
Heavily T2-weighted magnetic resonance (MR)
cholangiography is a noninvasive modality that has
been proven accurate in the diagnosis of bile duct ob-
struction and choledocholithiasis (1, 2). Previous reports
concerning the usefulness of MR cholangiography for
the assessment of intrahepatic choledocholithiasis have
focused on the presence of intrahepatic ductal dilata-
tion, stricture, and calculi (3, 4). However, heavily T2-

weighted MR cholangiography cannot reflect biliary dy-
namics. 

Mangafodipir trisodium is a safe and approved hepa-
tocyte-selective T1-weighted MR contrast agent, elimi-
nated through the biliary system, and can therefore, in
theory, be used as a biliary contrast agent during T1-
weighted MR imaging (5-8). To our knowledge, howev-
er, the potential role of this agent in the evaluation of in-
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Purpose: To assess the preliminary findings of Mn-enhanced T1-weighted MR cholan-
giography for the evaluation of intrahepatic choledocholithiasis.
Materials and Methods: Seven patients with recurrent pyogenic cholangitis underwent
conventional heavily T2-weighted and manganese-enhanced T1-weighted MR cholan-
giography. For the former, the two reviewers focused on intrahepatic ductal dilatation,
calculi, and stricture; and for the latter, ductal enhancement. 
Results: In seven patients, 13 diseased segments were depicted and intrahepatic bile
ductal dilatation was present in all 13 of these in all seven patients. Calculi were pre-
sent in eight segments in six patients, and stricture in four segments in three patients.
Of the 13 diseased segmental ducts, six were seen at manganese-enhanced imaging to
be filled with contrast material, suggesting a functioning bile duct. 
Conclusion: Combined T2-weighted and mangafodipir trisodium-enhanced T1-
weighted MR cholangiography provides both anatomic detail and functional detail of
the biliary system. Combined MR cholangiography is useful for the evaluation of in-
trahepatic choledocholithiasis, demonstrating the stricture and function of the seg-
mental ducts involved. 
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trahepatic choledocholithiasis has not been reported. 
The purpose of this prospective and preliminary study

was to evaluate the combined use of mangafodipir
trisodium-enhanced T1-weighted and conventional
heavily T2-weighted MR cholangiography in patients
with intrahepatic choledocholithiasis. 

Materials and Methods

Patient Population

Between September 2002 and September 2003, seven
patients with intrahepatic choledocholithiasis
[M:F=5:2; age, 35-81 (mean, 58) years] were prospec-
tively examined using MR cholangiography. All seven
had symptoms of acute cholangitis (abdominal pain,
fever, or jaundice) at the time of admission. Five had ex-
perienced recurrent attacks on more than three occa-
sions and the remaining two had had recurrent attacks
twice. Three of the seven underwent surgery and in
two, choledochoscopy was also performed. 

Imaging Studies 

Patients were asked to fast for a minimum of six
hours. For MR cholangiography, a 1.5-T superconduct-
ing unit (Magnetom Vision; Siemens Medical Systems,
Erlangen, Germany) and a phased-array torso coil were
used. Routine MR cholangiographic sequences were
performed using a half-Fourier rapid acquisition with re-
laxation enhancement (RARE) sequence, with breath-
hold (TR/effective TE, infinite/95 msec; flip angle, 1500;
matrix, 240×256; field of view, 300-350 mm).
Sequential multisection acquisition (slice thickness, 3-5
mm; imaging time, 18 seconds) followed by multiplanar
reformatting techniques and a single thick-slab tech-
nique (50-70 mm section thickness) were used, and
oblique coronal or sagittal images usually obtained.
After the patients were removed from the magnet, an IV
injection of mangafodipir trisodium (Mn DPDP;
Teslascan, Nycomed Amersham, Oslo, Norway) at a
standard dose of 5 μmole/kg (0.5 ml/kg; maximum dose,
50 ml) was slowly injected for 2-3 ml/min, followed by
a 10 ml saline flush. Between 30 and 60 min after injec-
tion, 3D T1-weighted fat-saturated volumetric interpo-
lated breath-hold images (TR/TE, 4.2/1.6; flip angle, 120;
matrix 205×256; field of view, 300-350 mm; and 24
partitions interpolated to 48 slices with a thickness of
1.3 mm) were obtained. All MR cholangiograms were
reviewed at the console by an abdominal radiologist be-
fore the patient was removed from the magnet. A study

was terminated when mangafodipir trisodium was
clearly seen to fill the extrahepatic duct. 

