
P C PROGRESSIVE LINICAL RACTICE

Emergency Physician–performed Ultrasound
to Diagnose Cholelithiasis: A Systematic
Review
Marshall Ross, Michael Brown, MD, MSc, Kyle McLaughlin, MD, CCFP-EM,
Paul Atkinson, MB, BCh, BAO, MA, MRCP(UK), FCEM, Jenny Thompson,
Susan Powelson, MLS, Steve Clark, MD, CCFP-EM, and Eddy Lang, MD

Abstract

Objectives: The authors sought to determine the diagnostic test characteristics of bedside emergency

physician (EP)-performed ultrasound (US) for cholelithiasis in symptomatic emergency department (ED)

patients.

Methods: A search was conducted of MEDLINE, EMBASE, the Cochrane Library, bibliographies of pre-

vious systematic reviews, and abstracts from major emergency medicine conference proceedings. We

included studies that prospectively assessed the diagnostic accuracy of emergency US (EUS) for choleli-

thiasis, compared to a criterion reference standard of radiology-performed ultrasound (RADUS), com-

puted tomography (CT), magnetic resonance imaging (MRI), or surgical findings. Two authors

independently performed relevance screening of titles and abstracts, extracted data, and performed the

quality analysis. Disagreements were resolved by conference between the two reviewers. EUS perfor-

mance was assessed with summary receiver operator characteristics curve (SROC) analysis, with inde-

pendently pooled sensitivity and specificity values across included studies.

Results: The electronic search yielded 917 titles; eight studies met the inclusion criteria, yielding a sam-

ple of 710 subjects. All included studies used appropriate selection criteria and reference standards, but

only one study reported uninterpretable or indeterminate results. The pooled estimates for sensitivity

and specificity were 89.8% (95% confidence interval [CI] = 86.4% to 92.5%) and 88.0% (95% CI = 83.7%

to 91.4%), respectively.

Conclusions: This study suggests that in patients presenting to the ED with pain consistent with biliary

colic, a positive EUS scan may be used to arrange for appropriate outpatient follow-up if symptoms have

resolved. In patients with a low pretest probability, a negative EUS scan should prompt the clinician to

consider an alternative diagnosis.
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I
t is estimated that over 20 million people in the Uni-

ted States have gallbladder disease.1 Approximately

one-third of patients with gallstones develop biliary

colic,
2–4

and each year about 1% of these symptomatic

patients develop potentially life-threatening complica-

tions including acute cholecystitis, pancreatitis, and

acute cholangitis.5 Unfortunately, it is not possible to

diagnose gallbladder pathology with a reasonable

degree of certainty using history and physical exam

alone.
6
The unreliability of clinical findings commonly

leads to patients with suspected gallbladder disease

undergoing radiology-performed ultrasound (RADUS).
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These RADUS are typically performed by a technician

outside of the emergency department (ED) and are inter-

preted by a radiologist. However, inconsistent availabil-

ity of technicians and high volumes of ED patients often

cause delays to RADUS, extending ED wait times, com-

promising quality of care, and contributing to through-

put delays and crowding.
7,8

These limitations have led to emergency physicians

(EPs) exploring the prospect of performing bedside

emergency ultrasound (EUS) in the ED to assess for

gallbladder pathology.
9–11

EUS enables the operator to

visualize the gallbladder. Stones are typically identified

as bright, mobile, and dependent structures that cast a

shadow. False negatives are most commonly due to

stones that are either less than 4 mm in diameter and

thus do not consistently cast a shadow or impacted in

the gallbladder neck as they are no longer dependent.12

Whereas the use of EUS for certain core ED applica-

tions, such as screening for abdominal aortic aneurysm,

or detecting large pericardial effusions, is supported by

strong evidence,
13,14

the use of EUS for many other

indications remains controversial due to concerns

about the diagnostic accuracy. The goal of this system-

atic review was to assess the diagnostic accuracy of

EUS in detecting gallstones among ED patients who

present with symptoms consistent with biliary colic.

METHODS

The clinical question addressed in this systematic review

was the following: Among patients presenting to the ED

with abdominal pain of suspected biliary origin, what is

the diagnostic accuracy of EP-performed ultrasound

(US) for the diagnosis of acute cholelithiasis? A system-

atic review protocol was created to specifically address

this question and was reviewed and agreed upon by all

co-investigators a priori (available online
15
). The only

amendment made to the protocol was to expand our

possible criterion reference standard beyond RADUS

alone. The PRISMA statement
16

was followed for the

purpose of reporting this systematic review.

