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The diagnosis of choledocolithiasis is pivotal for thera-but severe complication), but it requires general anesthe-
peutic planning in patients with symptomatic gallbladdersia and no previous gastric surgery. Moreover, it is a
stones. The classically estimated prevalence of commohighly operator-dependant procedure, and it does not al-
bile duct (CBD) stones in patients who have undergondow a therapeutic approach other than an endoscopic
cholecystectomy for symptomatic cholelithiasis is esti-sphincterotomy.
mated to 15% [1]. This prevalence is higher in elderly = The limitations of these noninvasive an invasive pro-
patients (15—-60%) than in patients younger than 60 yearsedures emphasize the need of a noninvasive reproducible
[2]. With the increased number of laparoscopic cholecysimaging test with both a high accuracy for the diagnosis
tectomies, pre- or peroperative diagnosis of choledocoliof choledocolithiasis and the ability to provide a preop-
thiasis has become more critical. erative mapping of the bile ducts. Magnetic resonance

The diagnosis of CBD stones with noninvasive imag-(MR) cholangiography has given radiologists the oppor-
ing remains a challenge. Transcutaneous sonography andnity to display the biliary tract by combining the ad-
unenhanced helical computed tomography (CT) have aantages of projectional and cross-sectional imaging.
sensitivity of 20—80%, in diagnosing choledocolithiasis
according to the literature. However, the specificity of
sonography and CT is higher than 90% [3-5].

From a practical point of view, when a CBD stone is
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a surgical procedure that should include mtraopera'uveof contrast medium. MR cholangiographic images are

cholangiography (IOC) and stone extraction, if necessary enerated with heavily T2-weighted gradient-echo or
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required to definiti\;el rule outya CBD stone. This aé_%ers, these sequences produce a strong tissue differentia-
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sessment could be performed before surgery with either

endoscopic retrograde cholangiography (ERC) or endond bile) and dark background soft tissue. The addition of

scopic ultrasonography (EUS). Systematically performe({cve fat-saturation technique improves differentiation be-

IOC could also replace preoperative evaluation according .. bile and surrounding adipose tissue. MR cholan-

to suraical researrithersp Forpa long time. ERC has bee%iographic studies were initially performed with a heavily
"9 . ’ 9 - ... T2-weighted gradient-echo-based steady-state pulse se-

considered the diagnostic gold standard, with asens't'v'%uence [7-9]. However, these sequences are limited in
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of 95% n detecting choledocollth.|a3|s [6], even though '.ttheir ability to detect nondilated bile ducts because of a
may miss small stones, especially when the CBD

dilated. EUS is the more accurate imaging test for evaﬁ_OW signal-to-noise ratio and sensitivity to motion arti-

uating extrahepatic bile ducts. EUS should be considereE?Cté'"nical experience with MR cholangioaraphy sua-
a minimally invasive procedure, with minimal morbidity P glography sug

and mortality (even duodenal perforation remains a rar Lgests that variants of the rapid acquisition with relaxation
y P enhancement (RARE) sequences, such as two-dimen-

