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The value of drip infusion cholangiography

using multidetector-row helical CT in patients

with choledocholithiasis

Abstract The purposes of this study
were to investigate the feasibility of
drip infusion cholangiography com-
puted tomography (CTCh) for chole-
docholithiasis and to compare the
detection of the stone on CTCh with
that of MR cholangiopancreatography
(MRCP). CTCh examinations were
performed after infusion of intrave-
nous biliary contrast material (iotroxic
acid meglumine, 100 ml) for patients
with suspected biliary diseases and
were reconstructed to maximum in-
tensity projection (MIP) and multi-
planar reformation (MPR). Of 432
patients who underwent CTCh, we
identified 15 who underwent surgery
or cholangioscopic removal for
choledocholithiasis and 32 patients
who underwent cholecystectomy due

to cholecystolithiasis. Their MRCP
images were compared with the CTCh
images. The sensitivity and specificity
of CTCh for detecting choledochal
stones were 87% and 96% whereas
those of MRCP were 80% and 88%.
The sensitivity and specificity of
CTCh for detecting gallstones were
78% and 100% whereas those of
MRCP were 94% and 88%. CTCh
allowed high sensitivity and specific-
ity for detecting choledochal stones
but diminished the detection for chole-
cystolithiasis compared with MRCP.
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Introduction

MR cholangiopancreatography (MRCP) is widely used
for hepatobiliary and pancreatic diseases; the noninvasive
method without irradiation is one of the remarkable points.
According to previous reports [1, 2], MRCP allows non-
invasive, accurate detection of biliary stones, strictures,
and dilatation similar to that with endoscopic retrograde
cholangiopancreatography (ERCP) and avoids the compli-
cations of ERCP.

ERCP and percutaneous cholangiography (PTC) have
been considered the standard of reference for the evalua-
tion of the biliary tree and remains important because of
its potential to direct image-guided therapy, but it has an
invasive profile. Drip infusion cholangiography comput-
ed tomography (CTCh) is a classical, noninvasive meth-

od for the evaluation of the biliary system. This contrast
material has a biliary excretory profile and while not used
in the United States, European countries approve it. More
recently, the spatial resolution on CTCh with multidetec-
tor-row helical CT (MDCT) is superior to that of MRCP.
In addition, CTCh is useful for assessing the orientation
of cystic duct and intrahepatic bile duct on surgical plan-
ning and has various possibilities [3]. CTCh using MDCT
allows for a substantial range of tissue to be imaged within
a single breath hold. But CTCh has some limitations, such
as serum bilirubin level and adverse reaction [4]. Some
older biliary contrast agents on CTCh were said to have a
poor safety profile [5]; therefore, both ERCP and MRCP
were in the ascendancy for biliary imaging [6].

To our knowledge, there is no report of comparison
between CTCh and MRCP for choledocholithiasis. The
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purposes of this study were to investigate the feasibility of
CTCh for the diagnosis of choledochal stones and to com-
pare the detection rate of CTCh with that of MRCP.

Materials and methods

Patients

All patients gave informed consent; 432 underwent CTCh
examinations for suspected biliary diseases in our hospi-
tal from March 2003 and February 2005. As an alterna-
tive to MRCP, CTCh was routinely used in our hospital.
The findings at surgery or cholangioscopic stone remov-
al were accepted as the standard references for the eval-
uation of CTCh and MRCP. We excluded patients who
underwent neither of the two treatment procedures. In-
traoperative cholangiography (direct cholangiography) was
performed in all cases; therefore, we regarded operation
records as the gold standard. After review of records of
the radiology reporting system and surgical operation list
by one of authors (JF), we identified 35 patients who were
proved to have choledocholithiasis by surgery and chol-
angioscopic removal, and 20 of 35 patients underwent
CTCh examinations. Fifteen of 20 patients with chole-
docholithiasis also underwent MRCP examinations; thus,
this group comprised one of our study population.

Two of 15 patients had undergone cholecystectomy
before. CTCh was performed within 2 weeks of MRCP
examination. Open cholecystectomy was performed for
136 patients 1 day to 2 weeks after the clinical diagnosis
and imaging tests whereas 129 patients underwent lap-
aroscopic cholecystectomy. Surgical treatments were per-
formed immediately after clinical diagnosis for patients
who had symptoms, such as severe abdominal pain. Of
these patients, we recruited 32 who were examined by both
CTCh and MRCP for cholecystolithiasis; 7 of the 32 had
both gallstones and choledochal stones. Therefore, 40 pa-
tients (15+32−7; 16 men, 24 women; mean age 57 years;
range 35–93 years) comprised our study population for
comparison of the detection of stones between CTCh and
MRCP.

