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Abstract
Background  The ability of focused assessment with 
sonography for trauma (FAST) to detect clinically 
significant hemorrhage in hypotensive injured patients 
remains unclear. We sought to describe the sensitivity 
and specificity of FAST using findings at laparotomy as 
the confirmatory test.
Methods  Patients from the Prospective Observational 
Multicenter Major Trauma Transfusion (PROMMTT) study 
that had a systolic blood pressure < 90mm Hg and 
underwent FAST were analysed. Results were compared 
with findings at laparotomy. A therapeutic laparotomy 
(T-LAP) was defined as an abdominal operation within 6 
hours in which a definitive procedure was performed. The 
sensitivity and specificity of FAST were calculated.
Results  The cohort included 317 patients that 
underwent FAST (108 positive, 209 negative). T-LAP was 
performed in 69% (n=75) of FAST(+) patients and 22% 
(n=48) of FAST(−) patients. FAST had a sensitivity of 
62% and specificity of 83%.
Conclusions  In our multicenter cohort, 22% of FAST(−) 
patients underwent T-LAP within 6 hours of admission. 
In hypotensive patients with a negative FAST, clinicians 
should still maintain a high index of suspicion for 
significant abdominal hemorrhage.
Level of evidence  Level IV.

Introduction
The focused assessment with sonography for trauma 
(FAST) has become commonplace as a rapid diag-
nostic modality for the initial evaluation of patients 
with torso injuries in the USA.1 An extensive body 
of literature on the use of FAST in trauma exists, 
and it has been recommended in the advanced 
trauma life support (ATLS) course.1–3

In many trauma centers, a FAST (or a variant 
of FAST that includes additional views) is used as 
a screening examination for patients presenting 
with suspected torso injury.4–7 Although hemody-
namically unstable patients with a positive FAST 
typically undergo immediate laparotomy without 
confirmatory imaging studies, those with a FAST 
that does not reveal free fluid often undergo addi-
tional diagnostic studies. This practice is in part 
based on previous data suggesting that patients 
with an indeterminate, often referred to as ‘nega-
tive’, FAST infrequently have injuries requiring 

emergent surgical intervention.4 7 Clinically, it has 
been observed that the ability to accurately perform 
and interpret the FAST has been less precise.

As randomised trials evaluating the ability of 
FAST to identify the need for laparotomy have 
not been performed, the available evidence comes 
from observational and retrospective studies. The 
Prospective Observational Multicenter Major 
Trauma Transfusion (PROMMTT) study accrued 
injured patients in 2009–2010 that received one or 
more blood transfusions.8 9 Although the intended 
purpose of PROMMTT was to evaluate optimal 
blood product transfusion ratios, the extensive data 
collected has allowed for the study of other aspects of 
the acute management of injured patients, including 
FAST. In this study, we used the PROMMTT data 
set to evaluate the ability of FAST to identify hypo-
tensive injured patients that received an emergent 
or urgent therapeutic laparotomy.

Methods
Data were obtained from a database created by 
the Data Coordinating Center at the University 
of Texas Health Science Center at Houston for 
the PROMMTT study.1 The study enrolled 1245 
patients with injuries that received one or more 
units of red blood cells (RBC) within 6 hours of 
hospital admission and required the highest level 
activation at one of 10 level 1 trauma centers. 
Exclusion criteria included age <16, transfer from 
another hospital, pregnancy, >20% burn injury, 
inhalation injury, incarceration, cardiopulmonary 
resuscitation lasting more than 5 min prehospital or 
in the first 30 min after admission and death within 
30 min of hospital admission. Data were collected 
in real time on a wide variety of patient character-
istics, fluid and blood product infusions, diagnostic 
studies and surgical interventions.

For all patients, FAST was recorded as having 
been performed or not performed. When FAST was 
performed, it was recorded as ‘positive’ or ‘nega-
tive’. Hypotension was defined as a systolic blood 
pressure <90 mm Hg either during transport or on 
arrival. Analyses were performed on all hypotensive 
patients that underwent FAST examination in the 
emergency department (ED). The specific views 
in which fluid was identified were not recorded, 
and no FAST scoring data were recorded. In most 
cases, the time the examination was performed was 
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Table 1  Baseline demographic, physiologic and biochemical data in 
patients with and without a FAST examination in the ED

Variable*
FAST performed 
(n=327)

