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CLINICAL SCENARIOS
Case 1

A 25-year-old man was a restrained passenger in a high-speed motor vehicle
collision. He reports abdominal pain,
which he attributes to his lap restraint
belt. He is hemodynamically stable with
a blood pressure of 120/75 mm Hg and
a pulse of 88/min. Physical examination reveals a transverse area of erythema and ecchymosis consistent with
the lap restraint belt, and the patient has
mild suprapubic tenderness on abdominal palpation (FIGURE 1).
Case 2

A 55-year-old man fell 8 ft from a ladder onto the ground. He is hemodynamically stable with a blood pressure
of 132/72 mm Hg and a pulse of 76/
min. Physical examination reveals bruising and tenderness to the right costal
margin and abrasions along the right
flank but no tenderness with palpation
over his abdomen. Laboratory testing
demonstrates normal hematocrit, white
blood cell (WBC) count, and liver transaminases and absence of hematuria.
WHY IS THIS QUESTION
IMPORTANT?
Trauma is the leading cause of death in
those younger than 45 years in the
CME available online at
www.jamaarchivescme.com
and questions on p 1536.

Context Blunt abdominal trauma often presents a substantial diagnostic challenge.
Well-informed clinical examination can identify patients who require further diagnostic evaluation for intra-abdominal injuries after blunt abdominal trauma.
Objective To systematically assess the precision and accuracy of symptoms, signs,
laboratory tests, and bedside imaging studies to identify intra-abdominal injuries in
patients with blunt abdominal trauma.
Data Sources We conducted a structured search of MEDLINE (1950–January 2012)
and EMBASE (1980–January 2012) to identify English-language studies examining the
identification of intra-abdominal injuries. A separate, structured search was conducted for studies evaluating bedside ultrasonography.
Study Selection We included studies of diagnostic accuracy for intra-abdominal injury that compared at least 1 finding with a reference standard of abdominal computed tomography, diagnostic peritoneal lavage, laparotomy, autopsy, and/or clinical
course for intra-abdominal injury. Twelve studies on clinical findings and 22 studies
on bedside ultrasonography met inclusion criteria for data extraction.
Data Extraction Critical appraisal and data extraction were independently performed by 2 authors.
Data Synthesis The prevalence of intra-abdominal injury in adult emergency department patients with blunt abdominal trauma among all evidence level 1 and 2 studies was
13% (95% CI, 10%-17%), with 4.7% (95% CI, 2.5%-8.6%) requiring therapeutic surgery or angiographic embolization of injuries. The presence of a seat belt sign (likelihood
ratio [LR] range, 5.6-9.9), rebound tenderness (LR, 6.5; 95% CI, 1.8-24), hypotension
(LR, 5.2; 95% CI, 3.5-7.5), abdominal distention (LR, 3.8; 95% CI, 1.9-7.6), or guarding
(LR, 3.7; 95% CI, 2.3-5.9) suggest an intra-abdominal injury. The absence of abdominal
tenderness to palpation does not rule out an intra-abdominal injury (summary LR, 0.61;
95% CI, 0.46-0.80). The presence of intraperitoneal fluid or organ injury on bedside ultrasound assessment is more accurate than any history and physical examination findings (adjusted summary LR, 30; 95% CI, 20-46); conversely, a normal ultrasound result
decreases the chance of injury detection (adjusted summary LR, 0.26; 95% CI, 0.190.34). Test results increasing the likelihood of intra-abdominal injury include a base deficit less than −6 mEq/L (LR, 18; 95% CI, 11-30), elevated liver transaminases (LR range,
2.5-5.2), hematuria (LR range, 3.7-4.1), anemia (LR range, 2.2-3.3), and abnormal chest
radiograph (LR range, 2.5-3.8). Symptoms and signs may be most useful in combination, particularly in identification of patients who do not need further diagnostic workup.
Conclusions Bedside ultrasonography has the highest accuracy of all individual findings, but a normal result does not rule out an intra-abdominal injury. Combinations of
clinical findings may be most useful to determine which patients do not require further evaluation, but the ideal combination of variables for identifying patients without intra-abdominal injury requires further study.
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Figure 1. Seat Belt Sign

Linear abrasion and ecchymosis across abdominal wall from lap portion of safety restraint.

United States.1 Intra-abdominal injuries (any injury to intraperitoneal and retroperitoneal organs including the presence of hemoperitoneum) following
blunt (80%) or penetrating (20%) trauma
cause a substantial proportion of traumatic deaths.2 Motor vehicle collisions
and falls are the most common causes of
blunt trauma, whereas gunshot and stab
wounds are the most common causes of
penetrating trauma.2 Penetrating abdominal trauma has a relatively straightforward diagnostic evaluation, but blunt
abdominal trauma often presents a substantial diagnostic challenge. Patients
with severe injuries and ongoing hemorrhage require immediate recognition
and treatment (laparotomy or angiographic embolization). Patients with
seemingly less severe trauma or no apparent injury on initial examination may
still have clinically significant intraabdominal injuries, and delayed diagnosis of such injuries is an important
cause of preventable morbidity and mortality.3-5 The anatomical features of the
abdominal organs and the physiological events following abdominal injuries
produce the signs and symptoms that direct the initial examination (eAppendix; available at http://www.jama.com)
and allow categorization of patients into
those who are hemodynamically unstable (persistent hypotension despite
crystalloid resuscitation) or hemodynamically stable.
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Hemodynamically Unstable Patients

