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Performance of Abdominal Ultrasonography in
Blunt Trauma Patients With Out-of-Hospital or

Emergency Department Hypotension

Study objectives: We determine the test performance of abdominal ultrasonogra-
phy for detecting hemoperitoneum in blunt trauma patients with out-of-hospital or
emergency department (ED) hypotension.

Methods: We reviewed the medical records of all blunt trauma patients hospitalized
at a Level | trauma center. Patients were included if they were older than 6 years and
had out-of-hospital or ED hypotension (systolic blood pressure <90 mm Hg) and
underwent ED ultrasonography. The initial interpretation of the abdominal ultrasonog-
raphy was recorded, including the presence or absence of intraperitoneal fluid and
the specific location of such fluid. Presence or absence of intra-abdominal injury was
determined by abdominal computed tomography scan, laparotomy, or clinical follow-
up.

Results: Four hundred forty-seven patients with a mean age of 36.0+17.5 years were
enrolled. One hundred forty-eight (33%) patients had intra-abdominal injuries, and 116
(78%) of these patients had hemoperitoneum. Abdominal ultrasonography had the fol-
lowing test performance for detecting patients with intra-abdominal injury and hemo-
peritoneum: sensitivity 92/116 (79%; 95% confidence interval [CI] 71% to 86%),
specificity 316/331 (95%; 95% Cl 93% to 97%), positive predictive value 92/107 (86%;
95% Cl 78% to 92%), and negative predictive value 316/340 (93%; 95% CI 90% to 95%).
The positive likelihood ratio was 15.8, and the negative likelihood ratio was 0.22. One
hundred five (91%) of the 116 patients with intra-abdominal injuries and hemoperi-
toneum underwent a therapeutic laparotomy. Abdominal ultrasonography demon-
strated intraperitoneal fluid in 87 (sensitivity 83%; 95% CI 74% to 90%) of these 105
patients.

Conclusion: Of patients with out-of-hospital or ED hypotension, abdominal ultra-
sonography identifies most patients with hemoperitoneum and intra-abdominal
injuries. Hypotensive patients with negative abdominal ultrasonography results, how-
ever, must be further evaluated for sources of their hypotension, including additional
abdominal evaluation, once they are hemodynamically stabilized.

[Ann Emerg Med. 2004;43:354-361.]
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Capsule Summary

What is already known on this topic

Emergency bedside ultrasonography is frequently used in
trauma patients, but its sensitivity for detecting hemoperi-
toneum has not been clarified.

What question this study addressed

This work tests the hypothesis that emergency bedside ultra-
sonography will be sensitive enough to detect the presence of
hemoperitoneum in all blunt trauma patients who have been
hypotensive either in the out-of-hospital setting or emergency
department.

What this study adds to our knowledge

Emergency bedside ultrasonography detected hemoperitoneum
in only 92 (sensitivity 79%; 95% CI 71% to 86%) of 116 patients
with the condition present; however, it correctly ruled out the
presence of hemoperitoneum in 316 (specificity 95%; 95% CI
93% to 97%) other patients who did not have hemoperitoneum.

How this might change clinical practice

The authors conclude that emergency ultrasonography cannot
be relied on alone to detect the presence of hemoperitoneum in
all blunt trauma patients.

INTRODUCTION

Background

Patients with hypotension after a blunt traumatic
eventrequire rapid evaluation to identify and treat the
source or sources of hypotension. Immediate identifica-
tion of hemorrhagic sources of hypotension is a priority
during the initial resuscitation because hypotension
caused by hemorrhage requires urgent volume replace-
ment and specific therapy to cease further hemorrhage.
External sources of hemorrhage are readily identified
on physical examination, and hemorrhage from pelvic
fractures orinto the thoracic cavity may be initially
assessed with pelvic and chest radiography. Because of
the unreliability of the abdominal examination and lim-
itations of acceptable diagnostic testing in the hemody-
namically unstable patient, intra-abdominal hemor-
rhage has traditionally been a challenge for the clinician
to identify.