FAST not 
performed (n=118) P value†

Age (years) 39 (26–53) 36 (25–52) 0.43
ISS 27 (17–36) 17.5 (9–29) <0.001

AIS head 0 (0–3) 0 (0–3) 0.15

AIS chest 3 (0–3) 1 (0–3) <0.001

AIS abdomen 2 (0–3) 1 (0–3) 0.008

AIS extremity 2 (0–3) 2 (0–3) 0.10

Sex (male) 71.6% 74.6% 0.53

Mechanism (blunt) 75.7% 43.2% <0.001

SBP in field (mm Hg) 84 (71–100.5) 80 (70–91) 0.035

SBP in ED (mm Hg) 80 (70–88.5) 80 (70–86) 0.065

Heart rate (beats per 
minute) 105 (84–124) 105 (83–120) 0.063

INR 1.3 (1.2–1.5) 1.2 (1.1–1.5) 0.079

Base deficit (mEq/L) 8 (4–12) 8 (4–12) 0.041

pH 7.25 (7.14–7.34) 7.26 (7.14–7.33) 0.055

Lactate (mEq/L) 4.4 (3–6.3) 5.4 (3–9.4) 0.09

Hemoglobin (g/dL) 11.4 (10–12.9) 10.8 (9–12.3) 0.007

Six-hour RBC 
requirement (units) 4 (2–9) 4.5 (2.5–10) 0.86

Twenty-four-hour RBC 
requirement (units) 6 (3–12) 5 (3–10) 0.34

*Median values (IQR).
†Wilcoxon rank-sum test or χ2 test.
AIS, abbreviated injury scale; ED, emergency department; FAST, focused assessment 
with sonography for trauma; INR, international normalized ratio; ISS, Injury Severity 
Score; RBC, red blood cells; SBP, systolic blood pressure.

Table 2  Requirement for T-LAP in injured patients with hypotension 
undergoing FAST

T-LAP (%) No T-LAP (%)

Blunt mechanism (n=240)
FAST(+) (n=79) 56 (71) 23 (29)

FAST(-) (n=161) 32 (20) 129 (80)

Penetrating mechanism (n=77)

FAST(+) (n=29) 19 (66) 10 (34)

FAST(-) (n=48) 15 (31) 33 (69)

All patients (n=317)

FAST(+) (n=108) 75 (69) 33 (31)

FAST(-) (n=209) 47 (22) 162 (78)

FAST, focused assessment with sonography for trauma; T-LAP, therapeutic 
laparotomy.

recorded. Each center identified the type of practitioner that 
typically performed the FAST examination, but this information 
was not available on an individual case basis. Data on operative 
interventions in the first 6 hours were collected by body region 
(head, neck, chest, abdomen, pelvis, upper extremity, and lower 
extremity). Within each body region, the performance of specific 
operations as well as the time from admission to the operating 
room was recorded. Operative reports were not available.

FAST results were compared with the requirement for thera-
peutic laparotomy (T-LAP), which was defined as an abdominal 
operation within 6 hours of injury with a definitive procedure 
performed. Definitions for calculation of sensitivity and speci-
ficity were as follows: true positive=FAST(+), received a T-LAP; 
false positive=FAST(+), did not receive T-LAP; false negative=-
FAST(−), received a T-LAP; true negative=FAST(−), did not 
receive a T-LAP. Statistical analyses were performed with Stata 
V.12.1.

Results
The PROMMTT database included 1245 patients, of which 445 
were hypotensive either in the prehospital setting or on arrival to 
the ED. Among these, 327 (73.5%) patients underwent a FAST 
examination. Baseline demographic, physiologic and biochem-
ical data for each group are given in table 1. Patients that had 
FAST performed had a higher Injury Severity Score (ISS) and 
were more likely to have a blunt mechanism of injury. Among 
patients that did not have FAST performed, 28 (24%) underwent 
laparotomy within 1 hour of presentation. Of the 327 patients 
that underwent FAST examination, 10 patients did not have 

results recorded. The remaining 317 patients comprise the study 
cohort.

FAST was positive in 108 patients (34%) and negative in 209 
patients (66%). The examination was initiated in a median time 
of 6 min after ED presentation (IQR 3–11 min). Examinations 
were conducted by ED physicians in six centers, surgeons in 
three centers, and radiologists in one center. Resident physicians 
conducted the majority of examinations, but detailed percent-
ages were not available.

T-LAP was performed in 75 (69%) of the 108 FAST(+) 
patients (table 2). In the subset of patients with blunt injury, 71% 
underwent T-LAP in a median time of 32 min (IQR 23–77 min). 
In the subset of patients with penetrating injury, 66% underwent 
T-LAP in a median time of 18 min (IQR 14–24 min). The oper-
ative procedures performed are listed in table 3. In all FAST(+) 
patients that underwent T-LAP, 49 (65%) patients received a 
damage control procedure. Three patients had a cardiac repair 
performed, all of which were isolated, and two patients under-
went a non-therapeutic laparotomy. The median 6 hour and 24 
hours RBC transfusion requirement for patients undergoing 
T-LAP was seven units (IQR 4–21 units) and 10 units (IQR 5–26 
units), respectively. Ten patients died (9%) within the first 24 
hours, all from exsanguination.