CT cholangiography (CTCh)

Biliary excretory contrast material (iotroxic acid meglu-
mine, Biliscopin DIC, 100 ml, Schering AG, Berlin, Ger-
many) was infused by slow injection over 30 min for all
patients. All 432 patients were examined at 30–45 min after
the end of the drip infusion of contrast material and rotated
by 360° on the CT table just before the scanning, when
possible. CT scanning using an eight-detectors-row helical
CT (LightSpeed Ultra: GE Medical Systems, Milwaukee,
WI, USA) was performed with 7–10 s breath hold. Scan
parameter was as follows: collimation, 8×1.25 mm; table

speed, 13.5 mm/rot; pitch, 10.6 (1.35:1); reconstruction
slice thickness, 1.25 mm; reconstruction interval, 1.25 mm.
For all patients, maximum intensity projection (MIP) im-
ages were made from a workstation (Virtual Place: AZE
Ltd., Tokyo, Japan), and multiplanar reformation (MPR)
images were also reconstructed on MDCT console or
the workstation as postprocessing techniques. Volume ren-
dering (VR) reconstructions were also made for the pre-
sentation to surgeons and patients, if needed (five of 20
patients). VR was not an useful for the detection of
choledocholithiasis, but for viewing the entire biliary tree.

MR cholangiopancreatography (MRCP)

MRCP using Signa Horizon 1.5-T system (GE Medical
Systems) with torso phased-array coil was performed as
follows: single-shot fast-spin-echo MR sequence (SSFSE),
coronal and oblique coronal 50-mm thick slices on a 256×
192 matrix, total acquisition time 2–3 sec, TR minimum,
TE 900 ms, field of view 25 cm. These images were pro-
cessed by a standard MIP in order to obtain views of the
entire biliary tree.

Imaging analysis

The CTCh and MRCP images were reviewed indepen-
dently by two diagnostic radiologists (MO and RI) who
were unaware of the final results. The review was per-
formed using a DICOM viewer on the workstation; there-
fore, we could adjust the window level/width of CTCh
and MRCP images. Any disagreements were solved with
a consensus readout. Biliary calculi were diagnosed on
CTCh and MRCP as round and oval shapes seen in the
lumen. Surgical and cholangioscopic findings identified
during stone removal were used as the standard of ref-
erence for the evaluation of CTCh and MRCP. Sensitivity
and specificity of CTCh and MRCP for detecting calculi
in the biliary system were calculated. In addition, we com-
pared the depiction of intrahepatic bile duct and cystic duct
using MIP and MPR. And we investigated the visualiza-
tion of intrahepatic bile ducts, extrahepatic bile ducts, cys-
tic duct, and opacification of gallbladder on CTCh and
MRCP. From the imaging analysis, the following three pa-
rameters were extracted and compared between CTCh and
MRCP: (1) Opacification of the gallbladder, (2) opacifica-
tion of the intrahepatic and extrahepatic bile duct, and (3)
opacification of the cystic duct. And grades were noted,
such as “excellent” (score 3; entire anatomy or opacity
visible), “moderate” (score 2; less than 50% of anatomy
or opacity visible), “poor” (score 1; anatomy or opacity
difficult to detect), and “not seen” (score 0). Wilcoxon’s
signed rank test was used to compare the difference be-
tween CTCh and MRCP. A p value of less than 0.05 was
considered significant.
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Results

In all CTCh examinations in our hospital, four of 432
patients (0.9%) had mild adverse reactions although nei-
ther required treatment. Four patients complained of nau-
sea, but these patients recovered soon without treatment.
Both MIP and MPR images for all CTCh examinations
were reconstructed within approximately 7 min for each
patient whereas MRCP reconstructions were almost real-
time. One patient with bile leakage after cholecystecto-
my and two with pneumobilia were clearly presented on
CTCh whereas MRCP could not allow detection of these
findings. Bile leakage showed subhepatic fluid collection
as a high density of contrast material. Two patients after
open cholecystectomy showed pseudostricture (inflam-
matory stricture) and were noninvasively evaluated for
unchanged stricture at the follow-up examinations using
CTCh.

