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EUS and Common bile duct stones

Christine Bergele1, M. Giovannini2

SUMMARY

Choledocholithiasis is a common disorder, especially in
patients older than 60 years, as common bile duct stones
may be present in 15% to 60% of cases in this special sample
of population. Until recently, endoscopic retrograde cho-
langiography (ERC), which is a very reliable method for
visualizing and extracting gallstones in the same session,
was considered the gold-standard for suspected choledo-
cholithiasis; however the not negligible complication rate
of diagnostic and therapeutic ERC has led to the evolution
of EUS. EUS has proved to be of great sensitivity (up to
97%) for detecting even tiny stones that can easily be masked
by contrast medium during ERCP, without any compli-
cations related to the procedure, and with a NPV reaching
100%, meaning that it can accurately and safely identify
patients with choledocholithiasis and thereby avoid inap-
propriate instrumental exploration of the duct.
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INTRODUCTION

Endoscopic ultrasonography (EUS) is a minimally
invasive technique with low morbidity1 and proven
efficacy in the diagnosis of pancreatic diseases, especially
of diseases involving the head of the pancreas.2-4 EUS
has also proved effective in the diagnosis of extrahepatic
cholestasis.5-7 It has a high sensitivity and specificity for
detection of common bile duct stones,8-11 equal to or

better than that of endoscopic retrograde cholangio-
pancreatography (ERCP), without the risks of ERCP-
related pacreatitis. These results were discussed in detail
by Laurent Palazzo8 during the 13th International Sympo-
sium on Endoscopic ultrasonography, which took place
in New York on October 2002.

Choledocholithiasis occurs in 15% to 20% of patients
with symptomatic cholelithiasis. The incidence of bile
duct stones increases with age; up to 25% of the elderly
have calculi in the bile duct at the time of cholecy-
stectomy.12 Several investigators, comparing the efficacy
of EUS with that of ultrasonography (US), computed
tomography (CT) and ERCP in the diagnosis of CBD
stones10,13-19 have reported high rates of sensitivity (>88%)
and specificity (>95%). In the present report, we over-
view recently published data showing the efficacy,
sensitivity and specificity of EUS, versus other imaging
modalities, in the diagnosis of CBD stones.

EUS VERSUS TRANSABDOMINAL
ULTRASONOGRAPHY (US)

Transabdominal ultrasonography (US) is routinely
performed to identify a biliary etiology of pancreatitis.
US is an accurate method for diagnosing cholelithiasis,20

but with low sensitivity in the detection of CBD stones.
In a prospective multicenter study from USA21 with 36
patients, Chak et al demonstrated the ability of EUS to
identify choledocholithiasis compared with US. The
reported sensitivity, specificity and accuracy were 91%,
100%, 97% and 50%, 100% and 83% respectively. The
body habitus and the interference from bowel gas in the
duodenum were mostly responsible for the low sensitivity
of US in detecting common bile duct stones. In addition,
the positive and negative predictive values of EUS were
100% and 95% while those of US were 100% and 74%
respectively. The superiority of EUS over US has also
been demonstrated in previous studies.10,11
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Even though US is traditionally used to detect stones
in the gallbladder with accuracy and sensitivity rates
ranging from 92% to 96%, it has been suggested that
EUS is superior to US even for imaging the gallbladder,
because of the higher ultrasound frequencies (7.5, 12 and
20 MHz), which permit the demonstration of the layered
structure of the gallbladder wall and provide high-reso-
lution images of small stones (<3mm).22 The ability to
recognize biliary �sludge� or very small stones located
in the gallbladder infundibulum with EUS, which cannot
be visible with conventional ultrasonography is very
important as it may change the diagnostic yield and
therapeutic management, especially in cases of acute
pancreatitis which were incorrectly classified as idiopathic
pancreatitis.23-24

EUS VERSUS COMPUTED TOMOGRAPHY (CT)

Although CT is characterized by a higher sensitivity
than US in detection of bile duct stones (approximately
70%),10,16,18 this rate is significantly lower than that of EUS
(96%), which additionally is not affected by the size of
the stones and bile duct diameter. Moreover, the develop-
ment of spiral CT has not so far succeeded proving its
possible superiority to EUS, with sensitivity, specificity
and accuracy varying between 85-88%, 88-97% and 86-
94% respectively, obviously inferior to those of EUS, as
previously given.25,26 The need for a contrast medium is a
further drawback of CT. Despite the advantages reported
above in relation to CT, EUS seems to be inadequate in
examining the intrahepatic biliary tree, which may result
in false-negative results when looking for intrahepatic
ductal stones. In this case, CT may be required for the
diagnosis of hepatolithiasis.

