
ABSTRACT

Background: endoscopic ultrasonography (EUS) and magnetic
resonance cholangiography (MRC) are the elective tests in the diag-
nosis of choledocholithiasis. MRC is best accepted by patients, but
its sensitivity might decrease in the evaluation of microlithiasis. 

Aim: to evaluate the diagnostic accuracy and therapeutic impact
of EUS in a prospective cohort of patients with intermediate suspi-
cion of choledocolithiasis and no findings in MRC (normal MRC). 

Material and methods: during a period of 24 months, all the
patients with clinical intermediate suspicion of choledocholithiasis
and normal MRC were included. Sensitivity, specificity, diagnostic
accuracy, positive predictive value (PPV) and negative predictive
value (NPV) of MRC and EUS were compared, and so their impact
in the management of these patients. 

Results: seventy six patients were evaluated (lithiasis in 30% of
them). Sensitivity and diagnostic accuracy of EUS (100%, 92%) were
significantly higher than MRC values (0%, 70%) (p < 0.05). EUS fin-
dings (suspicion of choledocholithiasis) favored a significant change
in therapeutic attitude (therapeutic ERCP was performed) in 38% of
the patients (in which MRC had ruled out the presence of choledo-
cholithiasis, and so, ERCP had not been performed) (p < 0.05). 

Conclusions: EUS allows the diagnosis of lithiasis in approxi-
mately 1/3 of patients with intermediate suspicion of choledocho-
lithiasis and normal MRC. EUS findings involve a significant change
in the management of these patients; this supports the use of EUS
in clinical practice. 

Key words: Endoscopic ultrasonography. Magnetic resonance
Cholangiography. Diagnostic accuracy. Therapeutic impact. Cho-
ledocholithiasis.

INTRODUCTION 

Cholelithiasis is a major gastrointestinal disease, and
choledocholithiasis is one of its main complications (1).
The prevalence of choledocholithiasis in patients who have
undergone a previous cholecystecthomy due to symptomatic
cholelithiasis, and in patients with acute biliary pancreatitis,
is estimated in 5-10% and 18-33%, respectively (2). Diag-
nosis of choledocholithiasis is based on clinical signs and
symptoms, serum markers of cholestasis and imaging
tests –abdominal ultrasonography and even computed
tomography (CT)– (3). Since the introduction of endoscopic
retrograde cholangiography (ERCP), it has been considered
the gold standard for the diagnosis and eventually the non-
surgical therapeutic approach for choledocolithiasis (4).
However, because of the associated risks –pancreatitis (1,3-
6,7%), infection (0,6-5%), hemorrhage (0,3-2%) and per-
foration (0,1-1,1%)– (5-7), at the present time, ERCP is
almost exclusively reserved for therapeutic purpose (8,9),
and it has been replaced by less invasive tests, such as mag-
netic resonance cholangiography (MRC) and endoscopic
ultrasonography (EUS), for the diagnosis of choledocol-
ithiasis. 

In order to establish the likelihood of choledocholithiasis,
different algorithms have been developed considering clinical,
analytical and radiological findings; these algorithms allow
us to classify patients in high, intermediate, indeterminated
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Fig. 1. Stratification of patients into risk groups based on clinical, biochemical and radiographic criteria –adapted from MI Canto et al. (12)–.

History of gallstones
+/- history of right upper quadrant or epigastric pain

+/- history of jaundice or acute pancreatitis

(+) bile duct stone by ultrasound or CT scan (-) bile duct stone by ultrasound or CT scan
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Fever: body temperature ≥ 38 °C; TBILI: total bilirubin; AP: alkaline phosphatase; ALT: serum: alanine aminotransferase.

and low risk for having choledocholithiasis (2,10-12), what
helps us to determine the diagnostic and therapeutic manage-
ment of these patients (Fig. 1). According to the risk (prob-
ability) of choledocholithiasis, the recommended attitude is:
a) low-indeterminate probability: it is not advised to continue
the study of the biliary tree (clinical monitoring); b) interme-
diate probability: in these cases, it is advised to perform non
invasive tests (MRC and/or EUS) before ERCP (13); and c)
high probability: therapeutic ERCP is recommended (14).

