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Abstract. With the growing use of breast MRI an in-
creasing need exists for reliable MR-guided preoper-
ative localisation or even MR-guided needle biopsy.
In this article an overview is given of the different ap-
proaches and the present state of the art. With closed
magnets the following approaches have been made:
freehand localisation (similar to CT-guided freehand
localisation), and freehand localisation combined
with a frameless stereotaxic system operating with
support by ultrasound. One localisation device for su-
pine localisation and a thermoplastic mesh for breast
stabilisation have been reported. Most investigators
have used compression devices to immobilise the
breast and prevent shift during needle insertion.
Thus far, one immobilisation and aiming device has
been designed for open magnets. A small number of
experiences exist with interventions on open MR
units using a navigation system. Wire localisations
are presently a well-established procedure. Magnet-
ic-resonance-guided needle biopsy has been accom-
plished in closed systems as well as by the use of
breast immobilisation devices. However, problems
still exist due to severe needle artefacts, tissue shift
during the intervention and fast equalisation of con-
trast enhancement in lesions with surrounding tissue.
Therefore, needle biopsy is not recommended for le-
sions < 10 mm. Magnetic-resonance-guided vacuum
biopsy is somewhat more invasive but promises to
solve most of these problems.
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Introduction

Contrast-enhanced breast MRI has proved to be a use-
ful additional tool for the solution of selected problems.
Well-accepted indications meanwhile include preopera-
tive staging before breast-conserving therapy in patients
with difficult-to-assess breast tissue, complimentary
evaluation of diagnostically difficult breast tissue after
breast conserving therapy or silicon implant or search
for primary tumour. Furthermore, its use in women at
genetic risk is presently under investigation. The major
advantage of contrast-enhanced MRI concerns the fact
that it has proven able to detect small lesions not yet vis-
ible by other modalities in a relevant number of cases;
the latter depends on the indication and ranges from
10-39 % [1].

This advantage of MRI, however, turns out to simul-
taneously be a drawback, unless the question of MR-
guided preoperative localisation or MR-guided percuta-
neous biopsy can be solved for the users of breast MRI
and their referring physicians. Exact preoperative nee-
dle or wire localisation is important, since small MR-de-
tected lesions are usually nonpalpable and thus difficult
to find for the surgeon during operation and for the pa-
thologist. Since enhancement cannot be reproduced on
specimens, a reliable countercheck by specimen MR is
not possible [2].

According to our own and other investigators’ expe-
rience the rate of benign to malignant biopsies among
MR-detected lesions ranges between 1:1 to approxi-
mately 3:1 depending on the diagnostic criteria and the
desired sensitivity [2, 3,4, 5,6, 7, 8,9, 10, 11, 12]. These
results are comparable to the results of conventional im-
aging without use of percutaneous biopsy.

Since MRI is applied in addition to conventional im-
aging, however, reduction of open biopsies on MR-de-
tected benign lesions is desirable. Furthermore, a defin-
itive preoperative histologically confirmed diagnosis of
malignancy would, particularly in case of MR-detected
second foci, be important for planning of the surgical ac-
cess.
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In this article an overview is given about the present
state of MR-guided preoperative localisation and percu-
taneous biopsy.

Materials, methods and results

Localisation procedures for preoperative marking,
percutaneous biopsy and other interventions with closed
magnets

Closed magnets are by far the most widely used type of
MR units. For reasons of image quality they are the
only magnets thus far accepted for diagnostic breast
MRI.

On these magnets localisation procedures for preop-
erative marking or percutaneous biopsy have been per-
formed using the following:

1. MR-guided freehand localisation [3, 4, 5, 6], which
is similar to freehand localisation under CT guidance
3, 7]

2. Stereotaxic localisation in supine patient position by
means of a surface coil with an integrated perforated
plate [2, 8]

3. Prone localisation of the compressed breast through
perforated compression plates, through compression
plates with a window or through compression plates
that consist of flexible ribs [9, 10, 11, 12]

Freehand localisation (for preoperative marking or
percutaneous biopsy)

Freehand localisation of enhancing breast lesions is per-
formed similarly to freehand localisation of enhancing
lesions under CT guidance [3], i.e. the breast is imaged
before and after the application of intravenous contrast
agent. A skin marker — optimally a tube filled with a so-
lution of MR contrast agent that is attached to the
breast parallel to the body axis — is needed to plan the
access. Furthermore, a reference transverse slice should
be marked, for example, by a vitamin-E capsule. The
transverse slice containing the lesion is a slice that is x
millimetres above or below the slice containing the vita-
min-E capsule. This is necessary, since no other fixed co-
ordinates exist within the MR systems that are identical
on the MR image and on the patient’s body.

