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MR Imaging–guided Prostate
Biopsy with a Closed MR
Unit at 1.5 T: Initial Results1

The authors evaluated a magnetic
resonance (MR) imaging–compati-
ble biopsy device comprising a nee-
dle guide that can be visualized with
MR imaging and manipulated me-
chanically from outside the MR unit.
With approval from the local ethics
committee and patient consent, this
device was tested in 12 patients by
using a closed 1.5-T MR unit and a
body phased-array coil. Patients had
elevated prostate-specific antigen lev-
els (6–60 ng/mL) and one or more
areas in the prostate that were suspi-
cious for carcinoma at prebiopsy MR
imaging. Biopsy was performed with
transrectal access and with the patient
prone. A 16-gauge MR imaging–com-
patible needle was successfully posi-
tioned with the device, and between
six and nine tissue cores were obtained
in each patient. In one patient, two
suspicious basal areas could not be
reached with the device. Histologic
analysis showed prostate cancer in five
patients and prostatitis in six. No com-
plications were observed. The device
enabled MR imaging–guided core-
needle biopsy of prostate areas suspi-
cious for cancer on MR images.
© RSNA, 2004

Prostate cancer is the most common ma-
lignant tumor in men in the United
States and western Europe and is second
in frequency among the tumors that lead
to death in men (1). Prostate cancer typ-
ically occurs in older men (2). The inci-
dence of prostate cancer has increased
with life expectancy, and more cancers
are detected as a result of wider screening
and determination of prostate-specific
antigen (PSA) level in serum. Determina-
tion of serum PSA levels is considered
useful for the early identification of pros-
tate cancer (3). The American Urological

Association and the American Cancer So-
ciety recommend that all men aged 50
years or older undergo an annual digital
rectal examination and determination of
PSA level. Patients with PSA levels greater
than 4 ng/mL or with suspicious findings
at digital rectal examination are candi-
dates for further diagnostic work-up by
means of systematic biopsy guided with
transrectal ultrasonography (US). Results
of the first prostate biopsy, however, are
negative in an estimated 66% of patients
with PSA levels greater than 4 ng/mL (4).
Thus, many patients require repeat bi-
opsy.

Magnetic resonance (MR) imaging
with T2-weighted sequences clearly de-
picts the zonal anatomy and capsule of
the prostate. Prostate cancer in the pe-
ripheral prostate zone is delineated as an
area of low signal intensity against the
high-signal-intensity background. How-
ever, problems may arise because other
changes in the peripheral zone (eg, hem-
orrhage, prostatitis, and fibrosis) also ap-
pear hypointense on T2-weighted MR
images (5,6). Nevertheless, MR imaging
with an endorectal body phased-array
coil has been shown to be superior to
both transrectal US and digital rectal ex-
amination in the detection of prostate
cancer in patients who have elevated se-
rum PSA levels and in whom findings at
transrectal US–guided biopsy were nega-
tive (7,8). Previous studies of MR imag-
ing–guided prostate biopsy have been
performed with low-field-strength units
(9,10) or in animal models at 1.5 T (11).
In view of the improved detection of
prostate cancer with MR imaging, the
purpose of our study was to evaluate a
biopsy device developed for MR imag-
ing–guided prostate biopsy with a closed
MR unit.

