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Purpose: To test the feasibility of MR imaging (MRI)-guided
percutaneous biliary drainages in patients using an open MR-
system. Methods: 6 patients with mechanical cholestasis un-
derwent MRI-guided puncture and catheterization of the biliary
system following intervention planning with magnetic resonan-
ce cholangiography (MRC) in an open low-field MR system. Da-
ta on the number of punctures required, success in establishing
external and internal drainage, and total procedure time were
compared to those of 6 patients who underwent biliary draina-
ge with fluoroscopic guidance. Results: MRC facilitated inter-
vention planning in all patients. Near-real-time MR imaging
enabled interactive positioning of the devices. The bile ducts
were punctured under MRI control in three patients in the first,
in two in the second, and in one in the third attempt. MRI-guid-
ed puncture was faster than the fluoroscopic procedure. Cathe-
terization for external drainage was successful in all patients.
Passing the obstructions was not possible under MRI guidance.
The procedure time for MRI-guided catheterization was longer
than in the conventional technique. Conclusion: MRI-guidance
allows reliable placement of an external biliary drainage in an
open low-field MR system.

Key words: MR imaging-guided procedures ± interventional
MRI ± MR cholangiography ± biliary drainage ± susceptibility ar-
tifacts

Introduction

Most reports about MRI-guided interventions in patients in
open MR systems have thus far been limited to biopsies [1, 2,3]
and the monitoring of ablative techniques [4, 5,6], where MRI
either replaces or supplements another tomographic procedu-
re. Reports on complex MRI-guided interventions have so far
primarily dealt with animal experiments [7, 8]. A few technical
reports are available on catheter manipulation in a volunteer
[9] as well as on stent placement [10].

Percutaneous biliary drainage in patients with mechanical
cholestasis is usually done under fluoroscopic control when
endoscopic treatment has failed or cannot be carried out due to
the anatomic situation. A disadvantage of fluoroscopic control
is that the biliary tree is invisible on fluoroscopy until the biliary

tree is accessed and filled with contrast. Puncture is thus done
under blind condition requiring multiple passes and causing
additional trauma. Magnetic resonance cholangiography
(MRC) can be helpful in this situation, because it allows reliable
identification and localization of biliary strictures and obstruc-
tions prior to the intervention [11]. Based on diagnostic MRC,
MRI can be used in the same session for puncture guidance with
permanent bile duct visualization when an open MR-scanner is
available [7, 8]. This method has already been proven suitable in
animal experiments using fast T2-weighted imaging combined
with susceptibility-based MR visualization [8], which exploit
the local magnetic field inhomogeneities generated by the
intervention devices, causing them to appear as a signal loss in
the MR image [8,9,12].

The aim of this pilot study was to test the feasibility of MRI-
guided percutaneous biliary drainage in patients, using sus-
ceptibility-based device visualization.

Materials and Methods

Patient

Twelve patients with mechanical cholestasis due to malignant
stenoses (9 men, 3 women with an average age of 72 years)
underwent percutaneous transhepatic biliary drainage proce-
dures. One to 3 days prior to percutaneous intervention, an
unsuccessful attempt was made at endoscopic drainage. In 6
patients the drainage was placed under MRI guidance; 6
patients underwent conventional biliary drainage under
fluoroscopic control with the usual technique [13]. Thus
comparative data were obtained on procedure time, number
of punctures required, success in establishing drainage, and
acceptance of the procedures. Patients were randomly assigned
to one of the two groups. The study protocol was approved by
the institutional review board. One day prior to intervention the
patients gave their written informed consent. All interventions
were performed by an interventional radiologist (FKW) in
association with an gastroenterologist (SF).

