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A B S T R A C T

Background

Ultrasonography (performed by means of a four-quadrant, focused assessment of sonography for trauma (FAST)) is regarded as a key
instrument for the initial assessment of patients with suspected blunt abdominal and thoraco-abdominal trauma in the emergency
department setting. FAST has a high specificity but low sensitivity in detecting and excluding visceral injuries. Proponents of FAST argue
that ultrasound-based clinical pathways enhance the speed of primary trauma assessment, reduce the number of unnecessary multi-
detector computed tomography (MDCT) scans, and enable quicker triage to surgical and non-surgical care. Given the proven accuracy,
increasing availability of, and indication for, MDCT among patients with blunt abdominal and multiple injuries, we aimed to compile the
best available evidence of the use of FAST-based assessment compared with other primary trauma assessment protocols.

Objectives

To assess the e!ects of diagnostic algorithms using ultrasonography including in FAST examinations in the emergency department in
relation to the early, late, and overall mortality of patients with suspected blunt abdominal trauma.

Search methods

The most recent search was run on 30th June 2015. We searched the Cochrane Injuries Group Specialised Register, The Cochrane Library,
MEDLINE (OvidSP), EMBASE (OvidSP), ISI Web of Science (SCI-EXPANDED, SSCI, CPCI-S, and CPSI-SSH), clinical trials registers, and screened
reference lists. Trial authors were contacted for further information and individual patient data.

Selection criteria

We included randomised controlled trials (RCTs). Participants were patients with blunt torso, abdominal, or multiple trauma undergoing
diagnostic investigations for abdominal organ injury. The intervention was diagnostic algorithms comprising emergency ultrasonography
(US). The control was diagnostic algorithms without US examinations (for example, primary computed tomography (CT) or diagnostic
peritoneal lavage (DPL)). Outcomes were mortality, use of CT or invasive procedures (DPL, laparoscopy, laparotomy), and cost-
e!ectiveness.

Data collection and analysis

Two authors (DS and CG) independently selected trials for inclusion, assessed methodological quality, and extracted data. Methodological
quality was assessed using the Cochrane Collaboration risk of bias tool. Where possible, data were pooled and relative risks (RRs), risk
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di!erences (RDs), and weighted mean di!erences, each with 95% confidence intervals (CIs), were calculated by fixed-e!ect or random-
e!ects models as appropriate.

Main results

We identified four studies meeting our inclusion criteria. Overall, trials were of poor to moderate methodological quality. Few trial authors
responded to our written inquiries seeking to resolve controversial issues and to obtain individual patient data. Strong heterogeneity
amongst the trials prompted discussion between the review authors as to whether the data should or should not be pooled; we decided
in favour of a quantitative synthesis to provide a rough impression about the e!ect sizes achievable with US-based triage algorithms. We
pooled mortality data from three trials involving 1254 patients; the RR in favour of the FAST arm was 1.00 (95% CI 0.50 to 2.00). FAST-based
pathways reduced the number of CT scans (random-e!ects model RD -0.52, 95% CI -0.83 to -0.21), but the meaning of this result was unclear.

Authors' conclusions

The experimental evidence justifying FAST-based clinical pathways in diagnosing patients with suspected abdominal or multiple blunt
trauma remains poor. Because of strong heterogeneity between the trial results, the quantitative information provided by this review
may only be used in an exploratory fashion. It is unlikely that FAST will ever be investigated by means of a confirmatory, large-scale RCT
in the future. Thus, this Cochrane Review may be regarded as a review which provides the best available evidence for clinical practice
guidelines and management recommendations. It can only be concluded from the few head-to-head studies that negative US scans are
likely to reduce the incidence of MDCT scans which, given the low sensitivity of FAST (or reliability of negative results), may adversely
a!ect the diagnostic yield of the trauma survey. At best, US has no negative impact on mortality or morbidity. Assuming that major blunt
abdominal or multiple trauma is associated with 15% mortality and a CT-based diagnostic work-up is considered the current standard of
care, 874, 3495, or 21,838 patients are needed per intervention group to demonstrate non-inferiority of FAST to CT-based algorithms with
non-inferiority margins of 5%, 2.5%, and 1%, power of 90%, and a type-I error alpha of 5%.

P L A I N   L A N G U A G E   S U M M A R Y

Using ultrasound to aid diagnosis of patients with a 'blunt' injury to the abdomen

Many people admitted to hospital aOer an injury have 'blunt' (not penetrating) damage to the abdomen. Doctors treating these patients
need to know whether the organs within the abdomen have been injured. Ultrasound scans are believed to help diagnose the patient's
condition. In this review, the authors looked for studies that compared death rates in patients with an abdominal injury where ultrasound
was used to aid diagnosis with death rates where no ultrasound was used. They also looked for evidence that ultrasound use could reduce
the need to carry out other more complex and more expensive diagnostic tests. However, very few trials have been done and the authors
concluded that there is insu!icient evidence to justify the use of ultrasound as part of the diagnosis of patients with abdominal injury.
Given this degree of uncertainty, it is probably justified to ask doctors on duty for a confirmatory CT scan in patients who have sustained
an injury with a high chance of major trauma (that is, head and brain injury, cervical spine fracture, thoraco-abdominal pelvic trauma, and
other injuries).
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B A C K G R O U N D

Description of the condition

Trauma is a global public concern. While penetrating injuries
are mainly due to assaults and violence (especially stabbing
and shooting), blunt injuries are typically caused by road tra!ic
crashes or falls from a great height. According to the World
Health Organization (WHO) Global Burden of Disease Study, road
tra!ic crashes ranked eight (Lozano 2012) and 10th (Murray
2012) amongst all conditions contributing to global mortality and
disability-adjusted life years (DALY) lost in 2010. Consequently, the
United Nations and WHO Decade of Action for Road Safety (http://
www.who.int/roadsafety/decade_of_action/en) seeks not only to
prevent crashes but to establish e!ective measures of post-crash
response to improve trauma outcomes worldwide (Peden 2010).

Closed abdominal injuries (for example, injuries to solid organs
like the liver or spleen, mesenteric and hollow visceral tears)
may lead to significant bleeding and haemodynamic instability
aOer restoration of the circulation. Uncontrollable haemorrhage
remains a leading cause of mortality from trauma (Brockamp 2012;
Cohen 2012; Evans 2010; Pfeifer 2009). Point of care imaging aims
at identifying life-threatening injuries to enable priority-oriented
management ('treat first what kills first'). Interventions should be
e!ective (in terms of diagnostic accuracy) and e!icient (in terms
of invasiveness, potential harms, time consumption, and resource
use). False-negative findings or delayed diagnoses bear the risk of
severe complications. Physical signs and symptoms that indicate
the presence of visceral lesions are unreliable (Nishijima 2012),
especially in intubated or comatose patients.

Diagnostic problems with abdominal trauma must, however, be
discussed in the light of the increasing trend towards non-operative
treatment of intra-abdominal lesions (Demetriades 2006; Oyo-Ita
2012; Raza 2013; van der Wilden 2012; Velmahos 2010). In addition,
damage-control haemostatic resuscitation protocols (Cirocchi
2013; Curry 2011; Gruen 2012; Ker 2012; Maegele 2012) as well as
transvascular procedures (van der Vlies 2010) to stop bleeding from
the liver, spleen, and mesenteric tears have significantly changed
the management of abdominal trauma during the past decade.

Description of the intervention

Ultrasonography is a quick, non-invasive, repeatable and
inexpensive tool that has emerged as a key component of
diagnostic algorithms and clinical pathways. In the trauma bay
ultrasonography is mainly used in terms of focused assessment
of sonography for trauma (FAST) to detect the presence of free
fluid as an indicator of organ injury (Scalea 1999). However, the
prevalence of organ injury without accompanying free fluid ranges
from 5% to 37% (Yoshii 1998). With the evolution of ultrasound
hardware and increasing resolution, FAST has been expanded to
detect intrathoracic fluid and pneumothorax as well as solid organ
injuries.

In a systematic review and meta-analysis of the scientific literature
we demonstrated that ultrasound has excellent specificity but
rather low sensitivity (below 90%) in identifying both free fluid
and organ lacerations (Stengel 2001). This means that a positive
sonogram proves the presence of intraperitoneal injury, whereas
a negative sonogram fails to confidently exclude traumatic organ
lesions. In an update and meta-regression analysis, we showed

that sensitivity was overestimated by poorly designed studies
due to partial verification bias (Stengel 2005). However, a major
criticism of this study was that the findings considered false-
negative encompassed a broad range of minor and possibly trivial
lesions that were unlikely to harm the patients.

Among the diagnostic tools available, diagnostic peritoneal lavage
(DPL) has remained the standard initial diagnostic investigation for
more than 20 years. Although regarded as a safe technique with
high sensitivity (Gri!in 2007), it has a significant false-positive rate
(Ho! 2002). This exposes the patients to the risk of an unnecessary
laparotomy. In a retrospective analysis the incidence of short-term
complications caused by negative laparotomy was 43% (mainly
pneumonia) in patients with associated extra-abdominal injuries,
and 20% in patients with no associated extra-abdominal injuries
(Morrison 1996). Still, DPL remains an optional diagnostic tool
taught within the framework of Advanced Trauma Life Support

(ATLS®) courses worldwide.

Without doubt, multi-detector computed tomography (MDCT)
represents the current diagnostic imaging standard in the trauma
setting (Livingston 1998; Soto 2012). In most European trauma
centres, the single-pass whole-body scan has emerged as the work-
up method of choice (Rademacher 2001; Stengel 2012). Data from
the German Trauma Registry suggest a survival benefit with the
routine use of the primary whole-body scan (Huber-Wagner 2009).
The excess exposure to radiation, however, remains a matter of
concern (Stengel 2009).

