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OBJECTIVE. The purpose of this study was to assess the utility of focused abdominal
sonography for trauma (FAST) in the triage of hypotensive and normotensive blunt abdominal
trauma patients to exploratory laparotomy.

MATERIALS AND METHODS. Data entered in a trauma registry database were retro-
spectively reviewed and were correlated with medical records, radiology reports, and surgical
laparotomy reports. In the setting of blunt abdominal trauma, hypotensive patients were com-
pared with normotensive patients who underwent FAST.

RESULTS. During the 6-year study period, 4,029 patients with blunt abdominal trauma
underwent sonography, 122 of whom were hypotensive on arrival and underwent FAST. Of 87
hypotensive patients with positive findings on FAST, 69 (79%) were taken directly to explor-
atory laparotomy without the need for CT. In predicting the need for therapeutic laparotomy in
hypotensive patients, the sensitivity of FAST was 85%, specificity was 60%, and accuracy was
77%. Of the 3,907 normotensive patients, 3,584 had negative FAST findings, whereas 323 had
positive FAST findings. In normotensive patients, the sensitivity of FAST was 85%, specificity
was 96%, and accuracy was 96%. In the combined patient population (all hypotensive and nor-
motensive patients), 4,029 patients with blunt abdominal trauma underwent sonography: 3,619
had negative and 410 had positive FAST findings. In all patients regardless of blood pressure,
the sensitivity of FAST was 85%, specificity was 96%, and accuracy was 95%.

CONCLUSION. Hypotensive patients screened in the emergency department with posi-
tive FAST findings may be triaged directly to therapeutic laparotomy, depending on the results
of the sonography examination, without the need for CT.

onographic free fluid has been
shown to be a useful predictor of
surgical injury in patients with
blunt abdominal trauma. However,

few studies have examined the utility of free
fluid in hypotensive patients with blunt ab-
dominal trauma. In the setting of blunt abdom-
inal trauma, determining which patients have
signs or symptoms that warrant surgical explo-
ration and repair is a diagnostic dilemma. For
the unstable patient, rapid and accurate triage
is crucial because delayed treatment is associ-
ated with increased morbidity and mortality
[1]. Clinical history, physical examination, and
laboratory tests are often unreliable in the eval-
uation of blunt abdominal trauma [2].

Diagnostic peritoneal lavage had been used
for decades to detect hemoperitoneum but is
ineffective for detecting retroperitoneal inju-
ries and solid organ injuries not associated with
hemoperitoneum [3, 4]. Furthermore, diagnos-
tic peritoneal lavage is an invasive procedure

with sensitive but nonspecific findings that
may lead to unnecessary laparotomies and the
associated complications [5]. Increasingly,
noninvasive methods such as CT and sonogra-
phy have gradually replaced diagnostic perito-
neal lavage. CT can effectively depict hemo-
peritoneum, retroperitoneal injury, and solid
organ injury, but CT is less accurate in showing
pancreatic, diaphragmatic, and hollow viscus
injuries [6]. However, CT has disadvantages
including ionizing radiation, IV injection of ra-
dioiodinated contrast material, and time re-
quired for patient transport and scanning of
critically injured or unstable patients. Sonogra-
phy is a fast, simple, noninvasive, and readily
available screening examination.

Focused abdominal sonography for trauma
(FAST) scanning has been previously de-
scribed in the setting of blunt abdominal
trauma to evaluate for free fluid in the abdo-
men or pelvis [7]. Sonography is useful as a di-
agnostic tool for detecting intraabdominal in-
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juries but is less sensitive for detecting bowel
and mesenteric injuries. Sonography has lim-
ited utility in the trauma setting for spinal and
pelvic fractures, retroperitoneal (pancreatic
and adrenal) injuries, vascular injuries, and di-
aphragmatic rupture [8]. However, in the eval-
uation of the hypotensive patient with blunt ab-
dominal trauma, sonography is increasingly
used because of its rapid results, portability,
and lack of ionizing radiation. Prior studies
have evaluated the accuracy of sonography for
detecting hemoperitoneum and solid organ in-
jury [6, 9–17]. The use of sonography in triag-
ing blunt abdominal trauma patients, particu-
larly those with hypotension, has only recently
been explored [18, 19], to our knowledge. To
mitigate morbidity and mortality, rapid deter-
mination of which patients with intraabdomi-
nal injuries require surgical exploration is crit-
ically important.

