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Abstract

Purpose Repeatedly negative prostate biopsies in indi-
viduals with elevated prostate-specific antigen (PSA) lev-
els can be frustrating for both the patient and the urologist.
This study was performed to investigate if magnetic reso-
nance imaging (MRI)-guided transrectal biopsy (MRGB)
increases diagnostic performance in individuals with sus-
pected prostate cancer (PCa).

Materials and methods Twenty-three consecutive men
with a total PSA >4 ng/mL, PSA density >0.15, PSA veloc-
ity >0.75 ng/mL/year and suspicious MRI findings were
included (average age 64 years; age range 53-75 years;
total PSA levels ranging from 4.7 to 54 ng/mL; median
9 ng/mL). MRGB was performed with a closed unit at
1.5 Tesla, an MRI compatible biopsy device, a needle
guide, and a titanium double-shoot biopsy gun.

Result At prebiopsy MRI, in the 23 patients, a total of 26
suspicious areas to which the MRGB should be directed
were found, 23 of them in the peripheral zone and three in
the transitional zone. The needle guide was depicted and
could be positioned with MRI guidance in all 23 patients.
The duration of the procedure ranged from 35 to 55 min
(mean 40 min). MRGB was well tolerated by all patients,
and no major complications were observed. The detection
rate for the diagnosis of PCa was 80, and 90 % of detected
PCa were of intermediate aggressiveness.
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Conclusion MRGB has the potential to improve cancer
detection rates in men with suspected PCa to deliver the
relevant treatment as soon as possible.
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Introduction

Prostate cancer (PCa) is the most common malignant
tumour in men in the United States and western Europe
and is second in frequency among the tumours that lead to
death in men [1]. The incidence of PCa 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. Determination of serum
PSA levels is considered useful for the early identification
of PCa [2]. The American Urological Association and the
American Cancer Society recommend that all men aged
50 years or older undergo an annual digital rectal examina-
tion (DRE) and determination of PSA level. Patients with
PSA levels greater than 4 ng/mL or with suspicious find-
ings at DRE are candidates for further diagnostic work-
up by means of systematic transrectal ultrasonography
(TRUS)-guided biopsy. Up to now, TRUS-guided biopsy
(TRUSGB), sampling 6-12 cores, one to two for each sex-
tant, has been the diagnostic standard for PCa for many
years. With this method, up to 30 % of cancers are missed
when performing sextant biopsies, because more than 40 %
of PCas are isoechoic and the operator cannot reliably vis-
ualise tumour. Therefore, the method has been extended
to 45 cores for saturation biopsies [2]. Although taking
more cores seems to improve the per-patient detection rate
of PCa, the vastly invasive approach of placing up to 45

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s11547-014-0490-0&domain=pdf

572

Radiol med (2015) 120:571-578

needles needs to be carefully taken into account. Further-
more, even if random TRUSGB is performed with a satu-
ration or template mapping method, it does not solve the
problem due to increased costs, complications, over-detec-
tion rates and a small but significant risk of missing high-
grade cancer. TRUSGB has a negative predictive value of
70-80 %; thus, up to 20-30 % of patients with a negative
biopsy may still have PCa [3], 23 % of whom at high risk
of PCa [2]. Patients with a suspected false-negative biopsy
are a diagnostic challenge because there is a progressively
lower diagnostic yield from subsequent repeat prostate
biopsies. Second, third, and fourth repeat biopsies are
reported to detect cancer in only 25-27, 5-24, and 4-21 %
of cases, respectively [3, 4]. Furthermore, because PCa is
multifocal in 85 % of cases, TRUSGB may underestimate
the extent and grade of cancer, which can result in Gleason
upgrading after radical prostatectomy (RP). It is well docu-
mented that approximately 30 % of men who undergo RP
for low-grade disease are upgraded on final pathology [5].

At present, multi-parametric magnetic resonance imag-
ing (mp-MRI) which combines anatomical T2-weighted
imaging (T2WI) with functional techniques such as diffu-
sion-weighted imaging (DWI) which highlights cell prolif-
eration, dynamic contrast-enhanced imaging (DCEI) which
shows neoangiogenesis and MR spectroscopic imaging
(MRSI) which displays cell metabolism is considered to
be the most reliable imaging biomarker for PCa diagnosis
[6-10]. Multiple studies have now shown that mp-MRI can
help to identify tumours missed on biopsy, thus increas-
ing biopsy yields with fewer core samples [10]. Many of
these tumours are transitional zone tumours which are deep
in the prostate and distant from the sites typically reached
with a standard TRUSGB approach [10]. Currently, many
studies have proved that MR-guided prostate biopsy
(MRGB) shows a high detection rate for the diagnosis of
PCa compared to standard TRUSGB [11-16]. MRGB can
be performed in either dedicated (‘“‘interventional”) low-
field systems or clinically widely available MRI scanners
(1.5 Tesla field strengths).