Although all trauma patients undergo
a primary and secondary survey (a
trauma-focused history and physical examination; see eAppendix),6 the abdominal examination for detecting intra-abdominal injury in unstable
patients is often unreliable because of
the frequency of concomitant factors including distracting injuries, endotracheal intubation, and altered level of
consciousness from neurological injuries or intoxication.7,8 Because these patients are often too unstable for transportation from the trauma resuscitation
area to obtain computed tomography
(CT) imaging, conventional algorithms for hemodynamically unstable
patients make use of bedside diagnostic testing such as ultrasonography or
diagnostic peritoneal lavage (DPL) to
rapidly determine the need for exploratory laparotomy.9
Hemodynamically Stable Patients

In hemodynamically stable patients, abdominal CT is the reference standard
diagnostic imaging test to identify abdominal injuries.9-12 Helical abdominal CT is both sensitive (97%-98%) and
specific (97%-99%) for abdominal injuries.13,14 Current trauma guidelines
recommend abdominal CT imaging in
patients with unreliable physical examinations; physical examination findings including abdominal tenderness,

abdominal wall contusions, or multiple rib fractures; or intraperitoneal
fluid on ultrasound.9 However, less than
20% of abdominal CT scans obtained
in patients with blunt trauma are positive for intra-abdominal injury,15,16
while less than 3% have injuries that require surgical intervention.17 When
overused, abdominal CT scans contribute to increased health care costs and
prolonged emergency department (ED)
stays and add to the risk of contrastinduced nephropathy and lifetime risk
of radiation-induced malignancy.18-20 A
20-year-old patient undergoing abdominal CT imaging has an estimated
1 in 500 lifetime risk of developing a
radiation-induced cancer.20
We reviewed the evidence for clinical history, physical examination, laboratory studies, and bedside imaging to assess the likelihood of intra-abdominal
injury in adults who had blunt abdominal trauma. We included bedside abdominal ultrasonography (Focused Assessment With Sonography for Trauma
[FAST] examination) (FIGURE 2; see videos of all 4 FAST ultrasound views at
http://www.jama.com) because when
performed by an ED physician, it may
be part of the initial clinical evaluation for an intra-abdominal injury.
METHODS
Literature Search Strategy

A structured search of MEDLINE
(1950–January 2012) and EMBASE
(1980–January 2012) was conducted
by a librarian to identify Englishlanguage studies that examine the identification of intra-abdominal injuries
(eAppendix). Key words in the search
included physical examination, medical history taking, palpation, diagnosis,
laboratory testing, imaging studies, sensitivity, specificity, observer variation, reproducibility, decision support, abdomen, non-penetrating wounds, and blunt
abdominal trauma. Additional articles
were identified from searching the bibliographies of relevant studies.
Because the FAST examination has
been evaluated in a large number of
studies, we searched for high-quality
systematic reviews (search terms in
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retrieved the original articles included
in these systematic reviews, then sought
newer studies published since the most
recent high-quality systematic review
published.

Pubmed: ultrasound abdominal trauma
AND systematic [sb]) to serve as a filter for primary studies that evaluated
the sensitivity, specificity, and likelihood ratios of this diagnostic test.21 We

Selection Strategy

We sought articles that evaluated the
test characteristics of history and physical examination findings in adult patients with suspected intra-abdominal

Figure 2. Focused Assessment With Sonography for Trauma (FAST) Examination Positions for Assessment of Intra-abdominal Injuries
A Transducer placement and underlying anatomy

B Ultrasound views
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The FAST examination uses bedside ultrasonography for the rapid identification of intra-abdominal and intrapericardial hemorrhage in trauma patients. A, Locations of
transducer placement for the evaluation of intra-abdominal injury and B, corresponding ultrasound views demonstrating intra-abdominal free fluid (arrowheads). Transducer planes shown are approximate. The examiner tilts the transducer as necessary to detect free fluid around tissues. A complete FAST examination also includes a
pericardial ultrasound view (not shown) to assess pericardial effusion. See videos of all 4 FAST ultrasound views at http://www.jama.com.
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injury (eAppendix). Additionally, we
sought articles evaluating readily available and noninvasive diagnostic studies used in the workup of suspected intra-abdominal injury. For all symptoms,
signs, and noninvasive tests, we included only studies with a reference
standard of abdominal CT, DPL, laparotomy, autopsy, or clinical course to
detect intra-abdominal injury or hemoperitoneum. Not all intra-abdominal injuries have important clinical consequences, so we also reviewed each
article for clinically significant intraabdominal injury. We accepted the classification of the investigators of each
study, though clinically significant intra-abdominal injuries almost always
implied that the patient required an invasive therapeutic procedure (therapeutic surgery or angiographic embolization to stop hemorrhage). All
retrieved studies underwent a review of
methodological quality.
Statistical Analysis

We abstracted the published data from
all studies meeting the selection criteria. Sensitivity, specificity, and likelihood ratios (LRs) were calculated with
confidence intervals for each symptom, sign, or laboratory or imaging test.
The summary prevalence (pretest probability) was calculated with randomeffects measures and risk factors were assessed with odds ratios (ORs).22 Tests
with higher specificity have higher LRs
and positive results are most useful for
identifying patients with an intraabdominal injury, while tests with higher
sensitivity have lower LRs and negative results are most useful for identifying patients without an intra-abdominal injury. For findings evaluated in only
1 study, we provide the point estimate
with its confidence interval. We used
ranges to summarize results for findings evaluated in only 2 studies and univariate random-effects summary measures with confidence intervals for
findings evaluated in 3 studies (Comprehensive Meta-analysis, version 2, Biostat Inc). When 4 or more studies suitable for meta-analysis were identified, a
bivariate random-effects model was used
1520
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to create summary measures (SAS, version 9.2, TS Level 2M3, SAS Institute
Inc), though the univariate estimates
were used if the model did not converge on a reliable solution.23 Evidence
level 4 studies were not included in any
summary measures (see eAppendix for
evidence level definitions). We assessed findings for statistical heterogeneity that were evaluated in more than
3 studies. The large number of ultrasound studies allowed us to evaluate
publication bias by inspecting the funnel plot, Egger test of the intercept, and
the trim-and-fill procedure to impute the
effect of missing studies (Comprehensive Meta-analysis, version 2).24
RESULTS
Study Characteristics