Image Analysis

All MR cholangiographic images were reviewed on a
PACS workstation by two abdominal radiologists, who
reached a consensus. The focus of all image analysis
was to identify intrahepatic ductal dilatation and stric-
ture, intrahepatic and common duct calculi, and coexis-
tent parenchymal abnormalities such as parenchymal
atrophy, abscess, biloma, and cancer. Obstruction was
defined as ‘complete’when manganese-enhanced T1-
weighted MR cholangiography showed that contrast
agent had not filled the intrahepatic duct, and as
‘partial’when contrast-filling of the duct was depicted,
even though this appeared at T2-weighted image to con-
tain strictures or calculi.

Findings regarding the distribution of intrahepatic ab-
normalities were based on a classification of the liver’s
internal lobation and segmentation (four segments: left
lateral, left medial, right anterior, and right posterior).
Intrahepatic ductal dilatation was diagnosed when the
diameter of a duct was greater than 3mm, and stricture
was diagnosed when the focal caliber of any segment
had changed. Calculi were considered present when a
signal void was identified within the bile duct in at least
two different projections. 

Results

The findings of MR cholangiography are summarized
in Table 1.

According to the findings of conventional T2-weighted
MR cholangiography, seven patients had 13 diseased
segments. Intrahepatic bile ductal dilatation was present
in all 13 segments in seven patients, intrahepatic bile
ductal calculi in eight segments in six patients (Figs. 1,
2), and stricture in four segments in three patients (Fig.
2). Of the 13 diseased segmental ducts thus revealed, six
were filled with contrast material at manganese-en-
hanced imaging, suggesting a functioning bile duct (Fig.
2). The remaining seven, on the other hand, were not
filled, suggesting a non-functioning bile duct (Fig. 1). 

Three of the seven patients underwent left lateral seg-
mentectomy. And all three pathologic specimens ob-
tained revealed multiple intrahepatic duct stones and se-
vere proliferative fibrosis of bile duct walls. Two pa-
tients underwent choledochoscopy, involving successful
stone extraction, and the remaining two were treated
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conservatively.

Discussion

Mangafodipir trisodium is a paramagnetic contrast
agent originally designed for liver imaging. It consists of
manganese bound to DPDP, is taken up by functioning
hepatocytes, and is primarily excreted via bile into the
feces (5-8). Because manganese is a paramagnetic met-
al ion, it acts mainly during T1, resulting in T1 shorten-
ing, though also during T2, resulting in T2 shortening
(5-8). Enhanced liver and functioning bile ducts there-
fore show higher signal intensity on T1-weighted images
and lower signal intensity on T2-weighted images (5-8).
The signal intensity of bile ducts that are obstructed or
otherwise not functioning due to stasis, however, may

not be affected: biliary stasis in the setting of strictures
or stones reduces the excretion of biliary manganese (5).
This characteristic property of mangafodipir trisodium-
enhanced MR cholangiography could, in theory, be
used as a noninvasive imaging tool in the evaluation of
biliary dynamics (5). 