In view of the improved detection of PCa with mp-MRI,
the purpose of this study was to describe our preliminary
experience with a biopsy device developed for MRGB with
a closed MR unit.

Materials and methods

Patient population

The use of the devices and procedures described here
was approved by the Institutional Ethics Committee. All

patients were informed in detail before giving their written
consent.
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Twenty-three consecutive male patients (average age
64 years; age range 53-75 years; total PSA levels rang-
ing from 4.7 to 54 ng/mL; median 9 ng/mL), with highly
suspected PCa who referred to our Institution from March
2014 to May 2014, were enrolled in the study. Inclusion
criteria were:

(a) Total PSA >4 ng/mL.

(b) PSA density >0.15.

(c) PSA velocity >0.75 ng/mL/year.

(d) Free/total PSA ratio <0.10 when total PSA level was

between 4 and 10 ng/mL.

(e) Normal blood clotting parameters.

(f) A suspicious focal zone of PCa at mp-MRI with a
prostate imaging-reporting and data system (PI-RADS)
score >3.

Patients were excluded from the study if they had any of
the usual contraindications to 1.5-T MR imaging (e.g. car-
diac pacemakers or other metallic implants) or if they did
not meet all the inclusion criteria.

MRI acquisition protocol

Pre-biopsy MRI of the pelvis, focused on the prostate
gland, was performed using a 1.5 T magnet equipped with
a phased-array coil (32 channels) and an endorectal coil.
The MRI protocol included the technique and parameters
detailed in the ESUR guidelines: T2WI in axial, coronal
and sagittal planes: 3 mm thickness; in-plane resolution:
0.5 x 0.5 to 0.7 x 0.7 mm. Diffusion-weighted imaging
(DWI) in the axial plane: 4 mm thickness; in-plane resolu-
tion: 1.5 x 1.5 to 2.0 x 2.0 mm. We used exponential b
values: 0, 500, 1,000 and 2,000 mm?/s. Dynamic contrast-
enhanced (DCE)-MRI in the axial plane: 3 mm thickness;
in-plane resolution: 1.0 x 1.0 mm; imaging acquisition was
continued for 5 min to detect washout. Unenhanced T1WI
images from this sequence were used to detect post-biopsy
haematomas. MR spectroscopic imaging (MRSI): matrix
8 x 8 x 8 phase-encoding steps with nominal voxel size
<0.5 cc; spectral selective suppression of water and lipid
signals; automatic or manual shimming up to a line width
at half height of the water resonance peak between 15 and
20 Hz.

Analysis of MR images

Two genitourinary radiologists, with 13 and 4 years of
experience, respectively, blinded to blood test results, eval-
uated the images in consensus.

Each MRI technique (T2WI, DWI, DCE and MRSI)
was assessed relying on the PI-RADS score [17]. For
each patient, the index lesion to which to direct the tar-
geted biopsy, defined as the largest and most aggressive
lesion based on MRI patterns, was identified [18]. The



Radiol med (2015) 120:571-578

573

Fig.1 The needle guide is filled with a gadolinium-chelate dot-
ted gel to allow a better visualisation on T2-weighted imaging. Note
the anterior and posterior high signal intensity streaks of contrast
medium enabling a proper depiction of needle guide

measurement and comparison of apparent diffusion coef-
ficient (ADC) values and choline/creatine-to-citrate ratio
(CC/C) were helpful for the diagnosis.

In patients with two or more suspected foci of PCa
with different PI-RADS scores, the zone assumed to be
the index lesion was the one with the highest PI-RADS
score. In patients with two or more suspected foci of PCa
with the same PI-RADS score, the area reported to be the
index lesion was the most aggressive one with the lower
ADC values and the highest CC/C [19]. When two or more
suspected foci of PCa with a PI-RADS score of 5/5 were
detected, the largest in size was biopsied.

MR-guided biopsy

Prostate biopsy was performed with the patient posi-
tioned prone in a 1.5 T closed MR. Eight patients under-
went MRGB after diagnostic MRI in a single session, and
15 patients underwent MRGB in a second session within
1-2 weeks after the initial MR examination. In the former
group, patients were given intravenous antiobiotic cover-
age before biopsy, whereas patients in the second group
received oral antibiotic therapy 3 days before the proce-
dure. Images were acquired with a combination of body
and spine phased-array coils.