Abdominal computed tomography (CT), although
excellent for the diagnosis of intra-abdominal injuries
and intraperitoneal fluid, is contraindicated in hemo-
dynamically unstable patients. Diagnostic peritoneal
lavage requires time, is invasive, and may not be appro-
priatein alert patients. The development of abdominal
ultrasonography has provided clinicians with a diag-
nostic technique forabdominal evaluation that is theo-
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retically useful in the unstable patient. Abdominal
ultrasonography allows physicians a rapid method for
evaluating the abdomen for intraperitoneal fluid. Most
clinically significant intra-abdominal injuries, includ-
ing those resulting in patient hypotension, are associ-
ated with hemoperitoneum.!-2 The focused abdominal
sonography for trauma examination may be performed
rapidly in the emergency department (ED) during the
patient’s initial evaluation. It has a high sensitivity for
detecting intraperitoneal fluid and a high negative pre-
dictive value for predicting laparotomy.>-1* These qual-
ities make ultrasonography a useful diagnostic modal-
ity for evaluating patients with hypotension caused by
intra-abdominal hemorrhage. Limited previous evi-
dence suggests that ultrasonography has an excellent
test performance in this cohort of patients.1>-17

Goals of This Investigation

The objective of this study was to determine the per-
formance of abdominal ultrasonography for detecting
hemoperitoneum in blunt trauma patients with out-of-
hospital or ED hypotension. We hypothesize that ultra-
sonography will have excellent test characteristics
(sensitivity and specificity) in blunt trauma patients
with out-of-hospital or ED hypotension.

MATERIALS AND METHODS

Study Design

This study was aretrospective review of the medical
records of all hospitalized blunt trauma patients from
July 1,1996, to January 31, 2001. The study was ap-
proved by the Human Subjects Research Committee at
our institution.

Setting and Selection of Participants

The study was conducted atan urban Level I trauma
center. The ED has an annual census of 65,000 patient
visits, of which 12% of visits are after traumatic events.

Hospitalized blunt trauma patients were included if
they were older than 6 years and had out-of-hospital or
ED hypotension. All patients were identified from the
study site’s trauma registry. Hypotension was defined as
asystolic blood pressure less than or equal to 90 mm
Hg. This systolic blood pressure cutoffis accepted for
adult patients and is considered by many experts to be a
low blood pressure for children older than 6 years.'8 ED
hypotension was determined from the initial systolic
blood pressure on arrival to the ED. Patients with a sys-
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tolic blood pressure of less than or equal to 90 mm Hg
during any portion of their out-of-hospital care were
considered to have out-of-hospital hypotension.
Patients with penetrating trauma and patients trans-
ferred from outside facilities were excluded.

Interventions

Abdominal ultrasonography was performed in the
ED duringinitial evaluation and resuscitation. Ultra-
sonography was performed by sonographers who were
trained in trauma ultrasonography and were registered
diagnostic medical sonographers. The sonographers
used either an Acuson XP 10-128 (Acuson, Mountain
View, CA) or Acoustic Imaging 5200S (Acoustic
Imaging, Phoenix, AZ) ultrasound with 3.5-MHz and
5.0-MHz probes. The trauma abdominal ultrasonogra-
phy protocol at the study site included views of the
rightupper quadrant (Morison’s pouch), left upper
quadrant (splenorenal fossa), bilateral paracolic gut-
ters, and the pelvis. The protocol did notinclude dedi-
cated imaging of the abdominal organs. Initial abdomi-
nal ultrasonography interpretations as determined by
the sonographers and the bedside clinicians were used
for study purposes. Ultrasonographic examinations
were considered positive if intraperitoneal fluid was
identified in any location. Examinations considered
probable for intraperitoneal fluid were also considered
positive for study purposes. The location of intraperi-
toneal fluid was identified, but no attempt was made to
grade the amount of intraperitoneal fluid in positive
cases. Ultrasonographic examinations were considered
negative if intraperitoneal fluid was not identified.
Examinations documented as “questionable” or “possi-
ble” for intraperitoneal fluid, or listed as “equivocal”
were considered negative.