FAST examination was negative in 209 patients, of which 
a T-LAP was performed in 47 (22%, table 2). In the subset of 
patients with blunt injury, 32 (20%) underwent T-LAP in a 
median time of 100 min (IQR 59–210 min). In the subset of 
patient with penetrating injury, 31% percent underwent T-LAP in 
a median time of 26 min (IQR 20–56 min). The operative proce-
dures performed are listed in table 3. In all FAST(−) patients that 
underwent T-LAP, 29 (62%) patients received a damage control 
procedure and 17 (35%) received intraperitoneal packing. Four 
patients required a cardiac repair, two of which were isolated. 
Five underwent non-therapeutic laparotomy. The median 6 hour 
and 24 hours RBC transfusion requirement in patients with a 
false negative FAST was 8.5 units (IQR 4–18 units) and 11 units 
(IQR 5–24 units), respectively. Seven patients (15%) died within 
the first 24 hours (six from exsanguination and one from head 
injury).

A diagnostic peritoneal lavage (DPL) was performed in 25 of 
the 317 hypotensive patients that underwent FAST examination, 
23 of which were done in FAST(−) patients. Of those performed 
in FAST(−) patients, five were positive and 17 were negative. 
In the five patients with a positive DPL, all received a T-LAP. 
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Table 3  Abdominal and cardiac surgical procedures conducted in the first 6 hours on patients with hypotension

FAST(+) (n=75) FAST(-) (n=48)

Procedure Blunt (n=56) Penetrating (n=19) Blunt (n=33) Penetrating (n=15)

Splenectomy or splenorrhaphy 28 3 18 2
Temporary abdominal closure 29 9 14 5

Abdominal packing 27 11 12 5

Liver procedure 19 11 4 4

Hemostasis of liver laceration 13 6 3 4

Perihepatic packing 8 7 2 3

Ligation of hepatic artery/vein 3 1 0 3

Lobectomy or wedge resection 2 0 0 1

Gastrointestinal procedure 17 12 9 6

Small bowel resection 12 4 4 0

Small bowel repair 6 6 2 2

Colon resection 5 6 2 0

Colon repair 6 0 2 2

Creation of stoma 0 0 1 1

Gastric repair 1 2 1 2

Suture of artery or vein 15 11 2 2

Repair of diaphragm 4 4 3 3

Repair of cardiac laceration 0 3 1 3

Repair of bladder 2 2 0 1

Partial resection of pancreas 2 2 1 0

Cholecystectomy 2 1 0 0

Nephrectomy or repair of kidney 1 3 1 1

Vascular shunt placement 0 0 0 1

Totals do not add up due to patients undergoing multiple procedures.
FAST, focused assessment with sonography for trauma.

Table 4  Binary classification parameters for the ability of FAST to 
predict the need for T-LAP in injured patients with hypotension

Blunt Penetrating All

Sensitivity (%) 64 56 62
Specificity (%) 85 77 83

Positive predictive value (%) 71 66 69

Negative predictive value (%) 80 69 77

Accuracy (%) 77 68 75

FAST, focused assessment with sonography for trauma; T-LAP, therapeutic 
laparotomy.

Of the 17 patients with a negative DPL, there was one T-LAP 
performed.

Values for sensitivity, specificity, positive predictive value, 
negative predictive value (NPV) and accuracy for FAST using 
T-LAP as the reference standard are listed in table 4. Overall, 
FAST was 62% sensitive and 83% specific for predicting the 
need for T-LAP. Sensitivity and specificity of FAST were lower 
in patients with penetrating injury than those with blunt injury 
(table 4).

Discussion
During the past 20 years, multiple studies have reported on the 
sensitivity and specificity of FAST for detecting intra-abdominal 
injury.1 2 10 The majority of these have been done in hemodynam-
ically stable patients with blunt trauma and have reported a high 
specificity and lower sensitivity, indicating that a positive FAST 

is highly predictive of the presence of an intra-abdominal injury, 
whereas a negative FAST does not exclude injury. However, 
many of these studies have included large numbers of minimally 
injured patients that are unlikely to require operation, poten-
tially leading to a selection bias.

The published data on the sensitivity and specificity of FAST 
in the trauma literature are difficult to interpret.2 One reason for 
this is the variability in the reference standard to which FAST is 
compared. Some studies have included only patients that had a 
CT, DPL or laparotomy as a confirmatory test,5 11–14 although 
others also include patients followed by clinical observa-
tion.4 6 7 15–22 Few use findings at laparotomy as the sole reference 
standard. Indications for performing a FAST also vary widely 
between centers, with some centers performing FAST on almost 
all injured patients and others performing it more selectively.1 
A number of studies include a large number of patients with a 
relatively low ISS,2 whereas others include a higher proportion 
of more severely injured.3 7 The institutional experience with 
FAST also varies widely among centers, and thus its clinical 
application remains heterogeneous.16 17 21 23 One study used a 
high-end ultrasound device typically only available for formal 
ultrasound examinations, and multiple institutions have imple-
mented a more extensive ultrasonographic examination than the 
standard four-component FAST.2 4 Finally, the FAST examination 
in some centers is performed by radiologists4 17 or experienced 
ultrasound technicians,6 7 19 whereas in others it is performed by 
emergency medicine physicians or surgeons.2 13 16 23

A number of authors have published studies in which patients 
with a negative FAST had a very low probability of requiring 
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T-LAP. Sirlin and colleagues reported a series of 3679 FAST(−) 
patients with blunt trauma from a single institution in which 
only 14 patients (0.4%) received a T-LAP.24 25 Another large 
single institution study in patients with blunt trauma evalu-
ated 2242 patients that were FAST(−) with only 10 receiving 
laparotomy.14 Another reported that only 4 of 856 FAST(−) 
patients underwent laparotomy.15 Other studies have described 
similar findings.18 22 26–28 The majority of these studies included 
large numbers of patients with normal hemodynamics who were 
at relatively lower risk of having significant intra-abdominal 
hemorrhage.