Higher availability and less invasiveness of MRC compared
with EUS have favored its use to date. However, the increasing
availability of EUS in the hospitals of our health system and
recent studies suggesting a higher diagnostic accuracy of EUS
compared to MRC in the diagnostic of small-size lithiasis (<
5 mm), might force us to reconsider the role of EUS in the
algorithm of management of these patients (15). To date, no
controlled data are available in our health system. 

The present study aims to evaluate whether performance
of EUS in these patients results in clinical usefulness, allow-
ing rescue misdiagnosed patients by MRC.

AIM 

To study prospectively the diagnostic accuracy and the
therapeutic impact of EUS in patients with intermediate
suspicion of choledocholithiasis and normal MRC. 

METHODS

Study design

This prospective study, approved by the Ethical Com-
mittee, was carried out in a third level hospital. During a
period of 24 months, all patients that fulfilled the following
criteria were considered candidates to participate in the
study: 

– Inclusion criteria: a) intermediate clinical risk of
choledocholitiasis (patient with previous diagnosis
of cholelithiasis with or without clinical signs/symp-
toms, dilated biliary tree and elevated levels of at
least alkaline phosphatase and aspartate alanine
transferase (ALT), in the absence of fever (body tem-
perature ≥ 38 °C) (Fig. 1) and MRC negative for
choledocholithiasis in the previous 2 weeks; b)
patient older than 18 years; and c) absence of con-
traindications for ERCP. 

– Exclusion criteria: a) patients who refuse to take part
in the study; and b) patients who have undergone pre-
vious ERCP with or without esphincterothomy. 

Those patients who fulfilled these criteria were offered
to have a EUS after previous MRC had shown absence of
choledocholithiasis. 

All explorations were performed by an experienced bil-
iary echoendoscopist (> 5 years and > 5,000 echoendo-
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scopies). Explorations were performed as an out-patient
regime (excepting those patients admitted for other rea-
sons), in a conventional endoscopy room and under con-
scious sedation performed by an endoscopist (midazolam,
propofol, fentanyl and petidine with patient-adjusted dose).
All the EUS exams were performed with an Olympus radi-
al echoendoscope GF-UM160 (5-20 MHz, processor EU-
M60). 

Exam technique

– MRC: magnetic resonance cholangiography was per-
formed previously to EUS, out of the study protocol
and according to the usual procedure and protocols
for the MRC in the center of the study (1.5 Teslas
equipment; gadopentetate dimeglumine (gadolinium)
oral contrast using T2 high enhanced sequences and
maximum projection intensity techniques, with fol-
lowing 3D reconstruction), as the usual diagnostic
test in patients with suspicion of choledocholithiasis
(Fig. 2).

– EUS: EUS was performed inside the study protocol.
Echoendoscope was introduced to duodenal bulb,
were the balloon was inflated to stabilize the echoen-
doscope; the air was then suctioned and water was
instilled into the duodenal lumen. From this localiza-
tion, proximal, medial and intrapancreatic chole-
dochus was examined. Then, the echoendoscope was
introduced into the second portion of the duodenum,
were previously described maneuvers were performed
again to evaluate the presence of lithiasis in this area
(Fig. 3). 

Gold standard

The presence of choledocholithiasis was determined by
the following gold standard: a) when EUS agrees with MRC
findings (absence of choledocholithiasis), both test were con-
sidered correct; and b) when there were a disparity between
the findings of EUS and MRC (echoendoscopic suspicion
of choledocholithiasis but normal MRC) the definitive diag-
nosis was based on therapeutic ERCP findings. 