Search Techniques

We developed a comprehensive search strategy that

included foreign language publications. The MEDLINE

search used a combination of MeSH headings and free

text terms (Data Supplement S1, available as supporting

information in the online version of this paper). Similar

search strategies were adapted for EMBASE, OpenSI-

GLE, and the Cochrane Library. Our gray literature

search included manually reviewing abstracts from the

following conferences: Canadian Association of Emer-

gency Physicians (2000–2009), American College of

Emergency Physicians (ACEP) (2000–2009), Society for

Academic Emergency Medicine (2000–2009), Mediterra-

nean Congress of Emergency Medicine (2001–2009),

Annual Scientific Meeting of the Australasian College

for Emergency Medicine (2001–2009), and all available

abstracts from the College of Emergency Medicine, for-

merly known as the British Association and Faculty of

Emergency Medicine (2000–2009). In addition, the refer-

ences for the ACEP Policy Statement on Emergency

Ultrasound Guidelines
9
were screened. We contacted

all major US manufacturers, the Society for Academic

Emergency Medicine Ultrasound Interest Group, sev-

eral independent experts in the field, and the Canadian

Emergency Ultrasound Society and requested addi-

tional unpublished data sources. The bibliographies of

all included studies
17–24

as well as those of previous

reviews
25,26

were hand-searched.

Article Selection

Specific inclusion and exclusion criteria were applied to

minimize bias in the selection process and ensure that

any inferences made based upon the results of the

meta-analysis were appropriate and applicable to the

ED setting.27 We included studies with patients who

presented to the ED with signs and symptoms of sus-

pected biliary colic including right upper quadrant

(RUQ) pain, epigastric pain, or flank pain. We included

studies if they used an acceptable criterion reference

standard defined as at least one of the following: RA-

DUS, computed tomography (CT), magnetic resonance

imaging (MRI) interpreted by a radiologist, or surgical

findings. If other reference standards were used, stud-

ies were included only if data were obtained comparing

results of EUS to at least one of the criterion standards.

We included studies assessing the use of EUS for multi-

ple purposes only if data comparing EUS to an appro-

priate reference standard to detect cholelithiasis were

presented or obtained through author contact. We only

included studies deemed original research using pro-

spective data collection. We excluded studies if perti-

nent data could not be obtained through author

contact.

Data Collection and Processing

Two reviewers (MR, JT) independently performed a rel-

evance search; each reviewer examined the titles and

abstracts of all references identified in the electronic

search to determine whether an article was relevant to

the research question. The two reviewers then com-

pared their inclusion and exclusion logs, and the level

of agreement was calculated using the kappa statistic.

The same two reviewers (MR, JT) then performed a full

review of all potentially relevant articles applying spe-

cific inclusion and exclusion criteria to determine which

papers to include in the final analysis.

Data were extracted and collected from included

studies using a standardized data collection form. An

attempt was made to contact the authors of studies that

required data clarification or supplementation. Two

reviewers (MR, EL) independently abstracted the data.

Disagreements were resolved by conference between

the reviewers.

Quality Assessment

Two reviewers with experience in critical appraisal

(KM, EL) independently assessed the quality of the

studies according to the most relevant items from the

QUADAS tool.28 QUADAS was developed as an evi-

dence-based quality assessment tool to be used in sys-

tematic reviews to assess the quality of primary studies

of diagnostic accuracy.28 Although all 14 points of the

QUADAS instrument were assessed, seven were con-

sidered to be of particular relevance to our clinical
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question: 1) was the spectrum of patients representative

of the patients who will receive the test in practice,

2) were selection criteria clearly described, 3) is the

reference standard likely to correctly classify the target

condition, 4) were the reference standard results inter-

preted without knowledge of the results of the index

test, 5) were the index test results interpreted without

knowledge of the results of the reference standard,

6) did patients receive the same reference standard

regardless of the index test result, and 7) were uninter-

pretable or intermediate test results reported?

No attempt was made to combine the results into an

overall quality score; instead, the results of the assess-

ment were reported in a summary figure. Ultrasound

technology used in each study was assessed indepen-

dently from other methods and results.

Data Analysis

Emergency US test performance was assessed with a

traditional summary receiver operator curve (SROC)

with a regression model based on unweighted least

squares estimation.29,30 We independently pooled the

sensitivity and specificity with 95% confidence intervals

(CIs) using the random effects model of DerSimonian

and Laird.
31

All calculations were done with the Meta-

Disc software.32 We estimated likelihood ratios (LRs)

based on our summary estimates of sensitivity and

specificity.27

One of the principal causes of heterogeneity between

studies of diagnostic test accuracy is a threshold effect.

