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Summary

 Background: Recent years have witnessed a rapid and continuous evolution in the diagnosis of biliary obstructive 
disease. Traditional methodologies, such as US (ultrasonography), CT (computed tomography), 
ERCP (endoscopic retrograde cholangiopancreatography) and PTC (percutaneous transhepatic 
cholangiography), have been supplemented by MRCP (magnetic resonance cholagiopancreatog-
raphy) and CCT (cholangio computed tomography) The purpose of our study was to compare the 
reliability of diagnostic US, MR and other imaging techniques in intrinsic biliary obstructive dis-
ease.

 Material/Methods: Between June 1999 and July 2003 we conducted a prospective study on 131 patients – 60 males and 
71 females – ranging in age from 37 to 79 years, with clinical features of biliary obstructive disease. 
Imaging studies were done on each patient using several different techniques. The US, MRCP, CCT 
and ERCP results were read by radiologists blinded to other imaging fi ndings.

 Results: US is generally accurate in diagnostic imaging of obstructive biliary disease. MRCP and CCT are 
signifi cantly more accurate only in completing the staging of malignant stenosis.

 Conclusions: If the suspicion posed by clinical and laboratory fi ndings is not confi rmed at US, the diagnosis 
must be achieved with the aid of MRCP or – where MRCP does not provide a diagnosis – CCT, so 
as to select candidates for therapeutic ERCP, PTC or surgery. If laboratory and clinical fi ndings 
are supported by US, ERCP is required for therapeutic purposes, or – if necessary – surgery is per-
formed.

 key words: ultrasonography • magnetic resonance • computed tomography • biliary obstruction

 Full-text PDF: http://www.MedSciMonit.com/pub/vol_11/no_3/4297.pdf

 Word count: 4420
 Tables: 5
 Figures: 10
 References: 44

 Author’s address: Francesco Saverio Ferrari, Department of Radiology, University Hospital Siena, 53100 Siena, Italy,
e-mail: ferrari@unisi.it

Authors’ Contribution:
 A Study Design
 B Data Collection
 C Statistical Analysis
 D Data Interpretation
 E Manuscript Preparation
 F Literature Search
 G Funds Collection

Received: 2003.10.28
Accepted: 2004.04.08
Published: 2005.03.01

MT8

Diagnostics and Medical Technology
WWW.MEDSCIMONIT.COM© Med Sci Monit, 2005; 11(3): MT8-18

PMID: 15735576

Current Contents/Clinical Medicine • SCI Expanded • ISI Alerting System • Index Medicus/MEDLINE • EMBASE/Excerpta Medica • Chemical Abstracts • Index Copernicus



BACKGROUND

Recent years have witnessed a rapid and continuous ev-
olution in the diagnosis of biliary obstructive disease. To 
traditional methodologies, such as US (ultrasonography), 
CT (computed tomography), ERCP (endoscopic retrograde 
cholangiopancreatography) and PTC (percutaneous tran-
shepatic cholangiography), there have been added MRCP 
(magnetic resonance cholagiopancreatography) and CCT 
(cholangio computed tomography), which have prompt-
ed a comprehensive review of the whole diagnostic imag-
ing procedure [1–8].

US has been always considered the fi rst choice technique in 
the study of biliary obstructive disease, due to its accessibil-
ity, speed, ease of performance and low cost [1,9,10]. This 
has been even more so in recent years, following the techno-
logical evolution of US equipment which, thanks to Tissue 
Harmonic Imaging (THI), gives better visualization of fl u-
id-fi lled structures (such as the biliary structures), reduced 
artifacts, and enhanced contrast resolution [11,12].

ERCP has been considered the gold standard of biliary struc-
ture imaging since its introduction in 1970, and is currently 
maintaining its therapeutic application [1,3,9,13–17].

MRCP makes use of heavily T2-weighted sequences enhanc-
ing contrast between the high signal intensity of a stationary 
fl uid (such as bile) and the surrounding low- signal-intensi-
ty solid organs [1,3,5,18,19]. The images it provides – also 
thanks to MIP (maximum intensity projection) algorithm 
reconstructions – are similar to those obtained with imag-
ing techniques such as ERCP and PTC, though not requir-
ing contrast medium injection, use of ionizing radiation, 
or invasive procedures [3,4,13,20–22]. MRCP gives a pano-
ramic view and spatial resolution comparable to those ob-
tained from CT [3–5,19,23].