The purpose of this study was to investi-
gate the possible role of sonography (FAST)
in patients with blunt abdominal trauma. Prior
studies have examined the use of sonography
in blunt abdominal trauma; however, this
study is the first, to our knowledge, to inves-
tigate and compare the utility of sonography
in hypotensive patients versus normotensive
patients in a consecutive study population.

Materials and Methods
This retrospective study was performed at a re-

gional level 1 comprehensive trauma center. All pa-
tients, regardless of age, who presented with blunt
abdominal trauma over a 6-year period, from Janu-
ary 1995 to January 2001, were enrolled in a trauma
registry database. Patients who underwent FAST
were then selected from the database, and the FAST
findings were correlated with clinical data, imaging
results, and laparotomy findings. Patients were ex-
cluded from the study if clinical, radiologic, or sur-
gical information was incomplete. This retrospec-
tive study was approved by the hospital’s
institutional review board.

FAST was performed by registered diagnostic
medical sonographers with at least 2 years’ experi-
ence on an XP10-128 (Acuson), 5200S (Acoustic
Imaging), or Sequoia 512 (Acuson-Siemens) unit
using phased-array or convex linear 2.5-5.0–MHz
transducers. Image acquisition was performed
solely by experienced radiology department sonog-
raphers available 24 h/d, and images were reviewed
and the sonographers were supervised by the radi-
ology attending physician or a radiology resident.

The determination of which blunt abdominal
trauma patients underwent FAST was at the discre-
tion of the emergency department attending physi-
cian or trauma surgeon caring for the patient. FAST

was usually performed within a 30-minute period of
the patient’s arrival to the emergency department.

Scans were obtained with the patient in the su-
pine position to evaluate for the presence of free
fluid in the bilateral upper quadrants, including the
hepatorenal and splenorenal regions, and paracolic
gutters. The pelvis was also scanned for free fluid,
although this scan was sometimes obtained without
the benefit of a well-distended bladder providing an
optimal acoustic window. Subxiphoid views of the
heart were obtained when there was a history of
possible chest trauma. A detailed evaluation of the
solid organs was not performed, although limited
images of the solid organs were obtained if there
was adjacent free fluid and if time permitted. Given
the lack of dedicated scanning for abdominal organ
injury, parenchymal abnormalities were not consid-
ered and only free fluid was used for analysis.

CT scans were obtained on a LightSpeed scan-
ner (GE Healthcare) using a 100- to 150-mL bolus
of IV contrast material (iohexol [Omnipaque 300,
Nycomed]) injected at 2–3 mL/s. No oral contrast
material was administered. Patients were initially
scanned from the xiphoid to the symphysis pubis
with 3-minute delayed images from the xiphoid
through the kidneys.

All images were interpreted immediately by the
on-call radiology attending physician, radiology
fellow, or radiology resident. The findings were re-
viewed, and a report was finalized by the radiology
faculty if the sonography examination was initially
reviewed by a fellow or resident.

Sonography reports were retrospectively re-
viewed, and the location and amount of free fluid
were recorded. The amount of free fluid was sub-
jectively categorized as small, moderate, or large
(Figs. 1–3). Small amounts of free fluid in three or
more locations were graded as moderate, and mod-
erate amounts of free fluid in three or more loca-
tions were graded as large. If there was ambiguity
in the report, hard-copy sonography images were
reviewed, and the results were confirmed. Sonogra-
phy finding were graded as positive if any free fluid
was present.

Patient demographics and history of injury
mechanism were collected. Blood pressure on ar-
rival in the emergency department was used for cat-
egorization as hypotensive (systolic blood pressure
≤ 90 mm Hg) or normotensive (systolic blood
pressure > 90 mm Hg). Laparotomy results were
obtained from medical records and grouped into
those requiring surgical intervention versus those
not requiring surgical intervention. The concept of
therapeutic versus nontherapeutic laparotomy is
derived from clinical and surgical perspectives. We
categorized injuries retrospectively by whether
they required surgical repair (i.e., therapeutic lap-
arotomy) or not (nontherapeutic laparotomy).