The management of symptomatic intrahepatic chole-
docholithiasis is difficult and remains far from satisfac-
tory (9), though during the last decade has improved;
this is due to the systemic approach adopted, advances
in hepatobiliary imaging, the availability of flexible
choledochoscopy, the application of stone-fragmenta-
tion technology, and innovative approaches to biliary
tract surgery. To achieve the optimal result, a combina-
tion of all these various treatment modalities, applied se-
lectively, is required (10); the choices made depend on
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Fig. 1. Patient 1. (A) Coronal MR im-
age obtained with a thin-section half-
Fourier rapid acquisition with relax-
ation enhancement sequence (infi-
nite/95 [effective], flip angle 150。)
shows markedly dilated left duct with
stone (thin arrows), impacted multiple
stones in right posterior duct (short ar-
rows), and slightly dilated right anteri-
or duct without stone (thick arrows).
(B) Coronal 3D volumetric interpolat-
ed T1-weighted gradient echo image
(4.2/1.6, flip angle 12。) obtained at 30
minutes after injection of man-
gafodipir trisodium shows the en-
hanced right anterior duct (thick ar-
rows) and common bile duct. Contrast
was not filled in left (thin arrows) and
right posterior duct (short arrows).

Table 1. Radiologic Findings of Recurrent Pyogenic Cholangitis

Findings at MR Cholagniography

No./Age/Sex Location Findings at T2- MRC Contrast filling at Mn-T1- MRC Diagnosis on MRC Treatment
(Intrahepatic duct) (pre-contrast) (post-contrast) (combined pre- & post-contrast)

1/53/M Left lateral duct Dilatation, multiple calculi No contrast filling in duct Non-functioning duct Conservative
Right posterior duct Multiple impacted calculi No contrast filling in duct Non-functioning duct
Right anterior duct Dilatation, no calculi Contrast filling in duct Functioning duct

2/51/M Left lateral duct Dilatation, multiple calculi No contrast filling in duct Non-functioning duct Segmentectomy 
3/47/F Right posterior duct Dilatation, stricture, no calculi No contrast filling in duct Non-functioning duct Choledocoscope

Right anterior duct Dilatation, stricture, no calculi Contrast filling in duct Functioning duct
4/81/F Left lateral duct Dilatation, multiple calculi Contrast filling in duct Functioning duct Choledocoscope

Right posterior duct Dilatation, stricture, no calculi Contrast filling in duct Functioning duct
Right anterior duct Dilatation, multiple calculi Contrast filling in duct Functioning duct

5/35/M Left lateral duct Dilatation, multiple calculi No contrast filling in duct Non-functioning duct Segmentectomy 
6/60/M Left lateral duct Dilatation, multiple calculi No contrast filling in duct Non-functioning duct Segmentectomy 
7/77/M Right posterior duct Multiple impacted calculi No contrast filling in duct Non-functioning duct Conservative

Right anterior duct Dilatation, stricture, no calculi Contrast filling in duct Functioning duct



the exact location and level of stones or stricture, the de-
gree of stenosis or obstruction, the degree of destruction
of the involved liver segment, and the presence of com-
bined hepatic abscess or cholangiocellular carcinoma. It
has recently been reported that for the accurate topo-
graphic evaluation of intrahepatic choledocholithiasis,
MR cholangiography, since it is able to depict the entire
biliary tree despite obstruction or stenosis, is superior to
direct colangiography (3). There are, however, certain
limitations regarding the use of conventional heavily T2-
weighted MR cholangiography for the evaluation of de-
gree of stenosis or obstruction, and the function of the
involved bile duct and liver parenchyma. In our study,
mangafodipir-enhanced T1-weighted MR cholangiogra-
phy was able to provide functional information regard-
ing involved bile ducts, the degree of stricture, and
whether an involved duct was functioning, as well as
relevant morphologic information. Combined Mn-
DPDP-enhanced and conventional T2-weighted MR
cholangiography, rather than conventional T2-weighte
MR cholangiography alone, was, therefore, able to pro-
vide the further additional information required for de-
cision as to treatment. 