Statistical analysis

The statistical analysis of data obtained in the study was
performed using the statistical software JMP 7.0.2 (SAS
Institute Inc., North Carolina, USA). Descriptive analysis
of the variables was performed: a) discrete variables: were
described as percentage and 95% confidence interval; and
b) continuous variables (normal distribution: mean, stan-
dard deviation and range) (non-normal distribution: median,
interquartil range and range). Sensitivity, specificity, diag-
nostic accuracy, positive and negative predictive value for
CRM and EUS were determined according to the usual
methods (16). McNemar Test was used to compare MRC
and EUS; this test is characterized by detecting, analyzing
and comparing specifically discordant discrete matched
data between both tests. Those diagnostic data that agree
in both tests (whether correct or not), are ignored by McNe-
mar Test (this is the reason why if MRC and EUS do not
detect lithiasis, results of both procedures are correct accord-
ing to the gold standard). Statistical significance level was
established arbitrarily in α = 0.05.

Fig. 2. Magnetic resonance cholangiography in a patient with intermediate
risk of choledocholithiasis. Bile duct lithiasis are not identified. 

Fig. 3. Small-size lithiasis placed at the intrapancreatic bile duct. EUS per-
formed after MRC in the same patient of the previous figure.
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RESULTS

Basal information of the patients included

A total of 76 consecutive patients who met the study cri-
teria were included during the period of time described
above. Mean age was 67 years-old, and, as expected, there
was a little predominance of women (58%) in this cohort
of patients. Basal features of this cohort of patients are
shown in table I. 

Analysis of the diagnostic accuracy (EUS vs. MRC)

EUS findings were compatible with choledocholithiasis
in 29 of the 76 patients evaluated (38%) (lithiasis size: medi-
an: 4 mm, range: 3-8 mm).

This diagnostic suspicion was confirmed by therapeutic
ERCP in 23 of them (30%), while in 6 patients no chole-
docholithiasis was found. In the remaining 53 patients, clin-
ical monitoring was compatible with absence of choledo-
cholithiasis, and that diagnosis was established (Fig. 4).
Results from this study proved that EUS was significantly
more sensitive and accurate than MRC for the diagnosis of
choledocholithiasis in patients with intermediate likelihood
for it (Table II).

Therapeutic impact (USE vs. CRM)

EUS findings (compatible with choledocholithiasis)
favored a significant change in therapeutic attitude (thera-
peutic ERCP was performed) in 38% of the evaluated
patients due to the suspicion of lithiasis in the biliary tree.

Table I. Basal features of the patients

Variable n = 76 %

Age 
Mean (years) ± SD 67 ± 14.3 
Median 69

Sex
Male 44/76 58
Female 32/76 42

Tobacco 21/76 28
Alcohol 27/76 36
Cardiopathy 14/76 18
Diabetes mellitus 10/76 13
COPD 5/76 7
BMI
Mean (kg/m2) ± SD 33.8 ± 4.3 

*SD: standard deviation; COPD: chronic pulmonary obstructive disease; BMI: body
mass index.

Fig. 4. Diagnostic algorithm in patients with intermediate risk of choledocholithiasis and normal MRC (n = 76).

EUS (n = 76)

EUS DIAGNOSIS
(+) Bile duct lithiasis (n = 29)

(29/76 = 38%)

ATTITUDE
ERCP (n = 29)
(29/76 = 38%)

ERCP DIAGNOSIS
(+) Bile duct lithiasis (n = 23)

(23/76 = 30%)

FINAL DIAGNOSIS (gold standard)
“Bile duct lithiasis” (n = 23)

(23/76 = 30%)

EUS DIAGNOSIS
(-) Bile duct lithiasis (n = 47)

(47/76 = 62%)

ATTITUDE
Clinical monitoring (no ERCP)

(n = 47) (47/76 = 62%)

ERCP DIAGNOSIS
(-) Bile duct lithiasis (n = 6)

(6/76 = 8%)

FINAL DIAGNOSIS (gold standard)
“No bile duct lithiasis” (n = 53)

(53/76 = 70%)
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It is important to highlight that, in all of these patients, MRC
had previously excluded the presence of lithiasis, and con-
sequently, had advised against performing an ERCP –EUS
impact (38%) vs. MRC impact (0%) (p < 0.05)– (Fig. 5).