The therapeutic laparotomy categorization in-
cludes those patients who were the most critical and
required emergent intervention. Positive therapeu-
tic laparotomy criteria included bleeding liver lac-
eration requiring packing or hemostasis, splenic
laceration requiring splenorrhaphy or splenectomy,
bowel laceration or perforation, diaphragm lacera-
tion, bleeding renal laceration requiring nephrec-
tomy or embolization, bleeding mesenteric injury
requiring repair, and expanding retroperitoneal he-
matoma requiring repair.

The nontherapeutic laparotomy group com-
prises those patients who had injuries that were not
severe enough to require surgical repair. Nonthera-
peutic laparotomy criteria included liver laceration
not requiring packing or hemostasis, splenic lacer-
ation not requiring splenorrhaphy or splenectomy,
bowel contusions, mesenteric hematomas not re-
quiring repair, and retroperitoneal hematomas not
requiring repair.

Comparisons between the amount of fluid
(small, moderate, or large) and the need for laparo-
tomy were examined in hypotensive patients, nor-
motensive patients, and all patients. In hypotensive
patients, the use of CT during triage was also exam-
ined. Finally, comparisons in therapeutic laparot-
omy rates between normotensive and hypotensive
patients with varying amounts of fluid were made.
Fisher’s exact test was used for statistical analysis
with statistical significance set at a p value of less
than or equal to 0.05.

Results
During the 6-year study period, 4,029 blunt

abdominal trauma patients underwent FAST.

Hypotensive Patients
Patients with hypotension on arrival were

identified (n = 122). The mean age of the 122
hypotensive patients was 31.8 ± 17.8 (SD)
years. The mechanism of injury in 61% was
motor vehicle crash; 18%, automobile-ver-
sus-pedestrian collision; 11%, fall; 7%, as-
sault; and 3%, motorcycle crash.

Table 1 summarizes the results of the hy-
potensive subgroup correlated with whether
therapeutic laparotomy, nontherapeutic lap-
arotomy, or no laparotomy was performed. Of
the 35 hypotensive patients with negative
FAST findings, 13 (37%) underwent therapeu-
tic laparotomy. Of the 87 patients with positive
FAST, an increased amount of free fluid was
associated with a higher rate of therapeutic lap-
arotomy: 70% (30/43) of patients with a small
amount of free fluid, 97% (33/34) with a mod-
erate amount of free fluid, and 90% (9/10) with
a large amount of free fluid underwent thera-
peutic laparotomy. Of all 87 hypotensive pa-
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Fig. 1—37-year-old hypotensive man being evaluated 
after motor vehicle collision with only finding of small 
right upper quadrant fluid on focused abdominal 
sonography for trauma (FAST). Patient was taken 
emergently to laparotomy and underwent hemostasis of 
liver laceration and repair of colon serosal tears.

A B

Fig. 2—44-year-old man being evaluated after motor vehicle collision.
A and B, Focused abdominal sonography for trauma (FAST) image (A) and CT image (B) show moderate amount 
of pelvic free fluid (FF, A) adjacent to bladder (B, A). Patient underwent exploratory laparotomy for hemostasis 
of liver laceration.

Fig. 3—26-year-old 
woman with hypotension 
being evaluated after 
assault. Scan of left 
lower quadrant shows 
large amount of complex 
fluid/hematocrit level 
with layering echogenic 
blood (arrows). Patient 
was taken emergently for 
exploratory laparotomy 
and found to have 
ruptured spleen 
requiring splenectomy.

tients with positive FAST, 72 (83%) underwent
therapeutic laparotomy.

In further examination of the hypotensive
patients, most of the patients with positive
FAST findings were taken directly to laparo-
tomy without undergoing CT (Table 2). In hy-
potensive patients with a small amount of free
fluid on FAST, 23% (10/43) underwent CT; of
those 10 patients who underwent CT, two
went on to therapeutic laparotomy and eight
did not undergo laparotomy. All 34 hypoten-
sive patients with a moderate amount of free
fluid on FAST went directly to laparotomy
without undergoing CT. Nine (90%) of 10 hy-
potensive patients with a large amount of free
fluid went directly to laparotomy without un-
dergoing CT and the patient who underwent
CT also had a therapeutic laparotomy. In hy-
potensive patients with positive FAST who
went directly to laparotomy without CT, ther-
apeutic laparotomy rates of 85% (28/33),
97% (33/34), and 89% (8/9) were found in pa-
tients with small, moderate, and large
amounts of free fluid, respectively. In hy-
potensive patients with no free fluid on FAST,
80% (28/35) went on to CT.