The marker tube is visible as a dot on the skin on all
transverse slices.

Based on the transverse slice of the lesion the point
and angle of needle entry is chosen so that the needle
hits the lesion and so that its path is as parallel to the
chest wall as possible. This serves to avoid potential in-
jury to the chest wall which might occur while penetrat-
ing very rigid tissue.

Freehand localisation has thus far been performed
with the body coil or, better, with a surface coil attached
to the breast [3, 4, 5, 6, 7].

Advantages of this approach compared with CT-
guided biopsy of enhancing lesion include:
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1. Exclusion of any error due to pathophysiological dif-
ferences between enhancement on MR vs CT

2. Use of the more intense signal changes of MR-con-
trast agent vs CT contrast agent

3. Lower risk of side effects (allergy or potential side ef-
fects due to hyperthyroidism or impaired renal function)
4. No associated radiation dose (which includes the con-
tralateral breast and is at least ten times higher than that
of mammography)

Disadvantages of MR-guided freehand localisation con-
cern:

1. Long examination time exceeding CT examination
time by at least 50 % according to our experience. Here
it should be remembered that later than 5-15 min after
injection lesion visibility deteriorates significantly due
to wash-out of contrast medium from the lesion and
due to slowly increasing uptake by surrounding tissues.

2. Increased artefacts on all MR images (3D or 2D) that
are not acquired during one breathhold. On spiral CT, in
contrast, the complete breast can be imaged during one
breathhold with the required resolution and slice thick-
ness. Two-dimensional breathhold MR sequences may
be useful during the intervention. For the overview
pre- and postcontrast series, however, these sequences
have limitations concerning in-plane resolution, slice
thickness or number of slices acquired. If small lesions
need to be imaged, partial volume and respiratory mis-
registration pose a problem with the latter sequences.

Thus far, several authors have used freehand localisa-
tion for preoperative marking. Based on the published
experience of approximately 100 patients MR-guided
freehand preoperative needle localisation can be con-
sidered feasible, i.e. wire placement within 10 mm of
the target is considered feasible after one to several cor-
rective manipulations [4, 5, 6]. Our own experience with
MR-guided freehand localisation is limited to approxi-
mately 25 cases. Based on the above-described prob-
lems we switched from MR-guided freehand localisa-
tion to CT-guided freehand localisation. The CT-guided
freehand localisation was performed by us until a breast
biopsy coil had become routinely available in 130 le-
sions [7]. Eighty-five of these procedures were perform-
ed for preoperative marking, and in 45 lesions a CT-
guided percutaneous breast biopsy was performed. The
results of CT-guided percutaneous marking were com-
parable with those of MR-guided marking: wire place-
ment within 1 cm of the lesion was possible in all cases.
Despite correct wire placement, two lesions were not re-
moved at surgery. In 6 of 45 CT-guided percutaneous
breast biopsies, however, histological findings did not
agree with imaging.

Based on published experiences [2, 3, 4, 5, 6, 7] it can
be concluded that CT- or MR-guided freehand preoper-
ative marking is feasible. If no other so-called breast bi-
opsy device is available for preoperative marking, this
procedure should be performed, since without any pre-
operative marking no certainty concerning correct exci-
sion of an MR-detected lesion is possible; however, free-



38

hand localisation cannot be recommended for percuta-
neous biopsy.

Stereotaxic localisation in supine patient position

There exists one device which allows stereotaxic supine
localisation. Its improved version [2, 8] consists of two
angulated plates which are filled with a solution of
MR contrast agent and which are perforated by multi-
ple holes that are arranged in columns and lines at reg-
ular distances. The holes cross the plates perpendicu-
larly and allow needle insertion through the plate.
They are visible on transverse MR images as dark lines
that penetrate the thickness of the medial and lateral
plate, whereas the solution within the plates that sur-
rounds the holes is imaged with bright signal intensity
(Fig.1).

