatory laparatomy is ruled out, patients may be
triaged to nonoperative management. These patients must be serially
observed with frequent physical examination. If peritoneal signs develop,
conversion to laparotomy follows. Some centers use additional diagnostic
testing (as described above) to further stratify patients for nonoperative

CT      Computed Tomagraphy
 DL     Diagnostic Laparoscopy
DPL    Diagnostic Peritoneal Lavage 

Hemodynamically unstable?
 Peritoneal signs

 Evisceration

Observation 

Peritoneal Injury?

Peritoneal Penetration? LAPAROTOMY
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CT, plain film radiographs 
 DL
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No

CT, DPL, DL, 
Serial exams 
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D/C

Fig. 7. Abdominal gunshot wounds.
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management. Numerous studies have touted this approach for management
of abdominal stab wounds, showing it safely reduces rates of nontheraputic
and negative laparotomies, as well as decreasing the length of hospital stay
and cost [60,69,71].

Now studies confirm that similar algorithms for abdominal gunshot
wounds are also safe practice in centers able to perform frequent re-
examination of patients and transition to laparotomy when indicated
[57–60,72]. Velmahos and colleagues’ study [59] of 100 subjects with nontan-
gential abdominal gunshot wounds selected for nonoperative management
showed CT had a sensitivity of 90.5% and specificity of 96% for identifying
injury. In this study, 26 subjects went on to laparotomy, of which 5 were
nontheraputic. In another study of nonoperative management of penetrat-
ing abdominal trauma, 41 patients with gunshot wounds were evaluated.
Of these, 17 had a positive CT and 24 had a negative CT. There were no
false-negative CTs in this select group. Thirteen went on to laparotomy,
of which 11 were therapeutic, 1 was nontheraputic and 1 was negative
(this patient had a negative CT but clinical indications for laparotomy).
There were five nonoperative hepatic injuries, three hepatic injuries that
had angioembolization, and one video-assisted thorascopic diaphragm
repair [72].

Special considerations

Flank and back penetrating injury present a difficult situation, as visual-
ization of those areas via local wound exploration, US, DPL, and laparos-
copy is challenging, if not impossible. Computed tomographic scan with
triple contrast has become the test of choice in hemodynamically stable
patients, and may safely allow triage to nonoperative management [58,81].
There is growing evidence for nonoperative management, but these studies
remain small and are only applicable at trauma centers. As most patients
with these injuries have indication for mandatory laparotomy, larger more
translatable studies are probably not forthcoming [57].

Thoracoabdominal wounds are especially difficult, as the trajectory of
penetration cannot be reliably determined because of movement of the
diaphragm. As noted above, if DPL is used in this group, then a lowered
RBC/hpf threshold of 5000 must be used [54]. While exploratory lapartomy
has been mandatory for these types of injuries in the past, use of laparos-
copy continues to gain favor. This approach reduces negative and nonther-
aputic laparotomy rates previously documented [57].

Summary

Several advances in diagnostic modalities challenge the traditional
dogmatic approach to abdominal trauma. Ultrasonography is now rou-
tinely used in the initial assessment of those with blunt abdominal trauma,
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and its role in penetrating trauma is being defined. Improved CT resolution
with multislice and helical CT scanners allows for better identification of
injuries with improved ability to grade their severity. This in turn, offers
a nonoperative approach for certain patients with penetrating or blunt
abdominal trauma. As competence with laparoscopy continues to evolve,
this more invasive screening tool shows promise for evaluation of certain
types of patients with penetrating injury, and may lead to less morbity
and more cost-effective use of hospital resources. Finally, selective nonoper-
ative management for both BAT and abdominal stab wounds and gunshot
wounds is no longer a novelty, finally accumulating the literature necessary
to make its practice standard in most trauma centers.

References

[1] Davis JJ, Cohn I Jr, Nance FC, et al. Diagnosis and management of blunt abdominal

trauma. Ann Surg 1976;183:672–8.

[2] Demetriades D,Murray JA, BrownC, et al. High-level falls: type and severity of injuries and

survival outcome according to age. J Trauma 2005;58:342–5.