MRI-guided interventions

The patients were placed in a supine position in an open-
configuration whole-body MRI system at 0.2 Tesla (Magnetom
Open, Siemens, Erlangen). Four patients were positioned with
the right side of the body toward the device opening; 2 patients
with the left side toward the opening. After generating a
localizer, a T1-weighted gradient echo sequence (FLASH, repeti-
tion time (TR) 220 ms, echo time (TE) 9 ms, flip angle 808, 128 �
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256 matrix, 8 mm slice thickness, 10 slices, 1 acquisition, 23 s
measurement time) was acquired in the axial plane using the
breath-hold technique. The planning of the MR-guided inter-
ventions was aided by MRC images, which were acquired in the
axial, coronal, and coronal oblique planes. With 5 s acquisition
time, the heavily T2 -weighted RARE sequence (effective TE:
1100 ms, echo interval 11.64 ms, 240 � 256 matrix, echo train
240,100 mm slice thickness) delivered projection images of the
dilated biliary system (Fig.1 a). Based on these images, the
optimal percutaneous access route was planned on the monitor
and visualized with a T2-weighted true FISP sequence (TR
12.5 ms, TE 5.9 ms, flip angle 808, 128 � 256 matrix, 8 mm slice
thickness,1 acquisition). Depending on the position and course
of the bile duct to be punctured, either the axial (n = 3), axial
oblique (n = 1), or coronal (n = 2) orientation was selected for
image control of the puncture. During continuous image
acquisition with an image update every 1.3 seconds, the
puncture point was located with a water-filled syringe. If
puncture was not possible in the initially selected plane,
adjacent slices were acquired or the slice orientation was
changed.

Prior to beginning the intervention, an antibiosis containing
ceftriaxone (2 g i.v., Rocephin�, Hoffmann-LaRoche, Grenzach)
was administered. MRI-guided percutaneous transhepatic

puncture and drainage were performed under local anesthesia
(10 ml lidocaine hydrochloride, B. Braun, Melsungen) and
sedation (2 ± 5 mg midazolam i. v., Dormicum�, Hoffmann-
LaRoche, Grenzach). In the first step a needle (18 G diameter,
Somatex, Berlin), passively visible in the MR images, was
advanced in the selected bile duct under continuous MRI
guidance using the true FISP sequence. Because the open MRI
was equipped with an additional control console (In-Room MR
Console, Siemens, Erlangen) in the magnet room, image
viewing and device guidance were possible while sitting next
to the patient. Successful MRI-guided puncture either led to a
spontaneous bile reflux or enabled bile aspiration. Subsequent-
ly we injected diluted paramagnetic contrast agent (Gd-DTPA,
2 mmol/l, Magnevist�, Schering, Berlin) into the bile ducts.
Following injection, a T1-weighted gradient echo sequence was
applied for monitoring (Fig.1 b); FLASH: TR 110 ms, TE 9 ms,
flip angle 808,128 � 256 matrix, 8 mm slice thickness, 5 slices,1
acquisition, 13 s measurement time). After documentation, a
guide wire of 0.035 inches in diameter was advanced through
the needle. We used a wire (prototype, Somatex, Berlin) made of
nitinol that induced no artifacts; however, it has a short
ferromagnetic case on its tipp that causes a susceptibility
artifact. Through the guide wire we inserted a catheter (proto-
type, Somatex, Berlin) that was completely visible in the MR
image due to its magnetite content. The catheter was advanced
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Fig. 1 Cholestasis patient with a central
metastasis of a colorectal carcinoma: (a)
The oblique coronal MR cholangiography
facilitates the determination of the optimal
access route for a percutaneous puncture
of the dilated bile ducts in the left liver lobe
(arrow). (b) Axial T1-weighted image
(FLASH sequence, 110/9 ms, 808) acquired
after puncturing and injecting diluted
paramagnetic contrast agent in the bile
ducts of the left liver lobe. The needle
(arrowhead) and the central tumor (T) are
easily visualized. (c ± d): Extracts from the
continuously acquired (every 1.3 s) T2-
weighted image series (true FISP sequence,
12.5/5.9 ms, 808) that controls guidewire
insertion and catheter advancement. Arti-
fact due to field inhomogneities (A). (c)
Catheter tipp in the bile duct of the left liver
lobe, wire tipp (arrow) within the catheter
(arrowhead). (d) tipp of the guidewire
(arrow) and catheter in the central bile
ducts, (e) Conventional cholangiography
acquired after MRI-guided catheter inser-
tion. Compression of the proximal com-
mon bile duct, contrast agent within the
dilated bile ducts of the left liver lobe
(arrow), the distal common bile duct (B),
and the duodenum.
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during continuous image acquisition using the true FISP
sequence (Fig.1 c ± d). After safe catheter positioning in the
bile ducts, in all patients three attempts were made to advance
the guide wire and catheter past the obstruction under MRI
control. The final catheter position was documented with the
above-mentioned FLASH sequence. After experiment comple-
tion in MRI, catheter position in all patients was fluoroscopi-
cally controlled by injecting a radiocontrast agent (Imeron 300,
Byk-Gulden, Konstanz) (Fig.1 e). Under fluoroscopy, three
further attempts were made to pass the biliary obstruction.