Fewer studies have examined the sensitivity and specificity 
of FAST in patients with hypotensive trauma.4 6 7 13 Farahmand 
et al performed a retrospective analysis of FAST in 129 hypo-
tensive injured patients at a single center for a 9-year period 
and reported that ultrasonographic examination had a sensi-
tivity of 85% for detecting any injury and 97% for detecting 
injuries requiring operation.4 At this center, ultrasound exam-
inations were conducted by radiologists and included additional 
components not part of a standard FAST examination, including 
dedicated paracolic gutter views and parenchymal solid organ 
evaluations. In another study of injured patients with hypoten-
sion or acidosis, FAST was reported to have a NPV of 93% when 
T-LAP was used as a reference standard.17 In a study restricted 
to patients with an ISS ≥25, a similar NPV (92%) for FAST for 
prediction of T-LAP was reported.14 In two studies in patients 
with hypotensive blunt trauma, FAST identified all patients 
that received T-LAP.13 23 The largest study of FAST in patients 
with hypotensive trauma was published by Holmes in 2004 and 
included 447 patients.7 The sensitivity, specificity and NPV for 
prediction of T-LAP in this study were 83%, 95% and 95%, 
respectively.

Although FAST was originally intended for use in patients with 
blunt trauma, our data show it to be frequently performed in 
patients with penetrating injuries as well. In our study, FAST had 
a lower sensitivity and specificity in patients with penetrating 
injury as compared with blunt injury (table 4). This has also been 
described in other studies.29–31 Some authors have found the 
higher rate of false negative FAST examinations in penetrating 
trauma to be predominantly due to hollow viscus injuries.29 30 
In our study, 9 of the 15 patients that had penetrating injuries 
and a false negative FAST underwent laparotomy with control 
of hemorrhage from solid organ injuries or temporary intra-ab-
dominal packing. The remaining six patients (40 %) had isolated 
gastrointestinal or diaphragm injuries.

The most important observation in this study is the high rate 
of false negative FAST examinations. The overall 62% sensitivity 
of FAST in this study of hypotensive patients is among the lowest 
reported in the literature. Given that these data were obtained 
from 10 level 1 trauma centers in the USA, it is likely to be a 
valid representation of the use of FAST in many trauma centers 
across the country. Ideally, a test that is used to triage severely 
injured patients with hypotensive trauma would have a low like-
lihood of missing significant intra-abdominal hemorrhage. Yet, 
in this study, 22% of patients with a FAST deemed ‘negative’ 
received a T-LAP. The injuries found at laparotomy in this study 
were not insignificant in that 65% of these patients were consid-
ered to have undergone a damage control procedure by the 
attending surgeon, and 35% received intra-abdominal packing 
for hemorrhage control. The RBC transfusion requirement at 
6 hours (median 8.5 units) was also significant in patients with 
a false negative FAST, indicating substantial blood loss. Of the 
seven patients with a false negative FAST that died within 24 
hours of injury, six had exsanguination listed as a cause of death.

It is interesting to note that in FAST(−) patients in whom 
DPL was performed, DPL correctly identified the receipt of a 
T-LAP in 21 of 22 cases. Prior to widespread use of the FAST 
examination, DPL was regarded as a highly sensitive screening 
modality for intraabdominal injury.9 More recently, it has largely 
been replaced by FAST, in part due to the invasive nature of the 
procedure. In this study, DPL correctly identified the need for 
T-LAP in 95% of FAST(−) hypotensive patients. Although CT 
scan remains the most sensitive and specific test for identifying 
intra-abdominal injury, it can frequently take up to 30 min to 
perform and is less suitable for use in hemodynamically unstable 
patients. Based on these data, the use of DPL should be selec-
tively considered as an important confirmatory test to screen 
FAST(−) patients who are considered to be at high risk for 
intra-abdominal hemorrhage. Others have also recommended 
that DPL be considered in this situation.32–34

Our results also show that not all injured patients with hypo-
tension and a positive FAST require immediate laparotomy. In 
our cohort, 31% of FAST(+) patients did not require T-LAP 
in the first 6 hours. Most of these were managed non-opera-
tively, with only two patients undergoing a non-therapeutic 
laparotomy. This study was not designed to allow for detailed 
analysis of this subset of patients, and we were unable to find 
objective criteria to identify which FAST(+) patients can safely 
be managed non-operatively. However, the low rate of non-ther-
apeutic laparotomy suggests that clinicians are generally able to 
identify these patients.