A threshold effect is present when differences in sensi-

tivities and specificities among studies occur due to dif-

ferent cutoffs or test thresholds used to define a

positive or negative result.
27,33

EUS exams may have an

implicit variation in threshold as a positive or negative

result depends on operator interpretation.27 We

assessed for a threshold effect using a validated regres-

sion model (see Data Supplement S2 for technical

details, available as supporting information in the

online version of this paper).

The random effects model of DerSimonian and

Laird
31

accounts for sampling variability and unex-

plained heterogeneity providing suitably conservative

estimates of sensitivity and specificity.27 Formal statisti-

cal tests for assessing heterogeneity and publication

bias in diagnostic meta-analysis have not been vali-

dated.
27,33,34

Therefore, funnel plots and statistical tests

such as I2 were not reported.

RESULTS

Figure 1 summarizes the results of the search and arti-

cle selection. The relevance screen of 917 titles identi-

fied in the MEDLINE, Cochrane, OpenSIGLE, and

EMBASE databases showed good agreement between

the two reviewers ( = 0.67). Expert contact and rele-j

vance screening of gray literature and conference pro-

ceedings yielded seven potentially relevant articles.

After the relevance search was adjudicated, a complete

article review was performed on the remaining 33 arti-

cles. Upon full-text review, 25 studies did not meet our

inclusion criteria ( = 1) for various reasons asj

described in Figure 1. One article retrieved through the

manual search,
17

one article retrieved through expert

contact,
19

and six articles
18,20–24

from the electronic

database search were included in the final analysis.

Seven articles17,18,20–24 were written in English and one

article was available only in Korean.19 This article was

translated into English for full review. These eight stud-

ies yielded a sample of 710 subjects who underwent

both EUS and a criterion reference standard. The

sensitivity and specificity of each study are presented in

Figure 2 and Table 1.

Study Description

Table 2 outlines the characteristics of the eight included

studies. The prevalence of gallstones ranged from 46%

to 80%, with a median of 60%. In five of the eight stud-

ies selected, assessment of the accuracy of EUS to

detect gallstones was a primary outcome measure.

The primary focus of the article by Davis et al.18 was

to determine the association between operator confi-

dence and the accuracy of EUS using different criterion

standards for each of six different US examinations.

The primary goal of the study by Summers et al.24 was

to determine the test characteristics of EUS as well as

RADUS for detection of acute cholecystitis, not choleli-

thiasis.24 This study compared the outcomes of both

EUS and RADUS to clinical follow-up or surgical

pathology for 189 patients. The primary focus of the

study by Rowland et al.
23

was to determine the accu-

racy of 9 different EUS exams including a RUQ scan to

detect for the presence of gallstones.23

There was significant variability in the level of US

education and previous experience with RUQ US across

studies. Davis et al.,
18

Rowland et al.,
23

and Ha et al.
19

used admittedly naïve operators; Alexander et al.
17

did

not report operator experience; and the other four

studies included operators with a wide range of experi-

ence. In all studies, EUS was performed with a US

machine of acceptable quality that is regularly used in

emergency practice (Table 2).

Quality Assessment

Table 3 summarizes the seven key quality items. The

inclusion criteria required that all eight studies be rated

Figure 1. Results of the search strategy.
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‘‘yes’’ for having an acceptable reference standard and

selection criteria. Seven studies
17,18,20–24

adequately

described a representative patient spectrum. Ha et al.
19

did not describe their patient population in sufficient

detail. In five studies,17,19–22 all patients underwent RA-

DUS as the only reference standard. Davis et al.18 used

US, CT, MRI, or surgical findings as a criterion refer-

ence. Rowland et al.
23
used RADUS or laparotomy as a

criterion reference. Summers et al.24 provided data for

115 of 189 patients who underwent formal radiology

testing; 91 were tested with RADUS and 24 with CT.

Only one study reported indeterminate results.20 In six

studies,17,20–24 the RADUS was interpreted without the

knowledge of EUS findings. In two studies,18,19 this was

not adequately reported. In all studies, the EUS was

performed and interpreted without knowledge of the

results of the RADUS.

Data Analysis

According to the traditional SROC curve analysis,
30

there was no evidence of a significant threshold effect

( = 0.072, 95% CI = 0.42 to 0.56); in other words,b ) )

there was no implicit variation in sensitivity and speci-

ficity across studies due to operator-dependent differ-

ences in what defined a positive or negative test result.