In recent years, the range of application of CT has been 
partially restricted by MRCP. Spiral CT has again boosted 
the role of CCT in the assessment of biliary disease [8,24]. 
Furthermore, the recent introduction of multislice CT with 
iodine contrast medium intravenous administration, with no 
biliary contrast agents, has shortened the time of test per-
formance and diminished motion artifacts, improving im-
age quality and – especially – patient compliance [8].

The purpose of our study is to compare the reliability of 
diagnostic US and MR in intrinsic biliary obstructive dis-
ease to establish a diagnostic pathway, based also on our 
preliminary data from the recent introduction of CCT in 
our Institute.

MATERIAL AND METHODS

Between June 1999 and July 2003 we conducted a prospec-
tive study on 131 patients – 60 males and 71 females – rang-
ing in age from 37 to 79 years.

After the nature of the studies and the use of the contrast 
agent had been explained, informed consent was obtained 
from all participants. Since there was no clinical need for all 
these patients to have all the imaging studies, ethics com-
mittee approval was obtained.

Those patients were included who – on the grounds of clin-
ical and laboratory fi ndings suggestive of biliary obstructive 
disease (biliary colic, jaundice, increase of bilirubine serum 
levels and/or alkaline phosphatase) – underwent US and 
MRCP on the same day and ERCP within 11 days. We exclud-
ed persons with obstructions attributable to extrinsic com-
pression on the basis of US, MRCP or ERCP results (pancre-
atic pathology, hepatic hilum lymphoadenopathy etc).

Of the 131 patients, 41 received CT scans, in 27 cases us-
ing the cholangiographic technique, available since January 
2001. In 1 case of lithiasis, 1 of benign stenosis and 8 cas-
es of malignant stenosis, a PTC was performed; 8 patients 
underwent surgery.

The US study of the biliary structures, after the patient had 
fasted for at least 6–8 hours, was conducted with an ultra-
sonograph equipped with convex, sector and linear probes 
(EUB 8000, Hitachi, Japan). We used sagittal or slightly ob-
lique right sub-costal scans with the patients placed on the 
left side in a 45° inclined position, accessing the portal vein 
and vena cava as points of reference. The most distal part of 
the common bile duct (CBD) was explored with sagittal scans 
along the axis of the inferior vena cava and the portal vein. 
In most cases THI was applied, mainly for better visualiza-
tion of the CBD. The harmonic images were obtained at a 
transmission frequency of 2 MHz, and a harmonic reception 
band of 4 MHz. US was performed by 2 experienced oper-
ators. In the case of biliary stones, we examined endolumi-
nal hyperecogenic images with or without posterior shadow 
cone. Benign stenoses were revealed as harmonic stenoses 
of the main biliary duct. Irregular or eccentric wall thick-
enings or intraluminal vegetations or isoecogenic mass, as-
sociated with an abrupt interruption and dilatation of the 
biliary, were considered malignant stenoses.

All MR imaging examinations were performed on a 1.5-T 
Gyroscan ACS II superconductive unit (Philips Medical 
System, Eindhoven, The Netherlands) equipped with a 
surface body coil. Our current MRCP protocol consisted 
of axial and coronal images (“source images”), with the se-
quences reported in Table 1, and postprocessing of these 
images by means of MIP reconstruction, so as to obtain op-
timal visualization of the biliary tree. The mean perform-
ance time was 20 to 25 minutes. Prior to undergoing MR, 
each patient fasted for at least 6 hours. In order to make up 
for overlap artifacts of stomach and duodenum, an oral sus-
pension of 600 ml of negative superparamagnetic contrast 
agent (LumiremÒ, Guebert Laboratories, France) was ad-
ministered [13,18]. This suspension was divided into three 
portions that each patient took in the hour prior to the test, 
the last portion just before the examination began. A nega-
tive contrast agent was not used in patients previously sub-
jected to hepatic jejunostomy and sphyntherectomy. MRCP 
images were evaluated by 2 radiologists. Biliary stones, inde-
pendently of calcium content, were revealed as endolumi-
nal round or oval-shaped “fi lling defects” with low intensi-
ty signal, surrounded by the high signal intensity of the bile 
[3,19–21,25,26]. Stenoses that were smooth and concentric 
or showed distal convexity and gradual and symmetric calib-
er restriction were considered benign. Structures character-
ized by an abrupt irregular and eccentric interruption of the 
biliary tract with upper abnormal dilatation and lower regu-
lar caliber were considered malignant [9,19,27,28].
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For CCT, a multislice CT unit was used (LightSpeed Plus, GE 
Medical System, Milwaukee, Wisconsin, USA). An AP scout 
was obtained with the patient in supine position, following oral 
administration (225 ml) of a barium solution (ProntobarioÒ 
T.A.C, Bracco, Milan, Italy) for opacization of stomach and 
bowels; subsequently, a scan was achieved with one breath-hold 
and no contrast medium of the upper abdomen (from the di-