Our study has a number of limitations. The PROMMTT study 
was designed primarily to evaluate the use of different blood 
product ratios in injured patients. Information was collected on 
diagnostic studies (including FAST), but this was not the main 
intent of the study. This was an unplanned secondary analysis 
of prospectively collected data, and thus the database lacks 
important details that could have been incorporated into a study 
in which FAST was the main focus. For example, specific CT 
findings were not recorded so we were unable to characterize 
patients that had non-operative management of solid organ 
injuries. Narrative data from individual patient resuscitations 
and operative reports were not collected; therefore, the details 
regarding the volume of hemoperitoneum or other potentially 
important findings were not available for analysis. We were 
unable to characterize patients with false negative FAST exam-
inations in which a delay in operation led to meaningful clin-
ical sequelae. In patients with multiple sources of bleeding, we 
were unable to analyze the relative degree of hemorrhage that 
occurred in each body cavity so it is possible that multiple sources 
of hemorrhage were responsible for the high rate of transfusion 
and mortality due to hemorrhage.35 36 This study had no infor-
mation on institutional practice patterns such as the indications 
for FAST at each facility, the ultrasound-related training that 
practitioners had received or the types of examinations that were 
done (ie, a standard four-component FAST vs a more extended 
examination). Additionally, we were unable to analyze if there 
were instances in which FAST was done primarily for training 
purposes in patients that otherwise had clinical indications for 
emergent laparotomy.

An important caveat to this study is that all patients enrolled 
in PROMMTT received at least one unit of RBC within 6 hours 
of presentation to the ED. Therefore, this data set included a 
subset of patients with hypotensive trauma that was skewed 
toward the inclusion of patients with more severe injuries and 
hemorrhage. The calculated sensitivity and specificity for FAST 
may have been different if patients that did not require transfu-
sion were included.
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It is not surprising that the accuracy of FAST in this study was 
not as high as has been reported by others. The practitioners 
in this study were from multiple specialties, differing levels of 
training and experience performing FAST. The sensitivity and 
specificity reported in this study reflect pragmatic FAST perfor-
mance in hypotensive trauma patients at 10 level 1 trauma 
centers in the USA.

Conclusions
In this study of severely injured patients with hypotensive 
trauma, 22% of patients with a negative FAST obtained on 
arrival to the ED underwent T-LAP within 6 hours of admis-
sion. In hypotensive injured patients with a negative FAST and 
no other obvious source of bleeding, either a confirmatory test 
such as diagnostic peritoneal lavage or immediate laparotomy 
should be considered.

Collaborators  PROMMTT Study Group:Data Coordinating Center, University of 
Texas Health Science Center at Houston: Mohammad H. Rahbar, PhD (principal 
investigator), John B. Holcomb, MD (coinvestigator), Erin E. Fox, PhD (coinvestigator 
and study coordinator), Deborah J. del Junco, PhD (coinvestigator), Bryan A. 
Cotton, MD, MPH (coinvestigator), Charles E. Wade, PhD (coinvestigator), Jiajie 
Zhang, PhD (coinvestigator), Nena Matijevic, PhD (coinvestigator), Yu Bai, MD, 
PhD (coinvestigator), Weiwei Wang, PhD (coinvestigator), Jeanette Podbielski, RN 
(study coordinator), Sarah J. Duran, MSCIS (data manager), Ruby Benjamin-Garner, 
PhD (data manager), and Robert J. Reynolds, MPH (data manager); PROMMTT 
clinical sites: Brooke Army Medical Center, Fort Sam Houston, San Antonio, 
Texas: Christopher E. White, MD (principal investigator), Kimberly L. Franzen, MD 
(coinvestigator), and Elsa C. Coates, MS, RN (study coordinator); Medical College 
of Wisconsin, Milwaukee: Karen J. Brasel, MD, MPH (principal investigator), and 
Pamela Walsh (study coordinator); Oregon Health and Science University, Portland: 
Martin A. Schreiber, MD (principal investigator), Samantha J. Underwood, MS (study 
coordinator), and Jodie Curren, RN, BSN (study coordinator); University of California, 
San Francisco: Mitchell J. Cohen, MD (principal investigator), M. Margaret Knudson, 
MD (coinvestigator), Mary Nelson, RN, MPA (study coordinator), and Mariah S. Call, 
BS (study coordinator); University of Cincinnati, Cincinnati, Ohio: Peter Muskat, 
MD (principal investigator), Jay A. Johannigman, MD (coinvestigator), Bryce R. H. 
Robinson, MD (coinvestigator), Richard Branson (coinvestigator), Dina Gomaa, 
BS, RRT (study coordinator), and Cendi Dahl (study coordinator); University of 
Pittsburgh Medical Center, Pittsburgh, Pennsylvania: Louis H. Alarcon, MD (principal 
investigator), Andrew B. Peitzman, MD (coinvestigator), Stacy D. Stull, MS, CCRC 
(study coordinator), Mitch Kampmeyer, MPAS, CCRC, PA-C (study coordinator), 
Barbara J. Early, RN, BSN, CCRC (study coordinator), Helen L. Shnol, BS, CRC 
(study coordinator), Samuel J. Zolin, BS (research associate), and Sarah B. Sears, BS 
(research associate); University of Texas Health Science Center at Houston: John 
B. Holcomb, MD (coprincipal investigator), Bryan A. Cotton, MD, MPH (coprincipal 
investigator), Marily Elopre, RN (study coordinator), Quinton M. Hatch, MD (research 
associate), Michelle Scerbo (research associate), and Zerremi Caga-Anan, MD 
(research associate); University of Texas Health Science Center at San Antonio: 
John G. Myers, MD (coprincipal investigator), Ronald M. Stewart, MD (coprincipal 
investigator), Rick L. Sambucini, RN, BS (study coordinator), Marianne Gildea, RN, 
BSN, MS (study coordinator), Mark DeRosa, CRT (study coordinator), Rachelle Jonas, 
RN, BSN (study coordinator), and Janet McCarthy, RN (study coordinator); University 
of Texas Southwestern Medical Center at Dallas: Herb A. Phelan, MD, MSCS 
(principal investigator), Joseph P. Minei, MD (coinvestigator), and Elizabeth Carroll, 
BS, BA (study coordinator); and University of Washington, Seattle: Eileen M. Bulger, 
MD (principal investigator), Patricia Klotz, RN (study coordinator), and Keir J. Warner, 
BS (research coordinator).