Why it is important to do this review

With the emerging role of single-pass, whole-body MDCT as the
primary diagnostic imaging tool in trauma in the developed
countries (DGU 2011), the utility and value of ultrasonography
needs to be redefined. Additionally, the therapeutic consequences
derived from the detection of intra-abdominal bleeding have
changed dramatically during the past few years. Damage-control
resuscitation strategies together with transvascular interventions
(Bhullar 2012; Cirocchi 2013; Curry 2012; Holcomb 2007;
Kirkpatrick 2008) that are currently available enable non-operative
management of most splenic and hepatic injuries (Malhotra 2000;
Oyo-Ita 2012).

On the other hand, MDCT might be neither an available nor an
a!ordable tool for routine trauma investigation in low-volume
centres, rural areas, or developing countries. Thus, evidence is
needed as to the e!ectiveness of the strategy of using ultrasound
in diagnostic investigations of patients with suspected blunt
abdominal injury or multiple trauma.

O B J E C T I V E S

The primary objective of this review is to study whether diagnostic
algorithms using ultrasonography included in FAST examinations in
the emergency department reduce early, late, and overall mortality
in patients with suspected blunt abdominal trauma. Secondary
objectives were to evaluate the impact of ultrasound-based
algorithms on morbidity (that is, subsequent development of
inflammatory complications like systemic inflammatory response
syndrome (SIRS) or acute respiratory distress syndrome (ARDS)
(Keel 2005)), the number of additional diagnostic procedures, and
functional and health-related outcomes.
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The following hypotheses were tested:

• the use of ultrasonography in trauma algorithms is associated
with reduced mortality compared with algorithms that do not
involve a sonographic examination;

• some patient subgroups (children, and hypotensive trauma
victims) derive greater benefit from ultrasound diagnosis than
others;

• ultrasonography reduces the rate of non-therapeutic
laparotomies;

• ultrasound decreases the frequency of invasive procedures,
such as diagnostic peritoneal lavage (DPL);

• ultrasound a!ects the frequency of CT scans;

• ultrasound-based clinical pathways are cost-e!ective.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We considered randomised controlled trials which compared
trauma algorithms with ultrasonography, alone or in combination
with other established diagnostic tests (computed tomography
(CT), DPL, clinical monitoring), to algorithms without the use of
ultrasound. Trials were included irrespective of blinding, number of
patients allocated, and language of the article.

Types of participants

Haemodynamically stable or unstable patients with suspected
blunt abdominal trauma as a single injury or an injury
accompanying multiple trauma. Studies investigating patients with
stab wounds and gunshot wounds were excluded.

Types of interventions

The experimental intervention consisted of diagnostic algorithms
including ultrasonography either to detect free intra-abdominal
fluid (FAST) or organ injury, including follow-up ultrasound
examinations performed by radiologists, non-radiologist clinicians,
or ultrasound technicians, alone or in combination with
subsequent confirmatory tests.

The control intervention was any algorithm that used only other
established diagnostic tests (that is, CT, DPL, clinical monitoring).

Types of outcome measures

Primary outcomes

• Overall mortality (as the proportion of patients)

Secondary outcomes

• Mortality attributable to abdominal injury (i.e., rupture of solid
and hollow organs, vascular injury)

• Rates of missed injuries with and without surgical consequences
(as defined by the results of subsequent laparotomy or
laparoscopy, autopsy, follow-up examinations during hospital
stay, or necessity for re-admission following discharge because
of false-negative findings)

• Non-therapeutic laparotomy rates (i.e., negative laparotomy
performed for false-positive findings of index tests, including
misclassification of organ injury that, by intra-operative

judgement, would have been suitable for conservative
treatment)

• Short-term (until discharge) and long-term morbidity (i.e.,
SIRS, ARDS, sepsis, nosocomial pneumonia, wound infection,
abdominal compartment syndrome)

• Frequency of DPL procedures

• Frequency of CT examinations

• Time spent in the trauma bay (emergency department) until
surgery, admission to the intensive care unit or peripheral
wards, or ambulation

• Duration of intensive care unit (ICU) stay (days)

• Length of hospital stay (days)

Search methods for identification of studies

In order to reduce publication and retrieval bias we did not restrict
our search by language, date, or publication status.

Electronic searches

The Cochrane Injuries Group Trials Search Co-ordinator searched
the following:

• Cochrane Injuries Group Specialised Register (30 June 2015);

• Cochrane Central Register of Controlled Trials (CENTRAL) in The
Cochrane Library (2015, Issue 6 of 12);

• MEDLINE (OvidSP) (1946 to week 4 June 2015);

• Embase (OvidSP) (1974 to 30 June 2015);

• ISI Web of Science: Science Citation Index Expanded (SCI-
EXPANDED) (1970 to June 2015);

• ISI Web of Science: Conference Proceedings Citation Index -
Science (CPCI-S) (1990 to June 2015);

• CINAHL Plus (EBSCO) (1939 to June 2015).

The authors additionally searched:

• BIOSIS Previews (DIMDI) (1926 to 19 August 2015);

• MEDLINE (DIMDI) (1946 to 19 August 2015);

• PubMed (19 August 2015);

• Embase (OvidSP) (DIMDI) (1980 to 19 August 2015).

The search strategies are reported in full in Appendix 1.

Searching other resources

Web-based resources

These included the following:

• narrative and systematic reviews, clinical practice guidelines, as
well as health technology assessment reports;

• the related articles option in PubMed;

• Google Scholar.

Handsearching

We scanned reference lists of all relevant articles for further trials.

Author queries

Authors of potentially relevant abstracts were asked to provide
full information. We also asked for individual patient data where
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possible. We contacted authors of relevant articles to enquire if they
had information on any past, present, or future studies.

Data collection and analysis

Cochrane Injuries' Trials Search Co-ordinator ran the searches and
sent the search results to one of the authors (DS).

Selection of studies

Two authors (DS and CG) assessed titles or abstracts of all
studies identified by the search and excluded clearly non-relevant
studies. Full text articles were obtained for potentially relevant
studies and any studies with unclear methodology. All these
studies were assessed for eligibility for this review by two authors
examining their methods of randomisation and their adequacy of
allocation concealment. Disagreements on inclusion were resolved
by discussion and, if necessary, scrutiny by an independent third
author (GR).

Data extraction and management

Two authors independently extracted the results of each included
paper on a data extraction sheet. Disagreements were resolved by
discussion.

Assessment of risk of bias in included studies

Each included trial was read independently by two authors for the
following aspects of internal and external validity.

A. Was the assigned treatment adequately concealed prior to
allocation?
2 = method did not allow disclosure of assignment;
1 = small but possible chance of disclosure of assignment or
unclear;
0 = quasi-randomised or open list or tables.

B. Were the outcomes of patients or participants who withdrew
described and included in the analysis (intention to treat)?
2 = withdrawals well described and accounted for in analysis;
1 = withdrawals described and analysis not possible;
0 = no mention, inadequate mention, or obvious di!erences and
no adjustment.

C. Were the outcome assessors blinded to the results of the index
test (i.e., ultrasonography) or reference tests or patient outcome,
or a combination?
2 = e!ective action taken to blind assessors;
1 = small or moderate chance of unblinding of assessors;
0 = not mentioned or not possible.

D. Were the treatment and control groups comparable at entry?
2 = good comparability of groups, or confounding adjusted for in
analysis;
1 = confounding small or mentioned but not adjusted for;
0 = large potential for confounding, or not discussed.

E. Were care programmes, other than the trial options, identical?
2 = care programmes clearly identical;
1 = clear but trivial di!erences;

0 = not mentioned, or clear and important di!erences in care
programmes.

F. Were the inclusion and exclusion criteria clearly defined?
2 = clearly defined;
1 = inadequately defined;
0 = not defined.

G. Were the interventions clearly defined?
2 = clearly defined interventions are applied with a standardised
protocol;
1 = clearly defined interventions are applied but the application
protocol is not standardised;
0 = intervention or application protocol, or both, are poor or not
defined.

H. Were the outcome measures used clearly defined (by
outcome)?
2 = clearly defined;
1 = inadequately defined;
0 = not defined.

I. Was the surveillance active, and of clinically appropriate
duration?
2 = active surveillance and appropriate duration;
1 = active surveillance, but inadequate duration;
0 = surveillance not active or not defined.

Data synthesis

Mean di!erences and 95% confidence intervals were calculated
for continuous variables. For dichotomous outcomes, relative risks
(RRs) and risk di!erences (RDs) with 95% confidence intervals (CIs)
were calculated. We used MetaView statistical soOware in RevMan
5.2 to pool the e!ect measures within a fixed-e!ect or random-
e!ects model, where appropriate.

To evaluate the between-study variability we tested for
heterogeneity of results. We planned sensitivity and subgroup
analyses (children, hypotensive patients, use of ultrasound
as a primary versus subsequent work-up modality, follow-
up examinations, operator experience). To control for possible
publication bias, we aimed to test for funnel plot asymmetry.

R E S U L T S

Description of studies

The study selection procedure is depicted in Figure 1. Most studies
examined the diagnostic accuracy of ultrasonography to detect
free intraperitoneal fluid or organ damage. Readers interested
in the problem of e!icacy (accuracy) will find a diagnostic
meta-analysis including a PRISMA flowchart depicting the study
selection procedure in Stengel 2005. We identified nine studies
that compared the e!ectiveness and e!iciency of ultrasound-based
clinical pathways to algorithms that did not incorporate ultrasound
examinations. Four of these (Branney 1997; Healey 1996; Hesse
1999; McKenney 2001) compared cohorts of patients admitted
before and aOer introducing ultrasound as a screening tool and
were excluded from further analysis.
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Figure 1.   Study selection process flow diagram for 2015 search update.
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Figure 1.   (Continued)

 
Of the five remaining trials, only two used a randomised format
(Melniker 2006; Rose 2001). Another randomised trial (Navarrete-
Navarro 1996) sought to prove the superiority of early computed
tomography over multimodal procedures (including bedside
ultrasound) to clear suspected chest and abdominal trauma.