The random effects pooled results for sensitivity and

specificity were 89.8% (95% CI = 86.4% to 92.5%)

and 88.0% (95% CI = 83.7% to 91.4%), respectively.

According to these summary estimates, the positive LR

was 7.5 and the negative LR was 0.12. The SROC curve

is presented in Figure 3. The small size and number of

studies precluded any meaningful subgroup analysis.

DISCUSSION

It is estimated that over 20 million people in the United

States have gallbladder disease,
1
and nearly 1 in 10

asymptomatic individuals with gallstones will require

treatment within 5 years.35 Despite the high prevalence

of the disease, the clinical diagnosis is still problematic

and often relies on a RADUS performed in the radiol-

ogy department. The use of RADUS is limited by incon-

sistent availability in smaller community settings.

Benefits of using EUS to assess the RUQ include its

portability, decreased costs,36 and ability to decrease

the ED length of stay.
8

Based on the results of this meta-analysis, a positive

EUS (LR = 7.5) in patients presenting with a clinical pic-

ture consistent with a high probability of biliary colic

may be sufficient to make the provisional diagnosis of

acutely symptomatic cholelithiasis and arrange for

appropriate follow-up if the symptoms resolve in the

ED. For example, if we were to assume a pretest proba-

bility of 60% (the median prevalence across studies in

this review), a positive EUS provides a posttest proba-

bility of 92%. At the other end of the spectrum, the EP

Figure 2. Forest plot of individual study and pooled sensitivity and specificity.

Table 1
Individual Study and Pooled Sensitivity and Specificity

Study TP FP TN FN Sensitivity (95% CI) Specificity (95% CI)n

Alexander 200817 24 1 21 4 50 0.86 (0.67–0.96) 0.95 (0.77–1.00)
Davis 200518 50 6 37 12 105 0.81 (0.69–0.90) 0.86 (0.72–0.95)
Ha 200219 16 2 40 1 59 0.94 (0.71–1.00) 0.95 (0.84–0.99)
Kendall 200120 49 7 51 2 109 0.96 (0.87–1.00) 0.88 (0.77–0.95)
Miller 200621 95 1 25 6 127 0.94 (0.88–0.97) 0.96 (0.80–1.00)
Rosen 200122 60 10 35 5 110 0.92 (0.83–0.97) 0.78 (0.63–0.89)
Rowland 200123 12 3 16 4 35 0.75 (0.48–0.93) 0.84 (0.60–0.97)
Summers 201024 63 6 38 8 115 0.89 (0.79–0.95) 0.86 (0.73–0.95)
Pooled 710 0.90 (0.86–0.93) 0.88 (0.84–0.91)

FN = false negative; FP = false positive; = number of subjects; TN = true negative; TP = true positive.n
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Table 2
Characteristics of Included Studies

Study Outcomes Center Population Bedside EUS
Reference
Standard

Alexander
200817

1 —Accuracy of

EUS to detect
gallstones
2 —Accuracy of

EUS to detect
GBWT, PCF, and
CBDD

Australian tertiary
care center with
47,000 annual
ED visits

Convenience
sample of patients
over 18 who
presented to the
ED with RUQ pain
Mean age: 53 yr
(range = 20–85 yr)
Sex: 70% female
Prevalence: 56%
n = 50

Three EPs
performed 47 of
50 scans.
Machine: GE Logiq
Pro 200
Probe: Phased
array

RADUS

Davis 200518 1 —Association

between operator
confidence and
accuracy of EUS
2 —Accuracy of six

EUS exams,
including RUQ
EUS to detect the
presence of
gallstones

American urban
university–affiliated
hospital receiving
40,000 annual
visits.

Convenience
sample of patients
receiving EUS for
1 yr after initiation
of ED US training
program
Mean age: NR
Sex: NR
Prevalence: 59%
n = 105

56 scans (53%)
were performed
by attending
physicians and 49
by residents; none
had previous
experience
Machine: Seimens
Sonosite 180
Probe: NR

RADUS, CT,
MRI, or
surgical
findings

Ha 200219 1o–Agreement of
EUS and RADUS
for detecting
gallstones, GBWT,
PCF, CBDD
gallbladder
distention, and
choledocholithiasis

Korean university–
affiliated hospital
receiving 35,000

annual ED visits

Convenience
sample of patients
receiving RADUS
for RUQ or
epigastric pain
Mean age: 54.5 yr
(SD ±13.1 yr)
Sex: 53% female
Prevalence: 29%
n = 59