Evaluation

The time duration of the interventions was determined. The
total procedure time was measured, beginning with the initial
puncture-needle contact with the patient�s skin and ending
with final catheter placement. Within this total time period,
puncture duration itself was measured, beginning with the
initial contact of the puncture needle with the patient�s skin and
ending with evidence of bile reflux; puncture including wire
insertion ended with guide-wire visualization in the contrast-
enhanced bile ducts. The procedure time of catheter manipula-
tions was measured from the first insertion of the catheter to its
final placement including the three attempts to pass the
obstruction. Additionally, for the MRI-guided interventions,
we measured the time duration of the pre-interventional
imaging including target-plane determination, beginning with
localizer acquisition and ending with visualization and mar-
king of the puncture location on the skin. All patients filled out a
questionnaire 48 h after intervention regarding their subjective
experience of the intervention. Complications occurring up to
48 h after intervention were recorded as being intervention
related.

Results

The MRC which visualized the dilated first and second order bile
ducts, and the T1-weighted axial tomographs facilitated
planning of the percutaneous access to the biliary tract in all
patients (Fig.1 a).

The near-real-time visualization aided by the T2-weighted true
FISP sequence allowed the successful puncture of the dilated
bile ducts in three patients in the first attempt; in two patients a
second and in one a third puncture attempt had to be made after
retracting the needle, because the initial puncture attempts
failed. The average time needed for the MRI-guided punctures
was 164 � 139 s. The image quality of the true FISP sequence was
somewhat reduced by inhomogeneity artifacts (Abb.1c); this
interfered with the correct positioning of the needle and
catheter in one patient. To position the catheter in bile ducts
whose curved anatomy deviated from the image plane,
continuous acquisition of 3 slices was necessary, which were
modified to follow the course of the bile ducts in order to track
the catheter without interruption. The catheter tipp could be
delimited due to its Cobra configuration (Fig.1 c) and clearly
localized once the guide wire was inserted (Fig.1 d). The time
duration for the MRI-guided catheter manipulations varied
considerably from 10:56 min. to 29:20 min. (average 20:12 �
6:13 min.) depending on the given anatomy. The final catheter
position was precisely visualized in all cases by MRI in
comparison with the results obtained by fluoroscopy (Fig.1
d, e). Under MR guidance, wire or catheter passing of the

obstruction was unsuccessful in all patients; immediate
attempts at passage under fluoroscopy led to success in one
patient.

Fluoroscopy-guided puncture was successful in 1 patient on the
first attempt, in 3 patients on the second attempt, and in one
patient each on the third and fifth attempts. In 2 patients the
obstruction could be passed. The other patients received an
external drainage. The average time duration for puncture and
catheter manipulation is shown in Table 1.

Patient acceptance was higher for the fluoroscopic procedure
than for the MR-guided interventions. According to the the
questionnaire, the longer mean intervention time of the MRI
procedures was primarily responsible for this result. There
were no serious complications requiring intensive medical
attention in the two groups.