Two other studies enrolled patients in a quasi-randomised fashion.
The suitable algorithm was defined by ultrasound availability:
ultrasound on weekdays from 8 am to 5 pm; no ultrasound on
weekdays from 5 pm to 8 am and on weekends (Arrillaga 1999),
or the presence of one of the investigators (Boulanger 1999). Since
no patient had the opportunity to influence the date of injury, we
considered these methods to fulfil proper allocation at random.

Since ultrasound findings prompted di!erent forms of further
investigation, care programmes varied between groups. We did
not judge this di!erence to be a flaw but a desired observation
indicating e!ectiveness (that is, a change in a doctor's decisions)
and e!iciency (a change in health-related outcomes) of ultrasound-
based clinical pathways.

One study report (Kumar 2014a) from an updated search in June
2015 has been added to Studies awaiting classification and will be
incorporated into the review at the next update.

Risk of bias in included studies

In general, details of the study populations were sparse or missing.
Individual risk of bias items are illustrated in Figure 2.
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Figure 2.   Risk of bias summary: review authors' judgements about each risk of bias item for each included study.

 
One of the randomised trials (Rose 2001) met some of our design
standards. Patients were assigned by a computer-generated list,
although it was not clear whether concealment was maintained
(the trial author reply to clarify this issue is pending). Sample size
considerations called for 50 patients in each group to detect a 20%
di!erence in CT scan use between groups. A secondary outcome
(30-minute di!erence in time to laparotomy) mandating inclusion
of 420 patients was mentioned in the methods section of the
original paper. However, no data were provided on this endpoint.
A flowchart sketched the study profile according to the CONSORT
recommendations.

The Sonography Outcomes Assessment Program (SOAP)-1 trial
(Melniker 2006) was a randomised clinical trial (RCT) to assess the
e!ect of point of care, limited ultrasonography (PLUS). At the time
of the first review, economic data gathered from 115 participants

had been published as an abstract (Melniker 2004). Mean hospital
charges for the PLUS arm were USD 13,841 (95% CI 11,170 to
16,512), and USD 33,512 (95% CI 10,465 to 56,559) for the control
group. A press release (http://www.diagnosticimaging.com/
dinews/2003060301.shtml, June 2003) reported significantly
decreased mortality in the experimental arm (6.3% versus 8.1%), a
reduced ICU length of stay (2.1 days versus 3.2 days), and a reduced
use of CT. We did not receive a response to our letter to the research
team. In the meantime, some of the results have been published in
full. Although the trial authors had laudable and honest goals, the
original article is di!icult to interpret. Of 525 patients screened, 262
were randomised and only 217 were included in the final analysis,
which contradicted the intended intention-to-treat principle. All
continuous measures were presented as means, medians, and
interquartile ranges, and the lack of standard deviations did not
allow for including the study in the pooled analysis. Composite
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complications including death were abstracted from the medical
record, and were thus addressed in a retrospective fashion.
Individual complication rates were neither tabulated nor indicated
in the text. We will try again to contact the trial authors to ask for
more details.

In contrast, the quasi-RCTs thoroughly described patient selection
criteria and interventions, but provided too few demographic data
to estimate the degree and direction of bias. No attempts were
made to control for e!ect modification by multivariate analysis.
One of these trials (Boulanger 1999) addressed a large number of
endpoints (the number of extra tests, laparotomy rates, mortality,
accuracy, diagnostic time, and costs).

EBects of interventions

Owing to the small sample of studies eligible for this review, we did
not explore publication bias. Results in each comparison category
are shown in the MetaView summary analysis.

Mortality

Data were available from three studies (Arrillaga 1999; Boulanger
1999; Melniker 2006). There was no evidence of a di!erence in
mortality: random-e!ects RR 1.00 (95% CI 0.50 to 2.00). No data
were provided on mortality attributable to abdominal injuries,
missed abdominal injuries, or adverse events caused by any of the
diagnostic tests or negative laparotomy.

The mortality outcome for Melniker 2006 also included the
complication rate, however the data were included since events
such as haemorrhagic shock, septic shock, and multisystem organ
failure are potentially life-threatening.

Use of computed tomography (CT) scans

Data were pooled from all four trials, showing significant

heterogeneity (I2 = 98.4%). Ultrasound-based algorithms reduced
ordering of CT scans by 50%: random-e!ects RD -0.52 (95% CI -0.83
to -0.21).

Use of diagnostic peritoneal lavage (DPL)

Two studies (Arrillaga 1999; Boulanger 1999) reported data on the
use of DPL: ultrasound-based algorithms reduced the number of
DPL procedures by 6% (95% CI -0.09 to -0.02).

Cost-eBectiveness analysis

Two studies that aimed to estimate costs exhibited inconclusive
results. We did not attempt to pool these results.

In Boulanger 1999 the ultrasound pathway proved superior to the
control arm. Cost was calculated in Canadian Dollars in 1995 at
the study site, Sunnybrook HSC, Toronto. The calculation included
hospital costs and professional charges, but did not include the cost
of the sonography or CT machines.

In Melniker 2006 mean hospital charges for the PLUS arm were USD
10,600 (interquartile range (IQR) 5700 to 19,000), and USD 16,400
(IQR 6700 to 43,600) for non-PLUS patients.

Laparotomy

Data from three studies were combined for this endpoint
(Boulanger 1999; Melniker 2006; Rose 2001). There was no

evidence of a di!erence in laparotomy rates with ultrasound-based
algorithms (fixed-e!ect RD 0.00, 95% CI -0.04 to 0.04).

Other secondary outcomes

We did not identify any RCTs that explored the impact
of ultrasound-based clinical pathways on other health-related
outcomes such as quality of life. In Boulanger 1999 ultrasound
reduced the mean time from arrival to hospital to completion of
the diagnostic algorithm from 151 minutes (95% CI 127 to 174) to
53 minutes (95% CI 48 to 58). In this study participants undergoing
ultrasound had a 60% reduced RR of delayed recognition of intra-
abdominal trauma (mainly small bowel lacerations). Two non-
therapeutic laparotomies were performed in each group.

In Arrillaga 1999, mean length of stay and mean ICU days did
not di!er between groups. In this study, ultrasound significantly
reduced the median disposition time from 80 minutes during
weekdays, and 92 minutes during weekends, to 20 minutes in both
cases.

In the SOAP-1 trial (Melniker 2006), the time from emergency
department arrival to operating room transfer was significantly
shorter in the ultrasound group (median interval 60 (IQR 41 to 70)
versus 157 (IQR 90 to 178) minutes).

D I S C U S S I O N

There is an increasing awareness of the limitations of the use of
emergency ultrasound to disclose abdominal injury aOer blunt
trauma. Because of its high specificity, a positive sonogram (either
for free fluid or organ injury) proves the presence of intra-
abdominal damage. However, it is debatable whether identifying
injured patients is a significant problem for trained emergency
department teams. Given its poor overall sensitivity, ultrasound
cannot be used to rule out abdominal injury (Miller 2003; Stengel
2005).

The first version of this review was published with the Cochrane
Injuries Group (CIG) in 2005. At that time, the Cochrane
Diagnostic Test Accuracy (DTA) group was working on methods
and statistical soOware (that is, for computing summary receiver
operating characteristics (SROC)) to compile accuracy data. The
CIG mandated a classic e!ectiveness review, including data from
RCTs. Algorithms to identify accuracy studies in MEDLINE and other
databases are now established, and the RevMan soOware o!ers
tools to aggregate DTA data across studies. Also, the reference
standard has changed dramatically to 128-row MDCT (including
CT angiography) now available at the point of care. We recently
applied for a Cochrane DTA review to update accuracy estimates of
FAST and advanced abdominal ultrasound pathways for disclosing
or verifying abdominal injuries.

This particular review, however, does not address false-negative
rates or any other indices of accuracy. We deliberately skipped
decision nodes of the classic Fryback-Thornbury cascade (Fryback
1991), investigating only patient-centred outcomes associated with
FAST-based and non-FAST based trauma surveys. Given the role

and definition of FAST within the ATLS® concept, diagnostic e!icacy
and e!ectiveness of this modality may overlap in many ways.
FAST is a point of care diagnostic tool, applied during resuscitation
and even cardiopulmonary resuscitation (CPR), which may trigger
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therapeutic interventions like laparotomy and bypass confirmatory
CT imaging.

The observed heterogeneity amongst the few eligible trials
may have prevented pooling of data and computing summary
estimates. All review authors agreed that, apart from substantial
heterogeneity, point estimates derived from random-e!ects model
analysis may be more useful for clinicians and policy makers than
simple tabulation of data. As noted, results must be used with
caution and in an exploratory fashion .

Pre-hospital or on-site thoraco-abdominal ultrasound has gained
much interest during the past few years (Hoyer 2010). Yet, the
contributors to this review were interested in the utility and value
of point of care sonography in the trauma bay (that is, aOer hospital
admission). Pre-hospital and in-hospital settings are too di!erent
to be compared in a single review.

It is troubling that an intervention regarded as a diagnostic
standard has been so poorly evaluated. Since the first version of
this review which was published in 2005, no further head-to-head
studies have been performed, planned, or registered, and as things
currently stand it seems unlikely that any RCT simply comparing
ultrasonography-based with non-ultrasonography algorithms will
be conducted in future. In fact, this kind of comparison will no
longer make sense, given established principles of care of the
injured in most countries. One may, however, speculate whether
pre-hospital ultrasonography used in land or air transport of
trauma patients (Hasler 2012) or contrast-enhanced ultrasound
(Cagini 2013) will prompt or even demand experimental studies.