All scans were
performed by two
PGY-3 EM
residents with
limited US
experience
Machine: Seimens
Sonosite 180
Probe: 3.5-MHz
curved

RADUS

Kendall 200120 1 —Accuracy of

EUS to detect
gallstones, GBWT,
CBDD, PCF, sludge,
and air in
gallbladder wall
2 —Accuracy of EUS

vs. RADUS for
detecting a SMS

American urban
university–affiliated
hospital with
55,000 annual ED
visits

Convenience
sample of patients
receiving RADUS
for RUQ pain,
epigastric pain, or
jaundice.
Mean age: 39 yr
(range = 16–88 yr)
Sex: 79% female
Prevalence: 46%
n = 109

Operators with 25
or fewer previous
scans performed
51% ( = 57) ofn

scans. 14 scans
were performed
by an operator
with over 100
previous scans.
Machine: Toshiba
Capasee ( = 30),n

Toshiba 140A
( = 79)n

Probe: NR

RADUS for
all findings
excluding
SMS
SMS was
compared
to surgical
findings

Miller 200621 1 — Accuracy of

EUS to detect
gallstones,
SMS, GBWT, and
CBDD

American urban
university–affiliated
hospital with
140,000 annual ED
visits

Convenience
sample of patients
over 18 yr with
RUQ or epigastric
pain with biliary
disease in the
differential
Mean age: 39.7 yr
(SD ±14.6 yr)
Sex: 79% female
Prevalence: 80%
n = 132

One experienced
faculty member
performed 43% of
scans ( = 57);n

remainder
performed by naive
residents with basic
training
Machine: Treason
200
Probe: adjustable
3–5-MHz

RADUS

Rosen 200122 1 —Accuracy of EUS

to detect gallstones
and cholecystitis
2 —Accuracy of EUS

vs. RADUS for
detection of acute
cholecystitis

American urban
university–affiliated
hospital with
66,000 annual ED
visits

Convenience
sample of patients
over 18 receiving
RADUS for RUQ
or epigastric pain
and suspicion of
biliary colic
Mean age: 49 yr
(no range given)
Sex: 72% female
Prevalence: 60%
n = 116

15 EPs enrolled
patients. 30 scans
(26%) were
performed by
operators with less
than 25 previous
RUQ scans
Machine: Aloka Echo
Camera SSD-500 or
Siemens Sonoline
Prima
Probe: 3.5 MHz

RADUS for
gallstones
Cholecystitis
results were
compared
with
surgical
findings
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should consider alternative diagnoses in patients with a

negative EUS (LR = 0.12) and low clinical suspicion for

biliary colic. However, negative EUS results should be

interpreted with caution in patients with a high clinical

pretest probability.

The presence of gallstones may be an incidental find-

ing in patients with RUQ pain of a different origin.

Although we discovered that EUS has a specificity of

88.0%, a positive EUS exam for gallstones cannot in

itself make the diagnosis of cholelithiasis.

The presence of gallstones is the primary sonographic

criteria in diagnosing acute cholecystitis,37,38 and

approximately 90% to 95% of patients with acute

cholecystitis have gallstones.38,39 Furthermore, acalcu-

lous cholecystitis is most prevalent in the ICU and is

usually associated with specific risk factors such as

burns, severe multisystem trauma, or total parenteral

nutrition.39 However, to establish the sonographic diag-

nosis of acute cholecystitis, secondary signs such as

pericholecystic fluid, thickened gallbladder wall, or a

sonographic Murphy’s sign should be elicited.
25

Deter-

mining the accuracy of EUS to detect secondary signs

of cholecystitis is beyond the scope of this review and

remains an area for further investigation.

Table 2
( )Continued

Study Outcomes Center Population Bedside EUS
Reference
Standard

Rowland
200123

1 —Accuracy of nine

different EUS
exams, including
RUQ scans to
detect gallstones
2 —Correlation

between operator
confidence and
image quality with
accuracy

Australian urban
tertiary care center
with 55,000

annual ED visits

Convenience sample
of adults presenting
to the ED with a
number of specific
conditions including
RUQ pain and
suspicion of
gallstone disease
Mean age: NR
Sex: NR
Prevalence: 46%
n = 35

Inexperienced operators
performed scans
following a focused
3-day US course
Machine: Aloka SD 1100
Probe: 3.5 or 5 MHz