Contributors  SR, RB, JH, EF and MS designed the study. Data collection, analysis 
and interpretation was performed by CB, SR, RB and MS. Drafting and critical 
revision of the article was performed by all authors.

Funding  This project was funded by the US Army Medical Research and 
Material Command subcontract W81XWH-08-C-0712. Infrastructure for the Data 
Coordinating Center was supported by CTSA funds from NIH grant UL1 RR024148.

Disclaimer  The views and opinions expressed in this article are those of the 
authors and do not reflect the official policy or position of the Army Medical 
Department, Department of the Army, the Department of Defense or the US 
Government.

Competing interests  JBH reported serving on the board for Tenaxis, the 
Regional Advisory Council for Trauma and the National Trauma Institute; providing 
expert testimony for the Department of Justice; grants funded by the Haemonetics 

Corporation and KCI USA and consultant fees from the Winkenwerder Company. No 
other disclosures were reported.

Patient consent  Not required.

Ethics approval  Approval was obtained from the Institutional Review Boards at 
each center and from the US Army Human Research Protections Office.

Provenance and peer review  Not commissioned; externally peer reviewed.

Open access  This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non-commercial. See: http://​creativecommons.​org/​licenses/​by-​nc/​4.0

References
	1.	 Patel NY, Riherd JM. Focused assessment with sonography for trauma: methods, 

accuracy, and indications. Surg Clin North Am 2011;91:195–207.
	2.	 Kirkpatrick AW. Clinician-performed focused sonography for the resuscitation of 

trauma. Crit Care Med 2007;35(5 Suppl):S162–S172.
	3.	 American College of Surgeons Committee on Trauma. Advanced trauma life support. 

8th edn. Chicago: American College of Surgeons, 2008.
	4.	 Farahmand N, Sirlin CB, Brown MA, Shragg GP, Fortlage D, Hoyt DB, Casola G. 

Hypotensive patients with blunt abdominal trauma: performance of screening US. 
Radiology 2005;235:436–43.

	5.	 Emery KH, McAneney CM, Racadio JM, Johnson ND, Evora DK, Garcia VF. Absent 
peritoneal fluid on screening trauma ultrasonography in children: a prospective 
comparison with computed tomography. J Pediatr Surg 2001;36:565–9.

	6.	 Holmes JF, Brant WE, Bond WF, Sokolove PE, Kuppermann N. Emergency department 
ultrasonography in the evaluation of hypotensive and normotensive children with 
blunt abdominal trauma. J Pediatr Surg 2001;36:968–73.

	7.	 Holmes JF, Harris D, Battistella FD. Performance of abdominal ultrasonography in blunt 
trauma patients with out-of-hospital or emergency department hypotension. Ann 
Emerg Med 2004;43:354–61.

	8.	 Rahbar MH, Fox EE, del Junco DJ, Cotton BA, Podbielski JM, Matijevic N, Cohen MJ, 
Schreiber MA, Zhang J, Mirhaji P, et al. Coordination and management of multicenter 
clinical studies in trauma: Experience from the PRospective Observational Multicenter 
Major Trauma Transfusion (PROMMTT) Study. Resuscitation 2012;83:459–64.

	9.	 Holcomb JB, del Junco DJ, Fox EE, Wade CE, Cohen MJ, Schreiber MA, Alarcon LH, Bai 
Y, Brasel KJ, Bulger EM, et al. The prospective, observational, multicenter, major trauma 
transfusion (PROMMTT) study: comparative effectiveness of a time-varying treatment 
with competing risks. JAMA Surg 2013;148:127–36.