Materials and Methods

Patients

Use of the prostate biopsy device and
our study were approved by the local eth-
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ics committee. Twelve consecutive pa-
tients who consented to participate in
the study underwent MR imaging–
guided prostate biopsy between May
2001 and July 2003. Patients ranged in
age from 55 to 72 years (median, 64
years). Eleven patients had previously
undergone transrectal US–guided pros-
tate biopsy, the results of which were
negative in nine patients. In one of the
11 patients, the amount of tissue ob-
tained was too small for histologic diag-
nosis. One patient had a borderline diag-
nosis of well-differentiated prostate
cancer. One patient with an elevated PSA
level and suspicious findings at MR im-
aging did not undergo transrectal US–
guided prostate biopsy before the study.
PSA levels ranged from 6 to 60 ng/mL
(median, 10 ng/mL). The patients under-
went diagnostic MR imaging with an en-
dorectal body phased-array coil before
undergoing MR imaging–guided biopsy.
Prebiopsy MR imaging comprised, at
minimum, a transverse T2-weighted turbo
spin-echo (SE) sequence (3500/96 [repeti-
tion time msec/echo time msec]; echo
train length, seven), a coronal T2-weighted
turbo SE sequence (4522/112; echo train
length, 15), and a transverse T1-weighted
turbo SE sequence (530/10; echo train
length, three). The oblique transverse and
coronal T2-weighted images were evalu-
ated for hypointense regions in the periph-
eral zone of the prostate. In patients in
whom no high-signal-intensity areas indic-
ative of hemorrhage were present on T1-
weighted images, confluent hypointense
areas on T2-weighted images were classi-
fied as suspicious findings, and diffusely
and inhomogeneously hypointense areas
were classified as inconclusive findings.

The prebiopsy MR imaging examina-
tions were performed by one of two radi-
ologists (D.B., M.T.), each of whom had
at least 5 years of experience with MR
imaging of the prostate. The two radiol-
ogists evaluated the images in consensus.
T2-weighted images from all patients
showed discrete areas of low signal inten-
sity in the peripheral zone of the pros-
tate, and images from six patients
showed highly suspicious confluent areas
of reduced signal intensity in the periph-
eral zone.

Inclusion criteria were informed con-
sent to MR imaging–guided biopsy and
demonstration of at least a slight de-
crease in signal intensity in the periph-
eral zone of the prostate at prebiopsy MR
imaging. Further inclusion criteria were
an elevated serum PSA level (�4 ng/mL),
normal blood clotting parameters, and
prophylactic antibiotic therapy. Patients

were excluded from the study if they had
any of the usual contraindications to
1.5-T MR imaging (eg, cardiac pacemak-
ers or other metallic implants) or if they
did not meet all of the inclusion criteria.
Patients in whom no suspicious changes
were seen in the peripheral zone of the
prostate at prebiopsy MR imaging did not
undergo MR imaging–guided biopsy.

Biopsy

Prostate biopsy was performed with
the patient positioned prone in a closed
MR unit (Magnetom Vision or Magne-
tom Sonata; Siemens, Erlangen, Ger-
many). Five patients underwent MR im-
aging–guided biopsy immediately after
diagnostic MR imaging, and seven pa-
tients underwent MR imaging–guided bi-
opsy in a second session within 2 weeks
after the initial MR examination. The
procedure was performed by a radiologist
with 11⁄2 years of experience in perform-
ing prostate biopsy (D.B.). Imaging was
performed at 1.5 T by using a body
phased-array coil.

The MR imaging–compatible device
used for obtaining tissue samples from
the prostate was developed at Charité,
Humboldt-Universität zu Berlin, in coop-
eration with MRI Devices/Daum, Schwe-
rin, Germany. This device is made of
polyoxymethylene and consists of a base
plate, an adjustable arm, and a needle

guide filled with contrast material gel
that can be visualized at MR imaging.
The device also includes a cushion for
patient positioning. In this study, we
used a prototype developed for clinical
trial (Fig 1).

After the patient was positioned, the
needle guide was inserted into the rec-
tum and connected to the arm of the
biopsy device (Fig 2). The arm enables the
needle guide to be rotated, moved for-
ward and backward, and adjusted in
height. In addition, the insertion angle
can be changed by rotating the needle
guide about a point inside the rectum.
The needle guide can be rotated and
moved forward and backward from out-
side the MR unit by means of a telescopic
rod. It is thus possible to direct the needle
guide to the desired prostate region with
MR imaging guidance.