Our study suffers a number of limitations, one of
which is the small number of cases. Another is that
since mangafodipir-trisodium could not be used in pa-
tients with jaundice, our patient population was restrict-
ed to these with intrahepatic choledocholithiasis with-
out jaundice. A third limitation is that we did not per-
form serial post-mangafodipir trisodium MR cholangiog-

raphy. It has been reported for the evaluation of liver
parenchyma and bile duct, the optimal time is 15-20
minutes after injection, which roughly coincides with
the hepatocyte and biliary tract phase of hepatobiliary
scintigraphy (5-7). The presence of a non-functioning
intrahepatic duct, as seen at mangafodipir-enhanced T1-
weighted MR cholangiography, was therefore used to
indicate the non-excretion of contrast material into that
duct until 60 minutes had elapsed. A fourth limitation is
that we were unable to obtain pathologic correlation of
the findings of MR cholangiography.

In conclusion, T2-weighted and mangafodipir trisodi-
um-enhanced T1-weighted MR cholangiography in
combination depict both the anatomic and functional
detail of the biliary system. For the evaluation of chole-
docholithiasis, mangafodipir trisodium-enhanced T1-
weighted MR cholangiography is thus a useful supple-
ment to the conventional heavily T2-weighted proce-
dure.
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A B C
Fig. 2. Patient 4. (A) Serial coronal MR image obtained with a thin-section half-Fourier rapid acquisition with relaxation enhance-
ment sequence (infinite/95 [effective], flip angle 150。) shows dilated left duct with stone (thick arrows), dilated right posterior duct
without stone (thick, short arrow), and dilated right anterior duct with stone (thin arrow). (B) and (C) Serial coronal 3D volumetric
interpolated T1-weighted gradient echo image (4.2/1.6, flip angle 12。) obtained at 30 minutes after injection of mangafodipir
trisodium shows the enhanced all of the three ducts same as (a), suggesting functioning ducts.
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망간 조영제를 사용한 자기공명 담관 조영술: 간내 담석증의 진단과
그 치료방침 결정에 있어서의 유용성1

1연세대학교 의과대학 진단방사선과학교실, 연세대학교 방사선의학연구소
2울산대학교 의과대학 서울아산병원 진단방사선과

박미숙·김기황·유정식·김경원2·김태경2·하현권2·김명진·이종태·유형식

목적: 간내 담석증의 진단에 있어서 망간 조영 증강 후의 T1 강조 자기공명영상의 유용성을 알아보고자 한다. 

대상과 방법: 7명의 간내 담석증 환자에서 고식적 T2 강조 자기공명영상과 망간 조영 증강 후의 T1 강조 자기공

명영상을 시행하였다. 두 명의 방사선과 의사가 고식적 T2 강조 자기공명영상에서는 간내 담도의 확장, 담석, 그리

고 협착의 유무에 관하여 분석하였고, 망간 조영 증강 후의 T1 강조 자기공명영상에서는 담도의 조영 증강 유무를

분석하였다. 

결과과: 7명의 환자에서 13구역의 간내 담도에 병변이 있었다. 간내 담도의 확장은 전체 13구역 간내 담도에 있었고,

담석은 8구역, 협착은 4구역의 간내 담도에 있었다. 망간 조영 증강 후의 T1 강조 자기공명영상에서 병변이 있었

던 13구역의 간내 담도 중 6구역의 담도는 조영 증강 소견이 있어서 기능을 하고 있는 담도임을 알 수 있었다. 

결론: 고식적 T2 강조 자기공명영상과 망간 조영 증강 후의 T1 강조 자기공명영상을 함께 사용하였을 경우, 담도

계의 형태학적인 정보뿐만이 아니라, 담즙의 흐름을 보여줌으로써 담도계의 기능 유무에 관한 정보까지 제공한다.

따라서 간내 담석증의 진단에 있어서, 고식적 T2 강조 자기공명영상과 망간 조영 증강 후의 T1 강조 자기공명영

상은, 질환의 유무만이 아니라 그 진행 정도까지 진단할 수 있는 유용한 검사 방법이다.