In suspected multiple trauma, reference data from the German
Trauma Registry (Huber-Wagner 2009; Huber-Wagner 2013) imply
that a primary CT scan is life-saving. The observed reduction in
CT scans (as a result of a negative FAST examination) might, in
part, reflect a false sense of security. Emergency physicians and
trauma surgeons are well advised to insist on CTs for admission
and clinical monitoring, regardless of a negative sonogram.
Trauma patients currently are exposed to substantial radiation
for diagnostic purposes (Hui 2009). Any imaging algorithm must
adhere to the 'As Low As Reasonably Achievable' (ALARA) principle
of exposure to radiation, and future developments must seek
to maintain image quality and diagnostic accuracy at much
lower doses. Repeated ultrasound examinations may enhance
the sensitivity of trauma ultrasound (Nunes 2001). Scheduled
follow-up examinations have established themselves in clinical
practice because of their feasibility. However, if there is a high pre-
test probability of abdominal injuries, contrast-enhanced CT still
represents the diagnostic modality of choice.

Ultrasound-based algorithms are oOen assumed to have merits in
shortening the primary trauma assessment, triaging patients more
precisely, avoiding unnecessary interventional procedures, and
reducing costs. However, such assumptions are hardly supported
by the available scientific data. Apart from a significant reduction
in the frequency of ordering CT scans, we found no beneficial e!ect
of ultrasound on patient-centred endpoints. Divergent results
prevented pooling of data for most endpoints of interest.

Of note, two studies of higher methodological quality (Boulanger
1999; Rose 2001) showed only a marginal reduction in CT frequency.
Thus, it is open to debate whether abdominal ultrasound

measurably a!ects the doctor's decision to order definitive
diagnostic tests.

The meaning of the slightly increased RR of mortality in the
ultrasound arm of two quasi-RCTs (Arrillaga 1999; Boulanger 1999)
is not straightforward and susceptible to residual confounding.
Patients in this group might have been more severely injured,
haemodynamically unstable, and considered unsuitable for CT
imaging more frequently. Although similar Injury Severity Score
(ISS) values were noted in both groups, no information was
provided on the Abbreviated Injury Scale (AIS) for abdominal
damage. Thus, imbalances between patient groups cannot be
excluded.

We admit that our decision to pool data across studies despite
extraordinarily strong heterogeneity may appear inconsistent.
However, we considered it important to publish the best available
qualitative and quantitative evidence about an established
diagnostic instrument which had not been and will probably never
be tested under the rigour of a multicentre RCT. We advise readers
to take the heterogeneity of findings into account, and to regard
pooled results as signposts rather than exact point estimates.
The FAST examination always su!ered from a paradox known as
'Buxton's Law' (Buxton 1987), that is, it is always too early to
rigorously evaluate a new technology (that is, until the turning
point of the learning curve has been reached), until it is suddenly
too late (that is, aOer almost all practitioners have adopted the
method because of convenience, preference, or other reasons).

A U T H O R S '   C O N C L U S I O N S

Implications for practice

The current evidence from randomised trials focusing on patient-
centred outcomes do not provide evidence to inform policy on the
use of ultrasound-based clinical pathways in the initial diagnostic
investigation of patients with blunt abdominal trauma. Given the
low sensitivity of ultrasound as well as the increasing availability
of point of care CT (also performed as a single-pass whole-body
scan), clinical practice guidelines must be scrutinised for the value
of ultrasound examinations within established trauma algorithms.
Despite the proven lack of sensitivity, the results of this review
suggest minor e!iciency of ultrasonography in the trauma setting
(that is, its impact on clinical decision making, and anticipated
patient benefits).

Implications for research

Future trials on abdominal ultrasonography for trauma may
investigate technical developments (like pre-hospital scans,
contrast-enhanced imaging, or innovative hardware and soOware)
which are likely to make a change in the structural and process
quality of emergency departments and trauma bays worldwide.
Abdominal ultrasound may not replace the CT scan in the 'regular'
trauma setting but influence the triage procedure and play a
significant role in mass casualties. Researchers are advised to study
these scenarios rather than thinking of the 'ultimate RCT' aimed at
proving the superiority of ultrasound-based over non-ultrasound
based triage algorithms for trauma.

A C K N O W L E D G E M E N T S

We thank Professor Bernard R Boulanger, University of Kentucky,
Lexington, Kentucky, USA and Dr O John Ma, Truman Medical

Emergency ultrasound-based algorithms for diagnosing blunt abdominal trauma (Review)

Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

10



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Center, Kansas City, Missouri, USA for responding to our e-mails and
for their willingness to provide unpublished data. We also thank
Dr Steve Vance, Synergy Medical Education Alliance, Michigan State
University Emergency Medicine Residency, Saginaw, MI, USA for
his evidence-based emergency medicine review and subsequent
response to a critical letter.

The authors would like to thank Kai Bauwens, Jalid Sehouli, and
Franz Porzsolt who contributed to previous versions of the review.

This project was supported by the UK National Institute for Health
Research, through Cochrane Infrastructure funding to the Cochrane
Injuries Group. The views and opinions expressed are those of
the authors and do not necessarily reflect those of the Systematic
Reviews Programme, NIHR, NHS or the Department of Health.

Emergency ultrasound-based algorithms for diagnosing blunt abdominal trauma (Review)

Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

11



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

R E F E R E N C E S
 

References to studies included in this review

Arrillaga 1999 {published data only}

Arrillaga A, Graham R, York JW, Miller RS. Increased e!iciency
and cost-e!ectiveness in the evaluation of the blunt abdominal
trauma patient with the use of ultrasound. The American
Surgeon 1999;65:31-5.

Boulanger 1999 {published data only}

Boulanger BR, McLellan BA, Brenneman FD, Ochoa J,
Kirkpatrick AW. Prospective evidence of the superiority of
a sonography-based algorithm in the assessment of blunt
abdominal injury. Journal of Trauma 1999;47:632-7.

Melniker 2006 {published data only}

Melniker L, Liebner E, Ti!any B, Lopez P, Quick G, Sharma M,
et al. Cost analysis of point-of-care, limited ultrasonography
(PLUS) in trauma patients: the sonography outcomes
assessment program (SOAP)-1 trial [Abstract]. Academic
Emergency Medicine 2004;11:568.

*  Melniker LA, Leibner E, McKenney MG, Lopez P, Briggs WM,
Mancuso CA. Randomized controlled clinical trial of point-of-
care, limited ultrasonography for trauma in the emergency
department: the First Sonography Outcomes Assessment
Program Trial. Academic Emergency Medicine 2006;48:227-35.

Rose 2001 {published data only}

Hutson A. Prospective randomized trial of ED ultrasound in
blunt abdominal trauma. Does it really alter abdominal CT
utilization?. Society for Academic Emergency Medicine, Boston,
USA. 1999.

*  Rose JS, Levitt A, Porter J, Hutson A, Greenholtz J, Nobay F,
et al. Does the presence of ultrasound really a!ect computed
tomographic scan use? A prospective randomized trials of
ultrasound in trauma. Journal of Trauma 2001;51:545-50.

 

References to studies excluded from this review

Branney 1997 {published data only}

Branney SW, Moore EW, Cantrill SV, Burch JM, Terry SJ.
Ultrasound based key clinical pathway reduces the use of
hospital resources for the evaluation of blunt abdominal
trauma. Journal of Trauma 1997;42:1086-90.

Healey 1996 {published data only}

Healey MA, Simons RK, Winchell RJ, Gosink BB, Casola G,
Steele JT, et al. A prospective evaluation of abdominal
ultrasound in blunt abdominal trauma: is it useful?. Journal of
Trauma 1996;40:875-85.

Hesse 1999 {published data only}

Hesse S, Hörmann D, Klöppel R, Bennek J. The influence
of sonography on therapeutic decisions for children with
blunt abdominal trauma [Einfluß der Sonographie auf die
Therapieentscheidung beim sumpfen Bauchtrauma im
Kindesalter]. Deutscher Röntgenkongress, Wiesbaden. 1999.

Kumar 2014 {published data only (unpublished sought but not
used)}

Kumar S, Kumar A, Joshi MK, Rathi V. Comparison of diagnostic
peritoneal lavage and focused assessment by sonography
in trauma as an adjunct to primary survey in torso trauma:
a prospective randomized clinical trial. Ulusal travma ve acil
cerrahi dergisi = Turkish journal of trauma & emergency surgery
2014;20(2):101-6. [PUBMED: 24740335]

Sydenham E. Interest in your DPL vs FAST study [personal
communication]. e-mail to M Joshi 10 July 2015.

Ma 2005 {published and unpublished data}

Ma OJ, Gaddis G, Steele MT, Cowan D, Kaltenbronn K.
Prospective analysis of the e!ect of physician experience
with the FAST examination in reducing the use of CT Scans.
Emergency Medicine Australasia 2005;17(1):24-30.

McKenney 2001 {published data only}

McKenney MG, McKenney KL, Hong JJ, Compton R, Cohn SM,
Kirton OC, et al. Evaluating blunt abdominal trauma with
sonography: a cost analysis. American Surgeon 2001;67:930-4.

Navarrete-Navarro 1996 {published data only}

Navarrete-Navarro P, Vázquez G, Bosch JM, Fernández E,
Rivera R, Carazo E. Computed tomography vs clinical and
multidisciplinary procedures for early evaluation of severe
abdomen and chest trauma- a cost analysis approach. Intensive
Care Medicine 1996;22:208-12.

 

Additional references

Bhullar 2012

Bhullar IS, Frykberg ER, Siragusa D, Chesire D, Paul J,
Tepas JJ 3rd, et al. Selective angiographic embolization of blunt
splenic traumatic injuries in adults decreases failure rate of
nonoperative management. Journal of Trauma and Acute Care
Surgery 2012;72(5):1127-34.

Brockamp 2012

Brockamp T, Nienaber U, Mutschler M, Wafaisade A, Peiniger S,
Lefering R, et al. Predicting on-going hemorrhage and
transfusion requirement aOer severe trauma: a validation of six
scoring systems and algorithms on the TraumaRegister DGU.
Critical Care 2012;16(4):R129.

Buxton 1987

Buxton MJ. Problems in the economic appraisal of new health
technology: the evaluation of heart transplants in the UK.
Economic appraisal of health technology in the European
Community 1987:103-18.