To reproduce the prebiopsy diagnostic
MR imaging findings, after repositioning
of the patient or on a different day, an
oblique transverse T2-weighted turbo SE
sequence with a section thickness of 3
mm and a field of view of 20 cm was
performed before biopsy. The biopsy
device was positioned with imaging
guidance by using a half-Fourier rapid
acquisition with relaxation enhance-
ment (RARE) sequence (�/89; echo train
length, 256; flip angle, 150°; image matrix,
256 � 256; section thickness, 4 mm), with

Figure 1. Photograph shows biopsy device without base plate and cushion for patient position-
ing. The stand is variable in height and rests on a base plate containing a track that enables
movement of the device along the longitudinal axis of the MR unit. Except for small parts such
as screws, the device is made of synthetic materials that are fully compatible with MR imaging.
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acquisition in two perpendicular planes
along the needle guide. When there was no
direct visualization of a suspicious area
with the half-Fourier RARE sequence, the
area was localized by using prebiopsy MR
images: The location of the area was deter-
mined by measuring the distance from it to
the apex and base of the prostate or to the
urethra or prostate capsule on prebiopsy
MR images and then marking the corre-
sponding site on the images acquired with
the half-Fourier RARE sequence.

Images were evaluated in consensus
(D.B., M.T.). The readers determined the
number of cases in which suspicious ar-
eas seen at prebiopsy MR imaging were
directly reproducible on the half-Fourier
RARE images versus those in which a sus-
picious area had to be identified indi-
rectly with the use of other structures for
anatomic reference. After direct or indi-
rect identification of a suspicious area,
the needle guide was locked in position
for removal of tissue cores from the de-
sired areas of the prostate in 12 patients
by means of an MR imaging–compatible
automatic (n � 5) or semiautomatic (n �
7) 16-gauge core-needle biopsy device
(Double-Shoot Biopsy Gun or Semi-Auto-
matic Biopsy Gun; MRI Devices/Daum).
The needle guide has a defined length so
that a corresponding needle of 150 mm
in length that is advanced to the limit
will extend a few millimeters beyond the
guide before being discharged. The fact
that the tip of the needle guide touches
the bowel wall adjacent to the prostate
ensures that a tissue specimen of a pre-
defined length will be obtained from the
peripheral zone of the prostate without
the need to verify with MR imaging the
position of the needle after release. A
longer needle is required to obtain tissue
from deeper sites, in which case MR im-

aging is required for verification of the
needle position after deployment.

As a rule, eight biopsy cores were ob-
tained in each patient, although a strictly
systematic octant biopsy was not per-
formed. Rather, the general scheme of
systematic octant biopsy was used for ori-
entation as the biopsy needle was di-
rected at areas that showed suspicious
changes in signal intensity at MR imag-
ing. When considered necessary, two bi-
opsy specimens were removed from the
same suspicious area. This procedure is a
combination of targeted and random bi-
opsy. The aim of this procedure was to
obtain at least one specimen from each
area considered suspicious for prostate
cancer at prebiopsy MR imaging, even if
the site did not correspond to the area
that would have been sampled in a sys-
tematic octant biopsy. With this proce-
dure, we were able to cover at least those
sites that would have been sampled in a
systematic sextant biopsy.

With use of the octant scheme for ori-
entation, we evaluated 96 areas on prebi-
opsy images from 12 patients. Alto-
gether, 16 of these areas were highly
suspicious for prostate cancer. Fourteen
of these areas were reached with the bi-
opsy device, and two were not. Two of
the 14 areas were sampled twice at
slightly different sites, which resulted in
16 biopsy specimens from highly suspi-
cious areas. In addition, 23 moderately
suspicious areas were targeted and
reached. One of these areas was sampled
twice. Thus, 24 specimens from moder-
ately suspicious areas were obtained. The
remaining 57 areas, which did not show
suspicious changes at MR imaging, were
sampled only once. If inspection of the
biopsy core during the removal procedure
in the radiology department showed no
tissue or a small amount of tissue, a second
tissue core was obtained from the same site
without changing the position of the nee-
dle guide. The tissue core obtained with
the second biopsy was put together with
that of the first in these cases.