	10.	 Stengel D, Bauwens K, Sehouli J, Porzsolt F, Rademacher G, Mutze S, Ekkernkamp 
A. Systematic review and meta-analysis of emergency ultrasonography for blunt 
abdominal trauma. Br J Surg 2001;88:901–12.

	11.	 Ballard RB, Rozycki GS, Newman PG, Cubillos JE, Salomone JP, Ingram WL, Feliciano 
DV. An algorithm to reduce the incidence of false-negative FAST examinations in 
patients at high risk for occult injury. Focused Assessment for the Sonographic 
Examination of the Trauma patient. J Am Coll Surg 1999;189:145–51.

	12.	 Miller MT, Pasquale MD, Bromberg WJ, Wasser TE, Cox J. Not so FAST. J Trauma 
2003;54:52–60.

	13.	 Wherrett LJ, Boulanger BR, McLellan BA, Brenneman FD, Rizoli SB, Culhane J, 
Hamilton P. Hypotension after blunt abdominal trauma: the role of emergent 
abdominal sonography in surgical triage. J Trauma 1996;41:815–20.

	14.	 Becker A, Lin G, McKenney MG, Marttos A, Schulman CI. Is the FAST exam reliable in 
severely injured patients? Injury 2010;41:479–83.

	15.	 Dolich MO, McKenney MG, Varela JE, Compton RP, McKenney KL, Cohn SM. 2,576 
ultrasounds for blunt abdominal trauma. J Trauma 2001;50:108–12.

	16.	 McKenney MG, Martin L, Lentz K, Lopez C, Sleeman D, Aristide G, Kirton O, Nunez D, 
Najjar R, Namias N, et al. 1,000 consecutive ultrasounds for blunt abdominal trauma. 
J Trauma 1996;40:607–12.

	17.	 Gaarder C, Kroepelien CF, Loekke R, Hestnes M, Dormage JB, Naess PA. Ultrasound 
performed by radiologists-confirming the truth about FAST in trauma. J Trauma 
2009;67:323–9.

	18.	 Moylan M, Newgard CD, Ma OJ, Sabbaj A, Rogers T, Douglass R. Association between 
a positive ED FAST examination and therapeutic laparotomy in normotensive blunt 
trauma patients. J Emerg Med 2007;33:265–71.

	19.	 Lee BC, Ormsby EL, McGahan JP, Melendres GM, Richards JR. The utility of sonography 
for the triage of blunt abdominal trauma patients to exploratory laparotomy. AJR Am 
J Roentgenol 2007;188:415–21.

	20.	 Natarajan B, Gupta PK, Cemaj S, Sorensen M, Hatzoudis GI, Forse RA. FAST scan: 
is it worth doing in hemodynamically stable blunt trauma patients? Surgery 
2010;148:695–701.

	21.	 Rozycki GS, Ochsner MG, Feliciano DV, Thomas B, Boulanger BR, Davis FE, Falcone 
RE, Schmidt JA. Early detection of hemoperitoneum by ultrasound examination of the 
right upper quadrant: a multicenter study. J Trauma 1998;45:878–83.

http://creativecommons.org/licenses/by-nc/4.0
http://dx.doi.org/10.1016/j.suc.2010.10.008
http://dx.doi.org/10.1097/01.CCM.0000260627.97284.5D
http://dx.doi.org/10.1148/radiol.2352040583
http://dx.doi.org/10.1053/jpsu.2001.22283
http://dx.doi.org/10.1053/jpsu.2001.24719
http://dx.doi.org/10.1016/j.annemergmed.2003.09.011
http://dx.doi.org/10.1016/j.annemergmed.2003.09.011
http://dx.doi.org/10.1016/j.resuscitation.2011.09.019
http://dx.doi.org/10.1001/2013.jamasurg.387
http://dx.doi.org/10.1046/j.0007-1323.2001.01777.x
http://www.ncbi.nlm.nih.gov/pubmed/10437835
http://dx.doi.org/10.1097/00005373-200301000-00007
http://www.ncbi.nlm.nih.gov/pubmed/8913209
http://dx.doi.org/10.1016/j.injury.2009.10.054
http://dx.doi.org/10.1097/00005373-200101000-00019
http://dx.doi.org/10.1097/00005373-199604000-00015
http://dx.doi.org/10.1097/TA.0b013e3181a4ed27
http://dx.doi.org/10.1016/j.jemermed.2007.02.030
http://dx.doi.org/10.2214/AJR.05.2100
http://dx.doi.org/10.2214/AJR.05.2100
http://dx.doi.org/10.1016/j.surg.2010.07.032
http://dx.doi.org/10.1097/00005373-199811000-00006


16 Rowell SE, et al. Trauma Surg Acute Care Open 2019;4:e000207. doi:10.1136/tsaco-2018-000207

Open access

	22.	 Ollerton JE, Sugrue M, Balogh Z, D’Amours SK, Giles A, Wyllie P. Prospective 
study to evaluate the influence of FAST on trauma patient management. J Trauma 
2006;60:785–91.