aphragm cupola to the iliac crests) for the localization of the 
biliary tract (Table 2). Scan duration was 12 sec. Once the bil-
iary tract had been identifi ed, 150 ml of iodine contrast agent 
(UltravistÒ 370, Schering, Berlin, Germany) was administered 
intravenously, followed by administration of saline solution; af-
ter 60 seconds in one breath-hold a HQ (High Quality) scan 
was obtained from the diaphragm cupola to the inferior mar-
gin of the pancreatic head (Table 3). The data set was trans-
ferred to an Advantage 4.0 workstation (GE Medical System, 
Milwaukee, Wisconsin, USA) where multi-planar reconstruc-
tions (MPR) and maximum intensity projection (MIP) refor-
mats could be constructed in a few minutes (Figure 1).

ERCP was performed by 2 experienced gastroenterologists 
with a Remote Control RF System (Diagnost 97, Philips, 
Medical System, Eindhoven, The Netherlands) equipped with 
a digital acquisition system and an automated seriograph. 
The radiographs were then evaluated by 2 radiologists.

The US, MRCP, CCT and ERCP results were read by radi-
ologists blinded to other imaging fi ndings.

As the gold standard we used direct cholangiographies 
(ERCP and PTC), hystologic tests and anatomo-pathologi-
cal fi ndings after surgical intervention, in accordance with 
the appropriate diagnostic and therapeutic approach to the 
case considered [1,3,4,9,13,15].

Statistical analysis

The statistical analysis was performed with the aid of SPSS 
software, version 11.0 (SPSS Inc, Chicago, IL, USA). In some 
cases the numbers were small and the c2 test was not appro-
priate. Later, Fisher’s exact test was used (or Yates’ continui-
ty corrected c2 test, where appropriate). Sensitivity and spe-
cifi city were calculated by using the true and false positive 
and/or negative fraction and standard formulas. Statistical 
signifi cance was assumed at the level of p<0.05.

RESULTS

Choledocholithiasis

Of the 131 patients, 83 were found to have choledocholithi-
asis; 23 calculi were localized in the proximal, 21 in the me-
dian and 39 in the distal CBD.

0
T1

SE Respiratory 
control

T2
TSE Respiratory 

control

3D
Respiratory 

control

TR  430–480  1800–2300  1800

TE  15–25  90  650

Plane Axial Axial Axial

Thikness (mm)  10  10  2

GAP (mm)  1  1  –

FOV (mm)  375  375  280

RFOV (%)  80  80  80

Matrix  256  256  256

NSA  2  4  4

TA (min)  2.06  2.31  6.30

Table 1. MRCP protocol.

Parameters

KV/mAs/time per Rotation (sec) 140/160/0.8

Detector collimation (mm) 5

Slice thickness (mm) 5

Data reconstruction interval (mm) 2

Table speed (mm per rotation)/Pitch 15/3

Table 2. CCT: First scan protocol.

Parameters

KV/mAs/time per Rotation (sec) 140/350/0.8

Detector collimation (mm) 2.5

Slice thickness (mm) 2.5

Data reconstruction interval (mm) 1

Table speed (mm per rotation)/Pitch 7.5/6

IV Contrast volume and type 150 cc

Injection rate 3 cc/sec

Scan delay (sec) 60

Table 3. CCT: Second scan protocol (contrast agent injection).

Figure 1. CCT (MPR): complete visualization of the biliary tree.
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US examination of the lithiasis showed a diagnostic accura-
cy of 80.15%, with a sensitivity of 71.08% and a specifi city 
of 95.83% (Table 4). Two false positives were due to abnor-
mal refraction of the wall. The 24 false negatives were re-
lated to calculi of less than 2 mm in size located in the dis-
tal area and/or to the patient’s morphotype.