The initial search identified 2704 studies that were systematically reviewed
(eFigure 1), with 12 articles retained for
inclusion (TABLE 1). The majority of included studies were performed at
American College of Surgeons–
designated level I trauma centers (highest level of trauma surgical care, with
24-hour availability of all specialists).
Sample sizes ranged from 117 to 3435
patients. All studies defined inclusion
criteria as adult patients with any blunt
abdominal trauma except for 2 studies that included only adult patients in
motor vehicle collisions.27,32
Analysis of the systematic reviews and
updated literature search (eFigure 2 and
eFigure 3) evaluating the FAST examination identified 22 studies meeting selection criteria (TABLE 2).25,36-56 All studies were prospective, with consecutive
enrollment and blinding, and included
a reference standard (CT, DPL, laparotomy, autopsy, and/or clinical course).
Prevalence of Intra-abdominal
Injury in Patients Presenting
With Abdominal Trauma

The prevalence of intra-abdominal
injury in adult ED patients with blunt
abdominal trauma among all evidence
level 1 and 2 studies (n = 23 studies
with 15 750 patients; eAppendix) was
13%, with clinically narrow confidence

limits despite heterogeneity (95% CI,
10%-17%; I 2 = 96%; P ⬍ .001 for
heterogeneity).17,25,36-56 Among the evidence level 1 and 2 studies that reported the prevalence of clinically significant injuries as defined by the original
investigators (n=4 studies with 4908 patients), the prevalence was 4.7% (95% CI,
2.5%-8.6%; I 2 = 96%; P ⬍ .001 for
heterogeneity).17,25,41,49
Accuracy of Individual Findings
From the Clinical History
and Physical Examination

Risk Factors. The type of trauma
mechanism (fall, pedestrian hit by a vehicle, motor vehicle collision, motorcycle collision, or other causes) did not
identify patients more or less likely to
have an intra-abdominal injury (42=2.7;
P=.60).26 In the same study, the presence of alcohol intoxication did not
identify patients at higher risk (OR,
0.46; 95% CI, 0.24-0.89; P=.02).26 Patients who required intubation in the
field or in the ED were more likely to
have an intra-abdominal injury (OR,
2.5; 95% CI, 1.1-5.9).26
Abdominal Symptoms and
Examination. Only 1 study assessed
interrater reliability of physical examination findings (eTable 1).17 In patients
who had blunt abdominal trauma, abdominal pain as a symptom (LR, 1.6;
95% CI, 1.3-2.0)28 and abdominal tenderness with palpation (summary LR,
1.4; 95% CI, 1.3-1.5; I2 =0%; P=.62 for
heterogeneity)17,25,28,30 were less predictive in identifying intra-abdominal injury compared with other findings
(TABLE 3). The presence of rebound tenderness was infrequent (1.2% in a single
large study), but its presence had a high
LR (6.5; 95% CI, 1.8-24).25 The presence of abdominal distention (LR, 3.8;
95% CI, 1.9-7.6) or abdominal guarding (LR, 3.7; 95% CI, 2.3-5.9) appears
more reliable than rebound tenderness
because of narrower confidence intervals.25 In patients involved in motor vehicle collisions, the seat belt sign (a continuous abrasion or ecchymosis
secondary to an overlying lap belt)
(Figure 1) is also useful (LR range,
5.6-9.9).27,32 The absence of abdominal
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pain after trauma (LR, 0.52; 95% CI,
0.34-0.79)28 and abdominal tenderness
to palpation (summary LR, 0.61; 95% CI,
0.46-0.80; I 2 = 54%; P = .09 for
heterogeneity)17,25,28,30 does not rule out
intra-abdominal injury. The absence of
rebound tenderness, abdominal distention, or guarding is not useful because
the LR for each of these approaches 1.0.25
Extra-abdominal Findings. Hypotension on arrival to the ED (systolic
blood pressure ⬍90 mm Hg; LR, 5.2;
95% CI, 3.5-7.5) is among the most useful signs applicable to all patients with
abdominal trauma.17 Patients with an altered mental status (Glasgow Coma Scale
score ⬍14; LR range, 1.8-2.0) have an
increased likelihood of intra-abdominal injury.17,25 The presence of a femoral
fracture occurring concomitantly with

abdominal trauma also increases the likelihood of an abdominal injury (LR, 2.9;
95% CI, 2.1-4.1).17
Laboratory Testing and Plain Film
Radiographs

Following abdominal trauma, several abnormal laboratory test results studied in
evidence level 1 through 3 studies suggest intra-abdominal injury (TABLE 4).
A base deficit (⬍−6 mEq/L) is predictive of an intra-abdominal injury (LR, 18;
95% CI, 11-30).29 Hematuria (defined as
⬎25-50 red blood cells [RBCs] per highpower field) carries a 4-fold increased risk
of intra-abdominal injury (LR range,
3.7-4.1).17,30 A hematocrit level of less
than 30% (LR, 3.3; 95% CI, 2.4-4.5)17 increases the likelihood of intraabdominal injury more than less-severe

anemia (hematocrit ⬍36%; LR, 2.2; 95%
CI, 1.6-3.1).25 Other laboratory markers including elevated WBC count (LR,
1.7; 95% CI, 1.5-2.0)25 and elevated lactate (LR, 1.3; 95% CI, 1.1-1.5)25 are less
useful to identify patients with intraabdominal injury. Elevated liver transaminases (aspartate aminotransferase or
alanine aminotransferase) are markers for
liver injury (LR range, 2.5-5.2),25,31 with
higher levels increasing the likelihood.31
Abnormal chest radiograph findings
(LR range, 2.5-3.8) increase the likelihood of concomitant intra-abdominal injury.17,25 Normal plain chest or pelvic radiograph findings do not have a
sufficiently low LR to rule out abdominal injury (LR range, 0.70-0.96).17,25
A few normal laboratory test results
had lower LRs than the findings from