Data Collection and Processing

The medical records of all patients were reviewed by
2 abstractors (DH, JFH) in a structured format. Defini-
tions for abstraction were agreed on by the abstractors
before review of the medical records. Demographic and
historical data, physical examination, and surgical and
radiographic findings were abstracted from each record
and recorded into a central database in a structured pat-
tern. Abstractors determined the abdominal ultra-
sonography results before determination of the presence
or absence ofintra-abdominal injury and laparotomy
results. Discrepancies between the 2 abstractors were
reviewed for a third time and resolved on the basis of
this third review.
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Outcome Measures

Intra-abdominal injuries were defined as any injury
to the spleen, liver, pancreas, gastrointestinal tract
(from stomach to sigmoid colon), gallbladder, adrenal
glands, or urinary tract. A patient was considered to
have an intra-abdominal injury if it was visualized on
abdominal CT scan or identified at exploratory laparot-
omy. Hemoperitoneum was considered present if
intraperitoneal fluid was identified on abdominal CT
scanina patient with intra-abdominal injury or if blood
was identified in the intraperitoneal cavity at laparot-
omy.

Patients were considered to have repeat episodes of
hypotensionifasecond measured systolic blood pres-
sure in the ED was less than or equal to 90 mm Hg. Ab-
dominal tenderness was considered present only if ten-
derness was documented in alert (Glasgow Coma Scale
score >13) patients in the ED records by the ED/surgical
house staff or the emergency/surgical faculty physician.

Laparotomy was categorized by the abstractors as
either therapeutic or nontherapeutic. A therapeutic
laparotomy was defined as any laparotomy resulting in
aspecificintervention to an injured organ (eg, place-
mentof avitene onaliver laceration would be consid-
ered a therapeutic laparotomy). A laparotomy providing
nointervention would not be considered therapeutic
(eg,identification of an intra-abdominal injury that was
observed only at laparotomy would be considered non-
therapeutic). All patients with negative ultrasono-
graphic examination results and who underwent
laparotomy and a random sample of patients with posi-
tive ultrasonographic examination results and who
underwent laparotomy were additionally reviewed by a
faculty trauma surgeon to determine whether the
laparotomy was therapeutic or nontherapeutic. The
faculty surgeon was masked to the patients’ clinical
findings and results of the ultrasonographic examina-
tion at this review. Any disagreements between the fac-
ulty surgeon and the abstractors were resolved on the
basis of a third review.

Timing of the laparotomy was categorized as urgent
or delayed. Patients undergoing laparotomy within 6
hours of ED arrival were considered to undergo urgent
laparotomy, and patients undergoing laparotomy more
than 6 hours after the time of ED presentation were con-
sidered to have undergone delayed laparotomy.

The medical records of eligible patients who did not
undergo ED ultrasonography were reviewed to evaluate
for selection bias. We compared the frequency of intra-
abdominal injury and death among those eligible
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patients who underwent abdominal ultrasonography
and those who did not.

Primary Data Analysis

The sensitivity, specificity, positive and negative pre-
dictive values, and positive and negative likelihood
ratios for abdominal ultrasonography were calculated
for the primary outcome (patients with intra-abdomi-
nalinjuries and hemoperitoneum). Patients with intra-
abdominal injuries but without hemoperitoneum were
notincluded as a positive outcome when the test perfor-
mance of abdominal ultrasonography was calculated.
We chose this strategy because the abdominal ultra-
sonographic examination was designed and is used
solely to detect the presence or absence of intraperi-
toneal fluid. Abdominal ultrasonography would not be
expected to identify patients without hemoperitoneum.
The sensitivity of abdominal ultrasonography was also
calculated for the secondary outcome (patients with
intra-abdominal injuries and hemoperitoneum who
underwenta therapeutic laparotomy).