	23.	 Rozycki GS, Ballard RB, Feliciano DV, Schmidt JA, Pennington SD. Surgeon-performed 
ultrasound for the assessment of truncal injuries: lessons learned from 1540 patients. 
Ann Surg 1998;228:557–67.

	24.	 Sirlin CB, Brown MA, Deutsch R, Andrade-Barreto OA, Fortlage DA, Hoyt DB, Casola 
G. Screening US for blunt abdominal trauma: objective predictors of false-negative 
findings and missed injuries. Radiology 2003;229:766–74.

	25.	 Sirlin CB, Brown MA, Andrade-Barreto OA, Deutsch R, Fortlage DA, Hoyt DB, Casola 
G. Blunt abdominal trauma: clinical value of negative screening US scans. Radiology 
2004;230:661–8.

	26.	 Bode PJ, Niezen RA, van Vugt AB, Schipper J. Abdominal ultrasound as a reliable 
indicator for conclusive laparotomy in blunt abdominal trauma. J Trauma 
1993;34:27–31.

	27.	 Porter RS, Nester BA, Dalsey WC, O’Mara M, Gleeson T, Pennell R, Beyer FC. Use of 
ultrasound to determine need for laparotomy in trauma patients. Ann Emerg Med 
1997;29:323–30.

	28.	 Rozycki GS, Ochsner MG, Schmidt JA, Frankel HL, Davis TP, Wang D, Champion HR. A 
prospective study of surgeon-performed ultrasound as the primary adjuvant modality 
for injured patient assessment. J Trauma 1995;39:492–500.

	29.	 Beekley AC, Blackbourne LH, Sebesta JA, McMullin N, Mullenix PS, Holcomb JB, 31st 
Combat Support Hospital Research Group. Selective nonoperative management of 
penetrating torso injury from combat fragmentation wounds. J Trauma 2008;64(2 
Suppl):S108–S117.

	30.	 Boulanger BR, Kearney PA, Tsuei B, Ochoa JB. The routine use of sonography in 
penetrating torso injury is beneficial. J Trauma 2001;51:320–5.

	31.	 Udobi KF, Rodriguez A, Chiu WC, Scalea TM. Role of ultrasonography in 
penetrating abdominal trauma: a prospective clinical study. J Trauma 
2001;50:475–9.

	32.	 Kuncir EJ, Velmahos GC. Diagnostic peritoneal aspiration – the foster child of DPL: a 
prospective observational study. Int J Surg 2007;5:167–71.

	33.	 Kozar R. Western trauma association algorithm – adult blunt hepatic trauma. ​
westerntrauma.​org/​algorithms/​WTAAlgorithms_​files/​gif_​3.​htm

	34.	 Moore FD. Western trauma association algorithm – adult blunt splenic trauma. ​
westerntrauma.​org/​algorithms/​WTAAlgorithms_​files/​gif_​1.​htm

	35.	 Branney SW, Wolfe RE, Moore EE, Albert NP, Heinig M, Mestek M, Eule J. 
Quantitative sensitivity of ultrasound in detecting free intraperitoneal fluid. J Trauma 
1995;39:375–80.

	36.	 Abrams BJ, Sukumvanich P, Seibel R, Moscati R, Jehle D. Ultrasound for the detection 
of intraperitoneal fluid: the role of Trendelenburg positioning. Am J Emerg Med 
1999;17:117–20.

http://dx.doi.org/10.1097/01.ta.0000214583.21492.e8
http://www.ncbi.nlm.nih.gov/pubmed/9790345
http://dx.doi.org/10.1148/radiol.2293030285
http://dx.doi.org/10.1148/radiol.2303021707
http://dx.doi.org/10.1097/00005373-199301000-00005
http://dx.doi.org/10.1016/S0196-0644(97)70343-3
http://dx.doi.org/10.1097/00005373-199509000-00016
http://dx.doi.org/10.1097/TA.0b013e31816093d0
http://dx.doi.org/10.1097/00005373-200108000-00015
http://dx.doi.org/10.1097/00005373-200103000-00011
http://dx.doi.org/10.1016/j.ijsu.2006.06.013
westerntrauma.org/algorithms/WTAAlgorithms_files/gif_3.htm
westerntrauma.org/algorithms/WTAAlgorithms_files/gif_3.htm
westerntrauma.org/algorithms/WTAAlgorithms_files/gif_1.htm
westerntrauma.org/algorithms/WTAAlgorithms_files/gif_1.htm
http://dx.doi.org/10.1097/00005373-199508000-00032
http://dx.doi.org/10.1016/S0735-6757(99)90040-2

	The focused assessment with sonography in trauma (FAST) in hypotensive injured patients frequently fails to identify the need for laparotomy: a multi-institutional pragmatic study
	Abstract
	Introduction
	Methods
	Results
	Discussion
	Conclusions
	References