RADUS or
surgical
findings

Summers
201024

1 —Accuracy of EUS

as well as RADUS
for detection of
acute cholecystitis
2o Accuracy of EUS
for gallstones,
GBWT, PCF, and
SMS to detect
cholecystitis

American urban
university–affiliated
hospital with
36,000 annual ED
visits

Convenience sample
of patients over 18 yr
presenting to the ED
with suspected
cholecystitis
Median age: 36 yr
(range = 18–87 yr)
Sex: 73% female
Prevalence: 62%
n = 91 received
RADUS
n = 24 received CT
n = 115 included in
our analysis

43 EPs with a wide range
of experience
Machine: Sonosite
Micromax or Toshiba
Xario
Probe: Phased array,
large footprint
curvilinear array, or
microconvex array

Surgical
findings or
clinical
follow-up*

CBDD = common bile duct dilation; EUS = emergency physician performed bedside emergency ultrasound; GBWT = gallbladder
wall thickness; MRI = magnetic resonance imaging; NR = not reported; PCF = pericholecystic fluid; RADUS = radiology
performed ultrasound; RUQ = right upper quadrant; SMS = sonographic Murphy’s sign.
*Data comparing EUS to RADUS or CT for detecting gallstones were obtained through author contact and used in our analysis.

Table 3
Results of Quality Assessment

Study

Alexander
200817

Davis
2005 18

Ha
200219

Kendall
200120

Miller
200621

Rosen
200122

Rowland
200123

Summers
201024

1. Representative spectrum? Yes Yes Yes Yes Yes Yes Yes Yes
2. Selection criteria described? Yes Yes Yes Yes Yes Yes Yes Yes
3. Quality reference standard? Yes Yes Yes Yes Yes Yes Yes Yes
4. Blinding of index test? Yes Yes Yes Yes Yes Yes Yes Yes
5. Blinding of reference test? Yes Unsure Unsure Yes Yes Yes Yes Yes
6. Did everyone receive the

same reference standard?
Yes No Yes Yes Yes Yes No No

7. Uninterpretable intermediate⁄

results reported?
No No No Yes No No No No
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LIMITATIONS

Over 80% of patients included in our analysis under-

went RADUS as a criterion reference standard. To

some extent, the SROC curve represents agreement

data as opposed to true diagnostic test performance. A

systematic review found the sensitivity and specificity

of RADUS to be 97 and 95%, respectively.40 However,

after accounting for a partial verification bias, these val-

ues are reported as 84 and 99%. The authors admit that

the best estimate probably lies between the adjusted

and unadjusted values.

The reference standards used in each study could be

challenged, as it is unknown how many patients with

cholelithiasis were missed by both EUS and the crite-

rion reference. It is possible that the number of false-

negative studies was therefore underestimated.

A differential verification bias may be present, as

data from three articles used more than one reference

standard. If the results of the index test in any way

influenced the selection of reference standard, we

would expect an overestimation of accuracy.

That all eight studies used convenience sampling sug-

gests a potential for selection bias. For example, corpu-

lent subjects may have been selectively excluded from

participation. If publication bias was present, our esti-

mates for test sensitivity and specificity may be inflated.

Ultrasound is an operator-dependent test. The perfor-

mance of RUQ US is difficult to standardize and is not

necessarily uniform. The level of operator experience

and training is considered an important determinant of

test accuracy and was highly variable within the

included studies (Table 2). Although we planned a sub-

group analysis based on operator experience, we were

unable to address this question due to the limited num-

ber and size of the included studies. None of the eight

included studies sufficiently described their scanning

technique. The variation of technical ability between

operators may be a significant source of clinical hetero-

geneity and may have distorted our pooled estimates of

sensitivity and specificity.

CONCLUSIONS

This systematic review suggests that emergency bed-

side ultrasound is a useful adjunct for the diagnosis or

exclusion of cholelithiasis in the ED. Based on the

results of eight studies ( = 710) of variable quality, then

estimates for emergency bedside ultrasound sensitivity

and specificity for cholelithiasis are 89.8 and 88.0%,

respectively. In patients presenting to the ED with a

high pretest probability of symptomatic cholelithiasis, a

positive emergency bedside ultrasound scan (likelihood

ratio = 7.5) may be used to confirm the diagnosis and

arrange for appropriate outpatient follow-up if symp-

toms have resolved. In patients with a low pretest prob-

ability, a negative emergency bedside ultrasound scan

(likelihood ratio = 0.12) should prompt the clinician to

consider an alternative diagnosis or further diagnostic

testing.

We thank Shaina Lee for her assistance with translation.
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