DISCUSSION 

The significant amount of complications associated with
ERCP has led to the almost definitive replacement of ERCP
for less invasive techniques, such as MRC and EUS (2), in
the diagnosisof the biliary pathology. Thus, ERCP is usually
reserved for therapeutic interventions on the biliary tree (8,

9). Non invasive techniques (EUS and MRC) avoid ERCP
risks (12,13) and have a similar accuracy to that described
for ERCP in detecting choledocholithiasis (85-95%) (17-
20). In addition, some publications have suggested that per-
formance of EUS previously to ERCP as a non-invasive
screening test in patients with intermediate likelihood for
choledocholithiasis, allows to avoid ERCP in 60-73% of
this patients, and consequently, reduces the morbidmortality
rate and costs (21-24). 

Results from two metaanalysis (18-25)published in the
last years comparing diagnostic accuracy of EUS and MRC
conclude that no statistically significant differences between
both techniques does exist for the detection of choledo-

Table II. EUS and MRC values in the study of patients with intermediate risk of choledocholithiasis* 

Sensitivity Specificity Accuracy PPV NPV

EUS
n% 23/23 (100%) 47/53 (89%) 70/76 (92%) 23/29 (79%) 47/47 (100%)
95% CI** (88-100%) (77-96%) (84-97%) (60-92%) (94-100%)
MRC
n% 0/23 (0%) 53/53 (100%) 53/76 (70%) 0/0 (0%) 53/76 (70%)
95% CI (0-12%) (94-100%) (58-80%) (0-100%) (58-80%)
p 0.0001 0.04 0.003 0.0001 0.04

*Choledocholithiasis: n = 23 patients (lithiasis size: median: 4 mm, range: 3-8 mm); **CI: confidence interval.

Fig. 5. Therapeutic impact of EUS in patients with normal MRC (n = 76).

EUS n = 76 MRC n = 76

(Diagnosis)
Bile duct lithiasis

29/76
(38%; 27-50%)

(Diagnosis)
No bile duct lithiasis

47/76
(62%; 50-73%)

(Diagnosis)
Bile duct lithiasis

0/76
(0%; 0-0%)

(Diagnosis)
No bile duct lithiasis

76/76
(100%)

ERCP recommended
(Impact on treatment)

29/76 
(38%; 27-50%)

ERCP non recommended
(No impact on treatment)

47/76
(62%; 50%, 73%)

ERCP recommended
(Impact on treatment)

0/76
(0%; 0-0%)

ERCP non recommended
(No impact on treatment)

76/76
(100%)

p < 0,05



cholithiasis. However, increasing evidence suggests that
EUS could be more sensitive for diagnosis of small-size
lithiasis (< 5 mm) (26-31). In this respect, it has been proven
that, while in patients with small-size lithiasis, EUS diag-
nostic accuracy remains similar as in general studies (>
90%) (26-28), sensitivity of MRC decreases significantly,
and, in several studies, remains between 33 and 71% (29-
31). The reason of this decrease in MRC performance for
the detection of small-size (< 5 mm) lithiasis is not com-
pletely clarified. Endoscopists have suggested that the high-
er resolution of EUS compared with MRC could be respon-
sible for the higher sensitivity of EUS in this subgroup of
patients. However, those studies coming from radiologic
field postulate that the higher sensitivity described for EUS
is only real when non-high resolution magnetic resonance
is performed (32). Results from our study suggest that even
using high resolution equipments, there is an important
number of patients with small-size lithiasis (median 4 mm;
range 3-8 mm in this study) detected by EUS that are not
recognized by conventional MRC. In these patients, ther-
apeutic ERCP is recommended in order to avoid future
complications (cholangitis, pancreatitis,…) and this is only
possible thanks to the EUS findings. 