Table 1. Studies Assessing the Clinical Examination to Identify Intra-abdominal Injury
Source

Setting

Year

Holmes et al,17
2009

US level I trauma center,
university hospital

2002-2004

Poletti et al,25
2004

US level I trauma center,
university hospital

NA

Beck et al,26
2004
Chandler et al,27
1997

US level I trauma center,
university hospital
US level I trauma center,
university hospital

NA

Ferrera et al,28
1998

Patients,
Injuries,
No.
No. (%)
Evidence Level 1
3435
311 (9.1)

714

85 (12)

Evidence Level 3
213
56 (26)

1993-1994

117

18 (15)

US level I trauma center,
university hospital

1995-1996

350

54 (15)

Mofidi et al,29
2010

University hospital in Iran

2007-2008

400

68 (17)

Richards and
Derlet,30 1998
Sahdev et al,31
1991

US level I trauma center,
university hospital
US level I trauma center,
university hospital

1995

196

22 (11)

1988-1989

309

51 (17)

Velmahos et al,32
1999

US level I trauma center,
university hospital

1984-1985

400

20 (5.0)

Grieshop et al,33
1995 a

US level I trauma center,
university hospital
US level I trauma center,
university hospital
US level I trauma center,
university hospital

1991-1992

Mackersie et al,34
1989 b
Richards et al,35
1997 c

Evidence Level 4
956
44 (4.6)

1985-1988

3223

265 (8.2)

1993-1994

444

49 (11)

Inclusion Criteria

Reference Standard

Blunt torso trauma with CT
of abdomen, DPL,
or laparoscopy/
laparotomy
Blunt abdominal trauma
with CT of abdomen

CT of abdomen for
stable patients or
DPL/laparotomy for
unstable patients
CT of abdomen

Blunt trauma with CT
of abdomen
Adult patients in motor
vehicle collision

CT of abdomen

Blunt trauma and normal
mental status with CT
of abdomen and/or DPL
Blunt abdominal trauma

CT of abdomen or DPL

Blunt abdominal trauma
with CT of abdomen
Blunt multisystem trauma
patients
Restrained patients in motor
vehicle collision

CT of abdomen, DPL,
laparotomy, or
clinical course

CT of abdomen or
laparotomy
CT of abdomen
CT of abdomen, DPL,
laparotomy, or
clinical course
CT of abdomen, DPL,
laparotomy, or
clinical course

Blunt abdominal trauma
with CT of abdomen
Blunt abdominal trauma

CT of abdomen, DPL,
or clinical course
Laparotomy or clinical
course

Blunt abdominal trauma
with CT of abdomen
within 24 h of arrival

CT of abdomen

Abbreviations: CT, computed tomography; DPL, diagnostic peritoneal lavage; NA, not available.
a Outcome was intra-abdominal injury that influenced patient management or outcome.
b Outcome was intra-abdominal injury with operative repair.
c Outcome was intra-abdominal injury defined as any potentially serious or life-threatening injury on CT or laparotomy.
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physical examination. The presence of
a base deficit of −6 mEq/L or greater
(LR, 0.12; 95% CI, 0.06-0.24), WBC
count of less than 10 000 cells/µL (LR,
0.35; 95% CI, 0.23-0.55), aspartate aminotransferase of less than 50 U/L (LR,

0.38; 95% CI, 0.26-0.56), and urinalysis with 50 or fewer RBCs per highpower field (LR, 0.44; 95% CI, 0.250.77) had LR point estimates lower than
the findings for abdominal pain as a
symptom or sign.17,25,28-30

Bedside Ultrasound
(FAST Examination)

The FAST examination is by far the
most accurate single bedside test in the
evaluation of patients with suspected
intra-abdominal injury (Table 4). A

Table 2. Studies Assessing the FAST Examination to Identify Intra-abdominal Injury
Source

Setting

Years

Bode et al,36
1999
Healey et al,37
1996
Kern et al,38
1997
Richards et
al,39 2002
Rozycki et
al,40 1998

US level I trauma center,
university hospital
US level I trauma center,
university hospital
US level I trauma center,
university hospital
US level I trauma center,
university hospital
US level I trauma center,
university hospital

1993-1998

Boulanger et
al,41 1996
Boulanger et
al,42 1999
Brenchley et
al,43 2006
Brooks et al,44
2004
Goletti et al,45
1994
Ma et al,46
2005

Regional Canadian
trauma center
Regional Canadian
trauma center
UK teaching hospital

1993-1995

UK teaching hospital

Patients,
Injuries,
No.
No. (%)
Evidence Level 1
1671
97 (5.8)

NA

796

51 (6.4)

1995-1996

518

30 (5.8)

1995-1998

3264

396 (12)

NA

1227

74 (6.0)

Evidence Level 2
400
63 (16)

1995-1997

460

82 (18)

NA

153

8 (5.2)

NA

100

9 (9.0)

Italian university hospital

1994-1995

250

52 (21)

US level I trauma center,
university hospital

1999-2000

252

35 (14)

McGahan et
al,47 1997
McKenney et
al,48 1994
Miller et al,49
2003
Poletti et al,50
2003
Poletti et al,25
2004

US level I trauma center,
university hospital
US level I trauma center,
university hospital
US level I trauma center,
university hospital
US level I trauma center,
university hospital
US level I trauma center,
university hospital