Continuous data were described as the mean=+1 SD.
Where appropriate, 95% confidence intervals (Cls)
were displayed by using the calculation by Cornfield.
Relative risk ratios were calculated to determine risk for
categorical variables. To assess interrater reliability, the
results of the 2 investigators’ abstractions were mea-
sured with the x statistic. Data analysis was performed
with STATA 5.0 for Windows statistical software (re-
lease 5.0; Stata Corporation, College Station, TX).

RESULTS

Characteristics of Study Subjects

Atotal of 12,119 admitted patients’ records were
reviewed, and 717 (5.9%) patients had out-of-hospital
or ED hypotension (Figure). The 447 (62%) patients
who underwent abdominal ultrasonography compose
the study population. The mean age of the 447 patient
study population was 36.0x17.5 years, and 254 (57%)
were men. Two hundred sixty-two (59%) patients were
identified with ED hypotension. Two hundred seventy-
five (61%) patients had out-of-hospital hypotension.
Ninety (20%) patients had ED and out-of-hospital
hypotension.

Four hundred six patients underwent abdominal CT,
diagnostic peritoneal lavage, or laparotomy. The re-
maining 41 patients had clinical follow-up to evaluate
the presence or absence of intra-abdominal injury.
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Intra-abdominal injuries were identified in 148 (33%;
95% C129% to 38%) patients. Types of intra-abdominal
injuries are shown in Table 1. One-hundred sixteen
(78%;95% C171% to 85%) of the 148 patients with
intra-abdominal injuries had hemoperitoneum and
represent the primary outcome measure.

Main Results

We calculated the test performance for abdominal
ultrasonography against these 116 patients with intra-
abdominal injuries and hemoperitoneum (Table 2). In
this cohort of patients, the likelihood ratio for an ultra-
sonographic examination demonstrating intraperi-
toneal fluid was 15.8, and the likelihood ratio for an
ultrasonographic examination negative for intraperi-
toneal fluid was 0.22.

One hundred twenty-four (84%) of the 148 patients
with intra-abdominal injuries underwent laparotomy
(urgent cases 114; delayed cases 10). Laparotomies
were considered therapeuticin 114 cases (urgent
cases 107; delayed cases 7). Of the 114 patients who
underwent a therapeutic laparotomy, 105 patients had
intra-abdominal injuries and hemoperitoneum (9 had
intra-abdominal injuries without hemoperitoneum).
Abdominal ultrasonography identified 87 of these 105
patients (sensitivity 83%; 95% CI 74% to 90%). Types
ofinjuries among patients with intra-abdominal
injuries and hemoperitoneum and normal abdominal
ultrasonographic examinations are shown in Table 3.

Abdominal ultrasonography was positive for intra-
peritoneal fluid in 15 patients withoutintra-abdominal
injury and hemoperitoneum. Seven of these patients
with false-positive ultrasonographic examinations
underwent laparotomy, and the remaining 8 were evalu-
ated with abdominal CT scan or diagnostic peritoneal
lavage. Of the 7 patients undergoing laparotomy, 2
patients were found to have ascites, 2 patients had large
retroperitoneal hematomas, and 1 patient had hemo-
peritoneum from a ruptured ectopic pregnancy. One
patient with a false-positive ultrasonographic examina-
tionresult experienced an iatrogenic liver injury during
laparotomy.

We compared patients who were hypotensive and
underwent abdominal ultrasonography (n=447) with
those who were eligible for the study but did not
undergo abdominal ultrasonography during initial ED
evaluation (n=270). Patients not undergoing abdomi-
nal ultrasonography had amean age 0f32.1+16.2 years.
Fifty (19%) patients not undergoing ultrasonography
were determined to have intra-abdominal injuries, and
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40 (80%) of these patients were taken within 30 min-
utes of ED arrival for laparotomy because of obvious
indications for laparotomy. Fifty-five (20%) patients
died. Patients not undergoing ultrasonography were
less likely to have an intra-abdominal injury (50/270
versus 148/447; relative risk 0.56;95% C10.42 t0 0.74)
but were more likely to die (55/270 versus 54/447; rela-
tiverisk 1.7;95% CI1.2t0 2.4).