Though this is still a controversial issue, some scientific
societies as The American Society for Gastrointestinal
Endoscopy (ASGE) have suggested, in their clinical guides,
to perform either EUS or MRC previously to ERCP in
patients with intermediate likelihood for choledocholithi-
asis (2). Availability, experience of the medical team with
both procedures in each workplace, and waiting lists may
play an important role in the final decision between EUS
and MRC. Likewise, patient opinion can force us to per-
form MRC instead of EUS because the first one does not
involve the introduction of an endoscope under sedation.
However, in patients with intermediate suspicion of chole-
docholithiasis and normal MRC, the results of the present
study advise the performance of EUS to exclude small-
size lithiasis, since EUS allows the detection of a signifi-
cant number of patients with lithiasis non-detected by
MRC. These findings will determine a change in the ther-
apeutic attitude in these patients. Specifically, in this study,
from a total of 76 patients evaluated, EUS was able to
detect choledocholithiasis in 29 (38%) (in all of them,
MRC performed in the previous two weeks had not detect-
ed pathology). 

In these patients, therapeutic attitude was modified, as
they were referred for ERCP with therapeutic intention due
to echoendoscopic suspicion of choledocholithiasis. Echoen-
doscopic diagnosis was confirmed in the therapeutic ERCP
in 23 of these patients. We highlight the fact that in all of
them the size of tha lithiasis was < 5 mm. Statistical analysis
showed significant differences in favor of a higher thera-
peutic impact of EUS compared with MRC. Likewise, EUS
proved to be significantly more sensitive and accurate than
MRC. On the other hand, negative predictive value –NPV–
(the index that measures the certainty that when we say that
there is no lithiasis, this affirmation is correct) of EUS is

higher than NPV of MRC. Considering that, in our study,
patients with negative EUS are no monitored anymore, we
cannot exclude the possibility of false negative EUS results;
however, this possibility would not affect either the results
of the statistical comparisons or the statistically significant
difference obtained. This is because McNemar statistical
test compares discrete matched data as those provided by
MRC and EUS, and only takes into account for the statistical
analysis if there are discordant pairs in the carried out com-
parisons. 

Thus, the high EUS NPV (100% in this cohort of
patients) is important because in the case that EUS does
not find lithiasis, we can assure with a 100% of security
(vs. 70% after MRC) that ERCP is not mandatory, partic-
ularly if we rule out dysfunction of Oddi sphincter. Data
from our study agree with those previously published
referred to this issue (26-31) (diagnostic accuracy of EUS
in lithiasis < 5 mm significantly higher to MRC) and sup-
port the use of EUS in this type of patients. The original
contribution from this study lies in the fact that it shows in
our health system what foreign studies have previously sug-
gested, the higher diagnostic capacity of EUS in these
patients. 

Finally, although it was not the aim of this study, it is
reasonable to accept that the performance of EUS in these
patients and the diagnosis small-size lithiasis, will allow
the identification of patients with an increased risk of com-
plications, which could be avoided by performing thera-
peutic ERCP (pancreatitis, cholangitis, hospital admissions,
etc). This will potentially suppose cost savings (new admit-
tance, repetition of tests, probable increasing in the emer-
gency and seriousness of the patient condition, new thera-
peutic proceedings, intensive care,…).

However, we have to admit that this study have certain
limitations. It represents the experience of a unique center,
with its own characteristics, and consequently, the results
cannot be generalized to other institutions (experience and
technology available for EUS, etc.). On the other hand, we
must recognize that, though high definition MRC was per-
formed in all patients included in this study, it was carried
out previously to the inclusion of the patients in the study.
The fact that EUS was performed as a part of the study pro-
tocol (and not MRC) could hypothetically influence the
result (meticulous performance of EUS because of the
study). Nonetheless, what it is proved by the results of this
study is that, in the clinical practice, MRC does not diagnose
a far from negligible percentage of microlithiasis (30% in
this study) and EUS, on the other hand, seems to better
identify these small-size lithiasis. 

In conclusion, the results of this prospective and con-
trolled study provide evidence favoring the use of EUS in
patients with intermediate suspicion of choledocholithiasis
and negative MRC. Higher sensitivity, accuracy and neg-
ative predictive value showed by EUS suggest that it should
be indicated even in those patients with normal MRC. Con-
firmation of these results in multicentric studies would allow
to generalize these conclusions. 
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