Cagini 2013

Cagini L, Gravante S, Malaspina CM, Caesarano E, Giganti M,
Rebonato A, et al. Contrast enhanced ultrasound (CEUS) in
blunt abdominal trauma. Critical Ultrasound Journal 2013;5
Suppl 1:9.

Emergency ultrasound-based algorithms for diagnosing blunt abdominal trauma (Review)

Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

12



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Cirocchi 2013

Cirocchi R, Montedori A, Farinella E, Bonacini I, Tagliabue L,
Abraha I. Damage control surgery for abdominal trauma.
Cochrane Database of Systematic Reviews 2013, Issue 3. [DOI:
10.1002/14651858.CD007438.pub3]

Cohen 2012

Cohen MJ. Towards hemostatic resuscitation: the changing
understanding of acute traumatic biology, massive bleeding,
and damage-control resuscitation. Surgical Clinics of North
America 2012;92(4):877-91.

Curry 2011

Curry N, Hopewell S, Dorée C, Hyde C, Brohi K, Stanworth S. The
acute management of trauma hemorrhage: a systematic review
of randomized controlled trials. Critical Care 2011;15(2):R92.

Curry 2012

Curry N, Davis PW. What's new in resuscitation strategies for the
patient with multiple trauma?. Injury 2012;43(7):1021-8.

Demetriades 2006

Demetriades D, Hadjizacharia P, Constantinou C, Brown C,
Inaba K, Rhee P, et al. Selective nonoperative management of
penetrating abdominal solid organ injuries. Annals of Surgery
2006;244(4):620-8.

DGU 2011

German Trauma Society (DGU). S3 – Guideline on Treatment
of Patients with Severe and Multiple Injuries. http://
www.awmf.org/leitlinien/detail/ll/012-019.html 2011.

Evans 2010

Evans JA, van Wessem KJ, McDougall D, Lee KA, Lyons T,
Balogh ZJ. Epidemiology of traumatic deaths: comprehensive
population-based assessment. World Journal of Surgery
2010;34(1):158-63.

Fryback 1991

Fryback DG, Thornbury JR. The e!icacy of diagnostic imaging.
Medical Decision Making 1991;11:88-94.

GriBin 2007

Gri!in XL, Pullinger R. Are diagnostic peritoneal lavage or
focused abdominal sonography for trauma safe screening
investigations for hemodynamically stable patients aOer blunt
abdominal trauma? A review of the literature. Journal of Trauma
2007;62(3):779-84.

Gruen 2012

Gruen RL, Brohi K, Schreiber M, Balogh ZJ, Pitt V, Narayan M,
et al. Haemorrhage control in severely injured patients. Lancet
2012;380(9847):1099-108.

Hasler 2012

Hasler RM, Kehl C, Exadaktylos AK, Albrecht R, Dubler S, Greif R,
et al. Accuracy of prehospital diagnosis and triage of a Swiss
helicopter emergency medical service. Journal of Trauma and
Acute Care Surgery 2012;73(3):709-15.

HoB 2002

Ho! WS, Holevar M, Nagy KK, Patterson L, Young JS, Arrillaga A,
et al. Practice Management Guidelines for the Evaluation of
Blunt Abdominal Trauma: The EAST Practice Management
Guidelines Work Group. Journal of Trauma 2002;53(9):602-15.

Holcomb 2007

Holcomb JB, Jenkins D, Rhee P, Johannigman J, Mahoney P,
Mehta S, et al. Damage control resuscitation: directly
addressing the early coagulopathy of trauma. Journal of Trauma
2007;62(2):307-10.

Hoyer 2010

Hoyer HX, Vogl S, Schiemann U, Haug A, Stolpe E, Michalski T.
Prehospital ultrasound in emergency medicine: incidence,
feasibility, indications and diagnoses. European Journal of
Emergency Medicine 2010;17(5):254-9.

Huber-Wagner 2009

Huber-Wagner S, Lefering R, Qvick LM, Körner M, Kay MV,
Pfeifer KJ, et al. Working Group on Polytrauma of the German
Trauma Society. E!ect of whole-body CT during trauma
resuscitation on survival: a retrospective, multicentre study.
Lancet 2009;373(9673):1455-61.

Huber-Wagner 2013

Huber-Wagner S, Biberthaler P, Häberle S, Wierer M, Dobritz M,
Rummeny E, et al. Whole-body CT in haemodynamically
unstable severely injured patients- a retrospective, multicentre
study. PLoS One 2013;8(7):e68880.

Hui 2009

Hui CM, MacGregor JH, Tien HC, Kortbeek JB. Radiation dose
from initial trauma assessment and resuscitation: review of the
literature. Canadian Journal of Surgery 2009;52(2):147-52.

Keel 2005

Keel M, Trentz O. Pathophysiology of polytrauma. Injury
2005;36(6):691-709.

Ker 2012

Ker K, Kiriya J, Perel P, Edwards P, Shakur H, Roberts I. Avoidable
mortality from giving tranexamic acid to bleeding trauma
patients: an estimation based on WHO mortality data, a
systematic literature review and data from the CRASH-2 trial.
BMC Emergency Medicine 2012;12(3):3.

Kirkpatrick 2008

Kirkpatrick AW, Ball CG, D'Amours SK, Zygun D. Acute
resuscitation of the unstable adult trauma patient: bedside
diagnosis and therapy. Canadian Journal of Surgery
2008;51(1):57-69.

Livingston 1998

Livingston DH, Lavery RF, Passanante MR, Skurnick JH,
Fabian TC, Fry DE, et al. Admission or observation is not
necessary aOer a negative computed tomographic scan in
patients with suspected blunt abdominal trauma. Journal of
Trauma 1998;44(2):273-82.

Emergency ultrasound-based algorithms for diagnosing blunt abdominal trauma (Review)

Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

13

https://doi.org/10.1002%2F14651858.CD007438.pub3


Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Lozano 2012

Lozano R, Naghavi M, Foreman K, Lim S, Shibuya K, Aboyans V,
et al. Global and regional mortality from 235 causes of
death for 20 age groups in 1990 and 2010: a systematic
analysis for the Global Burden of Disease Study 2010. Lancet
2012;380(9859):2095-128.

Maegele 2012

Maegele M, Spinella PC, Schöchl H. The acute coagulopathy
of trauma: mechanisms and tools for risk stratification. Shock
2012;38(5):450-8.

Malhotra 2000

Malhotra AK, Fabian TC, Croce MA, Gavin TJ, Kudsk KA, Minard G,
et al. Blunt hepatic injury: a paradigm shiO from operative to
nonoperative management in the 1990s. Annals of Surgery
2000;231(6):804-13.

Miller 2003

Miller MT, Pasquale MD, Bromberg WJ, Wasser, Cox J. Not so
FAST. Journal of Trauma 2003;54(1):52-60.

Morrison 1996

Morrison JE, Wisner DH, Bodai BI. Complications aOer
negative laparotomy for trauma: long-term follow-up in
a health maintenance organization. Journal of Trauma
1996;41(3):509-13.

Murray 2012

Murray CJ, Vos T, Naghavi M, Flaxman AD, Michaud C,
Ezzati M, et al. Disability-adjusted life years (DALYs) for 291
diseases and injuries in 21 regions, 1990-2010: a systematic
analysis for the Global Burden of Disease Study 2010. Lancet
2012;380(9859):2197-223.

Nishijima 2012

Nishijima DK, Simel DL, Wisner DH, Holmes JF. Does this
adult patient have a blunt intra-abdominal injury?. JAMA
2012;307(14):1517-27.

Nunes 2001

Nunes LW,  Simmons S,  Hallowell MJ,  Kinback R,  Trooskin S,
 Kozar R. Diagnostic performance of trauma US in identifying
abdominal or pelvic free fluid and serious abdominal or pelvic
injury. Academic Radiology 2001;8(2):128-36.

Oyo-Ita 2012

Oyo-Ita A, Ugare UG, Ikpeme IA. Surgical versus non-
surgical management of abdominal injury. Cochrane
Database of Systematic Reviews 2012, Issue 11. [DOI:
10.1002/14651858.CD007383.pub2]

Peden 2010

Peden M. UN General Assembly calls for decade of action for
road safety. Injury Prevention 2010;16(3):213.

Pfeifer 2009

Pfeifer R, Tarkin IS, Rocos B, Pape HC. Patterns of mortality
and causes of death in polytrauma patients--has anything
changed?. Injury 2009;40(9):907-11.

Rademacher 2001

Rademacher G, Stengel D, Siegmann S, Petersein J, Mutze S.
Optimization of contrast agent volume for helical CT in
the diagnostic assessment of patients with severe and
multiple injuries. Journal of Computer Assisted Tomography
2001;26(1):113-8.

Raza 2013

Raza M, Abbas Y, Devi V, Prasad KV, Rizk KN, Nair PP. Non
operative management of abdominal trauma -- a 10 years
review. World Journal of Emergency Surgery 2013;8(1):14.

Scalea 1999

Scalea TM, Rodriguez A, Chiu WC, Brenneman FD, Fallon WF,
Kato K, et al. Focused assessment with sonography for trauma
(FAST): results from an international consensus conference.
Journal of Trauma 1999;46(3):466-72.

Soto 2012

Soto JA, Anderson SW. Multidetector CT of blunt abdominal
trauma. Radiology 2012;265(3):678-93.

Stengel 2001

Stengel D, Bauwens K, Sehouli J, Porzsolt F, Rademacher G,
Mutze S, et al. Systematic review and meta-analysis of
emergency ultrasonography for blunt abdominal trauma. British
Journal of Surgery 2001;88(7):901-12.

Stengel 2005

Stengel D, Bauwens K, Rademacher G, Mutze S, Ekkernkamp A.
Association between compliance with methodological
standards of diagnostic research and reported test accuracy:
meta-analysis of focused assessment of US for trauma.
Radiology 2005;236(1):102-11.