- sional (2D) fast spin-echo (FSE) or turbo spin-echo
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half-Fourier acquisition single-shot TSE (HASTE), and Results
single-shot RARE, provide images superior to those with
gradient-echo techniques [10-12]. From a practical poinThe data available on the accuracy of MR cholangiogra-
of view, FSE or TSE techniques differ fundamentally phy in the diagnosis of choledocholithiasis is still prelim-
from HASTE or single-shot RARE in the type of respi- inary (Table 1), and no outcomes studies are available to
ratory artifact reduction, namely respiratory triggering determine the clinical impact of MR cholangiography on
and breath-holding. the management of patients with suspected CBD stones.
FSE and TSE sequences produce multiple contiguous In 1993, Ishizaki et al. [13] first demonstrated the
thin-slice images. For 2D acquisition, images should beclinical value of MR cholangiograhy in the diagnosis of
acquired in both the axial and coronal planes. The sourceholedocholithiasis. Using gradient-echo sequences, they
images may be reconstructed to create 3D views by usingorrectly diagnosed all six cases of CBD stones in a group
maximum intensity pixel projection (MIP) software (Fig. of 20 patients presenting with bile duct obstruction. How-
1). With thin slices, stones are depicted as areas of signaver, Reinhold et al. [10] compared 2D echo-train spin
void surrounded by bright bile on source images (Figs.echos with gradient-echo sequences and demonstrated
2—-4). When using MIP reconstruction, stones can bdhat FSE sequences provided better visualization of the
obscured by bright surrounding bile, especially in dilatedbiliary tree. Several studies in the literature have demon-
ducts. Therefore, both the source images and multiplanastrated the accuracy of 2D echo-train spin echo in the
or 3D reformatting should be reviewed to avoid false-diagnosis of CBD stones. When using non—breath-hold
negative results. 2D echo-train spin echo and a body coil, MR cholangiog-
Single-shot RARE and HASTE techniques can beraphy has a sensitivity of 57-100% and a specificity of
performed in a breath-hold period, with a scan time of
1-20 s. These breath-hold approaches can be performed
in a thick-slice mode (20—70 mm thick) or as thin mul- >
tple single-secton e (5 M, T kSl oo e sonamatacs e o o e o
prowde_s a prOJecnona! V.IeW of th.e biliary SySt.em as a(arrow) andF::ystic ducta(?rowhead. GB gallbladder,D duodenum.
whole in a manner similar to direct cholangiography
(Figs. 5, 6). In single thick-slice mode, CBD stones arerig. 2. Choledocholithiasis. Heavily T2-weighted 2D echo-train spin-
displayed as low signal intensity areas that represent agcho transverse source image shows a signal void area posteriorly
average of the stone signal void and the hyperintens@_”ow) that represent;astone in the distal common pi_le duct. Note the
surrounding bile in the entire voxel (Fig. 7). Small calculi thick gallbladder gsterish wall due to acute cholecystitis.
may be then totally obscured if they are located in dilatedg 3. choledocholithiasis. Heavily T2-weighted 2D echo-train spin-
bile duct. Therefore, additional axial thin multislice im- echo transverse source image demonstrates two starmesyy in the
ages should be performed to avoid false-negative resultdilated distal common bile duct. Note the normal pancreatic daret (
Potential sources of misdiagnosis than obscuration ofowhead close to the distal CBDGB gallbladder.
stones in m,arkedly ,d”at,eq ducts _may be_ encounter?qzig. 4. Choledocholithiasis in a patient with acute pancreatitis. Coronal
Because a signal void within the bile duct is not specificheavily T2-weighted 2D echo-train spin-echo image demonstrates sev-
for calculi, the presence of an air bubble, blood clot, oreral stonesgrrow) in a nondilated distal common bile duct. Note the
sludge ball may result in false-positive results (Figs. 8, 9)high signal intensity of the pancreatic heasterisi due to the presence
Axial thin slices allow differentiation of pneumobilia, °f Peripancreatic fluid and edema of the glabdduodenum.
where the signal V_O_ld area Is present 'anterlo'rly.ln thq:ig. 5. Aberrant hepatic duct and pancreas divisum. Heavily T2-
nondependent position from the calculi that lie in theweighted single-shot RARE image. Projectional view of the biliary
dependent position of the bile duct lumen (Figs. 2, 3).system as a whole obtained with thick-slice MR cholangiogram dem-
Classically, the superior pancreaticoduodenal arter}g)nstrates an aberr_antin_sertion of the posterior rig_ht hepa_tic duroty)
crosses the inferior aspect of the CBD, and the signal Voi@nd an gbnormal insertion of the dorsal pancreatic duct into the duct of
. . - antorini @rrowhead$.
from the arterial flow may mimic a CBD stone (Fig. 10);
this pitfall can be avoided by examining adjacent imagesrig. 6. Excluded biliary segment. Heavily T2-weighted single-shot
that display the tubular appearance of the vessel. ThBARE projectional view with thick-slice MR cholangiogram demon-

biliary tract may also be obscured by artifacts caused b9trates the obstructiorifrow) of the right hepatic duct due to a surgical
surgical ClipS clip placed across the duct during laparoscopic cholecystectomy. Com-