Interrater reliability was excellent for the abstractors
detecting the presence or absence of intraperitoneal
fluid on abdominal ultrasonography, with ax score of
0.90. Agreement for therapeutic laparotomy was also
excellent, with ax score of 0.89.

LIMITATIONS

This study was limited by its retrospective design. In-
complete documentation may exist in the patients’
medical records. Most important, this methodology
limits the ability to determine the effect of ultrasonog-
raphy on clinical decisionmakingat patient resuscita-

tion. Future prospective studies could best answer this
question. We were unable to truly assess the presence or
absence of intraperitoneal fluid at initial abdominal
ultrasonography. The determination of intraperitoneal
fluid was made by abdominal CT scanning or at laparot-
omy, both of which occurred after initial ultrasonogra-
phy. We cannot exclude the presence of an injury that
resulted in minimal or no hemoperitoneum at ultra-
sonography, but subsequent hemorrhage occurred and
was later identified by abdominal CT scan or at laparot-
omy.

Notall the hypotensive patients presenting during
the study period underwent abdominal ultrasonogra-
phy. This selection bias potentially lowered the sensi-
tivity of ultrasonography. Forty of the 50 patients with
intra-abdominal injuries were taken immediately from
the ED for laparotomy. These patients had obvious indi
cations for laparotomy and were profoundly unstable
because of massive intra-abdominal hemorrhage. Itis
unlikely that ultrasonography would have aided in the
clinical decisionmaking for these patients, but had

Figure.

Patients with out-of-hospital or ED hypotension. DPL, Diagnostic peritoneal lavage.

717 Patients

Immediate
ultrasonography
n=447 (62%)

No
ultrasonography
n=270 (38%)
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n=299 n=148 (33%) n=220 (81%) n=50 (19%)
\
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Ultrasonography || Ultrasonography | | Hemoperitoneum Hemoperitoneum | | No abdominal imaging Abdominal
results positive results negative present absent (immediate laparotomy) CT

n=15 (5%) n=284 (95%) n=116 (78%) n=32 (22%) n=40 (80%) n=10(20%)
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Negative Normal abdominal Therapeutic Observation or non- Ultrasonography
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results positive results normal
n=87 (83%) n=18 (17%)
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these patients undergone ultrasonography, the majority
would likely have had positive ultrasonographic exami-
nation results because of their degree of injury. Finally,
the study was conducted at a single center, which limits
the generalizability of the study’s results.

DISCUSSION

We found thatabdominal ultrasonography identified
the majority of hypotensive patients with hemoperi-
toneum caused by intra-abdominal injuries, as well as
most patients who underwent therapeutic laparotomy
for these injuries. However, ultrasonography failed to
identify intraperitoneal fluid in an important percent-
age of patients with hemoperitoneum, including sev-
eral patients who required urgent laparotomy. The
effect of abdominal ultrasonography in the hypotensive
trauma patient is best demonstrated in its likelihood
ratios. A positive ultrasonographic examination result
has a substantial effect on the probability of intra-
abdominal injury (positive likelihood ratio 15.8),
whereas a negative ultrasonographic examination
result has alimited effect on posttest probability of dis-
ease (likelihood ratio 0.22).

Abdominal ultrasonography has several attractive
qualities as a potential screening examination in
hypotensive trauma patients. It may be performed in
the ED during the initial resuscitation and thus does not
require transportation of the patient. The procedure
may be performed rapidly, taking from 1 to 5 minutes to
complete.”-? The examination may be performed by
surgeons, emergency physicians, radiologists, and radi-
ology technicians.*>-19:20 The primary drawback of
ultrasonography is its inability to reliably identify
injured organs, a limitation it shares with diagnostic
peritoneal lavage.?1-22

Table 1.
Types of injuries among the 148 patients with intra-abdomi-
nal injuries.