An increasing number of discrete fluid col-
lections or fluid pockets detected on FAST
was associated with a higher rate of therapeu-
tic laparotomy. For hypotensive patients with
one fluid pocket, 68% (23/34) underwent
therapeutic laparotomy, and 83% (15/18)
with two fluid pockets had a therapeutic lap-
arotomy. Hypotensive patients with three,
four, and five fluid pockets had therapeutic
laparotomy in 92% (11/12), 100% (5/5), and
100% (18/18) of the cases, respectively.

Normotensive Patients
Of all patients with blunt abdominal

trauma who underwent sonography, 3,907
were normotensive: 3,584 had negative and
323 had positive FAST findings (Table 3).
The average patient age was 32.5 ± 18.9
years. The mechanism of injury in 65% was
motor vehicle crash; 14%, automobile-ver-
sus-pedestrian crash;11%, fall; 7%, assault;
and 3%, motorcycle crash. Thirty-three (1%)
of 3,584 patients with negative FAST re-
quired therapeutic laparotomy, and 42%
(87/205) of patients with a small amount of
free fluid went on to have a therapeutic lap-
arotomy. There were 71 (86%) of 83 patients
with a moderate amount of fluid and 31 (89%)
of 35 with a large amount of free fluid who re-
quired surgical intervention. For all normo-
tensive patients with positive FAST, 59%
(189/323) required therapeutic laparotomy.
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TABLE 1: Correlation of Amount of Free Fluid Detected on Focused Abdominal 
Sonography for Trauma (FAST) with Therapeutic Laparotomy for 
Hypotensive Patients

FAST Finding

% of Patients
Who Underwent

Therapeutic
Laparotomy

No. of Cases

Total
Therapeutic
Laparotomy

Nontherapeutic
Laparotomy

No
Laparotomy

No free fluid 37 35 13 5 17

Small amount of free fluid 70 43 30 2 11

Moderate amount of free fluid 97 34 33 1 0

Large amount of free fluid 90 10 9 1 0

Positive findings for free fluid 83 87 72 4 11

In normotensive patients, 67 (44%) of 153
patients with free fluid in one location had a
therapeutic laparotomy, and 49% (40/82) of
patients with free fluid in two locations had
surgical intervention. In patients with fluid in
three, four, and five locations, therapeutic lap-
arotomy rates were 85% (35/41), 100% (6/6),
and 100% (41/41), respectively.

All Patients (Normotensive and Hypotensive)
Table 4 summarizes the FAST results of all

the patients regardless of blood pressure cor-
related with therapeutic laparotomy, nonther-
apeutic laparotomy, or no laparotomy. Of
4,029 patients with blunt abdominal trauma
who underwent sonography, 3,619 had nega-
tive FAST findings and 410 had positive
FAST findings. One percent (46/3,619) of pa-
tients with negative FAST required ther-
apeutic laparotomy. Forty-seven percent
(117/248) of patients with a small amount of
free fluid underwent therapeutic laparotomy.
Eighty-nine percent (104/117) of patients
with a moderate amount of free fluid and 89%
(40/45) with a large amount of free fluid went
on to surgical intervention. Of all 410 patients
who had positive FAST, 64% (n = 261) went
on to therapeutic laparotomy.

As seen in both hypotensive and normoten-
sive patient groups, an increasing number of

free fluid pockets directly correlated with
therapeutic laparotomy in all patients. Forty-
nine percent (92/187) of patients with free
fluid in one location had a therapeutic laparo-
tomy. Fifty-six percent (56/100) of patients
with free fluid in two locations required sur-
gical intervention. In patients with fluid in
three, four, and five locations, therapeutic lap-
arotomy rates were 87% (46/53), 100%
(11/11), and 100% (56/56), respectively.