The two plates are pressed against the breast in
question in such a way, that one plate sits on the medi-
al quadrants and the other plate sits on the lateral
quadrants of the breast. Thus, shift of breast tissue
with relation to the plate is reduced while respiratory
motion still occurs. The angulation of the two plates
serves to reduce dead space behind the nipple, since
needle insertion through the nipple or areola has to
be avoided.

The advantages of this system concern low costs and
simple application. Disadvantages concern artefacts
and blurring due to respiratory motion and the direction
of needle insertion towards the chest wall.

Fischer et al. reported use of his device for preopera-
tive marking of 132 MR-detected lesions and for 35 per-
cutaneous needle biopsies [2]. They reported correct
wire placement in all 132 lesions, but the surgeon did
not succeed in excising 3 of 132 lesions. These patients
had to undergo a second surgery. The 35 percutaneous
biopsies which they reported consisted of 31 fine-needle
aspirations (FNA) with insufficient material in 3 cases
and 4 core biopsies. They, however, do not recommend
any histological work-up of lesions < 5 mm, surgical bi-
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Fig.1. The biopsy device devel-
oped by Fischer and Doler is
shown. a The device consists of
two angulated plates which are
surrounded by a surface ring coil.
The compression plates contain a
Gd-DTPA solution and are per-
forated by holes which allow
needle insertion through the
plates. b Needle insertion at the
lateral margin of the medial plate
is shown. The solution within
each compression plate is visible
as bright signal between the dark
straight channels, through which
needle insertion is possible. Note
the large artefact caused by an
MR-compatible needle. (Images
provided by U. Fischer)

opsy after wire localisation only for highly suspicious le-
sions of larger than 5 mm and percutaneous biopsy only
for lesions > 10 mm.

The device is not commercially available but may be
rebuilt, since it is not patented (U. Fischer, pers. com-
mun.)

Localisation of the fixed breast in prone or lateral
decubitus patient position

Magnetic-resonance-guided localisation in the prone
position has the advantage of reduced respiratory mo-
tion. Breast fixation has been attempted by using a
mesh that serves as an exoskeleton or by using breast
compression between two plates.

First use of a thermoplastic mesh was described by de
Souza et al. [13]. Such a mesh is rendered deformable by
heating in a water bath of 70-80°. According to de Sou-
za et al. the mesh is stretched and then moulded around
the breast. After hardening it serves as an exoskeleton
around the breast. The mesh is then attached both to
the patient’s chest wall and to a localisation device.
The localisation procedures by de Souza et al. [13]
were performed in the lateral decubitus position. A re-
ceiver coil was positioned underneath the breast and
the needle was guided using an ultrasound-based frame-
less stereotaxic system (Viewpoint, Picker Internation-
al, Ohio). For the localisation fiducial markers, which
are visualised by ultrasound and MR, are attached to
the breast. A computer, which is fed with the lesion’s
MR coordinates with respect to the fiducial markers
and which analyses needle position by ultrasound sig-
nals obtained from the handle of the needle, is able to
calculate the anticipated position of the needle tip with-
in the breast, presuming that no tissue shift or motion
occurs during the procedure.

A thermoplastic mesh was also used by Daniel et al.
[14] who described 14 freehand localisation proce-
dures, which they performed with a closed magnet
(Fig.2).
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Fig.2. Use of a thermoplastic mesh for MR-guided freehand local-
isation of a breast lesion on an open 0.5-T MR unit. (From [14]),
[Coil: MRI-devices, Waukesha, Wisconsin, USA]

In the publication by de Souza et al. [13] MR-guided
localisation was performed in order to obtain FNA cy-
tology. Technically correct needle placement within
2 mm from the lesion at first pass was reported in 8 of 9
patients. Material was inadequate in 2 of 8 cases. The
publication by Daniel et al. [14] reports on 14 preopera-
tive localisation procedures for which a thermoplastic
mesh was used to support freehand localisation in the
prone position. With this technique localisation within
9 mm from the target was reported using up to three ma-
nipulations for correction.

Another localisation device, which allows to hit a tar-
get through perforations of a guidance plate has been
suggested for localisation of breast lesions in 1993 by
Hussman [15]. However, with this device the problem
of breast fixation was not yet solved, and thus far no fur-
ther development or clinical application of the device
has been reported.