Injury Type No. (%)
Liver 70 (47)
Spleen 59 (40)
Gastrointestinal 47 (32)
Kidney 25 (17)
Gallbladder 8 (5)

Pancreas 4(3)

The test performance of abdominal ultrasonography
for detecting intraperitoneal fluid has been widely stud-
ied. Inlarge studies, the sensitivity of ultrasonography
for detecting intraperitoneal fluid ranges from 75% to
90%.%-3-7,8,10,12,19,20,23,24 Thege studies, however, have
notfocused on the performance of ultrasonography in
the clinically important subgroup of patients who are
hypotensive. Most clinicians believe that abdominal
ultrasonography would perform better in this cohort
because intra-abdominal hemorrhage capable of pro-
ducing hypotension should resultin a positive ultra-
sonographic examination result. A previous study has
suggested from 500 to 1,000 mL of blood are required
forapositive abdominal ultrasonographic examina-
tion.?> Hemorrhage to alesser degree is less likely to be
the sole cause of hemodynamic instability.

Although there islimited evidence on the perfor-
mance of abdominal ultrasonography in hypotensive
blunt trauma patients, these studies suggest that the
sensitivity of abdominal ultrasonography in this cohort
approaches 100%. One prospective study performed a
subanalysis of patients with ED hypotension and
reported a sensitivity of 85% for patients with intra-
abdominal injuries (regardless of the presence of
hemoperitoneum), including the identification of all
patients requiring urgent laparotomy.'” The average
time to determine a positive ultrasonographic examina-
tion resultin this cohort was a remarkable 19 seconds.!”
Only 1 patientin this study required laparotomy de-
spite anegative ultrasonographic examination result.
The authors did not consider the failure of ultrasonog-
raphy to be important, although the patient underwent
delayed repair of a jejunal perforation. This study was
limited by its sample size because only 69 patients with
hypotension were enrolled, and only 20 of these patients
had intra-abdominal injuries. Additionally, the study
did notinclude patients with out-of-hospital hypoten-
sion.

Table 2.
Performance of ultrasonography in the study population (116
patients with intra-abdominal injury and hemoperitoneum).

Test Characteristics No. Percent (95% Cl)
Sensitivity 92/116 79 (71-86)
Specificity 316/331 95 (93-97)
Positive predictive value 92/107 86 (78-92)
Negative predictive value 316/340 93 (90-95)
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A second adultstudy also suggested that abdominal
ultrasonography had excellent test performance in the
cohort of patients who were hemodynamically unsta-
ble.1> Although that study also was limited by a small
samplesize, all 8 of the 30 hypotensive patients with
intra-abdominal injuries were identified by ultrasonog-
raphy. Finally, a pediatric study has suggested similar
results because ultrasonography identified all 7 hypo-
tensive children with hemoperitoneum.!® None of the 6
hypotensive children without hemoperitoneum had a
positive ultrasonographic examination result. As with
the previous studies, the small sample size limits the
conclusions of the pediatric study.

In the current study, the types of intra-abdominal
injuries among the 18 patients with hemoperitoneum
who underwent laparotomy despite normal ultrasono-
graphic examination results were variable (Table 3).
Gastrointestinal injuries were the most frequent, but
liver and splenic injuries were also common. The pres-

ence of such injuries highlights the potential failure of
ultrasonography in this group of high-risk patients.
The group of patients undergoing urgent laparotomy
despite normal abdominal ultrasonographic examina-
tions stresses the importance of further abdominal eval-
uation in patients with out-of-hospital or ED hypoten-
sion.