[3] Rivara FP, Koepsell TD, Grossman DC, et al. Effectiveness of automatic shoulder belt

systems in motor vehicle crashes. JAMA 2000;283:2826–8.

[4] Brasel KJ, Nirula R. What mechanism justifies abdominal evaluation in motor vehicle

crashes. J Trauma 2005;59:1057–61.

[5] Newgard CD, Lewis RJ, Kraus JF. Steering wheel deformity and serious thoracic or abdom-

inal injury among drivers and passengers involved inmotor vehicle crashes. AnnEmergMed

2005;45:43–50.

[6] BrownCK,DunnKA,WilsonK, et al. Diagnostic evaluation of patients with blunt abdom-

inal trauma: a decision analysis [see comment]. Acad Emerg Med 2000;7:385–96.

[7] Mahoney EJ, BifflWL,HarringtonDT, et al. Isolated brain injury as a cause of hypotension

in the blunt trauma patient. J Trauma 2003;55:1065–9.

[8] Poletti PA, Mirvis SE, Shanmuganathan K, et al. Blunt abdominal trauma patients: can or-

gan injury be excluded without performing computed tomography? J Trauma 2004;57:

1072–81.

[9] Salim A, Sangthong B, Martin M, et al. Whole body imaging in blunt multisystem trauma

patients without obvious signs of injury: results of a prospective study. Arch Surg 2006;

141:468–73.

[10] Schurink GW, Bode PJ, van Luijt PA, et al. The value of physical examination in the diag-

nosis of patients with blunt abdominal trauma: a retrospective study. Injury 1997;28:261–5.

[11] Ferrera PC, Verdile VP, Bartfield JM, et al. Injuries distracting from intraabdominal injuries

after blunt trauma. Am J Emerg Med 1998;16:145–9.

[12] Holmes JF, Ngyuen H, Jacoby RC, et al. Do all patients with left costal margin injuries

require radiographic evaluation for intraabdominal injury. Ann Emerg Med 2005;46:

232–6.

[13] Velmahos GC, Tatevossian R, Demetriades D, et al. The ‘‘seat belt mark’’ sign: a call for

increased vigilance among physicians treating victims of motor vehicle accidents. Am Surg

1999;65:181–5.

[14] Schauer BA, Nguyen H, Wisner DH, et al. Is definitive abdominal evaluation required in

blunt trauma victims undergoing urgent extra abdominal surgery. Acad Emerg Med 2005;

12:707–11.

[15] Gonzalez RP, HanM, Turk B, et al. Screening for abdominal injury prior to emergent extra-

abdominal trauma surgery: A prospective study. J Trauma 2004;57:739–41.



731ADVANCES IN ABDOMINAL TRAUMA
[16] Gonzalez RP, Dziurzynski K, Maunu M. Emergent extra-abdominal trauma surgery: is

abdominal screening necessary. J Trauma 2000;49:195–9.

[17] Davis JW, Mackersie RC, Holbrook TL, et al. Base deficit as an indicator of significant

abdominal injury [see comment]. Ann Emerg Med 1991;20:842–4.

[18] Davis JW, Kaups KL, Parks SN, et al. Base deficit is superior to pH in evaluating clearance

of acidosis after traumatic shock. J Trauma 1998;44:114–8.

[19] Asimos AW, Gibbs MA, Marx JA, et al. Value of point-of-care blood testing in emergent

trauma management. J Trauma 2000;48:1101–8.

[20] Takishima T, SugimotoK, HirataM, et al. Serum amylase level on admission in the diagno-

sis of blunt injury to the pancreas Its significance and limitations. Ann EmergMed 1997;226:

70–6.

[21] Knudson MM, McAninch JW, Gomez R, et al. Hematuria as a predictor of abdominal

injury after blunt trauma. Am J Surg 1992;164:482–5.

[22] Richards JR, Derlet RW, Richards JR, et al. Computed tomography for blunt abdominal

trauma in the ED: a prospective study. Am J Emerg Med 1998;16:338–42.

[23] Sloan EP, Zalenski RJ, SmithRF, et al. Toxicology screening in urban trauma patients: drug

prevalence and its relationship to trauma severity and management. J Trauma 1989;29:

1647–53.