Because the amount of free fluid and num-
ber of locations are codependent variables (i.e.,
the larger the amount of fluid, the greater the
number of fluid pockets), the results were
sorted by amount of fluid and number of pock-
ets (Table 5); no significant difference was ob-
served among the patient groups. Forty-four
percent (74/168) of patients with a small
amount of fluid in one location had a therapeu-
tic laparotomy, whereas 54% (43/80) of pa-
tients with a small amount of fluid in two or
more locations required a therapeutic laparot-
omy. For patients with a moderate amount of
free fluid, the laparotomy rate of those with
free fluid in one location versus the laparotomy
rate of those with free fluid in more than one
location was not significantly different (94%
vs 88%, respectively). Patients with a large
amount of free fluid also showed similar lap-
arotomy rates: 100% for those with fluid in one

TABLE 2: Correlation of Sonography Only Versus Sonography and CT with Therapeutic Laparotomy for Hypotensive 
Patients

FAST Findings
Total No.
of Cases

% of Patients 
Who 

Underwent CT

Sonography Only (No. of Cases) Sonography and CT (No. of Cases)

Therapeutic
Laparotomy

Nontherapeutic
Laparotomy

No
Laparotomy

Therapeutic
Laparotomy

Nontherapeutic
Laparotomy

No
Laparotomy

No free fluid 35 80 6 1 0 7 4 17

Small amount of free fluid 43 23 28 2 3 2 0 8

Moderate amount of free fluid 34 0 33 1 0 0 0 0

Large amount of free fluid 10 10 8 0 0 1 0 0

Note—FAST = focused abdominal sonography for trauma.

location and 88% for those with free fluid in
multiple locations. This finding was also seen
in hypotensive and normotensive patients.

In comparing therapeutic laparotomy rates
for normotensive and hypotensive patients,
statistically significant differences were found
between hypotensive and normotensive pa-
tients with no free fluid (p < 0.001) and a small
amount of free fluid (p = 0.001). No statistical
significance was seen between hypotensive
and normotensive patients with a moderate
amount of free fluid (p = 0.62) and those with
a large amount of free fluid (p = 0.69).

The intraabdominal injuries not detected
on FAST that required surgical repair are
listed in Table 6. Of the hypotensive patients,
18 had negative FAST findings but went on to
exploratory laparotomy due to clinical
course, positive diagnostic peritoneal lavage
results, positive CT findings, or a combina-
tion thereof. Thirteen hypotensive patients
had intraabdominal injuries requiring surgical
repair, with the most commonly missed inju-
ries being those to the bowel (n = 8), spleen
(n = 5), and liver (n = 3). In normotensive pa-
tients with negative FAST, 75 went on to ex-
ploratory laparotomy, with 33 requiring sur-
gical repair. The most commonly missed
injuries in normotensive patients included
those to the bowel (n = 25), spleen (n = 19),
and liver (n = 8). Various injuries to the dia-
phragm, gallbladder, and retroperitoneum, in-
cluding the kidneys, pancreas, bladder, rec-
tum, and urethra, were also missed.

For hypotensive patients with blunt abdomi-
nal trauma, the sensitivity of FAST for need of
therapeutic laparotomy was 85% (72/85) and
the specificity was 60% (22/37); the positive
predictive value was 85% (72/85), negative pre-
dictive value was 63% (22/35), and accuracy
was 77% (94/122) (Table 7). For the normoten-
sive patient group, sensitivity was
85% (189/222) and specificity was 96%
(3,551/3,685); the positive predictive value was
59% (189/323), negative predictive value was
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TABLE 3: Correlation of Amount of Free Fluid on Focused Abdominal 
Sonography for Trauma (FAST) with Therapeutic Laparotomy for 
Normotensive Patients

FAST Findings

% of Patients 
Who Underwent 

Therapeutic 
Laparotomy

No. of Cases

Total
Therapeutic 
Laparotomy

Nontherapeutic 
Laparotomy

No 
Laparotomy

No free fluid 1 3,584 33 42 3,509

Small amount of free fluid 43 205 87 16 102

Moderate amount of free fluid 86 83 71 4 8

Large amount of free fluid 89 35 31 1 3

Positive findings for free fluid 59 323 189 21 113

TABLE 4: Correlation of Amount of Free Fluid with Therapeutic Laparotomy for 
All Patients

FAST Findings

% of Patients 
Who Underwent 

Therapeutic 
Laparotomy

No. of Cases

Total
Therapeutic 
Laparotomy

Nontherapeutic
Laparotomy

No 
Laparotomy

No free fluid 1 3,619 46 47 3,526

Small amount of free fluid 47 248 117 18 113

Moderate amount of free fluid 89 117 104 5 8

Large amount of free fluid 89 45 40 2 3

Positive findings for free fluid 64 410 261 25 124

TABLE 5: Correlation of Free Fluid Location and Amount with Therapeutic 
Laparotomy for All Patients