NA

121

38 (31)

1992-1993

200

30 (18)

2001-2002

359

38 (11)

2000-2001

204

83 (41)

NA

488

60 (12)

Rose et al,51
2001
Röthlin et al,52
1993

US level I trauma center,
university hospital
US level I trauma center,
university hospital

1997-1998

104

15 (14)

1992-1993

312

126 (40)

Rozycki et
al,53 1995

US level I trauma center,
university hospital

NA

371

65 (18)

Shackford et
al,54 1999
Soyuncu et
al,55 2007
Tso et al,56
1992

University hospital

NA

234

51 (22)

2001-2002

442

35 (7.9)

1990

163

16 (9.8)

Turkish university
hospital
US level I trauma center,
university hospital

Inclusion
Criteria

Reference Standard

Blunt abdominal
trauma
Blunt abdominal
trauma
Blunt abdominal
trauma
Blunt abdominal
trauma
Torso trauma

CT of abdomen, laparotomy,
autopsy, or clinical course
CT of abdomen, DPL, laparotomy,
or clinical course
CT of abdomen, DPL, laparotomy,
or clinical course
CT of abdomen, DPL, laparotomy,
or clinical course
CT of abdomen, DPL, laparotomy,
or clinical course

Blunt abdominal
trauma
Blunt abdominal
trauma
Blunt trauma

CT of abdomen, DPL, laparotomy

Blunt abdominal
trauma
Blunt abdominal
trauma
Blunt trauma
with trauma
team
activation
Blunt abdominal
trauma
Blunt abdominal
trauma
Blunt abdominal
trauma
Blunt abdominal
trauma
Blunt abdominal
trauma
with CT of
abdomen
Blunt abdominal
trauma
Blunt abdominal
or thoracic
trauma
Blunt abdominal
or thoracic
trauma
Blunt abdominal
trauma
Blunt abdominal
trauma
Blunt abdominal
trauma with
CT or DPL

CT of abdomen, DPL, laparotomy
CT of abdomen, DPL, laparotomy,
autopsy, or clinical course
CT of abdomen, DPL, laparotomy,
or clinical course
CT of abdomen, DPL, laparotomy
CT of abdomen, DPL, laparotomy,
or clinical course

CT of abdomen, DPL, laparotomy
CT of abdomen, DPL, laparotomy
CT of abdomen
CT of abdomen or laparotomy
CT of abdomen

CT of abdomen, DPL, laparotomy,
or clinical course
CT of abdomen, laparotomy,
or clinical course
CT of abdomen, DPL, laparotomy,
or clinical course
CT of abdomen, DPL, laparotomy,
or clinical course
CT of abdomen, laparotomy,
or autopsy
CT of abdomen, DPL,
or laparotomy

Abbreviations: CT, computed tomography; DPL, diagnostic peritoneal lavage; FAST, Focused Assessment With Sonography for Trauma; NA, not available.
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positive FAST examination finding
makes an intra-abdominal injury likely
with a summary LR of 69 (95% CI, 38101; I2 = 75%; P ⬍ .001 for heterogeneity). A normal FAST examination
finding decreases the likelihood of an
intra-abdominal injury (summary LR,
0.18; 95% CI, 0.11-0.25; I 2 = 89%;
P⬍.001 for heterogeneity). Despite the
statistical heterogeneity, the confi-

dence intervals suggest clinical utility.
Inspection of the funnel plot and Egger test of the intercept (P = .001) reveals possible publication bias with
missing studies of lower accuracy (eFigure 4, A and B). The trim-and-fill procedure to impute the missing values
yields an adjusted univariate summary LR of 30 (95% CI, 20-46) for a
positive FAST examination result.

After adding the imputed studies,
the negative result becomes slightly
less useful, with an adjusted univariate summary LR of 0.26 (95% CI,
0.19-0.34).
Because 5 studies excluded patients
with hemodynamic instability, we
assessed this criterion as a contributor
to heterogeneity.25,49,50,53,56 Patients
with hemodynamic instability might

Table 3. Accuracy of Symptoms and Signs to Identify Intra-abdominal Injury From Evidence Level 1 to 3 Studies a
Finding/Source
Seat belt sign27,32 b,c
Rebound tenderness25
Hypotension (systolic blood pressure ⬍90 mm Hg)17
Abdominal distention25
Guarding25
Concomitant femur fracture17
Glasgow Coma Scale score ⬍1417,25 b
Abdominal pain as a symptom28
Costal margin tenderness17
Abdominal tenderness to palpation17,25,28,30 d

Sensitivity, %
(95% CI)
50 (35-65)
5 (0-10)
12 (9-16)
13 (6-20)
26 (16-35)
12 (9-16)
23-27
70 (57-81)
52 (46-57)
71 (57-82)

Specificity, %
(95% CI)
91-95
99 (99-100)
98 (97-98)
97 (95-98)
93 (91-95)
96 (95-97)
85-88
57 (51-63)
65 (63-66)
50 (44-57)

Positive Likelihood
Ratio (95% CI)
5.6-9.9
6.5 (1.8-24)
5.2 (3.5-7.5)
3.8 (1.9-7.6)
3.7 (2.3-5.9)
2.9 (2.1-4.1)
1.8-2.0
1.6 (1.3-2.0)
1.5 (1.3-1.7)
1.4 (1.3-1.5)

Negative Likelihood
Ratio (95% CI)
0.53-0.55
0.96 (0.91-1.0)
0.90 (0.87-0.94)
0.90 (0.83-0.98)
0.80 (0.70-0.91)
0.92 (0.88-0.96)
0.86-0.87
0.52 (0.34-0.79)
0.74 (0.66-0.84)
0.61 (0.46-0.80)

a See eTable 1 for results from individual studies.
b Finding reported in only 2 studies, so summary measures are reported as a range.
c A single value with 95% CI is provided for sensitivity since the result was identical for both studies.
d Random-effects univariate summary measures are reported because the data did not converge on a reliable bivariate solution.