Conversely, MRCP showed a diagnostic accuracy of 93.89%, 
sensitivity of 93.97% and a specifi city of 93.75% (Table 4). 
The 3 false positives were due to a small cholagiocarcinoma 
in the distal area in 1 patient and 1 infl ammatory stenosis in 
the ampulla in the other 2 patients, which were considered 
calculi. The 5 false negatives were due to pneumobilia (in-
traductal air bubbles) disguising a stone in 1 patient, and 
in the other 4 patients to calculi of less than 3 mm.

CCT was performed in only 3 patients with lithiasis, all of 
whom proved to be true positives (Figure 2).

The analysis of data in choledocholithiasis did not show a sta-
tistically signifi cant difference among US, MRCP and ERCP 
(ERCP vs US: p=0.286; ERCP vs MRCP: p=0.998) (Figure 3). 
In particular, the comparison between US and MRCP did 
not show statistically signifi cant differences.

Benign stenosis

Of the 30 patients with benign stenosis, 16 showed an iatro-
genic stenosis as a result of laparoscopic cholecystectomy 
(in 10 patients), gastric resection (in 1 patient), bilioenteric 
anastomosis (in 1 patient), and after ERCP (in 4 patients); 
9 patients had a stenosis in the ampullary region resulting 

from infl ammation and benign tumors, 4 had an obstruc-
tive cholangitis, and 1 an adenoma.

US of the benign stenoses showed a diagnostic accuracy 
of 78.62%, with a sensitivity of 16.67% and a specifi city of 
97.29% (Table 4). We recorded 3 false positives due to mis-
diagnosis of a malignant stenosis. On the contrary, the 25 
false negatives were due to diffi culties in performing the US 
examination in the visualization of the distal CBD.

The diagnostic accuracy of MRCP was 93.13%, with a sen-
sitivity of 90% and a specifi city of 94.05% (Table 4). The 6 
false positives were due to misdiagnosis of a malignant ste-
nosis in 1 patient and a microlithiasis with dilatation of the 
main biliary tract in other 5 patients. On the other hand, 3 
false negatives were due to artifacts from magnetic suscepti-
bility and overlapping (surgical clips and bowel gas), which 
prevented identifi cation of the benign stenosis.

CCT showed a diagnostic accuracy of 92.59%, a sensitivity 
of 92.3% and a specifi city of 92.85% (Table 4). In the pa-
tient group with benign stenoses who underwent CCT, 12 
true positives were obtained, 1 false negative due to misin-
terpretation of a malignant stenosis, and 1 false positive due 
to the diagnosis of a malignant stenosis as benign.

No statistically signifi cant difference was obtained from the 
comparison between ERCP and MRCP of benign stenoses 
(ERCP vs MRCP: p=0.998); on the contrary, the compari-
son between ERCP and US showed a statistically signifi cant 
difference at the level of p<0.0001 (Figure 3). However, in 
comparing US and MRCP a statistically signifi cant p was not 
obtained (p=0.999). No statistically signifi cant differences 
were detected in the comparison between CCT and ERCP 
(p=0.789) and CCT and MRCP (p=0.998); on the contrary, 
the comparison between CCT and US revealed a statistical-
ly signifi cant difference (p=0.005) (Figure 4).

Malignant stenosis

Of 18 cholangiocarcinomas, 5 were localized in the upper 
third (Figure 5) or hilar biliary tract (Klatskin’s tumor), 6 in 
the middle third, and 7 in the lower third of the CBD.

The diagnostic accuracy of US of the malignant stenoses was 
93.13%, with a sensitivity of 61.12% and a specifi city of 98.23% 
(Table 4). The 2 false positives were due to benign stenoses 
considered malignant, while 7 false negatives were due to a 
malignant stenosis misinterpreted as extrinsic compression.

Figure 2.  CCT (MIP): stone in the distal tract of the CBD, characterized 
by a high-density calcifi ed area surrounded by lower-
density bile.