[24] Clarke JR, Trooskin SZ, Doshi PJ, et al. Time to laparotomy for intra-abdominal bleeding

from trauma does affect survival for delays up to 90 minutes. J Trauma 2002;52:420–5.

[25] Farahmand N, Sirlin CB, Brown MA, et al. Hypotensive patients with blunt abdominal

trauma: performance of screening US. Radiology 2005;235:436–43.

[26] Holmes JF, Harris D, Battistella FD, et al. Performance of abdominal ultrasonography in

blunt trauma patients with out-of-hospital or emergency department hypotension. Ann

Emerg Med 2004;43:354–61.

[27] Soffer D, Schulman CI, Mckenney MG, et al. What does ultrasonography miss in blunt

trauma patients with a low glasgow coma score (GCS). J Trauma 2006;60:1184–8.

[28] Chiu WC, Cushing BM, Rodriguez A, et al. Abdominal injuries without hemoperitoneum:

a potential limitation of focused abdominal sonography for trauma (FAST). J Trauma 1997;

42:617–25.

[29] Dolich MO, McKenney MG, Varela JE, et al. 2,576 ultrasounds for blunt abdominal

trauma. J Trauma 2001;50:108–12.

[30] Bode PJ, Edwards MJ, Kruit MC, et al. Sonography in clinical algorithm for early

evaluation of 1671 patients with blunt abdominal trauma. AJR Am J Roentgenol 1999;

172:905–11.

[31] Fakhry SM,Watts DD, Luchette FA, et al. Current diagnostic approaches lack sensitivity in

the diagnosis of perforated blunt small bowel injury: analysis from 275,557 trauma admis-

sions from the EAST multi-institutional HVI trial. J Trauma 2003;54:295–306.

[32] Lorente-Ramos RM, Santiago-HernandoA, Del Valle-Sanz Y, et al. Sonographic diagnosis

of intramural duodenal hematomas. J Clin Ultrasound 1999;27:213–6.

[33] Sirlin CB, BrownMA,Andrade-BarretoOA, et al. Blunt abdominal trauma: clinical value of

negative screening US scans. Radiology 2004;230:661–8.

[34] Henderson SO, Sung J, Mandavia D, et al. Serial abdominal ultrasound in the setting of

trauma. J Emerg Med 2000;18:79–81.

[35] Blackbourne LH, Soffer D, Mckenney MG, et al. Secondary ultrasound examination

increases the sensitivity of the FAST exam in blunt trauma. J Trauma 2004;57:934–8.

[36] Ollerton JE, SugrueM, Balogh Z, et al. Prospective study to evaluate the influence of FAST

on trauma patient management [see comment]. J Trauma 2006;60:785–91.

[37] Branney SW, Moore EE, Cantrill SV, et al. Ultrasound based key clinical pathway reduces

the use of hospital resources for the evaluation of blunt abdominal trauma [see comment].

J Trauma 1997;42:1086–90.

[38] Melniker LA, Leibner E, McKenney MG, et al. Randomized controlled clinical trial of

point-of-care, limited ultrasonography for trauma in the emergency department: the first



732 ISENHOUR & MARX
sonography outcomes assessment program trial [see comment]. Ann Emerg Med 2006;48:

227–35.

[39] Beck D,Marley R, Salvator A, et al. Prospective study of the clinical predictors of a positive

abdominal computed tomography in blunt trauma patients. J Trauma 2004;57:296–300.

[40] ACEPClinical Policies Committee, Clinical Policies Subcommittee on Acute Blunt Abdom-

inal Trauma. Clinical policy: critical issues in the evaluation of adult patients presenting to

the emergency department with acute blunt abdominal trauma. Ann Emerg Med 2004;43:

278–90.

[41] Hackam DJ, Ali J, Jastaniah SS. Effects of other intra-abdominal injuries on the diagnosis,

management, and outcome of small bowel trauma. J Trauma 2006;49:606–10.

[42] Williams MD, Watts D, Fakhry S. Colon injury after blunt abdominal trauma: Results of

the EAST multi-institutional hollow viscus injury study. J Trauma 2003;55:906–12.