For guidance of the 18-gauge, fully automatic, core-
needle, titanium double-shot biopsy gun, a needle guide
filled with a gadolinium-chelate dotted gel for better vis-
ualisation on T2WI was used (Fig. 1). For fixation and

Fig. 2 Photograph shows biopsy device without base plate and cush-
ion for patient positioning. 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

adjustment of this needle guide, a portable biopsy device
was used (DynaTRIM, Fig. 2). The biopsy gun needle has
a length of 150-170 mm and a total probe feed of 25 mm.
DynaCAD software for prostate advanced visualisation and
interventional planning was used (Fig. 3).

After the patient was positioned, the needle guide was
inserted into the rectum and connected to the arm of the
biopsy device. The arm enables the needle guide to be
rotated, moved forwards and backwards, 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 forwards and
backwards from outside the MR unit by means of a tele-
scopic rod. It is thus possible to direct the needle guide to
the desired prostate region with MRI guidance.

To reproduce the prebiopsy diagnostic MRI findings,
after repositioning of the patient or on a different day,
coronal, sagittal and axial T2W images (single-shot) were
performed; moreover, axial TIW images for detection of
haemorrhage with a section thickness of 3 mm were per-
formed before biopsy in patients who underwent a previ-
ous TRUSGB. Adjustments of the needle guide system
and planning for biopsy were based on oblique transversal
T2W images. The needle guide was positioned accord-
ing to image findings, and the position was reported after
each repositioning by T2W images. T2WI was adopted in
a double-oblique orientation, parallel to the long axis of the
needle guide.

As arule, two biopsy cores were obtained in each patient
from the suspicious zone. In three patients, a suspicious
lesion to which to direct the targeted biopsy was detected
both in the peripheral and transitional zone, so that four
biopsy cores were obtained, two for each lesion.

No local anaesthesia was offered prior to the procedure,
nor were medications for bowel movement reduction or
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Fig. 3 DynaCAD software
enabling the proper rotation,
angulation and movement of the
needle guide for interventional
planning

local anaesthetics or sedatives used, since the procedure
was very well tolerated.

The overall 52 samples were separately placed in forma-
lin solution and labelled for histopathological evaluation.
All specimens were reviewed by a single pathologist with
18 years of experience in genitourinary pathology. The
length of the tissue core was measured and documented
after fixation. All patients received prophylactic antibiotic
therapy before and after biopsy. The duration of the pro-
cedure, from the time the patient was positioned until the
patient left the room, was determined. Complications were
recorded during questioning of the patient after the proce-
dure. Patients were instructed to present to the Department
of Urology if they developed complications such as pro-
longed haematuria, fever, or pain.

Results

At prebiopsy mp-MRI, in the 23 patients, a total of 26 sus-
picious areas to which to direct the MRI-guided targeted
biopsy were found, 23 of which in the peripheral zone
and three in the transitional zone. Seven suspicious areas
had a PI-RADS score 3/5, seven areas a PI-RADS scores
4/5 and 12 suspicious areas a PI-RADS scores 5/5. The
needle guide was depicted and could be positioned with
MRI guidance in all 23 patients (Fig. 4). The length of the
biopsy cores after fixation ranged from 4 to 20 mm (median
13 mm). Histological examination demonstrated PCa in 3/7
zones with a PI-RADS score of 3/5 (average Gleason score
6), two of which were located in the transitional zone;
in 6/7 areas with a PI-RADS score 4/5 (average Gleason
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score 7); in all the 12 areas with a PI-RADS score of 5/5
(average Gleason score 8). Histological examination in the
four areas with a PI-RADS score of 3/5 negative for PCa
revealed high-grade prostatic intraepithelial neoplasia in
two zones and prostitis in the other two areas; whereas in
the area with a PI-RADS score of 4/5 negative for PCa, it
detected a capsular prostatic adenoma.

The duration of the procedure ranged from 35 to 55 min
(mean 40 min). MRGB was well tolerated by all patients,
and no major complications were either observed during
the procedure or reported afterwards. In three patients, MRI
revealed a small haemorrhage between the prostate and the
rectal wall without affecting the procedure. Urinary, bowel
and sexual function after the intervention were reported to
be normal in all cases, and no haematuria was observed.
According to our preliminary data, the detection rate for
the diagnosis of PCa with a MR-guided targeted biopsy
was 80 %. Ninety percent of PCa cases had intermediate
grade aggressiveness: 34 % of them were Gleason score 7
(of which 22 % 3 + 4 and 12 % 4 + 3) and 66 % Gleason
score 8 (4 + 4). The remaining 10 % of PCa detected had
low-grade aggressiveness (Gleason score 6, 3 + 3), 66 % of
which were located in the transitional zone.