Diagnostic accuarcy (%) Sensitivity (%) Specifi city (%)

Lithiasis Benign 
stenosis

Malignant 
stenosis Lithiasis Benign 

stenosis
Malignant 

stenosis Lithiasis Benign 
stenosis

Malignant 
stenosis

MRCP  93.89  93.13  93.89  93.97  90  72.23  93.75  94.05  97.34

US  80.15  78.62  93.13  71.08  16.67  61.12  95.83  97.29  98.23

CCT  100  92.59  92.59  100  92.3  90.9  100  92.85  93.75

Table 4.  Diagnostic accuracy, sensitivity and specifi city in the diagnosis of lithiasis, benign stenoses and malignant stenoses with CPRM, US and CCT 
(*only 27 patients of 131 underwent CCT).
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For MRCP, the diagnostic accuracy in detecting malig-
nant stenoses was 93.89%, with a sensitivity of 72.23% 
and a specifi city of 97.34% (Table 4). The 3 false posi-
tives were due to misdiagnosis of benign stenoses consid-
ered malignant, whereas the 5 false negatives were due 
to a small cholangiocarcinoma interpreted as a stone in 
1 patient and as benign stenosis in 1 patient, and in the 
remaining 3 cases due to overlap artifacts (surgical clips 
and bowel gas).

The diagnostic accuracy of CCT was 92.59%, with a sen-
sitivity of 90.9% and a specifi city of 93.75% (Table 4). 
Among the patients with malignant stenoses who un-
derwent CCT there were 10 true positives, 1 false nega-
tive due to misinterpretation of a benign stenosis, and 1 

Figure 3.  True positives (TP) and true negatives (TN) in the diagnosis 
of choledocholithiasis, benign stenoses, malignant stenoses 
with ERCP, US and MRCP. A statistically signifi cant diff erence 
(p<0.0001) was observed only in the comparison of ERCP 
and US of benign stenoses.

Figure 4.  True positives (TP) and true negatives (TN) in the diagnosis 
of benign stenoses and malignant stenoses with CCT, US 
and MRCP. A statistically signifi cant diff erence (p=0.005) 
was observed only in the comparison of CCT and US of the 
benign stenoses.

Figure 5.  CCT (MIP): cholangiocarcinoma of the upper third of the CBD 
involving the left hepatic ducts.
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false positive due to a benign stenosis which was consid-
ered malignant.

From the comparison of US, MRCP and ERCP, the analy-
sis of data did not show a statistically signifi cant difference 
(ERCP vs US: p=0.243; ERCP vs MRCP p=0.449; MRCP vs 
US p= 0.635) (Figure 3). CCT showed a diagnostic accura-
cy, sensitivity and specifi city of 92.59%, 90.9% and 93.75% 
respectively (Table 4) and the analysis of data showed no 
statistically signifi cant differences (CCT vs ERCP: p=0.819; 
CCT vs MRCP: p=0.872; CCT vs US: p=0.964) (Figure 4).

DISCUSSION

The opinion is broadly shared that US is the fi rst choice 
option in the diagnosis of choledocholithiasis. Our results 
for US diagnostic accuracy, sensitivity and specifi city are in 
accordance with those reported, for example, in the paper 
by Boraschi et al, who reported a specifi city of over 90% 
[21]. In the literature, a sensitivity range of 20 to 80% is 
often documented [4,9,26,29]; these considerable differ-
ences in sensitivity among various case series are partially 

attributable to the impossibility of approaching the distal 
CBD and ampullary region in obese patients and patients 
with abdominal meteorism, as well as to the variability of 
the US technique applied.

The high sensitivity in our case series (Table 4) presuma-
bly derives from the considerable experience of our ech-
ographists, to the use of dosed compression, and to THI, 
which allowed for better study of the distal tract of the CBD. 
As described by Ortega et al. [11], harmonic imaging, by 
improving contrast resolution, stresses the difference be-
tween the anechoicity of the duct lumen and the surround-
ing soft tissues.

Since our data show that US and MRCP have the same di-
agnostic potential in choledolithiasis, the purpose of US is 
to select candidates for therapeutic ERCP without proceed-
ing to MRCP, though this has been proposed as a screen-
ing methodology for the near future [9]. In our opinion, 
however, MRCP should only be applied for the correction 
of possible false negatives from US (Figure 6). MRCP, for 
its high diagnostic value, is necessary in patients showing 
equivocal clinical and laboratory fi ndings and negative US 
prior to performing ERCP and/or PTC, which are inva-
sive procedures.

Our data on MRCP diagnostic accuracy, sensitivity and spe-
cifi city are comparable to those reported in the literature 
(Table 5), where sensitivity, specifi city and diagnostic accu-
racy respectively range between 81–100%, 84–100% and 90–
96%. The lowest fi gures for sensitivity, reported by Stiris and 
Little, were due to their initial inexperience in accurately 
detecting small calculi in the distal common duct, and not 
to the limitations of MRCP [5,20].