Abdominal ultrasonography had an excellent speci-
ficity in the study, which is important because patients
withoutintra-abdominal injury and hemoperitoneum
are unlikely to test positive. The risk of anegative lap-
arotomy in a patient with a positive ultrasonographic
examination is minimal, although several patients in
this study had negative laparotomy results after positive
ultrasonographic examination results. A surgeon can
therefore confidently proceed to the operating suite for
the majority of hypotensive patients with a positive
ultrasonographic examination result. Future research
should attempt to further delineate patients with posi-

Table 3.

Findings in the 18 patients with hemoperitoneum who underwent therapeutic laparotomy and had normal ultrasonographic exami-

nation results.

Age,y Mechanism

Abdominal Injury

Therapy

Additional Injuries

Avitene placement, diaphragm repair

Liver packing, cholecystectomy
Liver packing, cholecystectomy, none

None, cholecystectomy, splenectomy,

13 MvC Splenic laceration Splenectomy

19 MvC Serosal tear: colon, mesenteric Repair, none, none
laceration, renal hematoma”

22 MvC Splenic laceration Splenectomy

23 MVC Serosal tear: colon, mesenteric None, repair
laceration

27 MVC Liver laceration, diaphragm rupture

28 MvC Splenic laceration Splenectomy

29 MVC Mesenteric laceration Repair

30 Motorcycle  Devascularized bowel Bowel resection

31 MVvC Splenic laceration, liver capsule Splenectomy, none, repair
tear, serosal tear: stomach

34 Assault Liver laceration, gallbladder avulsion

45 MVC Liver laceration, gallbladder avulsion,
serosal tear: colon

45 MVC Splenic laceration, liver laceration, Splenectomy, none, repair
diaphragm rupture

46 MVC Liver laceration, gallbladder avulsion,
splenic laceration, serosal tear: colon  repair

65 MVC Splenic laceration, liver laceration” Splenectomy, none

67 Auto vs Splenic laceration Splenectomy

pedestrian

73 MvC Serosal tear: colon, mesenteric Repair, repair
laceration

79 MvC Splenic laceration, liver laceration, Splenectomy, none, repair
mesenteric laceration

80 MvC Liver laceration, sigmoid perforation

Packing, sigmoid colectomy

MVC, Motor vehicle collision; SDH, subdural hematoma; EDH, epidural hematoma; SAH, subarachnoid hemorrhage.
“Laparotomy delayed (occurred >6 h from ED presentation).

Severe head injury, facial fractures, femur fracture,
forearm fractures
Severe head injury, multiple bony fractures

Pelvic fracture
Tibia/fibula fracture

Hemothorax, pelvic fracture

SDH, hemopneumothorax, pelvic fracture, died

Cerebral edema/shear hemorrhages, brachial
plexus injury

Pelvic fracture, femur fracture, died

Closed head injury

Concussion, facial fractures
Concussion, multiple rib fractures

EDH, aortic injury, cervical spine injury, pelvic
fracture
Multiple rib fractures

Multiple rib fractures, concussion

SAH, SDH, hemothoraces, femur fracture, spinal
fractures, died

Pelvic fracture, multiple bony fractures

Severe head injury, flail chest, died

Pelvic fracture, spinal fracture, tibia/fibula fracture,
died
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tive ultrasonographic examination results who require
laparotomy so that the rate of negative laparotomy
results can be reduced.

In summary, the qualities of being portable, rapidly
performed, and conducted while additional resuscita-
tion procedures are ongoing make abdominal ultra-
sonography anideal screening examination for blunt
trauma patients who are hypotensive. Abdominal ultra-
sonography identifies most of these patients who are
hypotensive from intra-abdominal hemorrhage. How-
ever, a subgroup of patients with out-of-hospital or ini-
tial ED hypotension will have hemoperitoneum despite
normal ultrasonographic examination results. Hypo-
tensive patients with normal ultrasonographic exami-
nation results should continue to be evaluated for
sources of hypotension, including intra-abdominal
hemorrhage.
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