Amount of
Free Fluid
and No. of
Locations

% of Patients 
Who Underwent 

Therapeutic 
Laparotomy

No. of Cases

Total
Therapeutic
Laparotomy

Nontherapeutic
Laparotomy

No
Laparotomy

Small

1 Location 44 168 74 11 83

> 1 Location 54 80 43 7 30

Moderate

1 Location 94 16 15 0 1

> 1 Location 88 101 89 5 7

Large

1 Location 100 3 3 0 0

> 1 Location 88 42 37 2 3

99% (3,551/3,584), and accuracy was 96%
(3,740/3,907). In all patients, the sensitivity of
FAST was 85% (261/307) and specificity was
96% (3,573/3,722); the positive predictive
value was 64% (261/410), negative predictive
value was 99% (3,573/3,619), and accuracy
was 95% (3,834/4,029).

Discussion
The use of sonography and CT for assess-

ment in blunt abdominal trauma has been ex-

tensively reviewed in the literature [20–23].
CT is viewed as the definitive technique be-
cause of its high sensitivity and specificity in
injury detection, localization, and grading [6].
However, CT may not be an option for those
patients who are clinically unstable to travel to
the CT scanner, who are pregnant, or who will
not fit in the scanner due to their body habitus.
Sonography has some specific advantages over
CT in that it is a bedside examination, is a rel-
atively expedient examination, and uses no

ionizing radiation. Furthermore, patients un-
dergoing sonography do not require contrast
agents and thus are spared the associated risk
of contrast reaction and nephrotoxicity.

In our study, differences emerged between
the hypotensive and normotensive patients with
blunt abdominal trauma. A statistically signifi-
cant difference was found between hypotensive
and normotensive patients with a small amount
of free fluid; this reflects the greater signifi-
cance of a small amount of free fluid in hy-
potensive patients and the higher associated
therapeutic laparotomy rate. No statistical sig-
nificance was seen between hypotensive and
normotensive patients with a moderate or large
amount of free fluid, reflecting the high associ-
ation with therapeutic laparotomy in both pa-
tient groups. A statistically significant differ-
ence was also found between hypotensive and
normotensive patients with no free fluid; this
likely reflects the very low likelihood of thera-
peutic laparotomy in normotensive patients
versus the higher likelihood of therapeutic lap-
arotomy in hypotensive patients.

Categorizing blunt abdominal trauma pa-
tients by the amount of free fluid and catego-
rizing them by the number of fluid pockets are
equally valid methods of assessment. The
amount of free fluid has a direct correlation
with the number of fluid pockets because both
are codependent variables. In both study pop-
ulations, there was no significant difference
between the total amount of fluid in one loca-
tion or that in more than one location. The
causes for false-positive FAST findings in-
cluded four cases of superficial liver lacera-
tion not requiring repair, four cases of renal
laceration or contusion not requiring repair,
four cases of pelvic hematomas from pelvic
fractures, one case of retroperitoneal he-
matoma not requiring repair, and one case of
ascites secondary to metastatic breast cancer.
The other patients with false-positive FAST
findings had negative findings at laparotomy,
and the cause of the free fluid was not found.

Other studies have shown findings similar
to ours. Farahmand et al. [18] used a fluid
scoring system based on the number of fluid
pockets (0, 1, and 2 or more) and retrospec-
tively assigned patients to a high- or low-risk
group. In 128 hypotensive patients with blunt
abdominal trauma, they calculated 97% sen-
sitivity, 82% specificity, and 86% accuracy
for the detection of surgical injuries. How-
ever, that study was not a consecutive sample
because 24-hour sonography coverage was
not available; in our study, experienced
sonographers were always present and per-
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TABLE 6: Intraabdominal Injuries Requiring Surgical Repair Not Detected on 
Focused Abdominal Sonography for Trauma (FAST)

Missed Injuries

No. of Patients

Hypotensive Normotensive All

Bowel injury 8 25 33

Splenic injury 5 19 24

Liver injury 3 8 11

Diaphragm rupture 1 5 6

Kidney injury 1 4 5

Gallbladder injury 2 2 4

Retroperitoneal hematoma 0 3 3

Pancreas injury 0 2 2

Bladder injury 0 1 1

Rectal injury 0 1 1

Urethral injury 0 1 1

TABLE 7: Comparison of Statistics for Hypotensive, Normotensive, and All 
Patients