As concerns the only 3 patients with lithiasis who underwent 
CCT, the evaluation of diagnostic accuracy was not possible. 
Moreover, a review of the literature shows primarily studies 
utilizing CCT with bile-specifi c agents in the choledocholith-

Authors Ref. N SE (%) SP (%) DA (%) PPV (%) NPV (%)

Calvo et al. (2002)  30  116  91  84  90  89  88

Huassein et al. 
(2002)  27  50  95  96  96  95  96

Boraschi et al. 
(2002)  45  95  90  96  94  95  93

Stiris et al. (2000)  19  50  87.5  94.4  90.0  96.6  81.1

Lomas et al. 
(1999)  12  69  100  97 –  82  100

Pavone et al. 
(1999)  41  189  90.2  98.5  96.3  95.8  96.4

Little et al. (1999)  5  104  81  100  94 – –

Lomanto et al. 
(1997)  26  62  91.6  100  96.8 – –

Table 5.  Sensitivity (SE), specifi city (SP), diagnostic accuracy (DA), predictive positive value (PPV) and negative predictive value (NPV) in the 
diagnosis of choledocholitiasis with MRCP reported in the literature

Figure 6.  Choledocholithiasis (arrow) revealed by MRCP (A) and ERCP 
(B). Calculosis was not visualized in US.

A B
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iasis, with results comparable to those of MRCP. Soto et al, 
for example, reported a sensitivity and a specifi city of 92% 
for CCT with oral contrast agent, slightly lower than those 
of MRCP (96% and 100% respectively) [30]. Cuenca et al, 
who reported high sensitivity, specifi city and accuracy (86%, 
100% and 94%) both for spiral CT and CCT with intrave-
nous bile-specifi c contrast agent, proposed spiral CT as a 
screening methodology for choledocholithiasis [31].

With clinical and laboratory fi ndings suggestive of lithiasis 
and negative US, the use of MRCP is preferred, as it does 
not require ionizing radiation and intravenous administra-
tion of contrast agent.

MRCP and US virtually resolve almost all diagnostic prob-
lems, and have therefore considerably restricted the role of 
diagnostic ERCP; though false negatives were not recorded 
in our ERCP study, it has been shown to have clear limitations 
in diagnostic practice, such as the presence of air bubbles and 
blood clots mimicking calculi, the impossibility of incannulat-
ing the CBD owing to calculi stuck in the papilla (Figure 7), 
and sometimes failed identifi cation of calculi due to the high 
density of the contrast agent [26-29]. ERCP is also an invasive 
procedure, with mortality rates of 0.2–1% and morbidity of 
1–7% [21] with possible complications in 4–7% of cases [2]. 
Among the possible complications are pancreatitis (0.4–1.3%), 
cholangitis (0.1–0.8%) and anesthesiological complications 
(0.1–0.6%) [1,15,32–34]. Nevertheless, ERCP’s therapeutic 
application is undisputed, through endoscopic sphynteroto-
my and fragmentation of calculi bigger than 12–15 mm by 
means of lithotripsy, and clean-up of the biliary structures with 
balloon catheter or Dormia basket [10,32,33,35].

Although most authors make no distinction among the 
types of biliary stenoses, we subdivided them into malig-
nant and benign stenoses, and the diagnostic value of the 
imaging techniques was assessed for each type, also consid-
ering that clinical and laboratory fi ndings frequently over-
lap at disease onset.

The analysis of data in benign stenoses shows how diagnos-
tic results for ERCP and MRCP overlap, whereas US is high-
ly reliable for ruling out benign stenoses, though not for 
demonstrating their presence.

In our US study of benign stenoses, we obtained fair accu-
racy, high specifi city and low sensitivity (Table 4). The high 
specifi city was attributable to the capability of US to detect 
true negatives in benign stenoses, thus showing the cause 
of the obstruction by calculi or malignant stenoses. The low 
sensitivity fi gures are to be related to intrinsic limitations of 
the methodology, which, though showing the indirect signs 
of stenosis [22,36], do not allow for optimal visualization of 
the distal CBD and the ampullary region, which is where 
benign stenoses are often localized. However, our compar-
ison of US and MRCP reveals overlapping performance, 
though MRCP performed better in detecting true positives. 
MRCP’s diagnostic accuracy, sensitivity and specifi city are al-
ways high (Table 4), higher than those reported by Arslan, 
who, in comparing MRCP and ERCP in 78 patients with ob-
struction, reported a sensitivity and specifi city of 86.4% and 
82.4% respectively for benign stenoses [14].