Sensitivity and specificity for detecting
choledocholithiasis

Thirteen of 15 patients (87%) were proven to have a chole-
dochal stone on CTCh; two patients did not show chole-
docholithiasis on CTCh because of less contrast between
opacity of contrast material and that of calculi in the com-
mon bile duct whereas choledocholithiasis was detected
by MRCP in 12 of 15 patients (80%) (Table 1). Both
CTCh and MRCP showed high sensitivity and specificity
for detecting calculi in the common bile duct (Figs. 1, 2).
For detecting small choledochal stones by CTCh, MPR
images were superior to MIP images because of high con-
fidence in the diagnosis (Fig. 3) although these recon-
struction methods were not directly compared in this study.
The reason for better performance of MPR is that in MIP,
the superimposition of structures in the projection algo-
rithm obscures the visualization of stones.

Sensitivity and specificity for detecting
cholecystolithiasis

MRCP (sensitivity 94%, specificity 88%) showed a bet-
ter diagnostic performance than CTCh (sensitivity 78%,
specificity 100%) for detecting calculi in the gallbladder
(Table 1) because of no enhancement of the gallbladder in
the case of becoming stuck in the gallbladder neck (infun-
dibular stone) on CTCh.

Comparison between CTCh and MRCP

1. Opacification of the gallbladder in 13 of 15 patients
was compared between CTCh and MRCP because two
patients had undergone cholecystectomy. The average
score was 2.1 for CTCh and 2.6 for MRCP (not
significant).

2. Opacification of the intrahepatic and extrahepatic bile
duct. For the depiction of peripheral intrahepatic bile
duct in 15 patients, CTCh images were superior to
MRCP images. The average score was 2.8 for CTCh
and 1.9 for MRCP (p< 0.004, significant).

3. Opacification of the cystic duct.

Thirteen patients without cholecystectomy were com-
pared between CTCh and MRCP. The average score was
2.7 for CTCh and 2.0 for MRCP (not significant).

Comparison between MPR and MIP for detecting
cystic duct and small lithiasis

MPR images appeared to be superior to MIP images for
confidence in diagnosing choledochal stones. Diagnosis
based only on MIP images was not clinically reliable. A
combined use either of multisection images, or at least
source images, was essential. The MPR image enabled an
investigation of the details of the choledochal pathologies.

Serum bilirubin and adverse reactions

Serum bilirubin concentration was below 3 mg/dl in 401 of
432 patients (93%), exceeding 3 mg/dl in 31 patients (7%).
In 18 of the 31 patients (58%) exceeding 3 mg/dl, insuf-
ficient visualization of the biliary tract could be obtained.

Discussion

We found that CTCh had some advantages for detect-
ing intrahepatic bile duct stones and cystic duct, whereas
CTCh had an approximate equivalent detection rate for
choledochal stone as MRCP. CTCh directly opacified the

Table 1 Detection of calculi in the common bile duct and the
gallbladder

Findings

Location/modality TP TN FP FN Sens. Spec.

Choledochal stone
CTCh 13 24 1 2 87% 96%
MRCP 12 22 3 3 80% 88%
Gallstone
CTCh 25 8 0 7 78% 100%
MRCP 30 7 1 2 94% 88%

TP true positive, TN true negative, FP false positive, FN false
negative, Sens. sensitivity, Spec. specificity, CTCh computed
tomography cholangiography,MRCPMR cholangiopancreatography
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biliary tree, and MDCT allowed a short imaging time,
thus providing more useful images than MRCP, especial-
ly intrahepatic bile duct and cystic duct. For laparoscopic
cholecystectomy, it was useful to detect the orientation of
the cystic duct by CTCh.

ERCP and PTC should be the standard of reference for
evaluation of the biliary tree but have an invasive profile,
such as relatively high complications (3.5%) [7]. There-
fore, the invasive modalities should be used primarily for
therapeutic intervention.

Lam et al [8] stated that CTCh had additional advantages
over MRCP in the assessment of anastomotic patency and
pneumobilia postoperation. For patients after operation,
CTCh could depict the flow through the anastomosis and
was suitable for this evaluation as a low-invasive exam-
ination. In our experience, one patient with bile leakage
after cholecystectomy and two with pneumobilia were

clearly presented on CTCh. MRCP remains important in
the investigation of greater biliary obstructed patients prior
to intervention and especially enhances diagnostic ability
for extrahepatic bile duct cancer. In addition, MRCP may
be useful for the purpose of screening for pancreaticobili-
ary disease because of its noninvasive profile. MPR of
CTCh, which can allow us to identify small structures,
plays a central role for detecting choledochal stones as
basic images used for diagnosis. For small biliary calculi,
MPR images are superior to MIP images. In other words,
the MIP images may mislead without the guidance of the
MPR images. Images of coronal and sagittal planes can be
easily obtained by using a workstation, but conventional
axial planes may be the best way to triage for detecting
calculi. Meanwhile, MIP images are useful for demonstrat-
ing the insertion of the cystic duct and entire biliary system,
thus allowing surgical planning.