Stengel 2009

Stengel D, Frank M, Matthes G, Schmucker U, Seifert J, Mutze S,
et al. Primary pan-computed tomography for blunt multiple
trauma: can the whole be better than its parts?. Injury 2009;40
Suppl 4:S36-46.

Stengel 2012

Stengel D, Ottersbach C, Matthes G, Weigeldt M, Grundei S,
Rademacher G, et al. Accuracy of single-pass whole-body
computed tomography for detection of injuries in patients with
major blunt trauma. Canadian Medical Association Journal
2012;184(8):869-76.

van der Vlies 2010

vam der Vlies CH, van Delden OM, Punt BJ, Ponsen KJ,
Reekers JA, Goslings JC. Literature review of the role of
ultrasound, computed tomography, and transcatheter arterial
embolization for the treatment of traumatic splenic injuries.
Cardiovascular and Interventional Radiology 2010;33(6):1079-87.

van der Wilden 2012

van der Wilden GM, Velmahos GC, Emho! T, Brancato S,
Adams C, Georgakis G, et al. Successful nonoperative
management of the most severe blunt liver injuries: a
multicenter study of the research consortium of new England
centers for trauma. Archives of Surgery 2012;147(5):423-8.

Emergency ultrasound-based algorithms for diagnosing blunt abdominal trauma (Review)

Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

14

https://doi.org/10.1002%2F14651858.CD007383.pub2


Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Vance 2007

Vance S. Evidence-based emergency medicine/systematic
review abstract. The FAST scan: are we improving care of the
trauma patient?. Annals of Emergency Medicine 2007;49:364-6.

Velmahos 2010

Velmahos GC, Zacharias N, Emho! TA, Feeney JM, Hurst JM,
Crookes BA, et al. Management of the most severely injured
spleen: a multicenter study of the Research Consortium of New

England Centers for Trauma (ReCONECT). Archives of Surgery
2010;145(5):456-60.

Yoshii 1998

Yoshii H, Sato M, Yamamoto S, Motegi M, Okusawa S, Kitano M,
et al. Usefulness and limitations of ultrasonography in the
initial evaluation of blunt abdominal trauma. Journal of Trauma
1998;45(1):45-50.

 
* Indicates the major publication for the study

 

C H A R A C T E R I S T I C S   O F   S T U D I E S

Characteristics of included studies [ordered by study ID]

 

Methods Quasi-RCT (algorithm used was based on the daytime and weekday availability of ultrasound). Loca-
tion: Community Hospital, Level-I-Trauma Center, South Carolina, USA. Recruitment period: 9 months

Risk of bias assessment: 
A. Adequacy of concealment: 0
B. Intention-to-treat: 0
C. Blinding: 0
D. Comparability of treatment groups at entry: 1
E. Comparability of care programmes: 0
F. Definition of inclusion and exclusion criteria: 1
G. Description of interventions: 1
H. Definition of outcomes: 2
I. Duration of surveillance: 0 (not defined)

Participants Inclusion criteria: consecutive patients with suspected blunt abdominal trauma. 331 enrolled (US 105,
no US 226). US group: mean age 38.1 (SD 22.7) years, mean ISS 13.0 (SD 11.6), 62% males. No US group:
mean age 33.6 (SD 18.6) years, mean ISS 13.4 (SD 9.7), 69% males

Interventions a. Clinical examination, focused ultrasound for free fluid, further management depended on sono-
grams and hemodynamic stability
b. Clinical examination, CT in stable and DPL in unstable patients

Outcomes 1. Number of diagnostic tests (CT, DPL)
2. Mortality
3. Morbidity (not specified)
4. Length of stay
5. Total costs

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

High risk Allocation according to admission date and time

Allocation concealment
(selection bias)

High risk Allocation according to admission date and time

Blinding (performance
bias and detection bias) 

High risk No blinding attempted

Arrillaga 1999 
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All outcomes

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk No blinding attempted

Blinding of outcome as-
sessment (detection bias) 
All outcomes

High risk No blinding attempted

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk Unclear

Selective reporting (re-
porting bias)

Unclear risk Unclear

Other bias Unclear risk Unclear

Arrillaga 1999  (Continued)

 
 

Methods Quasi-RCT (algorithm used was determined by date of admission). Location: University Hospital, Ken-
tucky, USA. Recruitment period: October 1995 to August 1997

Risk of bias assessment:

A. Adequacy of concealment: 0
B. Intention-to-treat: 1
C. Blinding: 0
D. Comparability of treatment groups at entry: 2
E. Comparability of care programmes: 0
F. Definition of inclusion and exclusion criteria: 2
G. Description of interventions: 2
H. Definition of outcomes: 2
I. Duration of surveillance: 1

Participants Inclusion criteria: victims of blunt trauma, older than 16 years of age, resuscitated by trauma service,
no clinical indication for laparotomy, unreliable or equivocal abdominal examination. 706 enrolled (US
460, no US 246)
US group: mean age 38.4 (SD 17.6) years, mean ISS 23.3 (SD 12.8), 73% males. No US group: mean age
40.2 (SD 18.2) years, mean ISS 22.8 (SD 11.3), 73% males

Interventions a. Clinical examination, focused ultrasound for free fluid, further management depended on sono-
grams and hemodynamical stability
b. Clinical examination, CT in stable and DPL in unstable participants

Outcomes 1. Time from arrival to the completion of diagnostic algorithm
2. Number of diagnostic tests performed (CT, DPL)
3. Mortality
4. Laparotomy rates
5. Diagnostic accuracy and number of significant injuries
6. Total cost of treatment

Notes  

Risk of bias

Boulanger 1999 
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Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

High risk Allocation according to admission date

Allocation concealment
(selection bias)

High risk Allocation according to admission date

Blinding (performance
bias and detection bias) 
All outcomes

High risk No blinding attempted

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk No blinding attempted

Blinding of outcome as-
sessment (detection bias) 
All outcomes

High risk No blinding attempted

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk Unclear

Selective reporting (re-
porting bias)

Unclear risk Unclear

Other bias Unclear risk Unclear

Boulanger 1999  (Continued)

 
 

Methods RCT. Location - three level-1 trauma centres, New York Methodist Hospital, Maricopa Hospital, Phoenix,
Jackson Memorial Hospital, Miami, USA

Participants Inclusion criteria: patients presenting with any one of a mechanism of injury (energy reportedly deliv-
ered to the torso), symptomatology (complaint of chest, abdominal, or pelvic pain), or physical findings
(chest, abdominal, or pelvic tenderness) suspicious of torso trauma
Exclusion criteria: patients or patient proxies who were unable to provide consent and those requiring
immediate transfer to the operating suite were excluded

Interventions a. Diagnostic interventions that the initial evaluating physician, under ordinary circumstances, would
use to evaluate torso trauma patients plus 4-view FAST assessment
b. Ordinary diagnostic interventions to evaluate torso trauma

Outcomes 1. Time from ED arrival to direct transfer to operative care in minutes (sample size calculations: 40% re-
duction, 90% power, alpha 5%)
2. Use of CT of the torso
3. Hospital length of stay in days
4. Composite complications (rate of haemorrhagic shock, septic shock, multisystem organ failure, or
death) based on CPT or ICD codes found in the medical record
5. Total charges in 2003 USD

Notes Of 525 patients screened, 81 went directly to OR, 136 lacked consent, 262 were randomised, and 217
were analysed

Melniker 2006 
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Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomisation in blocks of 50, stratified by centre

Allocation concealment
(selection bias)

Low risk Sealed, opaque envelopes

Blinding (performance
bias and detection bias) 
All outcomes

High risk No blinding attempted

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk No blinding attempted

Blinding of outcome as-
sessment (detection bias) 
All outcomes

High risk No blinding attempted

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk According to the CONSORT flow chart, 111/135 (82%) PLUS and 106/127 (83%)
control patients were included in the final analysis

Selective reporting (re-
porting bias)

Unclear risk Unclear

Other bias Unclear risk Unclear

Melniker 2006  (Continued)

 
 

Methods RCT. Location: University Hospital, California, USA. Recruitment period: November 1997 to November
1998

Risk of bias assessment:
A. Adequacy of concealment: 1
B. Intention-to-treat: 1
C. Blinding: 0
D. Comparability of treatment groups at entry: 2
E. Comparability of care programmes: 1
F. Definition of inclusion and exclusion criteria: 2
G. Description of interventions: 2
H. Definition of outcomes: 2
I. Duration of surveillance: 1

Participants Inclusion criteria: patients 18 to 75 years old meeting critical trauma triage criteria after blunt injury,
defined by the American College of Surgeons Subcommittee of trauma. 212 randomised (US 105, no US
107), 208 analysed (4 dropped because of incomplete data). US group: mean age 40.0 (SD 19.5) years,
mean ISS 9.9 (SD 12.4), 61% males. No US group: mean age 39.0 (SD 16.8) years, mean ISS 9.8 (SD 8.8),
63% males

Interventions a. Standard trauma management plus focused ultrasound for free fluid (none, small, moderate, large)
with 15 minutes of arrival by experienced doctors

Rose 2001 
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b. Standard trauma management

Outcomes 1. Difference in abdominal CT scan use (sample size calculations: 20% difference, 80% power, two-
tailed alpha 5%)
2. 30-minute difference in time to laparotomy

Notes Trial was stopped at 215 participants because US was recognised as standard practice and did not al-
low for further patient recruitment

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomisation in blocks of 30

Allocation concealment
(selection bias)

Unclear risk Computer-generated method, but unclear concealment

Blinding (performance
bias and detection bias) 
All outcomes

High risk No blinding attempted

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk No blinding attempted

Blinding of outcome as-
sessment (detection bias) 
All outcomes

High risk No blinding attempted

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk Unclear

Selective reporting (re-
porting bias)

Unclear risk Unclear

Other bias Unclear risk Unclear

Rose 2001  (Continued)

 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Branney 1997 Comparison of prospectively collected ultrasound data (August 1995 to October 1995) with a his-
torical cohort admitted before instituting ultrasound-based clinical pathways (August 1994 to Oc-
tober 1994)

Healey 1996 Comparison of prospectively collected ultrasound data (May 1994 to August 1995) with a historical
cohort admitted before instituting ultrasound-based clinical pathways

Hesse 1999 Comparison of prospectively collected ultrasound data (1990 to 1994) with a historical cohort ad-
mitted before instituting ultrasound-based clinical pathways (1986 to 1990)
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Study Reason for exclusion

Kumar 2014 The study included people with blunt or penetrating injuries, and there is no mention of conceal-
ment of the randomisation sequence. Correspondence with the author confirms the study was not
registered

Ma 2005 Comparison of ultrasound accuracy and the request of CT scans among physicians with minor,
moderate and high skills in performing FAST

McKenney 2001 Comparison of prospectively collected ultrasound data (January 1995 to June 1995) with a histor-
ical cohort admitted before instituting ultrasound-based clinical pathways (January 1993 to June
1993)

Navarrete-Navarro 1996 Trial intended to prove the superiority of computed tomography over multiple diagnostic interven-
tions including ultrasound

 

 

D A T A   A N D   A N A L Y S E S

 

Comparison 1.   Mortality

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Relative risk of mortality 3 1254 Risk Ratio (M-H, Random, 95%
CI)

1.00 [0.50, 2.00]

 
 

Analysis 1.1.   Comparison 1 Mortality, Outcome 1 Relative risk of mortality.