Discussion

The prognosis and likelihood of distant metastases in PCa
correlate with the tumour volume, TNM stage, and degree
of differentiation [20]. Early detection of PCa enables iden-
tification of the tumour at an early stage at which it can be
treated with a curative therapy. The determination of serum
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Fig. 4 a, b Coronal
T2-weighted image, ¢
T2-weighted sagittal image

and d axial diffusion-weighted
image of a 69-year-old patient
(PSA, 7.98 ng/mL) with only
slight hypertrophy of the central
gland and the index lesion
located in the left third middle
periapical aspect of the gland
showing a PI-RADS score

of 5/5. Note the needle guide
pointing at the suspicious lesion

PSA level is an important tool for identifying early PCa [2].
Nevertheless, in some patients with PSA levels greater than
4 ng/mL, the first TRUSGB biopsy may yield no histologi-
cal evidence of tumour. Some improvement in the targeting
of suspicious areas at biopsy may be expected with a pre-
liminary mp-MR. Mp-MRI examination shows promising
results in identifying suspected PCa foci suitable for a re-
biopsy in patients with persistently elevated PSA level and
negative TRUSGB [21, 22].

Moreover, because mp-MRI is the most accurate imag-
ing modality for the localisation of PCa, MRGB offers the
possibility of more precise targeting with the possibility to
perform fewer core biopsies [23]. MRGB techniques are
becoming increasingly available, but there is no current
consensus on the optimal technique [13, 24, 25]. In-bore
approaches are exclusively MRI-based, using prebiopsy
MRI to define the targets and real-time MRI to guide and
control, with image confirmation, all the steps of the proce-
dure. Out-of-bore approaches use US to guide and control
the procedure; in a fusion US-MRI prostate biopsy, previ-
ously obtained prostate MR images are fused with the US
images at the time of biopsy to guide the operator to the
target.

Open and closed in-bore MRI settings could be used.
Several different types of biopsy robots [26], some with
complex software, are used to guide the needle. Target
regions are determined using combinations of differ-
ent MRI techniques. Some physicians use a transrectal
approach, whereas others prefer a transperineal methodol-
ogy. Movement of the prostate during the biopsy procedure
is one of the biggest challenges in taking biopsies of the
prostate [27]. Several solutions to this problem have been
suggested, from fixation using needles to rendering real-
time images [28].

Some authors experimented a transgluteal approach.
Zangos et al. [29] used a device for transgluteal biopsies
in a closed-bore system. Transgluteal biopsies minimise the
risk of injury to the bladder, bowel, and iliac vessels, and
no intestinal germs are introduced into the prostate. Disad-
vantages of this method are the need for local or general
anaesthesia and the longer biopsy pathway. This technique
was used first in a cadaver study, and currently it is not
widely available.

The advantage of open MR scanners over closed MR
scanners is that a physician has direct patient access.
Unfortunately, open MR scanners are known for a low
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signal-to-noise ratio related to low-field strength (typi-
cally 0.5 T). The result is image quality that is too low to
adequately localise tumours. To reliably identify the target
regions, at least 1.5 T images must be obtained prior to the
biopsy procedure by means of a closed-bore scanner.

Engelhard et al. [11] used a closed in-bore approach in a
study with 37 patients who had previous negative prostate
biopsies. The researchers concluded that suspicious lesions
with a diameter greater than 10 mm could be successfully
punctured using this device. PCa was detected in 14 of 37
patients (38 %). In a study of 27 patients with previous
negative TRUSGB, Anastasiadis et al. [12] also used this
device and found PCa in 15 (55.5 %) patients. The detec-
tion rates after one negative biopsy round ranged between
38 and 55.5 % [11-13]; these data are promising and dem-
onstrate the potential clinical value of MRGB. To investi-
gate the positive biopsy rate of closed in-bore MRGB in
a routine clinical setting, Roethke et al. [14] included 100
patients with at least one negative TRUSGB, persistently
elevated or rising PSA and at least one lesion suspicious
for PCa on diagnostic 1.5 Tesla endorectal coil MRI. In
52/100 (52.0 %) patients, PCa was detected, showing a
high tumour detection rate of over 50 %.

The results reported by Penzkofer et al. [15] have shown
that to date in-bore MRGB is very reliable and relatively
easy, and the targeted approach has high yield with more
positive lesions from ADC- and DCE-positive sites.