Table 4. Accuracy of Diagnostic Testing to Identify Intra-abdominal Injury From Evidence Level 1 to 3 Studies a
Test and Threshold
Laboratory
Base deficit ⬍−6 mEq/L29
Liver transaminases, U/L
AST or ALT ⬎13031
AST ⬎5025
Hematuria, red blood cells per high-power field
⬎2517
⬎5030
Hematocrit, %
⬍3017
⬍3625
Change ⬎530
White blood cell count ⬎10 000 cells/µL25
Serum lactate ⬎2.2 mmol/L25
Imaging
Abnormal FAST examination result, bedside
(all US references)
Unadjusted b
Adjusted for publication bias c
Abnormal chest radiograph17,25 d
Abnormal pelvic radiograph25 e

Sensitivity, %
(95% CI)

Specificity, %
(95% CI)

Positive Likelihood
Ratio (95% CI)

Negative Likelihood
Ratio (95% CI)

88 (78-95)

95 (92-97)

18 (11-30)

0.12 (0.06-0.24)

59 (45-71)
73 (62-82)

89 (84-92)
70 (66-74)

5.2 (3.5-7.9)
2.5 (2.0-3.0)

0.46 (0.33-0.65)
0.38 (0.26-0.56)

41 (35-46)
64 (43-80)

90 (89-91)
83 (77-88)

4.1 (3.4-4.9)
3.7 (2.4-5.8)

0.66 (0.60-0.72)
0.44 (0.25-0.77)

27 (9-16)
37 (27-48)
27 (13-48)
81 (72-88)
73 (62-82)

92 (96-98)
83 (80-86)
70 (63-76)
54 (50-58)
44 (40-48)

3.3 (2.4-4.5)
2.2 (1.6-3.1)
0.91 (0.44-1.9)
1.7 (1.5-2.0)
1.3 (1.1-1.5)

0.79 (0.71-0.88)
0.76 (0.64-0.90)
1.0 (0.79-1.4)
0.35 (0.23-0.55)
0.61 (0.41-0.90)

82 (75-89)
74 (66-80)
28-42
10 (5-18)

99 (98-99)
96 (91-98)
83-93
94 (92-96)

69 (38-101)
30 (20-46)
2.5-3.8
1.6 (0.78-3.4)

0.18 (0.11-0.25)
0.26 (0.19-0.34)
0.70-0.78
0.96 (0.90-1.0)

Abbreviations: AST, aspartate aminotransferase; ALT, alanine transaminase; FAST, Focused Assessment With Sonography for Trauma.
a See eTable 2 and eTable 3 for results from individual studies.
b Random-effects bivariate summary measures unadjusted for publication bias.
c Random-effects univariate summary measures adjusted for publication bias.
d Finding reported in only 2 studies, so summary measures are reported as a range. Abnormalities include fracture, pleural effusion, pneumothorax, pneumomediastinum, or parenchymal
opacity consistent with contusion.
e Acute fracture.
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be more likely to have obvious FAST
examination findings identifying an
intra-abdominal injury. A positive
FAST examination result had a summary LR of 82 (95% CI, 39-125) for
studies that included hemodynamically unstable patients, while those
that excluded such patients had a
summary LR of 36 (95% CI, 3.8-69), a
difference that approached statistical
significance (P=.06). A negative FAST
examination finding had a summary
LR of 0.16 (95% CI, 0.10-0.21) for
studies that included hemodynamically unstable patients, while those

that excluded such patients had a
summary LR of 0.33 (95% CI, 0.080.58), a difference that was not statistically significant (P=.10).
Accuracy of Physician Impression
of Intra-abdominal Injury
and Clinical Decision Rules

Physicians’ overall clinical impressions
of intra-abdominal injury (surveyed
prior to abdominal CT imaging) were
compared with clinical decision rules
in 2 evidence level 1 studies (TABLE 5
and TABLE 6).17,25 In one study, physicians recorded their overall impression

Table 5. Accuracy of Physician Clinical Impression to Identify Intra-abdominal Injury From
Evidence Level 1 to 3 Studies
Clinical Impression
Probability estimate of injury based on overall clinical
impression, %17 a
⬎50
⬎10 to 50
⬎5 to 10
1 to 5
⬍1
Overall clinical impression, ordinal ranking from no suspicion (1)
to most likely to have an injury (5)25 b
5
4
3
2
1

Serial Likelihood Ratio
(95% CI)

11 (4.1-30)
8.9 (5.2-16)
2.5 (2.0-3.0)
0.46 (0.33-0.62)
0.21 (0.11-0.42)

19 (7.7-48)
3.2 (1.6-6.5)
1.6 (1.1-2.3)
0.57 (0.32-1.0)
0.38 (0.24-0.61)

a Clinical impression established before Focused Assessment With Sonography for Trauma (FAST) examination was

performed. When dichotomized into injury unlikely (⬍1%) vs injury possible (ⱖ1%), injury possible has a likelihood
ratio of 1.3 (95% CI, 1.2-1.4) and injury unlikely has a likelihood ratio of 0.21 (95% CI, 0.11-0.42).

b Clinical impression established after FAST examination performed. When dichotomized into no suspicion (1) vs injury

possible (⬎1), injury possible has a likelihood ratio of 1.6 (95% CI, 1.4-1.8) and no suspicion has a likelihood ratio of
0.38 (95% CI, 0.24-0.61).