Magnetic-resonance-guided localisation of breast le-
sions in the prone or lateral decubitus position using
perforated compression plates with needle insertion
through the compression plates was patented by Hey-
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wang-Kobrunner in 1992. It is based on the following
principle (Fig.3):

The patient usually lies prone on the compression de-
vice and the breast is compressed between two compres-
sion plates. This position is maintained throughout the
procedure.

First the lesion is imaged before and after contrast
agent. If mediolateral compression is used, transverse
images would be best suited to plan the access to the le-
sion. Markers that are attached to the outside of the
compression plate serve to plan the access to the lesion
based on the transverse images.

Prone localisation of the compressed breast has the
following advantages:

1. Good elimination of artefacts or blurring due to de-
creased respiratory motion in the prone position and
breast compression between two plates

2. Improved fixation of the breast tissue during needle
insertion, which may be essential particularly within
dense breast tissue

A principal disadvantage of MR localisation during
breast compression concerns the fact that strong com-
pression may impair lesion enhancement. This disad-
vantage has been observed by several groups and has
been analysed in a separate study by Kuhl in 1997 [16].
This disadvantage can, however, be circumvented if
moderate compression is used. If a lesion enhanced on
a previous MRI but not during a localisation procedure
under compression, we meanwhile routinely re-image
the breast after decompression and re-injection of an-
other bolus of contrast agent. That way absence of en-
hancement due to too strong (i.e. not moderate) com-
pression (which we observed twice in over 150 patients)
can definitely be distinguished from enhancement that
varies with hormonal changes.

The first prototype coil by Heywang-Kobrunner
based on the aforementioned patent was a device for
prone biopsy [9]. A biopsy device for biopsy in the lateral
decubitus position was not pursued by Heywang-Ko-
brunner because of anticipated space problems in the
magnet for larger patients. Heywang-Kobrunner’s first

Fig.3. a The concept of the
first breast localisation de-
vice by Heywang-Kobrun-
ner is demonstrated. b The
localisation device is shown.
In the bottom of the device
several tubes with Gd-
DTPA solution are con-
tained. Both compression
plates are perforated by nu-
merous closely packed
holes, which accept bush-
ings for needle sizes up to 16
G
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biopsy coil allowed horizontal access to the compressed
breast from medially or laterally through the plastic com-
pression plates that were perforated with multiple hori-
zontal holes. For reasons of sterility the holes were large
enough to accept a sterile tube-like bushing through
which needles up to 16-G could be inserted into the
breast, and which guided the needle in a direction that is
exactly rectangular to the compression plate.

Two other similar kinds of equipment, one of which
also uses perforated compression plates with bushings
[10], have been built and tested. The other equipment
allows horizontal needle guidance through a fenestrated
compression plate by use of an aiming device [11].

Compared to the systems by Heywang-Kobrunner
[9, 12] and Orel [11], the system used by Kuhl [10] al-
lows compression of the breast in the mediolateral or
craniocaudal direction. Furthermore the patient lies in
slightly tilted oblique prone position. This position
avoids conflicts with the edge of the curved patient table
in case of a strictly horizontal needle path, but reduces
the space within the bore.

The systems by Kuhl and Orel [10, 11] only allow a
lateral approach to the breast, while the initial (see
above) and the new system (see below) by Heywang-
Kobrunner allow a lateral and a medial approach to
the breast.

General disadvantages of systems using perforated
compression plates include the fact that small lesions
may be exactly in the area that is inaccessible between
the holes. This problem of accuracy due to spacing of
the holes is generally minor, if preoperative needle lo-
calisation of MR-detected lesions is performed. It may,
however, be decisive, if percutaneous needle biopsy of
a small lesion is attempted (see below). Another prob-
lem concerns aspects of sterility of perforated plates.

Based on the known disadvantages a new prototype
localisation and biopsy coil has been built by Hey-
wang-Kobrunner with the support of Siemens Erlan-
gen and Epoxonic. The new coil allows mediolateral
compression of the breast by two independently mov-
able compression plates. It allows medial or lateral ac-
cess to the breast. Different needle angulations are
possible. They allow to circumvent the above men-
tioned problems which concern interference of the
edge of the curved patient table with a horizontal nee-
dle approach to lesions close to the nipple. Further-
more the angulated approach allows needle insertion
parallel to the chest wall, which excludes the danger
of chest wall injury. Since the compression plates con-
sist of flexible ribs, which can be spread apart, there is
no dead space between the holes. Access through the
plates is possible with any needle size or other equip-
ment (Fig.4a, b).