The 97 samples were separately placed
in formalin solution and labeled for diag-
nostic evaluation by the Institute of Pa-
thology at our hospital. Each specimen
was evaluated by two of four patholo-
gists, each of whom had at least 4 years of
experience. The length of the tissue core
was measured and documented after fix-
ation. All patients received prophylactic
antibiotic therapy before and after bi-
opsy. The duration of the procedure,
from the time the patient was positioned
until the patient left the room, was de-
termined. Complications were recorded

during questioning of the patient after
the procedure. Patients were instructed
to present to the Department of Urology
at our hospital if they developed compli-
cations such as prolonged hematuria, fe-
ver, or pain.

Results

MR imaging with the half-Fourier
RARE sequence enabled visualization of
the prostate in all 12 patients and de-
picted abnormal changes in the periph-
eral zone of the prostate in seven pa-
tients. In the other five patients, the sites
that showed abnormal change on prebi-
opsy MR images were marked on the
half-Fourier RARE images, which were
then used for orientation during prostate
biopsy. The needle guide was depicted
and could be positioned with MR imag-
ing guidance in all 12 patients (Fig 3). In
11 patients, biopsy specimens were re-
moved from at least eight sites; in three
patients, specimens were obtained from
nine sites. In one patient, basal areas of
the prostate that were suspicious for can-
cer at prebiopsy MR imaging could not be
targeted with the needle guide. The six
biopsy cores removed from other sites in
this patient were negative for prostate
cancer. Repeat transrectal US–guided oc-
tant biopsy performed 25 days later in
this patient demonstrated prostate can-
cer in one area. Altogether, core biopsy
specimens were removed from 97 sites at
MR imaging–guided biopsy in the 12 pa-
tients.

Of the 16 biopsy specimens from areas
that were highly suspicious for prostate
cancer at prebiopsy MR imaging, eight
were positive and eight were negative. Of
the 24 biopsy specimens from moder-
ately suspicious areas, four showed pros-
tate cancer, and 20 showed no prostate
cancer. Of the 57 specimens from non-
suspicious areas, two showed prostate
cancer and 55 did not. In six cases, a
second specimen was obtained from the
same site without changing the position
of the needle guide because the initial
biopsy yielded little or no tissue. At mac-
roscopic pathologic evaluation, the tissue
cores from six sites were found to be less
than 5 mm in length; three of those spec-
imens were obtained at repeat biopsy
from the same site. Three of the six spec-
imens were inadequate for histologic
evaluation. The length of the biopsy
cores after fixation ranged from 3 to 22
mm (median, 14 mm). Histologic exam-
ination demonstrated prostate cancer in
five patients, with eight positive biopsy

Figure 2. Photograph shows biopsy needle
and needle guide used for MR imaging–guided
biopsy. The needle is inserted after the contrast
material–filled needle guide is locked in the
desired position.

578 � Radiology � February 2005 Beyersdorff et al

R
a

d
io

lo
gy



specimens in one patient and three pos-
itive biopsy specimens in another. Each
of the other three patients had one posi-
tive tissue core. In specimens from the
other six patients, histologic examina-
tion demonstrated prostatitis. In the pa-
tient in whom the suspicious basal areas
were not reached, the remaining six spec-
imens were negative. The duration of the
procedure ranged from 40 to 60 minutes
(mean, 55 minutes). No complications
were observed.