Performance
Measure Hypotensive Normotensive All

Sensitivity (%) 85 (75–91) 85 (80–89) 85 (80–89)

Specificity (%) 60 (42–75) 96 (96–97) 96 (95–97)

PPV (%) 83 (73–90) 59 (53–64) 64 (59–68)

NPV (%) 63 (45–78) 99 (99–99) 99 (98–99)

Accuracy(%) 77 (70–84) 96 (95–97) 95 (94–96)

Note—PPV = positive predictive value, NPV = negative predictive value. Values in parentheses are 95% CIs.

formed the FAST examination. Interestingly,
Farahmand and colleagues concluded that
positive sonography findings correlate with
surgical injury in 64% of cases, whereas neg-
ative sonography almost always excludes sur-
gical injury. For that study group, Farahmand
and colleagues reported one case of mesen-
teric injury not detected on screening sonog-
raphy. In contrast, our study had higher rates
of false-negatives, which is likely due to more
cases of isolated bowel injury being included
in our study. In our experience, isolated bowel
injury is often not immediately associated
with hemoperitoneum and is more difficult to
diagnose than other injuries [24]. The free
fluid detected in patients with bowel injury is
thought to be due to other concomitant ab-
dominal injuries. Worsening abdominal ten-
derness during observation in the emergency
department and delayed CT may help in triag-
ing patients with suspected bowel injury that
is not detected on FAST.

McKenney et al. [19] used a hemoperito-
neum scoring system based on the anteropos-
terior depth of the largest fluid collection plus
1 point for each additional area with fluid. In

18 hypotensive patients with a systolic blood
pressure of less than 90 mm Hg, 10 had a score
of greater than 3, and all 10 patients required
therapeutic laparotomy. The remaining eight
patients had a score of less than 3, with three
patients requiring therapeutic laparotomy. The
hemoperitoneum scoring system appears to be
a variation on using the total amount of fluid as
a predictor for therapeutic laparotomy. Al-
though the hemoperitoneum scoring system
may be valid, its utility in a greater number of
hypotensive patients remains to be seen.

Several limitations to this study exist. This
study was retrospective. Patients with incom-
plete data were excluded. Exclusion of those
cases is not thought to bias the data because
the pattern was random and sporadic and oc-
curred in all groups of patients. Another po-
tential limitation is that because blood pres-
sure on arrival to the emergency department
was used, patients who were sporadically hy-
potensive in the field, during transport, or af-
ter arrival were not included; thus, patients
with episodic hypotension may not have been
categorized in the hypotensive subgroup. In
addition, the grading of fluid amount is some-

what subjective. The use of a more qualitative
fluid scoring system rather than a quantitative
standard has drawbacks due to its imprecision
and variability among interpreting reviewers.
However, a qualitative fluid scoring system is
widely used by most radiologists, and there is
some general consensus about fluid grading.
An additional limitation is that the time from
injury to scanning was not included; these
data were not consistently available, and this
limitation is typical of a retrospective study.

Given our findings and those of prior stud-
ies, we believe FAST should be performed
immediately after the blunt trauma patient ar-
rives in the emergency department and is de-
termined to be hypotensive. If the FAST find-
ings are positive, especially in patients with
moderate to large amounts of free fluid, the
patients should be triaged directly to explor-
atory laparotomy. If the FAST findings are
negative or the hypotensive patient becomes
hemodynamically stable, then there may be
enough time for the patient to undergo CT for
further evaluation. Similarly, FAST may be
used in all patients regardless of blood pres-
sure if they are unable to undergo CT.

In conclusion, for triaging hypotensive pa-
tients with blunt abdominal trauma to laparo-
tomy, FAST is an effective screening tool when
performed by experienced sonographers. In
hypotensive patients in whom moderate to
large fluid collections are noted, immediate tri-
age to the operating room, obviating CT, may
be required. In hypotensive patients, bowel and
mesenteric injuries may not be associated with
a significant amount of free fluid and may be a
cause of false-negative findings on FAST; this
possibility highlights the need for heightened
clinical suspicion and possibly for further eval-
uation with CT.
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