Study or subgroup Ultrasound No ultrasound Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Arrillaga 1999 9/105 13/226 26.91% 1.49[0.66,3.38]

Boulanger 1999 59/460 23/246 36.32% 1.37[0.87,2.16]

Melniker 2006 23/111 40/106 36.77% 0.55[0.35,0.85]

   

Total (95% CI) 676 578 100% 1[0.5,2]

Total events: 91 (Ultrasound), 76 (No ultrasound)  

Heterogeneity: Tau2=0.29; Chi2=9.69, df=2(P=0.01); I2=79.37%  

Test for overall effect: Z=0(P=1)  

Favours US 10000.001 100.1 1 Favours no US

 
 

Comparison 2.   Use of computed tomography (CT)

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Difference in CT frequency 4 1462 Risk Difference (M-H, Random,
95% CI)

-0.52 [-0.83, -0.21]
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Analysis 2.1.   Comparison 2 Use of computed tomography (CT), Outcome 1 DiBerence in CT frequency.

Study or subgroup Ultrasound No ultrasound Risk Difference Weight Risk Difference

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Arrillaga 1999 9/105 223/226 25.43% -0.9[-0.96,-0.85]

Boulanger 1999 111/460 225/246 25.45% -0.67[-0.73,-0.62]

Melniker 2006 53/111 85/106 24.67% -0.32[-0.44,-0.2]

Rose 2001 37/104 54/104 24.46% -0.16[-0.3,-0.03]

   

Total (95% CI) 780 682 100% -0.52[-0.83,-0.21]

Total events: 210 (Ultrasound), 587 (No ultrasound)  

Heterogeneity: Tau2=0.1; Chi2=190.2, df=3(P<0.0001); I2=98.42%  

Test for overall effect: Z=3.33(P=0)  

Favours US 10.5-1 -0.5 0 Favours no US

 
 

Comparison 3.   Use of diagnostic peritoneal lavage (DPL)

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Difference in DPL frequency 2 1037 Risk Difference (M-H, Random, 95%
CI)

-0.06 [-0.09, -0.02]

 
 

Analysis 3.1.   Comparison 3 Use of diagnostic peritoneal lavage (DPL), Outcome 1 DiBerence in DPL frequency.

Study or subgroup Ultrasound No ultrasound Risk Difference Weight Risk Difference

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Arrillaga 1999 3/105 15/226 42.84% -0.04[-0.08,0.01]

Boulanger 1999 5/460 21/246 57.16% -0.07[-0.11,-0.04]

   

Total (95% CI) 565 472 100% -0.06[-0.09,-0.02]

Total events: 8 (Ultrasound), 36 (No ultrasound)  

Heterogeneity: Tau2=0; Chi2=1.57, df=1(P=0.21); I2=36.36%  

Test for overall effect: Z=3.2(P=0)  

Favours US 10.5-1 -0.5 0 Favours no US

 
 

Comparison 4.   Cost-eBectiveness

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Direct costs per patient (US$) 1   Mean Difference (IV, Random,
95% CI)

Subtotals only
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Analysis 4.1.   Comparison 4 Cost-eBectiveness, Outcome 1 Direct costs per patient (US$).

Study or subgroup Ultrasound No ultrasound Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Boulanger 1999 460 156 (244) 246 540 (126) 0% -384[-411.3,-356.7]

Favours US 1000500-1000 -500 0 Favours no US

 
 

Comparison 5.   Laparotomy

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Laparotomy rate 3 1131 Risk Difference (M-H, Fixed, 95% CI) -0.00 [-0.04, 0.04]

 
 

Analysis 5.1.   Comparison 5 Laparotomy, Outcome 1 Laparotomy rate.

Study or subgroup Ultrasound No ultrasound Risk Difference Weight Risk Difference

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Boulanger 1999 35/246 62/460 60.14% 0.01[-0.05,0.06]

Melniker 2006 29/111 34/106 20.35% -0.06[-0.18,0.06]

Rose 2001 12/104 8/104 19.51% 0.04[-0.04,0.12]

   

Total (95% CI) 461 670 100% -0[-0.04,0.04]

Total events: 76 (Ultrasound), 104 (No ultrasound)  

Heterogeneity: Tau2=0; Chi2=1.9, df=2(P=0.39); I2=0%  

Test for overall effect: Z=0(P=1)  

Favours US 10.5-1 -0.5 0 Favours no US

 
 

Comparison 6.   Reduction in diagnostic time

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Mean reduction in diagnostic time
(minutes)

1   Mean Difference (IV, Fixed,
95% CI)

Subtotals only

 
 

Analysis 6.1.   Comparison 6 Reduction in diagnostic time, Outcome 1 Mean reduction in diagnostic time (minutes).

Study or subgroup Ultrasound No ultrasound Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Boulanger 1999 460 53 (55) 246 151 (187) 0% -98[-121.9,-74.1]

Favours US 1000500-1000 -500 0 Favours no US
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Comparison 7.   Delayed diagnoses

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Risk of delayed diagnosis 1   Risk Ratio (M-H, Fixed, 95% CI) Subtotals only

 
 

Analysis 7.1.   Comparison 7 Delayed diagnoses, Outcome 1 Risk of delayed diagnosis.

Study or subgroup Ultrasound No ultrasound Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Boulanger 1999 3/460 4/246 0% 0.4[0.09,1.78]

Favours US 100.1 50.2 20.5 1 Favours no US

 
 

Comparison 8.   Non-therapeutic laparotomy

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Risk of non-therapeutic laparotomy 1   Risk Ratio (M-H, Fixed, 95% CI) Subtotals only

 
 

Analysis 8.1.   Comparison 8 Non-therapeutic laparotomy, Outcome 1 Risk of non-therapeutic laparotomy.

Study or subgroup Ultrasound No ultrasound Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Boulanger 1999 1/460 1/246 0% 0.53[0.03,8.51]

Favours US 100.1 50.2 20.5 1 Favours no US

 
 

Comparison 9.   Duration of hospital stay

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Mean length of stay (days) 1   Mean Difference (IV, Fixed, 95% CI) Subtotals only

 
 

Analysis 9.1.   Comparison 9 Duration of hospital stay, Outcome 1 Mean length of stay (days).

Study or subgroup Ultrasound No ultrasound Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Arrillaga 1999 105 7.2 (9) 226 7.2 (10.1) 0% 0[-2.17,2.17]

Favours US 105-10 -5 0 Favours no US
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Comparison 10.   Intensive care

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Mean ICU days 1   Mean Difference (IV, Fixed, 95% CI) Subtotals only

 
 

Analysis 10.1.   Comparison 10 Intensive care, Outcome 1 Mean ICU days.

Study or subgroup Ultrasound No ultrasound Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Arrillaga 1999 105 3.1 (7.1) 226 2.5 (5.1) 0% 0.6[-0.91,2.11]

Favours US 105-10 -5 0 Favours no US

 

 

A P P E N D I C E S

Appendix 1. Search strategies

Cochrane Injuries Group Specialised Register
1. (blunt or non-penetrat*) and (trauma* or injur* or wound*)
2. (spleen or splenic or liver or hepatic or abdomen or abdominal or stomach or thorax or thoracic) and (trauma* or injur* or ruptur* or
bleed*)
3. (Car or motorcar or cycle or cycling or bicycle* or bike* or motorbike* or motorcycle* or motor-bike* or motor-cycle*) and (injur* or
accident* or crash*)
4. (splenosis or splenoses or multiple-trauma* or poly-trauma* or hemoperiton* or haemoperiton* or free-fluid or intraperiton* or
retroperiton*)
5. 1 or 2 or 3 or 4
6. ultrasonic or ultrasound or echotomograph* or echograph* or ultrasonograph* or sonograph*
7. 5 and 6

Cochrane Central Register of Controlled Studies (CENTRAL) (The Cochrane Library)
#1 (hemoperiton* or haemoperiton* or free?fluid or intraperiton* or retroperiton*)
#2 (spleen or splenic or liver or hepatic or abdomen or abdominal or stomach or thorax or thoracic) near5 (trauma* or injur* or ruptur*
or bleed*)
#3 (blunt or non-penetrat*) near5 (trauma* or injur* or wound*)
#4 trauma* near3 shock*
#5 (splenosis or splenoses)
#6 (multiple-trauma* or poly-trauma*)
#7 (Car* or motorcar* or cycle* or cycling or bicycl* or bike* or motorbike* or motorcycle* or motor-bike* or motor-cycle*) near5 (injur*
or accident* or crash*)
#8 (#1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7)
#9 Ultrasonography
#10 (ultrasonic or ultrasound) near3 (diagnos* or tomograph* or imaging*)
#11 (echotomograph* or echograph* or ultrasonograph* or sonograph* or ultrasound)
#12 (Focused near2 Assessment near2 Sonography near2 Trauma).ab,ti.
#13 (#9 OR #10 OR #11 OR #12)
#14 (#8 AND #13)