Fig. 1 A 93-year-old woman with cholecystolithiasis and chole-
docholithiasis. a Computed tomography cholangiography (CTCh)
maximum intensity projection (MIP) showed several calcified gall-
stones and two calcified choledochal stones (arrows). b MR chol-

angiopancreatography (MRCP) image could not clearly depict gall-
stones because of insufficient contrast between bile and calculi;
additionally, unsuccessful breath hold. However, MRCP showed
two stones (arrows) in the common bile duct

Fig. 2 A 93-year-old woman with choledocholithiasis. a Maximum
intensity projection (MIP) on computed tomography cholangiogra-
phy (CTCh) showed choledochal stone and sludge (arrows) as
filling defects. b Multiplanar reformation (MPR) on CTCh clearly
depicted choledochal stone and sludge (arrows) as filling defects.
MPR images appeared to be superior to MIP images for confidence

in diagnosing choledochal stones and enabled an investigation of the
details of the choledochal pathologies. c MR cholangiopancreatog-
raphy (MRCP) [Single-shot fast-spin-echo MR sequence (SSFSE)
coronal plane with 6-mm slice thickness] could depict one low-
signal stone (arrow) in the common bile duct shown as high signal.
Other sludge could not be detected on MRCP
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Oral, contrast-enhanced, three-dimensional helical CTCh
with iopanoic acid was reported by Stabile Ianora et al [3];
they stated that it was useful as a preliminary to ERCP
and for patients who could not be subjected to cholan-
giopancreatography in cases of doubtful diagnosis after
ultrasound (US) and MRCP. However, CTCh was per-
formed 12–14 h after oral administration of iopanoic acid.
They demonstrated a limited opacification of the gallblad-
der because of early CT scanning, acute or chronic chole-
cystitis, and infundibular stones or insufficient absorption.
In our experience, infundibular stones caused a limited
opacification of the gallbladder with a higher incidence.
On CTCh, the sensitivity for detecting gallstones (Table 1)
was 78% because opacification of the gallbladder was not
great enough. The right hepatic artery rarely passes pos-
terior to the proximal portion of the common hepatic duct
and can create an extrinsic impression on the duct. This
impression may create the appearance of an intraluminal
filling defect, which confuses the reader as a pseudolesion
on CTCh and MRCP [9]. This pitfall can be avoided by
examining multiple imaging planes. In addition, we know
the surgically important biliary anomalies for diagnosis
[10]. These anomalies of the cystic duct could be detect-
able using CTCh [11]. Minimal side effects rarely occur

after the injection of biliary excretory contrast agent, and it
is less effective to obtain optimal visualization in patients
with hyperbilirubinemia (>3 mg/dl). From our experience,
hyperbilirubinemia did not allow diagnosable visualiza-
tion; however, slow injection (>30 min) may allow a lower
rate of adverse reaction.

CTCh and MRCP are not likely to replace operative
cholangiography in patients for whom ERCP has not been
performed. But pseudostricture (inflammatory stricture)
after operation should be noninvasively evaluated using
CTCh or MRCP; thus, these noninvasive examinations
may be useful for patient care. CTCh, which serves as a
communication tool between diagnostic radiologists and
surgeons, plays a important role in therapy planning. Both
CTCh and MRCP showed high sensitivity for detecting
calculi in the common bile duct, and CTCh was superior to
MRCP for the opacification of the intrahepatic and ex-
trahepatic bile duct in our experience. However, our study
is a preliminary comparison between CTCh and MRCP
because of a limited number of patients and a limitation of
the subjective scoring system for the appreciation of in-
trahepatic ducts. Further studies are needed to determine
when CTCh examination is preferable.

Fig. 3 A 77-year-old woman with cholecystolithiasis and chole-
docholithiasis. Computed tomography cholangiography (CTCh) im-
age [maximum intensity projection (MIP)] depicted two gallstones
as filling defects in the common bile duct (arrows). The cystic duct
was clearly seen at the normal position, but the gallbladder could not

be visualized due to a tiny gallstone (not shown) in the neck of the
gallbladder. CTCh image [multiplanar reformation (MPR)] also
clearly depicted two gallstones as filling defects in the lower com-
mon bile duct (arrows). The unenhanced gallbladder with enlarge-
ment (acute cholecystitis) was clearly seen
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