of intra-abdominal injury (⬎50%,
⬎10%-50%, ⬎5%-10%, 1%-5%, or
⬍1% probability) (complete data set
provided by J.F.H.) before the FAST
examination results were known.17 A
second study had physicians rank
their clinical impression into 5 ordinal
categories that described their impression of the likelihood of an intraabdominal injury from “most likely”
to “no suspicion,” taking into consideration the clinical examination, basic
laboratory results, plain film radiography, and the FAST examination. 25
Both studies showed an appropriately
increasing LR for an intra-abdominal
injury as clinicians’ impression of the
probability of an injury increased
(2 = 185; P ⬍ .001 for the correlation
between level of suspicion and LR).
When patients were rated as most
likely to have an intra-abdominal
injury (probability ⬎50% or level 5),
the LR was 11 to 19. When physicians’
impression was that patients did not
have an intra-abdominal injury (no
suspicion or ⬍1% probability; 24%46% of patients), the LR range was
0.21 to 0.38.
Explicit combinations of findings
have been studied because individual
findings and the clinical impression do
not accurately identify patients without an intra-abdominal injury following abdominal trauma. Poletti et al25
used multivariate modeling to select increasingly useful combinations of find-

Table 6. Accuracy of Combinations of Findings to Identify Intra-abdominal Injury From Evidence Level 1 to 3 Studies
Combination
Abnormal mental status, abdominal guarding, or abdominal
tenderness25
Abnormal mental status, abdominal guarding, abdominal
tenderness, abnormal FAST examination result, or abnormal
chest radiograph25
Hematuria (ⱖ25 RBCs/high-power field), abnormal chest radiograph,
abdominal tenderness, GCS score ⬍14, costal margin
tenderness, femur fracture, or hematocrit ⬍30%17
Abnormal mental status, abdominal guarding, abdominal
tenderness, AST ⬎50 U/L, WBC count ⬎10 000 cells/µL,
or hematocrit ⬍36%25
Abnormal mental status, abdominal guarding, abdominal
tenderness, AST ⬎50 U/L, WBC count ⬎10 000 cells/µL,
hematocrit ⬍36%, abnormal FAST examination result,
or abnormal chest radiograph25 a

Sensitivity, %
(95% CI)
65 (53-75)

Specificity, %
(95% CI)
75 (71-79)

Positive Likelihood
Ratio (95% CI)
2.6 (2.0-3.2)

Negative Likelihood
Ratio (95% CI)
0.47 (0.34-0.65)

89 (80-94)

36 (32-40)

1.4 (1.3-1.5)

0.31 (0.17-0.58)

97 (95-99)

28 (26-29)

1.3 (1.3-1.4)

0.10 (0.06-0.17)

99 (94-100)

19 (16-22)

1.2 (1.2-1.3)

0.06 (0.01-0.45)

100 (95-100)

12 (9-15)

1.1 (1.1-1.2)

0.05 (0.00-0.80)

Abbreviations: AST, aspartate aminotransferase; FAST, Focused Assessment with Sonography for Trauma; GCS, Glasgow Coma Scale; RBC, red blood cell; WBC, white blood cell.
a 0.5 was added to each cell of the 2⫻2 table to obtain the upper 95% CI for the 100% sensitivity result.
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ings to identify patients at low risk of
injuries. A normal physical examination (normal mental status and no abdominal guarding or tenderness) in addition to normal laboratory test results
(aspartate aminotransferase, WBC
count, and hematocrit) together suggested a very low likelihood of intraabdominal injury (LR, 0.06; 95% CI,
0.01-0.45).25 The addition of a normal
chest radiograph and normal FAST examination result could rule out an intraabdominal injury (LR, 0.05; 95% CI,
0-0.80) were it not for the broad confidence intervals.25 Similarly the lack of
hematuria, abdominal tenderness, costal margin tenderness, abnormal chest
x-ray, and femur fracture together with
a normal mental status and initial hematocrit of 30% or higher made injury unlikely and had the narrowest
confidence intervals of the varying combinations of findings (LR, 0.10; 95% CI,
0.06-0.17).17
Accuracy of Findings to Detect
Clinically Significant
Intra-abdominal Injuries

In one evidence level 1 study, test
characteristics for individual symptoms, signs, laboratory studies, and
plain film radiographs for identifying
patients with clinically significant
intra-abdominal injuries (therapeutic
surgery or angiographic embolization)
did not differ substantially vs when
the outcome was any intra-abdominal
injury (eTable 4).25 However, when physicians recorded their overall impression of any injury after incorporating the
results of their clinical findings, laboratory, and radiographic results (ordinal
scale from least likely [1] to most likely
[5]), the investigators found a stepwise
increased prevalence of these clinically
significant intra-abdominal injuries
(0.34%, 0%, 2.0%, 21%, and 52%, respectively, for increasing suspicion).
Two evidence level 1 studies evaluated combinations of explicit findings
to identify patients with clinically significant injuries.17,25 The absence of abdominal tenderness, costal margin tenderness, hypotension (systolic blood
pressure ⬍90 mm Hg), hematuria (ⱖ25