Thus far, good experiences have been reported for
MR-guided preoperative wire placements performed
on localisation devices that allow breast compression.
The experiences are meanwhile based on over 200 pro-
cedures on MR-detected lesions of any size [9, 10,
11,12]. However, experience with MR-guided biopsies
using FNA or core biopsy has even with these devices
remained quite limited. That is, the experiences repor-
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ted by different investigators do not exceed 30 cases [9,
10, 11,17] and most investigators agree that even with
devices that allow good immobilisation by means of
compression- percutaneous needle biopsy of small le-
sions ( < 1 cm) is a difficult procedure that cannot gener-
ally be recommended.

With the new device developed by Heywang-Ko-
brunner (Siemens, Erlangen, Germany; Epoxonic, Mu-
nich, Germany) MR-guided vacuum biopsy has become
possible under MR-guidance (Fig.4c—f) [12]. In contrast
to conventional core biopsy, tissue is suctioned into the
needle through an acquisition window at the side of the
needle. This tissue core is then cut off within the needle
by a rotating knife and transported to the back end of
the needle, where it is picked off by a forceps while the
needle continuously stays in the lesion [18]. By repeat-
ing this process and turning the needle around its axis
multiple tissue cores are acquired and an area of tissue
measuring up to 15 x 15 x20 mm is removed from in-
side. That way tissue shift as well as errors of a few milli-
metres are well compensated for. Furthermore, sam-
pling error can almost be excluded. The fact that the
cavity is generally well visible on the post-biopsy im-
ages, where partial or complete absence of enhance-
ment may be documented by another pre- and postcon-
trast series, allows verification of correct sampling,
which is another important advantage.

Our present experiences comprise MR-guided vacu-
um biopsies on more than 120 lesions with a mean size
of 8.5 mm. Successful biopsy has so far been possible in
all cases except one, where a technical problem with
suction occurred. Follow-up of 6-24 months has so far
confirmed the diagnoses. The device is presently tested
by other investigators, as well, and it is further optimis-
ed in a EC multicentre trial (Biomed 2 program).

Localisation and intervention on open magnets

Open magnets are not as widely distributed as closed
magnets. They are not used for diagnostic breast imag-
ing for reasons of image quality.

Despite image-quality problems on all open magnets,
their use for localisation and interventions appears to be
of interest, since they allow direct access to the breast
during imaging and thus promise improved monitoring
capabilities during puncture or intervention.

Based on the two different open MR systems, on
which breast interventions have been performed, differ-
ent approaches have been described.

The 0.5-T magnet, which presently is by far the most
expensive clinical MR system, is equipped with a navi-
gation tracker system. Based on infrared receivers in
the MR room angulation of the needle is continuously
monitored and imaging in the plane of needle insertion
is automatically updated every 4 s. This system has thus
far been used for preoperative needle localisation in 5
patients [14] and for monitoring surgery of known be-
nign palpable lesions [19]. Whether image quality would
be sufficient for intervention on small lesions and
whether small lesions can be hit by a freehand method
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Fig.4. aThe new breast biopsy device by Heywang-K&brunner
(Siemens, Erlangen) is shown. It consists of a compression device,
into which a ringcoil (R) is inserted, and an aiming device, which
supports needles, biopsy guns and other interventional devices,
and which can be set at variable angulations. b An MR-guided
vacuum biopsy procedure is shown. In this case the vacuum needle
was inserted into the breast through a prototype hard-plastic tube
(T) which had been inserted by means of a sharp mandril. Since
the hard-plastic tube is nonmetallic, it does not cause an artefact.

c—f Magnetic-resonance-guided vacuum biopsy of an enhancing
breast lesion. Histology revealed DCIS with microinvasion. d Sub-
traction image (postcontrast minus precontrast) of the compressed
breast before vacuum biopsy. e Planning of the access on the post-
contrast image before vacuum biopsy. f Correct position of the
substitute needle (which was used instead of a coaxial system in
this patient). g Postcontrast image obtained after a second bolus
of Gd-DTPA after vacuum biopsy: the major part of the lesion is
removed. The cavity is well seen



4

Fig.5. The localisation device developed by Sittek et al. [21] for
use in an open 0.2-T magnet is shown. The large ring contains a sur-
face coil

during the short time period of visible enhancement
cannot yet be assessed.