Discussion

The prognosis and likelihood of dis-
tant metastases in prostate cancer corre-
late with the tumor volume, TNM stage,
and degree of differentiation (12,13).
Early detection of prostate cancer enables
identification of the tumor at an early
stage at which it can be treated with sur-
gery. The determination of PSA level in
serum is an important tool for identify-
ing early prostate cancer (3). Neverthe-
less, in some patients with PSA levels

greater than 4 ng/mL, the first transrectal
US–guided prostate biopsy may yield no
histologic evidence of tumor. Some im-
provement in targeting of suspicious ar-
eas at biopsy may be expected with the
use of contrast material–enhanced US of
the prostate (14). Results of previous
studies suggest that T2-weighted MR im-
aging with an endorectal coil, which has
a sensitivity of 83%–85% for the detec-
tion of prostate cancer, can help improve
the planning of repeat prostate biopsy in
this population (7,8). T2-weighted MR
imaging as performed in these studies,
however, had a poor specificity of only
51% for characterizing changes in the pe-
ripheral zone of the prostate (6,8).

Spectroscopic imaging of the prostate,
which provides improved demarcation of
prostate cancer beyond demarcation
with T2-weighted MR imaging, may in-
crease both the sensitivity and specificity
of MR imaging for the detection of pros-
tate cancer in this patient population
(15–17). Site-by-site comparison has
shown that, compared with core biopsy,

both conventional MR imaging with the
endorectal body phased-array coil and
spectroscopic imaging have a higher sensi-
tivity but lower specificity in the detection
of prostate cancer (17). Another approach
for improving tumor detection is dynamic
contrast-enhanced MR imaging (18). At
present, the lower specificity of MR imag-
ing does not allow us to dispense with sys-
tematic prostate biopsy (8,17). The MR im-
aging–guided modified octant biopsy
technique described in this article provides
spatial coverage equivalent to that avail-
able with systematic sextant biopsy, and
takes into account morphologically suspi-
cious areas demonstrated at MR imaging,
as well.

In our study, the peripheral zone was
assessed for suspicious areas by using pre-
biopsy MR imaging with an endorectal
body phased-array coil. The fast pulse se-
quences used in positioning of the needle
guide for MR imaging–guided biopsy,
therefore, only served to reproduce the
previous findings and identify those re-
gions already classified as suspicious. Al-

Figure 3. MR images in 53-year-old patient
with PSA level of 6 ng/mL. (a) Transverse T2-
weighted turbo SE image (3500/96; echo train
length, seven) shows moderately suspicious ar-
eas of low signal intensity (arrows) on both sides
of peripheral prostate zone. The adjustability of
the biopsy device enables precise targeting of
suspicious areas. (b–e) Half-Fourier RARE (�/89;
echo train length, 256; flip angle, 150°) images.
(b) Sagittal oblique image shows level of biopsy
site and insertion angle of needle guide (arrow).
(c–e) Transverse oblique images show targeting
of suspicious areas in (c) right intermediate (ar-
row), (d) left intermediate (arrow), and (e) left
lateral (arrow) areas of prostate. Eight biopsy
cores were removed. Histologic analysis showed
prostate cancer only in the 60% of the tissue core
removed from the left lateral site. The other bi-
opsy cores showed nonspecific prostatitis and
adenomyofibromatosis.
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though the fast pulse sequences used to
guide biopsy are unsuitable for tumor de-
tection, they depict the zonal anatomy of
the prostate in a manner similar to that
of prebiopsy T2-weighted turbo SE imag-
ing and thus facilitate orientation, com-
pared with transrectal US, although the
areas of reduced signal intensity in the
peripheral zone cannot be reproduced in
all cases. The poorer image quality with
the fast sequences is acceptable for posi-
tioning of the needle and helps reduce
the overall duration of the procedure. In
most cases, imaging is not required dur-
ing needle deployment, and the exami-
nation time thus can be kept short. We
do not think that imaging guidance is
absolutely necessary at this stage of the
procedure, because the needle guide of
the biopsy device has a defined length
and is used with a needle of constant
length, enabling needle deployment
only in the preset direction and depth.
With the needles used in this study, the
notch for receiving the tissue specimen is
17 mm long and extends 5–22 mm be-
yond the tip of the needle guide. Al-
though deeper areas can be reached with
the biopsy device by using longer nee-
dles, that procedure would require MR
imaging guidance during needle deploy-
ment, to prevent excessive advancement
of the needle. If the needle position is
monitored with MR imaging, it must be
borne in mind that, depending on the
phase-encoding direction and the posi-
tion of the needle in the magnetic field,
needle-induced artifacts may appear on
the images (19).