CCT showed the same high diagnostic accuracy, sensitivity 
and specifi city (Table 4) as MRCP, and allowed for better 
visualization of the distal CBD and the ampullary region, 
as it is not affected by the abdominal meteorism, in com-
parison to US.

As reported by Breen, CCT, due to its high spatial resolu-
tion, provides detailed images of the periampullary region, 
thus overcoming one of the main limitations of MRCP; in 
their study, a bile-specifi c contrast agent was used, as op-
posed to the intravenous iodinated contrast medium we 
utilized [24].

In our study, US and MRCP performed on an equal level 
in detecting true negatives and positives in malignant sten-
oses. In the literature, the majority of US studies on malig-
nant stenoses demonstrate a high sensitivity, specifi city and 
diagnostic accuracy, though – in contrast to our own expe-
rience – intrinsic and extrinsic causes of obstruction are ex-
amined together. Sharma et al, for example, obtained a sen-
sitivity and specifi city for US of 94% and 96% respectively, 
due to the prevalence of patients with gallbladder carcino-
ma and pancreatic head carcinoma [37]. Chamberlain et 
al. reported a sensitivity of 93% and specifi city of 99% for 
US in the identifi cation of the obstruction site and portal 
involvement when occurring [38]. Bloom et al, considering 

Figure 7.  US (A) and MRCP(MIP) (B): demonstration of stones in the CBD and intrahepatic ducts (arrow). ERCP (C): failed opacization of the bile 
ducts due to a stone in the distal CBD.

A B C
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both intra-hepatic and extra-hepatic cholangiocarcinomas, 
reported a sensitivity and specifi city of 96% [39].

In our experience, US showed high diagnostic accuracy and 
specifi city and relatively low sensitivity (Table 4). These low 
values were presumably related to the small dimension of 
some cholangiocarcinomas (only showed by dilatation of 
the biliary ducts at US) and/or to their localization in the 
distal CBD, a region of diffi cult approach for US.

Our data on MRCP can be compared with those reported on 
malignant stenoses by Arslan [14] (sensitivity of 88.6% and a 
specifi city of 94.1%), and slightly lower than those by Little [5] 
(diagnostic accuracy, sensitivity and specifi city of 97%, 93% 
and 100%), Lomas [13] (sensitivity of 100% and specifi city of 
98%) and Hussein [26] (sensitivity and specifi city of 100%); it 

must be borne in mind that Lomas and Hussein do not make 
a distinction between benign and malignant stenoses. Our 
low sensitivity fi gure (72%) was due to the presence of small 
cholangiocarcinomas. MRCP also showed good accuracy in 
distinguishing malignant and benign stenoses, comparable 
to that of ERCP [3], and an optimal capability of evaluating 
tumor extent as reported by Manfredi, who, analyzing only 
hilar malignant stenoses of the biliary structures, reported an 
accuracy of 89% in the assessment of their extent [36].

Our experience has consistently shown high CCT diagnos-
tic accuracy, sensitivity and specifi city (Table 4), compara-
ble to those of ERCP, MRCP and US.

As can be deduced from the reported data, US is still the 
fi rst choice imaging procedure of biliary obstructive dis-

Figure 8.  Klatskin’s tumor (arrow) evidenced with US (A), MR (B), MRCP(MIP) (C) and ERCP (D). The MRCP, thanks to its panoramic views and axial 
images, enables the tumor to be characterized and staged.
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ease, as it can shape the subsequent diagnostic and ther-
apeutic approach; its high specifi city [21,26], above all in 
cases of lithiasis, allows patients to be referred directly for 
either ERCP or surgery. However, owing to its low sensitiv-
ity [4,9,21,26,29] (most of all in benign stenoses and distal 
CBD disease), where the clinical and laboratory suspicion 
is strong and unsupported by US and/or in the presence of 
conditions affecting US performance, and for a thorough 
staging evaluation of malignancies, CCT or (mostly) MRCP 
is required, thanks to the high diagnostic accuracy, sensitiv-
ity and specifi city [1,2,4,5,13,23,29,40].