The 0.2-T magnet is by far less costly than the 0.5-T
open magnet. Since a navigation system is presently be-
ing developed but has not yet been used clinically, al-
most real-time monitoring of needle insertion is only
possible if the needle follows a predetermined imaging
plane, which in case of prone breast intervention would
in most cases be the transverse imaging plane.

For this MR unit a breast localisation device has
been presented by Sittek et al. [20]. It allows breast in-
tervention in the slightly oblique prone position. During
the intervention the breast is moderately fixed from me-
dially by the edge of the oblique patient support and
from laterally by a ring, which is attached to the patient
table and which contains a surface coil (Fig.5). In order
to achieve an image quality comparable to that of high-
field systems (where Sittek et al. used a dosage of
0.1 mmol Gd-DTPA/kg), a triple dosage of MR contrast
agent (0.3 mmol Gd-DTPA/kg) was applied. Latest re-
sults reported by Sittek et al. [21] include 32 successful
preoperative marking procedures (accuracy 5 mm) and
six percutaneous needle biopsies using 16-G TruCut bi-
opsy needles.

Other breast interventions, for which, however, tem-
perature monitoring may be more important than exact
localisation of small lesions, concern MR-guided laser
therapies [22]. They have thus far been successfully per-
formed on the aforementioned 0.2-T system using free-
hand localisation.

Pulse sequences for MR-guided breast interventions

In principle, the following purposes need to be fulfilled
for breast interventions:

1. For lesion detection and localisation, which is neces-
sary to plan the approach, a complete overview of the
breast tissue before and after contrast agent in the biop-

S.H.Heywang-Kobrunner et al.: Interventional MRI of the breast

sy position is needed. High resolution and thin slices are
furthermore needed for accurate measurements. Very
high resolution, however, leads to decreased contrast.
Therefore, we meanwhile recommend use of a pixel
size of 1-1.5 mm and a slice thickness of 2-3 mm, which
may be combined with a dosage of 0.1-0.15 mmol Gd-
DTPA/kg. These requirements are usually best fulfilled
if 3D gradient-echo sequences with and without image
subtraction or with fat saturation are used.

2. For checking needle position fast imaging of a re-
duced number of slices is sufficient. Choice of a pulse se-
quence that images the needle or biopsy instrument
with the least possible amount of artefacts is important.
For this reason we recommend T1-weighted SE or TSE
sequences, which image five to seven slices around the
lesion.

Available localisation and biopsy materials
Materials for preoperative localisation

Initially, a solution consisting of 1-1.5 ml sterile char-
coal suspension 4% mixed with 0.1 ml Gd-DTPA
0.5 mmol/ml and 0.1 ml methylene-blue was used [3].
Although this was the cheapest way, it was not further
pursued, since charcoal tends to occlude needles and
since exact distribution of any solution within breast tis-
sue is difficult to predict.

Meanwhile wires have replaced marking solutions
for most imaging-guided preoperative localisation pro-
cedures of the breast and various MR-compatible wires
of different shapes are available from different vendors
[2]. Since the wires are very thin, artefacts caused by
these wires do not generally pose a problem.

Materials for MR-guided percutaneous biopsy

Various types of MR-compatible needles useful for MR-
guided FNA are already commercially available. Thus
far, only few authors have used MR-guided FNA cytolo-
gy of breast lesions [2, 13]. In this limited experience
thus far correct diagnoses have been reported in 28 of
31 or 6 of 8 lesions. Insufficient material was reported
in 3 of 31 or 2 of 8 lesions. Since cytology needles are
very thin and have an oblique tip, strong needle devia-
tions may occur in dense breast tissue, which may inter-
fere with sampling of small MR-detected lesions. Fur-
thermore, FNA requires an extremely high level of
quality assurance of cytology. Acquisition of insufficient
material is a well-known problem of FNA. For these
reasons and because MR-guided localisation generally
is a very complicated and expensive procedure, where
successful sampling should be guaranteed, we have de-
cided against MR-guided cytology.