. . . . plete overview of the biliary tree shows the dilated right biliary tract
Detection of a small CBD stone |mp?—‘?ted IN an IN- ypstream to the obstructioagterish and the normal CBDgfrowhead.
flammatory ampullary stenosis may be difficult with MR

cholangiography. However, an ampullary carcinoma carfig. 7. Gallstones and choledocholithiasis. Heavily T2-weighted single-
simulate an impacted distal CBD stone (Fig. 11). Pre- ané2‘;;;’25fnﬂlrt‘i’:)elg‘;gz's"g";’oyv't;é::Iki'rft'(':nesm’r?osvhh‘:a'gggv'ﬁ?hrii"t‘h‘;em'
post—gadollnlum-enhancgd Tl'Welghted SEque,nceS magéllbladder that represent gallstones. There is a suggestion of a small
be helpful in differentiating an unenhanced impactedarea of low signal intensityatrow) that represents a calculus in the
stone from an enhanced tumor. distal CBD.GB gallbladder.
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Fig. 8. Pneumobilia. Heavily T2-weighted single-shot RARE with
thin-slice MR cholangiogram demonstrates multiple areas of signal
void (arrows) in the dilated extrahepatic ducagterisi. No stone was
demonstrated by the ERC performed before the MR cholangiography.
Sphincterotomy resulted in extensive pneumobilia. In the absence of
transverse thin sections, differentiation of pneumobilia from chole-
docholithiasis is not possible.

Fig. 9. Protein plugs in a patient with acute pancreatitis. Coronal
heavily T2-weighted 2D echo-train spin-echo image demonstrates
several areas of heterogeneous low signal intenaityoys) in a di-

lated CBD and a stenosis of the distal CB&rpwhead$ at the level

of the pancreatic hea@sterisi. Cholecystectomy with intraoperative
cholangiography performed immediately after MR cholangiography
showed the stenosis due to inflammation of the pancreatic head but
no stones in the CBD. Note the thick gallbladd&®B) wall due to

acute cholecystitis and peripancreatic inflammatory changes.

Fig. 10. Superior pancreaticoduodenal artery. Heavily T2-weighted

2D echo-train spin-echo transverse source image demonstrates a small
signal void spot &rrow) close to the inferior aspect of the CBRr{
rowhead that may mimic a CBD stone.

73-100% in diagnosing choledocolithiasis [11, 14—-17] The high prevalence of CBD stones in these cases
(Table 1). More recently, with breathing-averaged 2D(21-70%) may be explained by the fact that inclusion in
FSE sequences and a phased-array multicoil, Reinhold ¢he study was limited to patients with clinically or bio-
al [18] obtained a 90% sensitivity and a 100% specificitylogically suspected biliary obstruction. MR cholangiog-
in a population of 110 patients explored for biliary ob- raphy was never evaluated as a preoperative method for
struction. With the same technique, Varghese et al. [19kcreening patients who underwent cholecystectomy be-
obtained almost identical results (sensitivity of 93% andcause of symptomatic cholecystolithiasis.
specificity of 99%) in a population of 100 patients. The results of these studies indicate that there is no
The breath-hold single-slice projection technique us-clear consensus about which MR cholangiographic se-
ing HASTE sequences best demonstrated the biliary trequence is most appropriate for showing choledocholithi-
and periampullary area [20] and provided better imageasis. One of the main limitations of the studies that have
quality than did echo-train spin echo because of a highetried to evaluate the accuracy of MR cholangiography in
contrast-to-noise ratio [21]. However, bile duct stonesthe diagnosis of CBD stones is the absence of an unques-
were best depicted on thin breath-hold multislice se-ionable gold standard, especially for small calculi. The
quences [20]. Using breath-hold single-slice projectionsensitivity of direct cholangiography (ERC, 10C), gener-
and thin mutislice HASTE sequences, Fulcher et al. [22]ally used as the reference technique, is limited for detect-
found 100% sensitivity and specificity in a population of ing small choledocholithiases because stones may be ob-
265 patients being investigated for biliary obstruction. Inscured by the surrounding contrast material [6]. Morever,
a smaller series, de Ledinghen et al. [23] reported dalse-positive results due to air bubbles may be encoun-
sensitivity of 100% and a specificity of 73%. tered with direct cholangiography. Thus, comparison of
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Table 1. Sensitivity and specificity of magnetic resonance cholangiography in the diagnosis of choledocholithiasis

Reference n Prevalence of Sequence Call % Sensitivity % Specificity
patients CBD stone

11 24 28 2D FSE Body 71 NA

14 126 25 2D FSE Body 81 98

28 30 22 3D TSE Body 100 94

15 45 42 2D TSE Body 95 85

29 23 65 HASTE Body 93 89

16 108 21 2D FSE Body 88-92 91-98

18 110 30 2D FSE Phased array 90 100

22 265 NA HASTE Phased array 100 100

23 42 31 HASTE Phased array 100 73

17 70 70 2D TSE Body 57 100

19 100 30 2D FSE Phased array 93 99

2D, two dimensional; 3D, three dimensional; CBD, common bile duct; FSE, fast spin echo; HASTE, half-Fourier acquisition single-shot turbo spin
echo; NA, not available; TSE, turbo spin echo

using single-slice projection techniques, and thin multi-
slices demonstrate intraluminal material best.