Localization of the needle guide with
the technique used in this study never-
theless is time-consuming because the
contrast material–filled needle guide
must first be identified on a localizer im-
age. Then, imaging in two planes perpen-
dicular to each other must be planned
and performed. The foreseeable develop-
ment of algorithms for the automatic
identification of the needle guide on the
image and subsequent section orienta-
tion will help shorten the duration of the
procedure in the future (20).

The MR imaging–compatible needles
used in this study are not attracted by the
magnet, a characteristic that enables the
avoidance of possible injury to the pa-
tient from a needle being drawn toward
the magnet. Because of the intrinsic
properties of the MR imaging–compat-
ible materials used in the needle, how-
ever, the notch that receives the biopsy
core is smaller than that in non–MR-
compatible needles. In contrast to trans-
rectal US–guided prostate biopsy (in

which 18-gauge needles are most often
used), for this MR imaging–guided pro-
cedure we used a 16-gauge needle to ob-
tain biopsy cores of adequate size for his-
tologic diagnosis (4,21).

MR imaging–guided prostate biopsy is
usually performed by using open-config-
uration MR units with a lower field
strength or poorer field homogeneity
(9,10). Because such MR units provide
limited diagnostic image quality, it is
necessary to examine the patient with
two different units. The biopsy device we
describe enables MR imaging–guided bi-
opsy with the same MR unit as that used
for diagnostic MR imaging and with an
endorectal body phased-array coil. The
use of an initial T2-weighted turbo SE
sequence with the same parameters as
those used in diagnostic MR imaging en-
sures good reproducibility and spatial
matching of the findings obtained in the
diagnostic MR imaging examination. As
an alternative to MR imaging–guided
prostate biopsy in the MR unit, the MR
imaging data sets can be fused with the
transrectal US views. In this setting, the
advantages of superior tumor detection
with MR imaging could be combined
with the faster and less expensive tech-
nique of transrectal US–guided biopsy,
provided that adequate fusion of these
images is possible. The few data available
have been obtained in patients suspected
of having a recurrence of prostate cancer
after radiation therapy (22).

The complications associated with MR
imaging–guided transrectal prostate bi-
opsy are the same as those observed with
transrectal US–guided biopsy. Our expe-
rience suggests that additional complica-
tions are unlikely. Minor complications
of transrectal prostate biopsy are quite
common, and severe complications are
rare. Previous findings in large study
groups (23) showed that hematuria per-
sisting for more than 3 days occurred in
22.6% of cases, and hematospermia, in
50.4%. Fever was observed in 3.5% of
patients; 0.4% of patients developed uri-
nary retention. Less than 0.5% of pa-
tients were hospitalized for complica-
tions such as prostatitis or urosepsis.
None of our patients developed compli-
cations.

Transrectal imaging-guided prostate
biopsy with a closed MR unit, as per-
formed in our study, requires the use of a
specialized device that consists of a nee-
dle guide and support system, because
the length of the magnet in body MR
units does not allow free manual manip-
ulation of the biopsy device. Another
limitation of our study is the small num-

ber of patients who underwent prostate
biopsy with this device. It is therefore
necessary to investigate the performance
of the biopsy device in a larger patient
population and with use by different op-
erators.

The biopsy device tested in this study
enables the targeting of areas in the pros-
tate that are suspicious for cancer at MR
imaging. This device may hold promise
for the evaluation of patients who have
elevated PSA levels and negative findings
at transrectal US–guided biopsy and in
whom suspicious areas in the peripheral
zone of the prostate are depicted on di-
agnostic MR images.

Acknowledgment: The authors thank Bet-
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