EUS VERSUS MICROSCOPIC EXAMINATION
OF DUODENAL BILE

The utility of microscopic examination of duodenal
aspirates for detecting biliary sludge is well established.
This diagnostic modality is most important in cases of
idiopathic pancreatitis where conventional methods have
failed to demonstrate stones as the cause of pancreatitis.
Using the method reported above, in two studies,27,28

authors reported a positive detection rate of 73% of mi-
crocalculi in patients with idiopathic pancreatitis. EUS
enables early detection of occult cholelithiasis with a
sensitivity of 96%, leading to immediate treatment by
ERCP and endoscopic sphincterotomy.22,24 Moreover, the
sensitivity of the microscopic study of aspirated bile from
the gallbladder via the duodenal route after stimulation

by cholecystokinin has been shown to be 67%, much
inferior to that of EUS.22,29

EUS VERSUS ERCP

Endoscopic retrograde cholangiography (ERC) is
considered the standard non-surgical technique for
diagnosis and removal of bile duct stones at the same
endoscopic session as endoscopic sphincterotomy (ES).
However, ERCP presents a complication rate ranging
between 3% and 6%, a figure that doubles with sphin-
cterotomy.30-31 Furthermore, even for patients with a high
suspicion of choledocholithiasis, based on clinical,
laboratory and radiological data, ERCP is able to
demonstrate CBD stones in a percentage 27%-66%.15,18,32

The necessity for a less invasive imaging modality of the
biliary tree, with similar sensitivity, specificity and accu-
racy is obvious. Several studies, comparing ERCP and
EUS, have already shown the usefulness of EUS in this
area.21,24,33-35

A similar and not statistically significant difference
for sensitivity, specificity and accuracy of both methods
was reported in diagnosis of CBD stones (97%, 98%, 98%
and 97%, 95% and 96% respectively). EUS has proved
to be of high positive predictive value (PPV) and negative
predictive value (NPV) (100% and 97% respectively),21

meaning that in case of a positive result for choledo-
cholithiasis, ERCP can be selectively performed in
patients with biliary pancreatitis or avoided, if EUS is
negative, thus decreasing the morbidity from ERCP and
sphincterotomy. This is reinforced by the study of Napo-
leon et al, in which patients with suspicion of CBD stones
but normal EUS findings have a low risk of need for ERC
in a 1-year period.36 The aforementioned studies showed
that ERCP can have false-negative results because of
small stones located within dilated biliary ducts, whereas
fewer false-negative results were recorded with EUS, and
consisted mostly of stones located in the upper common
hepatic duct or lying within intrahepatic ducts. Moreover,
it is usual to have false-positive results when performing
ERCP, because of small air bubbles introduced during
cannulation and injection of contrast liquid. Both EUS
and ERCP successfully image the extrahepatic bile duct
in 98% and 94% of cases, respectively, with no statistical
significant difference, although ERCP can have a failure
rate of 5% to 10% even in experienced hands.37 In
addition, no complications related to EUS were noted,
reinforcing the EUS-based strategy rather than the of
ERCP-based strategy for the evaluation of choledo-
cholithiasis.
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bile duct injuries; and even that is controversial now-
days.51

ADVANTAGES AND LIMITATIONS OF EUS

Apart from all the previously mentioned advantages
of EUS (excellent performance, high sensitivity, speci-
ficity and diagnostic accuracy, no complications, diag-
nosis of unrecognized gallbladder microlithiasis), the lack
of radiation exposure and contrast liquids makes EUS
the method of choice for pregnant patients and those
with contrast allergy.

EUS is able to identify co-existing anomalies of the
pancreato-biliary region, which could be responsible for
biliary obstruction, instead of choledocholithiasis, such
as small ampullary tumours, cholangiocarcinoma, conge-
nital bile duct or peri-ampullary abnormalities.