For MR-guided percutaneous core biopsy MR-com-
patible biopsy needles at 18, 16 or 14 G are available
from different vendors. Even though 14-G needles
(measuring 2 mm in diameter) are generally recom-
mended for percutaneous biopsy of breast lesions [23],
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mostly smaller sizes have been used for MR-guided per-
cutaneous needle biopsies under MR guidance. Needles
for MR-guided core biopsies, however, have two major
disadvantages: Firstly, MR-compatible needles are obvi-
ously not as sharp as regular steel needles. The second
problem concerns the fact that depending on their diam-
eter they cause strong artefacts. Even though it is known
that the expression of the artefact does depend on nee-
dle orientation, it is mostly not possible to change the
approach accordingly, since needle orientation is often
predetermined by the limited possibilities of patient po-
sitioning and space within the magnet.

The problem of needle artefact is twofold [24]: On the
one hand the needle causes a signal void, which, depend-
ing on needle orientation and on the nonmagnetic mate-
rial used, may range between three to nine times the nee-
dle diameter. This signal void may completely obscure
small lesions and does not allow to exactly predict the
needle tip. On the other hand, the distortion of the mag-
netic field due to the needle leads to a shift of the needle
artefact by up to five times the needle diameter.

All of these problems are aggravated by the necessity
of using large needle sizes and by the small size of most
lesions that are only visible on MRI.

Even though use of a nonmetallic (hard-plastic) co-
axial system might solve the problems with artefacts, to
our knowledge no such system is presently available on
the market. Such a prototype system has been used by
us on the first patients who underwent MR-guided vacu-
um biopsy at our institution (Fig.4b). Unfortunately,
the coaxial system, which consisted of a hard-plastic
tube and an MR-compatible mandril that was removed
after correct tube insertion, was too expensive. Further-
more, insertion of the hard-plastic tube was more pain-
ful than the remaining procedure.

Presently, for MR-guided vacuum biopsy first an
MR-compatible substitute needle is inserted which, ex-
cept for its much thinner diameter, is identical to the
Mammotome needle. After correct positioning within
the breast has been verified, this substitute needle is re-
placed by the vacuum needle. This is possible by ex-
changing this needle against the Mammotome without
changing the position of the aiming device. This ex-
change has thus far allowed to check correct dummy
needle position with only small artefacts in the image
[25]. Since the thick vacuum needles are exclusively
used outside the magnet, they need not be made of
MR-compatible material. The latter is advantageous
for improved cutting, reasons of costs and availability.

Discussion

Histological work-up of MR-detected breast lesions has
become an issue of increasing importance. Exact preop-
erative localisation or reliable percutaneous biopsy are
necessary to both detect small malignant foci that are
just MR visible or to histologically verify benignity of
enhancing MR-detected lesions.

Preoperative marking of MR-detected lesions is pos-
sible by practically any of the methods mentioned here-
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in. Best results and the least number of needle manipu-
lations have been reported for those procedures in
which the breast could at least partly be immobilised
during puncture [8, 9, 10, 11, 12, 13, 14]. Potential prob-
lems of too strong compression are known and can be
avoided [16]. The lowest possible number of manipula-
tions is important not only to decrease imaging time
and reduce discomfort for the patient. It is also neces-
sary for reliable lesion visualisation, since with increas-
ing time after contrast injection lesion visibility decreas-
es.

Whatever procedure is used, preoperative marking
of lesions that are only visible on MRI must be request-
ed. Accuracy should be as good as possible, and wire
placement should be no worse than 10 mm of the target.
These strict requirements are needed for the following
reasons:

1. Since lesions that are visible on MRI alone are gener-
ally nonpalpable, they are difficult or even impossible to
detect for the surgeon and for the pathologist in situ
who needs to select areas for staining within the speci-
men. Accurate marking thus is an important prerequi-
site which is necessary to detect the lesion and to limit
the tissue volume of diagnostic excision.

2. Since neither specimen MR nor specimen radiogra-
phy or ultrasound allow verification of lesion excision
with a sufficient degree of reliability [2], the best possi-
ble accuracy of localisation should be attempted.

Despite exact preoperative localisation, unsuccessful di-
agnostic excision may occur and has also been experi-
enced after MR-guided wire localisations [2, 7, 10].
These errors are known to occur in 2-5 % of nonpalpa-
ble lesions after mammographic wire localisation as
well and are probably mostly due to wire displacement
before or during surgery. Considering the described dif-
ficulties we agree with other authors that if any discrep-
ancy exists between the histological result and the ex-
pected lesion based on imaging, a repeat MR must be
recommended. The repeat MR should be performed as
early after surgery as possible to avoid disturbing en-
hancement due to granulation tissue [2, 26].