Discussion

MRI allows a precise, non-invasive planning of a biliary
intervention based on MRC in an open low field system
[7, 8,11]. Moreover, the technique of susceptibility-based
needle and catheter tracking introduced here facilitated the
targeted puncture of the bile ducts under MRI control in an
open MR system; external bile drainage was successful in all
patients. Passing the obstructions failed in all of our patients.
This might be accomplished given further mechanical improve-
ments, especially of the guide wire. It should be noted that,
directly after MRI-guided catheter placement, passing the
central obstruction under fluoroscopy succeeded in only one
patient.

Clinical application of the methods introduced here appears
useful in cases requiring high accuracy because MRC facilitates
optimal planning and the patient does not have to be
repositioned for the targeted puncture and the external
drainage procedure. Indeed, the puncture time in the present
study was even faster than under fluoroscopic guidance.
Furthermore, the frequently high radiation exposure of the
examiner�s hands associated with fluoroscopy-guided biliary
interventions is avoided [14,15].

Catheter tracking under MRI control also showed acceptable
results due to the use of a catheter prototype whose material
composition makes it visible in the MR image. This catheter
obviates the application of MRI-visible markers [9] as well as a
wire incorporated into the catheter that emits a direct artifact-
inducing current [12]. Thus both the mechanical and biological

Table 1: Average time required for biliary tract drainage (n = 12). The
total time includes puncture, catheter manipulation, and bile-duct
visualization.

Bile duct drainage

MRC and localization 10:47 � 2:35 min.
Puncture 2:44 � 2:19 min. 3:31 � 1:58 min.
contrast injection and

guide-wire insertion
8:02 � 2:03 min. 4:53 � 2:43 min.

catheter manipulation 20:12 � 6:13 min. 10:53 � 3:55 min.
total 46:08 � 10:21 min. 21:48 � 8:33 min.
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properties of the catheter prototype used in this study are not
different from conventional angiography catheters. Catheters
and guide wires are designed to induce a relatively large artifact
which ensured distinct device visualization. To avoid signal
interference of the wall structures [11], the artifact width can be
modified to the given situation by changing the measurement
sequences [9], or by using various catheters and guide wires
producing different artifacts, although this was not necessary in
our experiments. Combining the catheter with the guide wire,
the former completely visible in the MR image and the latter
visible only at its tip, proved efficacious. Similar catheter-wire
combinations have also been introduced in angiography.

A substantial drawback of the MR-guided interventions ±
especially the susceptibility based catheter tracking ± was their
duration, which the patients also considered to be long. Despite
the relatively straight course of the biliary tract, slice orienta-
tion usually has to be modified several times to the anatomic
situation. However, changing a given sequence parameter in
our open MR system (e.g., slice orientation, number of slices,
slice position) currently necessitates a complete reloading of
the sequence. This considerably delays visualization. It also
makes the monitoring of the guide wire and of catheter
manipulations much more complicated and longer than is the
case under fluoroscopy.

The disadvantages of susceptibility-based visualization may
possibly be overcome by using active instrumentation tracking.
This technique, however, requires extensive hard- and software
modifications of the MRI [3, 7] and the use of active visualiza-
tion with roadmapping may be very difficult in cases of target
organs that shift during breathing, such as the liver. Here, near-
real-time imaging is needed in addition to active tracking. With
the image repetition rate of 1.3 seconds achieved in this study,
at least 10 images per breath-hold were acquired; in the coronal
orientation of the control planes the needle could be visualized
in the target plane in each image even in cases of incomplete
breath-hold. Nevertheless, the temporal resolution achieved up
to now cannot yet compare with radiologic visualization, which
was particularly clear when tracking the catheter.

In conclusion susceptibility-based MR visualization has the
significant advantage of being applicable in every open MRI
scanner without needing expensive device modifications. The
method introduced here must be improved by further develop-
ing the instrumentation, by accelerating image acquisition, and
by further modifying the MR system to the intervention
requirements. It remains to be seen whether this simple and
technically robust technique can be used for performing more
complex MRI-guided endovascular interventions such as TIPS
or tumor embolizations.
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