Furthermore, in case of acute pancreatitis, EUS could
potentially provide prognostic information.21,52 Based
upon EUS findings, such as organ size, aspect of the outer
margin of pancreas, echogenicity, location, and the extent
of peripancreatic fluid, a EUS score was developed,
which correlated significantly with the duration of hospi-
tal stay, duration of fever, length of intensive care and
CT prognostic index. Despite these encouraging data,
further studies are needed to evaluate the prognostic role
of EUS in acute pancreatitis.

EUS has certain limitations in the management of
patients with choledocholithiasis. One of them is the
inability to visualize the gallbladder when it is in an
atypical anatomic location or in patients with altered
gastroduodenal anatomy. Moreover, as it is difficult to
move the patient during EUS, it is not possible to use
positional mobility as a criterion for defining gallstones
or sludge.

Like ERCP, EUS imaging for choledocholithiasis is
limited in cases where the passage of the transducer into
the duodenal bulb is not possible (pyloric stenosis,
Billroth II anastomoses).

Another established limitation of EUS is its inability
for complete visualization of the hilum10,35 and to facilitate
right hepatic duct,15 as a result of the limited depth of
penetration of echoendoscopes. Moreover, parenchymal
alterations (necrosis, fluid collections, fat infiltration,
calcifications) can make imaging of the retropancreatic
bile duct more difficult,15 whereas previous endoscopic
sphincterotomy can give rise to air artifact in the distal
bile duct and inadequate visualization.14

It could be claimed that another limitation of EUS is

EUS VERSUS MAGNETIC RESONANCE

The currently available data about the utility of
magnetic resonance cholangiography (MRC) for dete-
cting choledocholithiasis are limited, as many exami-
nation protocols exist, making the interpretation of
results difficult. Comparing EUS to MRC, EUS offers
higher resolution (0.1 mm vs 1.5 mm), which explains
the lower sensitivity of MRC for small stones,38 although
this has not been based on a well-organized study.
Moreover, some blind zones exist for MRC, such as the
papillary and peripapillary region, which lowers even
further its sensitivity in diagnosing choledocholithiasis.
In most of the published studies, this sensitivity ranges
from 81% to 92%, specificity from 94% to 98% and
accuracy is about 94%.39-41 The small sample size (<14
patients) is an important drawback of these studies.
According to a prospective assessment of magnetic
resonance cholangiopancreatography for non-invasive
imaging of the biliary tree, where 146 patients underwent
ERCP/MRCP procedures, the sensitivity, specificity,
positive and negative predictive value for MRCP were
97.9%, 89%, 88.6% and 98.6% respectively, even for
small (1-5mm) bile duct stones.42 A prospective study,
comparing EUS and MRC, concluded in favour of EUS,
proposing the performance of MRC in case of a contrain-
dication to EUS,43 whereas another study suggests that
both methods are equally reliable in the diagnosis of
extrahepatic biliary obstruction.41 Based on considera-
tions other than diagnostic efficacy (such as cost, availa-
bility, lack of invasiveness and local expertise), another
author favours MRCP as the diagnostic modality which
should replace diagnostic ERCP.44

EUS VERSUS IOCG

In the case of laparoscopic cholecystectomy, it could
be suggested that intraoperative cholangiography (IOCG)
could be performed for detecting bile duct stones.
According to some prospective studies,34,45-47 IOCG
sensitivity and specificity in diagnosing common bile duct
stones are approximately 90% and 95% respectively,
results that are comparable to those of EUS (92% and
97%). As EUS, IOCG was not found to be associated
with any complications but weighted averages for the
rates of indeterminate IOCG were set at 9%, whereas
the success rate of EUS is about 97%.48 In addition, using
this approach, the treatment of choledocholithiasis is
technically difficult, lengthening the duration of the
procedure.49,50 The only theoretical advantage of IOCG
compared to EUS could be the visualization of an aber-
rant biliary anatomy, which helps the surgeon to avoid
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that it is an operator dependent method, which is, up to
a point, true, as its success rate may depend on the
experience of the echoendoscopist. However, it is not
necessary to be highly skilled to diagnose CBD stones; it
has been suggested that EUS could be performed by
operators with no more than 1 year experience8. Fur-
thermore, the operator-dependency of ERCP has already
been mentioned, whereas for MRCP, the reception of
high-quality images depends on the unit�s software.