One study reported on 71 consecutive men with at least
two negative TRUSGB who then underwent mp-MRI:
70 had an MRI-suspicious region and 68 underwent in-
gantry MRGB. The cancer detection rate was 59 %, of
which 93 % were clinically significant cancers; MRGB
was compared to a matched reference group who under-
went repeat TRUSGB, and the authors found that MRGB
detected significantly more tumours than standard repeat
TRUSGB (22 % for second and 15 % for third TRUSGB)
[16]. In a separate study by the same research group, 34
men underwent mp-MRI, then MRGB of DWI-derived tar-
gets, followed by RP; the biopsy-to-prostatectomy Gleason
upgrading rate was compared with that of a matched cohort
of 64 men who underwent standard TRUS 10 core biopsy
followed by prostatectomy. The authors reported that Glea-
son grade on DWI-guided biopsy accurately predicted the
Gleason grade at RP in 88 % of cases, whereas Gleason
grade on standard 10-core biopsy predicted the Gleason
grade at RP in only 55 % of cases [30]. This supports the
hypothesis that MRGB more accurately risk stratifies PCa
than standard biopsy. A large series reported a detection
rate of 41 % in 96 men, but this study has been criticised
for only using single parameter T2WI at 1-1.5 T to identify
suspicious regions for biopsy [31].

As in-bore biopsies require MR scanners, and thus
valuable device time, they are associated with a higher
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organisational overhead as a result of the magnetic field
hazards. Thus, in-bore MRGB can be both time-consum-
ing and expensive. However, it does offer the only method
which can image the target and the biopsy needle within
it prior to sampling, and thus the only true image-targeted
biopsy. However, the limited space inside the MRI pre-
vents physicians from making real-time intervention under
direct MRI guidance. Procedures combining the virtues
of US with the ability of MRI to delineate PCa may rep-
resent a promising way of overcoming this limit [32, 33].
A proposed solution for this dilemma is the ‘out-of-bore’
approach with fusion or registration of pre-procedural pros-
tate MRI data to TRUSGB which combines the detection
capabilities of MRI with the comparably easy set-up of
TRUS [15]. Therefore, real-time TRUS and MRI fusion-
guided biopsy are proposed as methods for using the high-
contrast-sensitive MRI data to detect the tumour and the
real-time character of TRUS to follow the motions of the
prostate during biopsy [34, 35].

The most straightforward approach for TRUS/MRI-
guided biopsies is cognitive fusion, in which TRUSGB is
performed knowing the localisation of MRI-suspicious
lesions derived from peri-procedural MRI [15]. No spe-
cialised equipment is required other than an MRI scanner
and a conventional TRUS biopsy device [36]. Despite the
fact that cognitive fusion seems to improve biopsy proto-
cols, more sophisticated devices have been developed for
MRI/TRUS fusion that use different ways of registering
the intraprocedural US coordinates to the MRI coordinates
[15]. Pinto et al. [37] studied a group of 101 patients from
three different risk categories derived from imaging aspects
(low, moderate, high) on a TRUS/MRI system. All patients
received 12-core standard systematic and MRI/TRUS-fused
prostate biopsies in the same setting. Cancer was detected
in 27.9, 66.7 and 89.5 % of the cases for the low, intermedi-
ate and high-risk groups, respectively. In this setting, MRI/
TRUS fusion-guided prostate biopsies detected more can-
cers per core than the standard 12-core approach (20.6 ver-
sus 11.7 %). Sonn et al. [38] in a recent study concluded
that TRUS/MRI biopsy is three times as likely to yield can-
cer diagnoses (21 % of performed targeted biopsies versus
7 % of systematic biopsies); on a per-patient basis, many
cancers were detected by systematic biopsy alone (84 total
positive diagnoses, 38 by both methods, 15 by MRI/TRUS
alone, 31 by systematic TRUSGB alone). Thus, the combi-
nation of systematic and TRUS/MRI-guided biopsy seems
to be the key in the detection of more cancers.

In a recent paper, de Rooij et al. [39] determined the
cost-effectiveness of mp-MRI and MRGB compared with
TRUSGB and found that the MRI strategy is cost-effective
in diagnosing PCa compared with the TRUSGB strategy,
assuming a sensitivity of MRGB >20 %. They concluded
that although the MRI strategy is initially more expensive,
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these extra costs are compensated for by reducing treat-
ment costs as a result of fewer false positives and a better
estimation of tumour aggressiveness.

Our preliminary experience confirms the promising

results of closed-bore MRGB in the early diagnosis of PCa
and we hope that this new approach will become wide-
spread so that the relevant treatment can be delivered as
soon as possible.
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