RBCs/high-power field), and anemia
(hematocrit ⬍30%), together with a
normal mental status, is the best combination of findings to rule out clinically significant intra-abdominal injury (LR, 0.02; 95% CI, 0-0.29).17
Three evidence level 1 and 2 studies presented data that allowed us to extract performance of the FAST examination in detecting clinically significant
injuries.25,41,49 One of these studies defined clinically significant as an injury
that required a therapeutic laparotomy (as opposed to a diagnostic
laparotomy) within 24 hours of the
trauma.41 Two other studies defined
clinically significant as an injury that
required therapeutic laparotomy or angiographic embolization.25,49 For identifying these patients, a positive FAST
examination result had a summary LR
of 16 (95% CI, 12-21) while a negative FAST examination result decreased the likelihood of a significant
injury (summary LR, 0.26; 95% CI,
0.10-0.67).
LIMITATIONS
Our primary objective was to assess test
characteristics of clinical findings to
identify intra-abdominal injury, counting all injuries as important. An alternative and more complex outcome
considers only clinically significant abdominal injuries requiring acute intervention or altering management. Such
an outcome was reported in only 7 studies (eTable 4).17,25,33-35,41,49 While we did
not review studies of clinical outcomes, a Cochrane systematic review
found that ultrasound-based patient
management algorithms reduced CT ordering by 50%.57
Physicians’ overall clinical impression regarding the risk of intraabdominal injury was reported in only
2 studies, with neither strictly specifying the clinical experience of the physicians, so the generalizability of the
results cannot be assessed.17,25 However, in both studies an appropriate
increase in the LR occurred as patients
were categorized into 5 strata from
least likely to most likely to have an
intra-abdominal injury. Potentially, no
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explicit combination of clinical findings will improve the accuracy for
identifying intra-abdominal injury
compared with clinical impression.
Future studies are needed to determine the impact of the clinical impression before and after the FAST examination such that the role of the FAST
examination with or without explicit
combinations of findings can be better
defined.
Differences in inclusion/exclusion
criteria may have affected the probability of intra-abdominal injury and test
characteristics of clinical findings. Studies excluding hemodynamically unstable patients likely have a different
baseline population than studies including these patients. Ultrasound studies including hemodynamically unstable patients have higher positive LRs
and lower negative LRs compared with
studies constrained to hemodynamically stable patients. However, with only
5 studies of hemodynamically stable patients, we may not have had enough statistical power to detect a difference. A
single study directly compared the results of the FAST examination between normotensive and hypotensive
patients, but it was similarly underpowered to detect important differences.40
Many of the included studies were
conducted more than 10 years ago.
Standards of care and technology have
changed over this period. Studies using
earlier-generation CT scanners may
have different outcome rates if more accurate, later-generation scanners were
used. Additionally, DPL was included
as a reference standard in many studies because it was commonly used to
direct management in patients with
blunt abdominal trauma at the time of
the studies. However, while DPL was
still included as an option by trauma
guidelines in 2002, it is used infrequently now as it is more invasive and
less accurate compared with other diagnostic tests such as ultrasound and
CT.9 Although 22 of 32 studies included DPL as one of the reference standards, no study used DPL as the sole
reference standard.
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SCENARIO RESOLUTION
Case 1

This patient’s physical examination is
highly concerning for intra-abdominal
injury. The presence of a seat belt sign
has the highest LR of all physical examination findings (LR range, 5.69.9). Even with a pretest probability as
low as 5% (the lower bound of 95% confidence interval for prevalence),17,25,36-56
the posttest probability with the presence of a seat belt sign is at least 23%
for intra-abdominal injury. This patient should undergo further evaluation to detect any clinically significant
intra-abdominal injuries.
Case 2

Based on the literature, this patient’s
pretest probability for intra-abdominal injury is approximately 13%.17,25,36-56
The absence of abdominal tenderness
to palpation (LR, 0.61) in this patient
does not rule out intra-abdominal injury. The presence of right costal margin tenderness might alert the clinician to the possibility of liver injury (LR,
1.5). Performance of a bedside FAST examination would further risk-stratify
this patient. A negative FAST examination result (adjusted LR, 0.26) decreases the posttest probability of an intra-abdominal injury. After a period of
observation and serial negative abdominal examination results, the patient is
discharged home with instructions and
close follow-up with his primary care
physician.
CLINICAL BOTTOM LINE
The presence or absence of abdominal
tenderness does not reliably include or
exclude intra-abdominal injury. Rebound tenderness, abdominal distention, guarding, seat belt sign, and hypotension (defined as systolic blood
pressure ⬍90 mm Hg) have LRs indicating the need for rapid evaluation. Although most laboratory tests lack specificity, a base deficit, hematuria, elevated
liver transaminases, and anemia should
alert the clinician to the possibility of
intra-abdominal injury.
The data for the FAST examination
are most reliable and have been stud1526
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ied in multiple high-quality studies. A
positive FAST examination result indicates a high likelihood of intraabdominal injury and this single test
may perform better than the physician’s overall clinical impression. In patients with high clinical probability, a
positive FAST examination result essentially confirms an intra-abdominal
injury. A negative FAST examination
in moderate- to high-risk patients does
not sufficiently exclude intraabdominal injury. While a negative
FAST examination result in low-risk patients lowers the posttest probability,
it does not necessarily rule out an intraabdominal injury. Nonetheless, 2 randomized controlled trials demonstrate a safe reduction in abdominal CT
use with a protocol including the FAST
examination.51,58
A few cautions exist regarding a normal FAST examination result. First, accuracy of the FAST examination requires an experienced operator.46,54
Physicians who perform the test must
have prior training, since proficiency requires 20 to 50 examinations (eAppendix), and physicians should be aware
of their own accuracy. Second, publication bias suggests that a normal FAST
examination result may not have as favorable an LR as suggested in published studies. The impact of this bias
is inferred when comparing the 2 studies in which the overall clinical impression was established before17 vs after25
the FAST examination. When the FAST
examination was included as part of the
clinical impression, the overall impression of no abdominal injury was less accurate, suggesting that physicians
underestimate the possibility of a falsenegative FAST examination result. Because of publication bias, using the adjusted LR for a positive study (LR, 30;
95% CI, 20-46) would be more conservative. The FAST examination may
be best used as one of several explicit
findings (combinations of clinical examination findings and laboratory
data). Unfortunately, no combination
of findings has been validated independently and prospectively for widespread use.59,60 Validation of previ-

ously derived clinical decision rules
would be an important step to limiting radiation exposure from unnecessary abdominal CT scans.
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