MRCP is a non-invasive technique which – as opposed to CCT 
and ERCP – does not necessitate a iodinated intravenous 
contrast agent or ionizing radiation, and enables a quick and 
reliable diagnosis in almost all cases [3,18,19,26]. It permits 
a complete visualization of the biliary tree – above and be-
low the obstruction – and the study of the biliary structures 
with a higher accuracy than that obtained with the US-CT 
combination (as reported by MacDonald and Lincender 
[3,23]). This feature allows us to diagnose the site, nature 
and dimension of the obstruction also when ERCP is non-

diagnostic as a result of closed stenoses, which cannot be 
penetrated by the guide wire [3,16,29,36,40,41]. On the 
other hand, MRCP provides a panoramic view, as well as 
a detailed visualization of the whole biliary tree [18], ena-
bles projection of the drainage catheters’ position [21,22] 
and pre-operatory evaluation [3,5,14,22,36,42], especially 
in those patients with bilioenteric-anastomosis, along with 
the evaluation of stenoses and calculi resulting from chole-
cystectomy [16,19,25,40,42].

As opposed to ERCP, MRCP – through conventional MR 
images (Figure 8) and administration of intravenous para-
magnetic contrast medium if required – permits the visual-
ization of the extra-ductal structures, and is a fundamental 
procedure for the characterization and staging of spread-
ing tumors [4,18,26,27,40,41], with a sensitivity and specif-
icity comparable to those of CT [19,23,25].

In addition to the intrinsic limitations of MR (claustropho-
bia, metal clips, prothesis, etc.) [4] and the impossibility of 
its therapeutic application, MRCP cannot detect lesions or 
calculi smaller than 3 mm (Figure 9) and tends to overesti-

Figure 9.  MRCP(MIP): true positive for odditis (arrow) and false negative for stones smaller than 3 mm, evidenced at ERCP (arrow).
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mate the stenosis grade, as reported by Laing, Sackmann, 
Barish, Little and Pavone [1,4,5,18,19]. Furthermore, MRCP 
hardly distinguishes benign from malignant stenoses in the 
ampullary region [2–5,19,29], although this limitation may 
be partly overcome by the use of dynamic single shot RARE 
sequences and Thick-Slab Projection, which give a better 
visualization of the ampulla [18]. The low signal intensity 
of pneumobilia and haemobilia, which may at times mim-
ic calculi or stenoses, are a further drawback of this tech-
nique, and often cause false positives [4,5,18,27].

CCT, whose diagnostic capability is comparable to that of 
MRCP [8], is necessary when MRCP is not applicable or 
non-diagnostic, in particular in the presence of a persist-
ing suspicion of a biliary tree disease supported by clinical 
and laboratory and US fi ndings. The main advantages of 
CCT are quick performance with few motion artifacts, good 
patient compliance, and high axial resolution allowing – if 
an intravenous iodinated contrast agent is used – further 
equivocal lesions of the liver, pancreas and hepatoduode-
nal ligament to be identifi ed [8]. The use of ionizing radi-
ation, adverse reactions and contraindications – if present 
– to the contrast agent administration establishes for CCT 
the role of correcting MRCP false negatives, rather than be-
ing a proper alternative to MRCP itself.

ERCP has lost its traditional diagnostic role because of its 
high invasiveness, risk of complications, and inability to pro-
vide a complete picture of the biliary structures in the pres-
ence of closed stenoses, especially in view of the high diag-
nostic accuracy of MRCP; today, the diagnostic role of ERCP 
is limited to brushings, biopsies, and the analysis of bile in 
the search for tumor markers (CEA CA, 19-9 fi bronectine 
K-ras or p-53 mutations) [1]. ERCP still maintains its ther-
apeutic application through the extraction of calculi with 
lithotripsy or Dormia basket, papillotomy dilatation of be-

nign stenoses, and placement of self-expanding stents [1,1
0,15,20,32,33,35,44].

CONCLUSIONS

In conclusion, US is considered the fi rst choice option 
in the diagnostic imaging of obstructive biliary disease 
(Figure 10). If laboratory and clinical fi ndings are sup-
ported by US, ERCP is required for therapeutic purposes, 
or – if necessary – surgery is performed. MRCP and CCT 
are required only for completion of malignant stenosis stag-
ing. If the suspicion posed by clinical and laboratory fi nd-
ings is not confi rmed at US, the diagnosis must be achieved 
with the aid of MRCP or – where MRCP does not provide a 
diagnosis – CCT, so as to select candidates for therapeutic 
ERCP, PTC or surgery.
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