Clinical role

The value of MR cholangiography for detecting calculi,
for evaluating bile ducts dilatations and strictures, and for
demonstrating the global segmentation of the intra- and
extrahepatic bile ducts and their variants has been dem-
onstrated and is now well accepted. Thus, MR cholan-
giography, a noninvasive test, should play a prominent
clinical role in patients with suspected bile disorders. The
availability and cost of MR examinations often limit its
use in current practice. In contrast, because its invasive-
ness, ERC should be restricted to therapeutic uses. Be-
cause of its low availability with high-quality standards,
EUS should be restricted to equivocal cases. MR cholan-
giography could then be proposed as an alternative under
different clinical conditions depending on the risk and
availability of direct bile duct approach (ERC, EUS,
10C).

MR may be used when the risk of using ERC is not
justified. In patients with acute pancreatitis, MR cholan-
Fig. 11. Ampullary carcinoma. Heavily T2-weighted single-shot RARE g.IOQraphy ev_alugtes the gal.lbladde.r and the. CBD WIthQUt
projectional view with thick-slice MR cholangiography demonstrates anSk of complications. In patients with low clinical suspi-

markedly dilated biliary treeaterish and an obstruction at the level of CiOn of choledocolithiasis, MR cholangiography limits
the ampulla grrow). The ampullary mass bulges in the distal CBD and the use of ERC only to patients who need a CBD stone

creates an intraluminal defect that may mimic a stareofvhead. extraction by endoscopic sphincterotomy. In patients with
a previous cholecystectomy and recurrent bile disorders
and those with a contraindication for surgery or general
the accuracy of MR and direct cholangiography in theanesthesia, MR cholangiography can be used to display
diagnosis of choledocholithiasis is not possible. the bile ducts, rule out unnecessary diagnostic ERC, and
The refinement of MR cholangiographic sequenceshelp to better plan stone extraction by selecting endos-
including the use of a phased array multicoil and breath-copy or interventional radiology as the therapeutic pro-
hold technique, has led to the production of high-qualitycedure.
images with the capability to detect even small calculi. MR cholangiography advantageously replaces trans-
The best display of the biliary tract is provided when hepatic cholangiography when ERC is either impossible
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or extremely difficult to perform, as in patients with on MR technology are likely, thus allowing for the de-
previous gastric surgery or a long afferent loop in Roux’spiction of smaller CBD stones even in nondilated CBD or
anastomoses. MR cholangiography may also providevhen impacted in the ampulla. In the near future, MR
valuable information when ERC is unsuccessful, is re-cholangiography will reach the diagnostic accuracy of
lated to difficulties in approaching the papilla, and can-direct cholangiography and endosonography in diagnos-
nulation. For instance, success rates for cannulation aniig CBD stones. Because of its noninvasiveness, there is
endoscopic sphincterotomy range from 90% to 96% [24n0 doubt that MR cholangiography will replace ERC or
25]. endosonography as a nonoperative imaging technique for
The role of imaging in the diagnosis of choledocoli- stone diagnosis.
thiasis before laparoscopic cholecystectomy is still being Detection of CBD stones before or during laparo-
debated. IOC has been proposed as a screening test fecopic cholecystectomy is crucial. The clinical role of
diagnosing CBD stones and intraoperative injury detecMR cholangiography during the pre—laparoscopic chole-
tion, but IOC is more difficult and less accurate during cystectomy work-up has yet to be determined. It will
laparoscopic surgery than during open surgery [26]. Everdepend not only on the accuracy of laparoscopic intraop-
for experienced operators, laparoscopic I0C adds 10-1drative and MR cholangiography but also on their avail-
min of operating time to the procedure [27]. Moreover, it ability, reproducibility, and cost effectiveness. Large con-
does not allow precise planning of operative schedules.trolled trial and outcome studies are needed to determine
Even IOC is less operator dependant than ERC; ithe clinical value of MR cholangiography in patients with
requires specific training by laparoscopic surgeons anguspected choledocholithiasis.
validated expertise. IOC is time consuming, and its cost
effectiveness should be evaluated.
The IOC findings cannot be provided at the right time
for better planning of operative schedules or displayingReferences
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