MEDLINE (OvidSP)
1. exp Abdominal Injuries/
2. exp Thoracic Injuries/
3. exp Wounds, Nonpenetrating/
4. exp Multiple Trauma/
5. exp Retroperitoneal Space/in [Injuries]
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6. exp Rupture/
7. exp Shock, Traumatic/
8. (hemoperiton* or haemoperiton* or free?fluid or intraperiton* or retroperiton*).ab,ti.
9. ((spleen or splenic or liver or hepatic or abdomen or abdominal or stomach or thorax or thoracic) adj5 (trauma* or injur* or ruptur*
or bleed*)).ab,ti.
10. (splenosis or splenoses).ab,ti.
11. exp Accidents/
12. exp Seat Belts/
13. exp Bicycling/
14. exp Motorcycles/
15. (multiple?trauma* or poly?trauma*).ab,ti.
16. ((Car* or motorcar* or cycle* or cycling or bicycl* or bike* or motorbike* or motorcycle* or motor-bike* or motor-cycle*) near5 (injur*
or accident* or crash*))ab,ti.
17.1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16
18. exp Ultrasonography/
19. (ultrasonic adj3 (diagnos* or tomograph* or imaging*)).ab,ti.
20. (echotomograph* or echograph* or ultrasonograph* or sonograph* or ultrasound).ab,ti.
21. (Focused adj2 Assessment adj2 Sonography adj2 Trauma).ab,ti.
22. 18 or 19 or 20 or 21
23. 17 and 22
24. randomi?ed.ab,ti.
25. randomized controlled trial.pt.
26. controlled clinical trial.pt.
27. placebo.ab.
28. clinical trials as topic.sh.
29. randomly.ab.
30. trial.ti.
31. 24 or 25 or 26 or 27 or 28 or 29 or 30
32. (animals not (humans and animals)).sh.
33. 31 not 32
34. 23 and 33

Embase (OvidSP)
1.exp thorax blunt trauma/ or exp blunt trauma/
2.exp abdominal blunt trauma/
3.exp multiple trauma/
4.exp retroperitoneum/
5.exp rupture/
6.exp abdominal organ rupture/
7.exp traumatic shock/
8.(hemoperiton* or haemoperiton* or free?fluid or intraperiton* or retroperiton*).ab,ti.
9.((spleen or splenic or liver or hepatic or abdomen or abdominal or stomach or thorax or thoracic) adj5 (trauma* or injur* or ruptur* or
bleed*)).ab,ti.
10.(splenosis or splenoses).ab,ti.
11.exp accident/
12.exp seatbelt/ or exp seatbelt injury/
13.exp bicycle/
14.exp motor vehicle/
15.(multiple?trauma* or poly?trauma*).ab,ti.
16.((Car* or motorcar* or cycle* or cycling or bicycl* or bike* or motorbike* or motorcycle* or motor-bike* or motor-cycle*) near5 (injur*
or accident* or crash*)).ab,ti.
17.1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16
18.exp echography/ or exp echotomography/
19.(ultrasonic adj3 (diagnos* or tomograph* or imaging*)).ab,ti.
20.(echotomograph* or echograph* or ultrasonograph* or sonograph* or ultrasound).ab,ti.
21.(Focused adj2 Assessment adj2 Sonography adj2 Trauma).ab,ti.
22.18 or 19 or 20 or 21
23.17 and 22
24.exp Randomized Controlled Trial/
25.exp controlled clinical trial/
26.randomi?ed.ab,ti.
27.placebo.ab.
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28.*Clinical Trial/
29.randomly.ab.
30.trial.ti.
31.24 or 25 or 26 or 27 or 28 or 29 or 30
32.exp animal/ not (exp human/ and exp animal/)
33.31 not 32
34.23 and 33

ISI Web of Science: Science Citation Index Expanded (SCI-EXPANDED) and Conference Proceedings Citation Index - Science (CPCI-S)
#1 Topic=((singl* OR doubl* OR trebl* OR tripl*) SAME (blind* OR mask*))
#2 Topic=(randomised OR randomized OR randomly OR random order OR random sequence OR random allocation OR randomly allocated
OR at random OR randomized controlled trial) OR Topic=(controlled clinical trial OR controlled trial OR clinical trial OR placebo)
#3 #1 or #2
#4Topic=(human*)
#5 #3 and #4
#6 Topic=((blunt or non-penetrat*) same (trauma* or injur* or wound*))
#7 Topic=((spleen or splenic or liver or hepatic or abdomen or abdominal or stomach or thorax or thoracic) same (trauma* or injur* or
ruptur* or bleed*))
#8 Topic=((Car* or motorcar* or cycle* or cycling or bicycl* or bike* or motorbike* or motorcycle* or motor-bike* or motor-cycle*) same
(injur* or accident* or crash*))
#9 Topic=(splenosis or splenoses or multiple-trauma* or poly-trauma* or hemoperiton* or haemoperiton* or free-fluid or intraperiton*
or retroperiton*)
#10 #6 or #7 or #8 or #9
#11Topic=((ultrasonic or ultrasound) SAME (diagnos* or tomograph* or imaging*))
#12Topic=((echotomograph* or echograph* or ultrasonograph* or sonograph* or ultrasound))
#13 #11 or #12
#14 #5 and #10 and #13

CINAHL Plus (EBSCO)
S1 exp Abdominal Injuries/
S2 exp Thoracic Injuries/
S3 exp Wounds, Nonpenetrating/
S4 exp Multiple Trauma/
S5 exp Retroperitoneal Space/in [Injuries]
S6 exp Rupture/
S7 exp Shock, Traumatic/
S8 hemoperiton* or haemoperiton* or free fluid or intraperiton* or retroperiton*
S9 (spleen or splenic or liver or hepatic or abdomen or abdominal or stomach or thorax or thoracic) AND (trauma* or injur* or ruptur*
or bleed*)
S10 splenosis or splenoses
S11 multiple trauma* or poly trauma*)
S12 S1 or S2 or S3 or S4 or S5 or S6 or S7 or S8 or S9 or S10 or S11
S13 exp Ultrasonography/
S14 (ultrasonic AND (diagnos* or tomograph* or imaging*))
S15 (echotomograph* or echograph* or ultrasonograph* or sonograph* or ultrasound)
S16 (Focused Assessment of Sonography for Trauma)
S17 S13 OR S14 OR S15 OR S16
S18 S12 AND S17 (limited to clinical trials)

W H A T ' S   N E W

 

Date Event Description

17 September 2015 Amended The authors' affiliations have been updated.

The PRISMA flow diagram has been updated. Four databases
were searched in August 2015. No new studies were identified.
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H I S T O R Y

Protocol first published: Issue 4, 2003
Review first published: Issue 2, 2005

 

Date Event Description

30 June 2015 New search has been performed The search for studies was updated to June 2015.

30 June 2015 New citation required but conclusions
have not changed

The authors have re-written the background and discussion sec-
tions to put the research question into a different context.

The authors of the review have changed.

The number of included studies, and their results, remain the
same.

30 June 2015 Amended The authors have specified some changes to the review's inclu-
sion criteria in preparation for the next update.

18 October 2013 Amended The review has been re-written in order to update the scope of
the review and references. The results and conclusions have not
changed.

18 October 2013 New citation required but conclusions
have not changed

The review has been re-written in order to update the scope of
the review and references. The results and conclusions have not
changed.

11 February 2008 New search has been performed The search was updated in January 2008. No new studies were
identified.

12 November 2007 Amended Review amended. A shiO in denominators was corrected based
on the addition of one study (Boulanger 1999), another study
was removed from the review (Navarrete-Nav 1996) because it
was not clear how many patients underwent which types of diag-
nostic interventions in the control arm (as raised by Vance 2007),
the results of a recent full-text publication of a former confer-
ence abstract (Melniker 2006) were included.

9 February 2005 New citation required and conclusions
have changed

Review first published.

 

C O N T R I B U T I O N S   O F   A U T H O R S

First two versions of the review (2005 and 2007): Dirk Stengel was the principal investigator of this study, identified relevant literature,
extracted and summarised data, and wrote the manuscript. Kai Bauwens, Jalid Sehouli, and Franz Porzsolt assisted in literature retrieval
and data extraction. Kai Bauwens co-reviewed eligible studies for methodological quality. Grit Rademacher, Sven Mutze, and Axel
Ekkernkamp discussed core ideas, and contributed to data interpretation. All authors critically appraised the final version of this review.

2008 and 2013 updates: Dirk Stengel and Claas Gütho! screened the updated search results. No new studies were identified.

2015 revision: Dirk Stengel updated the manuscript. All authors participated in commenting upon and reviewing the changes, and agreed
on the final version.

D E C L A R A T I O N S   O F   I N T E R E S T
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Grit Rademacher: None known.

Sven Mutze: None known.

Axel Ekkernkamp: None known.
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• Department of Trauma and Orthopaedic Surgery at the Unfallkrankenhaus, Berlin, Germany.
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• No sources of support supplied

D I F F E R E N C E S   B E T W E E N   P R O T O C O L   A N D   R E V I E W

2015 amendments: the objectives of the review have changed. Future updates of this review will include FAST ultrasound (performed by
means of a four-quadrant, focused assessment of sonography for trauma (FAST), rather than any type of ultrasound (as per the original
protocol).

N O T E S

2015 amendment: future updates of this review will include FAST ultrasound (performed by means of a four-quadrant, focused assessment
of sonography for trauma (FAST), rather than any type of ultrasound (as per the original protocol).
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