CONCLUSIONS

The current approach to patients with suspected bile
duct stones is characterized by a high number of
unnecessary ERC procedures. This procedure, to date is
considered the �gold standard� for bile duct stones
diagnosis. However, the complication rate associated
with ERC is significant, approaching 6% and reaching
10% when endoscopic sphincterotomy is performed.
There is also an appreciable mortality rate of 0.2% which
reaches 2.2% in case of therapeutic ERC. It thus became
obvious that another diagnostic modality should replace
ERC for the diagnosis of choledocholithiasis, which
should have the same sensitivity, specificity and accuracy
as ERC, but fewer complications.

EUS has a sensitivity of 93% to 97% (much higher
than US or CT), a specificity of 97% to 100%, a positive
predictive value of 98% to 100% and a negative predictive
value of 88% to 97% when choledocholithiasis is
suspected (Table). EUS is almost as reliable as ERCP

with ES and exploration of the bile duct with baskets and
extraction balloon catheters, or intraoperative explo-
ration of the bile duct, and probably more accurate than
ERCP alone. It is less invasive and significantly much
safer test than ERCP. It also has important additional
advantages, such as the ability to detect bile duct sludge,
identification of gallstones as well as microlithiasis missed
by transabdominal US, and the detection of pathologic
disorders that are poorly evident at ERCP.

Thus, it would be wise to follow an EUS-based
strategy for patients with suspected common bile duct
stones (Figure). ERCP should be the preferred diagnostic
test in high-risk patients (i.e. patients with a bile duct
stone diagnosed by US or CT or with at least three of the
clinical criteria, which are right upper quadrant or
epigastric pain, abnormal liver biochemical tests, history
of acute pancreatitis, recent cholangitis and biliary
dilatation). In these patients, the benefit of ERCP
outweighs the risk of ERCP-related complications. On
the contrary, EUS should be the initial diagnostic test of
choice in non-high-risk patients because of its high
negative predictive value and safety. With a negative
predictive value of 91% to 100%, EUS can accurately
exclude choledocholithiasis, making ERCP unnecessary.
If stones are demonstrated by EUS, ERCP with ES and
stone extraction can be performed in the same session.
In this way, EUS can theoretically select patients with
choledocholithiasis for therapeutic endoscopic inter-
vention and eliminate the need for diagnostic ERCP, with
its potential hazards.

Table. Comparison of the available diagnostic tests for suspected choledocholithiasis

sensitivity specificity PPV NPV accuracy

Micr. Examin.8 67%

IOCG48 90% 95%

US21 50% 100% 100% 74% 83%

Spiral CT25,26 85%-88% 88%-97% 86%-94%

MRCP41,43 81%-92% 94%-98% 62% 96% 94%

ERCP21,24 97% 95% 80% 94% 96%

EUS21,24 97% 98% 100% 91%-100% 97%
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# Patients with:

1. history of gallstones

            +/- history of right upper quadrant or

                                  epigastric pain

            +/- history of jaundice or acute pancreatitis

                                          and

       2) (-) bile duct stone by US or CT

Suspected choledocholithiasis

High-risk patients
* Non-high-risk patients#

ERCP and ES EUS

If (+)

ERCP and ES

If (-)

Follow-up
*Patients with:

1) a bile duct stone diagnosed by US or  CT

                           or

2) at least three of the following:

• Right upper quadrant or epigastric pain

• Abnormal liver biochemical tests

• History of acute pancreatitis

• Recent cholangitis

• Biliary dilatation

Comment: Patients with suspected choledocholithiasis18:
31% were classified as being high-risk patients and 69% as non-high risk patients
Non-high risk patients can further be stratified into risk groups, based on the presence of bile duct dilatation (>7
mm), fever and total bilirubin, serum alkaline phosphatase and serum alanine aminotransferase values.

Figure. The EUS-based strategy for patients with suspected common bile duct stones.
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