[43] Stuhlfaut JW, Soto JA, Lucey BC, et al. Blunt abdominal trauma: performance of CT

without oral contrast material. Radiology 2004;233:689–94.

[44] Mitsuhide K, Junichi S, Atsushi N, et al. Computed tomographic scanning and selective lap-

aroscopy in the diagnosis of blunt bowel injury: a prospective study. J Trauma 2005;58:

696–701.

[45] Allen TL. Computed tomographic scanning without oral contrast solution for blunt bowel

and mesenteric injuries in abdominal trauma. J Trauma 2004;56:314–22.

[46] Clancy TV, Ramshaw DG, Maxwell JG, et al. Management outcomes in splenic injury:

a statewide trauma center review. Ann Surg 1997;226:17–24.

[47] Malhotra AK, Fabian TC, Croce MA, et al. Blunt hepatic injury: a paradigm shift from

operative to nonoperative management in the 1990s. Ann Emerg Med 2000;231:804–13.

[48] Kozar RA, Moore JB, Niles SE, et al. Complications of nonoperative management of high-

grade blunt hepatic injuries. J Trauma 2005;59:1066–71.

[49] Mendez C,GublerKD,Maier RV, et al. Diagnostic accuracy of peritoneal lavage in patients

with pelvic fractures. Ann Surg 1994;129:477–81.

[50] ThomasonM, Messick J, Rutledge R, et al. Head CT scanning versus urgent exploration in

the hypotensive blunt trauma patient [see comment]. J Trauma 1993;34:40–4.

[51] Winchell RJ, Hoyt DB, Simons RK, et al. Use of computed tomography of the head in the

hypotensive blunt-trauma patient. Ann Emerg Med 1995;25:737–42.

[52] Weinberg JA, McKinley K, Petersen SR, et al. Trauma laparotomy in a rural setting before

transfer to a regional center: Does it save lives. J Trauma 2003;54:823–8.

[53] Nicholas JM,Rix EP, EasleyKA, et al. Changing patterns in themanagement of penetrating

abdominal trauma: the more things change, the more they stay the same. J Trauma 2003;55:

1095–110.

[54] Marx JA, Isenhour JL. Abdominal trauma. In: Marx JA, editor. Rosen’s emergency

medicine: concepts and clinical practice. 6th edition. Philadelphia: Mosby; 2006.

[55] NagyKK,Krosner SM, JosephKT, et al. Amethod of determining peritoneal penetration in

gunshot wounds to the abdomen. J Trauma 1997;43:242–6.

[56] Shaftan GW. Indications for operation in abdominal trauma. Am J Surg 1960;99:657–64.

[57] Pryor JP, Reilly PM, Dabrowski GP, et al. Nonoperative management of abdominal

gunshot wounds. Ann Emerg Med 2004;43:344–53.

[58] Ginzburg E, Carrillo EH, Kopelman T, et al. The role of computed tomography in selective

management of gunshot wounds to the abdomen and flank. J Trauma 1998;45:1005–9.

[59] Velmahos GC, Constantinou C, Tillou A, et al. Abdominal computed tomographic scan for

patients with gunshot wounds to the abdomen selected for nonoperative management.

J Trauma 2005;59:1155–61.

[60] VelmahosGC, Demetriades D, Toutouzas KG, et al. Selective nonoperative management in

1,856 patients with abdominal gunshot wounds: Should routine laparotomy still be the

standard of care. Ann Emerg Med 2001;234:395–403.



733ADVANCES IN ABDOMINAL TRAUMA
[61] Leppaniemi AK, Haapiainen RK, Leppaniemi AK, et al. Selective nonoperative manage-

ment of abdominal stab wounds: prospective, randomized study. World J Surg 1996;20:

1101–5.

[62] Leppaniemi AK, Voutilainen PE, Haapiainen RK, et al. Indications for early mandatory

laparotomy in abdominal stab wounds. Br J Surg 1999;86:76–80.

[63] Nagy KK, Roberts RR, Joseph KT, et al. Evisceration after abdominal stab wounds: Is

laparotomy required. J Trauma 1999;47:622–30.