Compared with surgery after preoperative marking
for suitable cases, percutaneous biopsy promises the fol-
lowing advantages:

1. Provided a sufficient reliability can be achieved, open
biopsy may be avoided for a significant number of be-
nign enhancing lesions. This would concern approxi-
mately 75 % of the lesions that are visible only on MRI.
Of course, such work-up is only acceptable if a suffi-
ciently reliable and reproducible procedure exists and
if in the individual case the histological result is compat-
ible with the imaging findings. Magnetic-resonance-
guided percutaneous biopsy could then help to save
costs and unnecessary surgery and could enable the ra-
diologist to immediately solve those problems that
have been created by imaging. Since surgery after MR-
guided wire localisation requires additional organisa-
tional efforts and is — due to the lacking usefulness of
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specimen MR - still thought to be associated with more
uncertainties than other localisation procedures, clini-
cians are generally willing to support such work-up.

2. Since particularly in case of a suspected secondary fo-
cus percutaneous MR-guided biopsy could allow preop-
erative verification, therapy planning can be improved.
Since frozen sections are not considered adequate for
nonpalpable lesions, preoperative therapy planning
cannot be definitive if a questionable second focus un-
dergoes diagnostic biopsy during surgery of the first le-
sion.

3. Percutaneous MR-guided biopsy can be performed
on an outpatient basis in specialised centres. The biopsy
site can be marked by a clip, which allows reexcision in
case of malignancy after a usual mammographic or
sonographic localisation of the clip. Preoperative MR-
guided marking for outside hospitals, in contrast, may
be more complicated [27].

Based on the above-described potential advantages of
MR-guided percutaneous needle biopsy, various groups
have started to investigate the possibilities of MR-guid-
ed percutaneous biopsy. Thus far, however, MR-guided
FNA or core biopsy have been associated with various
problems:

1. With closed magnets the procedure can only be per-
formed outside the magnet. Thus, monitoring of tissue
shift during needle insertion is not possible. After nee-
dle biopsy only indirect signs (sometimes air may be
seen in the site of biopsy, and one investigator left a
wire in the area of biopsy) may suggest correct biopsy.
2. The use of compression devices that contain metal
parts or biopsy guns which contain metal are not possi-
ble on both open and closed magnets.

3. Visualisation of the lesion and assessment of correct
needle placement may be severely impaired by the signal
void, which is large even with spin-echo sequences and
use of nonmagnetic needles with a diameter > 1 mm.

4. Important inaccuracies may be introduced by misreg-
istration of the signal of any needle. Even if nonmagnet-
ic needles are used, the needle artefact may be imaged
several millimetres away from the true needle position
[24].

5. Finally, nonmagnetic biopsy needles are known to be
less sharp than the needles which are available for mam-
mographically or sonographically guided biopsy [13,
17], which may increase problems with insufficient ma-
terial.

The aforementioned problems may explain the still lim-
ited number of MR-guided biopsies that have been re-
ported and the hesitations of most authors against the
use of MR-guided percutaneous biopsy particularly for
the work-up of lesions < 1 cm; however, mostly small le-
sions cannot be visualised by other methods.
Magnetic-resonance-guided vacuum biopsy promises
to solve many of the aforementioned problems, since in-
accuracies due to tissue shift during needle insertion,
due to other technical causes as well as sampling error,
may be compensated by vacuum suction and excision
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of a larger volume. Misregistration of the needle arte-
fact is reduced by imaging a thin substitute needle in-
stead of the vacuum biopsy needle [12].

Finally, correct biopsy can be directly checked by vi-
sualisation of both the cavity and absence of enhance-
ment after a second injection of MR contrast agent.
Our present experiences confirm these advantages and
show that small size is no limiting factor for vacuum bi-
opsy. Of course, this method needs to be checked by
other investigators, as well. Checking, investigation of
its use and further optimisation is presently underway.

Thus, in summary, MR-guided preoperative marking
has become an important and indispensible procedure
that must be provided if breast MRI is performed. Sev-
eral possibilities exist and care should be taken for an
accurate preoperative marking. Magnetic-resonance-
guided percutaneous FNA or core-needle breast biopsy
presently cannot be recommended for lesions < 1 cm.
This procedure still has to be considered as a method
under investigation. Presently, MR-guided vacuum bi-
opsy promises to best solve the known problems; how-
ever, further experience is needed.
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