[64] Arikan S, Kocakusak A, Yucel AF, et al. A prospective comparison of the selective obser-

vation and routine exploration methods for penetrating abdominal stab wounds with organ

or omentum evisceration. J Trauma 2005;58:526–32.

[65] Nance FC, Wennar MH, Johnson LW, et al. Surgical judgment in the management of

penetrating wounds of the abdomen: experience with 2212 patients. Ann Surg 1974;179:

639–46.

[66] Ertekin C, Yanar H, Taviloglu K, et al. Unnecessary laparotomy by using physical exami-

nation and different diagnostic modalities for penetrating abdominal stab wounds. Emerg

Med J 2005;22:790–4.

[67] Ahmed N, Whelan J, Brownlee J, et al. The contribution of laparoscopy in evaluation of

penetrating abdominal wounds. J Am Coll Surg 2005;201:213–6.

[68] Alzamel HA, Cohn SM, Alzamel HA, et al. When is it safe to discharge asymptomatic

patients with abdominal stab wounds? J Trauma 2005;58:523–5.

[69] ConradMF, Patton JH Jr, ParikshakM, et al. Selective management of penetrating truncal

injuries: is emergency department discharge a reasonable goal? Am Surg 2003;69:266–72.

[70] DemetriadesD, Rabinowitz B, DemetriadesD, et al. Indications for operation in abdominal

stab wounds. A prospective study of 651 patients. Ann Surg 1987;205:129–32.

[71] Tsikitis V, Biffl WL, Majercik S, et al. Selective clinical management of anterior abdominal

stab wounds. Am J Surg 2004;188:807–12.

[72] Chiu WC, Shanmuganathan K, Mirvis SE, et al. Determining the need for laparotomy in

penetrating torso trauma: a prospective study using triple contrast enhanced abdominopel-

vic computed tomography. J Trauma 2001;51:860–9.

[73] Shanmuganathan K, Mirvis SE, Chiu WC, et al. Penetrating torso trauma: triple-contrast

helical CT in peritoneal violation and organ injuryda prospective study in 200 patients.

Radiology 2004;231:775–84.

[74] UdobiKF,RodriguezA, ChiuWC, et al. Role of ultrasonography in penetrating abdominal

trauma: a prospective clinical study. J Trauma 2001;50:475–9.

[75] Murphy JT, Hall J, Provost D. Fascial ultrasound for evaluation of anterior abdominal stab

wound injury. J Trauma 2005;59:843–6.

[76] Friese RS, Coln E, Gentilello LM. Laparoscopy is sufficient to exclude occult diaphragm

injury after penetrating abdominal wounds. J Trauma 2005;58:789–92.

[77] Leppäniemi A, Haapiainen R. Occult diaphragmatic injuries caused by stab wounds.

J Trauma 2003;55:646–50.

[78] LeppäniemiA,HaapiainenR.Diagnostic laparoscopy in abdominal stabwounds: a prospec-

tive, randomized study. J Trauma 2003;55:636–45.

[79] Simon RJ, Rabin J, Kuhls D. Impact of increased use of laparoscopy on negative laparot-

omy rates after penetrating trauma. J Trauma 2002;53:297–302.

[80] Brakenridge SC, Nagy KK, Joseph KT, et al. Detection of intra-abdominal injury using

diagnostic peritoneal lavage after shotgun wound to abdomen. J Trauma 2003;54:329–31.

[81] Albrecht RM, Vigil A, Schermer CR, et al. Stab wounds to the back/flank in hemodynam-

ically stable patients: evaluation using triple-contrast computed tomography. AmSurg 1999;

65:683–7.


	Advances in Abdominal Trauma
	Blunt abdominal trauma
	Background
	Initial assessment
	Physical examination
	Laboratory testing
	Emergency management
	Unstable patients
	Stable patients

	Special considerations

	Penetrating abdominal trauma
	Background
	Initial assessment
	Physical examination
	Emergency management
	Indication for mandatory laparotomy
	Identification of peritoneal injury
	Stab wounds
	Gunshot wounds

	Selective nonoperative management
	Special considerations

	Summary
	References


