
Eur Radiol (2005) 15: 653–660
DOI 10.1007/s00330-004-2547-2 UROGENITAL

Matthias P. Lichy
Jörg Pintaske
Raimund Kottke
Jürgen Machann
Aristotelis Anastasiadis
Stefan Roell
Jörg Hennenlotter
Till Diergarten
Fritz Schick
Arnulf Stenzl
Claus D. Claussen
Heinz-Peter Schlemmer

Received: 5 May 2004
Accepted: 7 October 2004
Published online: 31 December 2004
# Springer-Verlag 2004

3D proton MR spectroscopic imaging

of prostate cancer using a standard spine coil

at 1.5 T in clinical routine: a feasibility study

Abstract The objective of this study
was to demonstrate the feasibility of
3D proton MR spectroscopic imaging
(MRSI) of the prostate using a stan-
dard spine instead of a dedicated
endorectal coil at 1.5 T. Twenty-eight
patients (25 with biopsy proven
prostate cancers and three patients
with a benign prostate hyperplasia)
were examined. MRI and MRSI were
conducted with commercial array
surface coils at 1.5 T. Ratios of
choline (Cho), creatine (Cr) and cit-
rate (Ci) were calculated for tumour,
central and peripheral zone retro-
spectively, based on axial T2 weighed
MR images and histology reports.
Prostate cancer was characterized by
significantly elevated (Cho+Cr)/Ci
ratio compared with non-tumourous
prostate tissue. The quality of all
proton MR spectra was considered to
be good or acceptable in 17/28 pa-
tients (61%) and poor in 11/28 (39%)
examinations. In 20/25 patients with
proven malignancy (80%), MRSI was
considered to be helpful for the

detection of prostate cancer. In 4/25
patients with proven malignancy
(16%) who underwent seed implan-
tation, radiotherapy or hormone dep-
rivation before MR examination
spectroscopy was of poor and non-
diagnostic quality. MRSI of the pros-
tate is feasible within clinical routine
using the spine array surface coil at
1.5 T. It can consequently be applied
to patients even with contraindica-
tions for endorectal coils. However,
spectral quality and signal-to-noise
ratio is clearly inferior to 3D MRSI
examinations with endorectal coils.

Keywords MR spectroscopy .
Prostate . Cancer

Introduction

Prostate cancer is the most common non-skin related ma-
lignancy in men of industrialised countries [1], affecting
about one out of 11 males. After lung cancer, prostate
cancer has the second highest mortality rate in western
countries. Although prostate cancer is typically diagnosed
in older men, younger individuals (<50 years of age) can
also be affected.

Early prostate cancer detection has been significantly
improved by serum testing for prostate specific antigen
(PSA). However, diagnosis has to be verified by ultra-
sound-guided biopsy, since elevated PSA serum levels can
also be caused by benign conditions, such as benign pro-
static hyperplasia (BPH), which is also prevalent in older
men.

Treatment strategies for prostate cancer include radical
prostatectomy, external radiotherapy, iodine-seed brachy-
therapy, hormonal therapy and “watchful waiting”.
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Individual treatment planning and “watchful waiting”
[2] requires accurate diagnostic tools for tumour localiza-
tion and staging. At present, however, MRI performed
with endorectal coil is unsuitable as a primary diagnostic
tool for detecting prostate cancer due to its low specificity
and low positive predictive value [3]. Signal changes of
T2-weighted MR images are uncharacteristic and can also
be caused by inflammation or benign prostatic hyperpla-
sia. However, after histopathologic confirmation, MRI with
endorectal coil is most accurate for local staging, parti-
cularly for excluding extraprostatic tumour extension and
seminal vesicle infiltration [4, 5]. In order to increase sen-
sitivity and specificity of the study and to reduce interob-
server variation, further improvements are necessary [6, 7].
For this purpose, dynamic contrast enhanced MRI was
used successfully [8–10]. It could also be shown that
staging accuracy can be improved significantly by adding
3D proton MR spectroscopic imaging to the routine MRI
protocol [11, 12].

An endorectal coil is routinely applied for 3D proton
MR spectroscopic imaging to increase the inherent low
MR spectroscopy signal [11–14]. However, patient dis-
comfort can make the examination with an endorectal coil
difficult. In addition, due to therapy-induced side effects,
e.g. proctitis after radiotherapy, follow-up studies can be
problematic.

Single-voxel proton MR spectroscopy examinations
have been successfully performed in patients by using ex-
ternal surface coils [15–17]. For clinical purposes, how-
ever, 3D multivoxel techniques covering the whole prostate
are mandatory for the assessment of tumour localization
and extent. Recently, Kaji et al. reported that 2D MR spec-
troscopic imaging has comparable detection accuracy to
the endorectal coil when an external surface coil is used
[17]. However, for accurate diagnosis, total prostate cov-
erage is required. This can be achieved by a 3D MR spec-
troscopic imaging sequence only. The aim of the present
study was to evaluate the feasibility of 3D MR spectro-
scopic imaging with k-space weighted acquisition using the
spine array surface coil as a receiver coil at 1.5 T in clinical
routine.

Materials and methods

Patients

A total of 28 patients aged 41–80 years (median age 65.5
years) were examined by combined MRI and 3D proton
MR spectroscopic imaging. All patients were referred con-
secutively to MRI for diagnostic evaluation of the prostate:
21 patients had been referred for pre-therapeutic MR imag-
ing of biopsy-proven prostate cancer (n=19) or after trans-
urethral resection of the prostate (n=2). Four of the 28
patients had already been treated with hormone deprivation
therapy (n=2), seed implantation (n=1) or external beam

radiotherapy (n=1). Three of the 28 patients were treated
conservatively for benign prostatic hyperplasia. The me-
dian PSA level of all patients was 8.6 ng/ml (range 0.34–
988 ng/ml). The mean Gleason score was six (range 3–10;
median 5.5).

Patients with prostate cancer were treated by radical
prostatectomy (n=14), external beam radiotherapy (n=4),
brachytherapy with implantation of iodine-125 seeds
(n=2) or hormone deprivation therapy (n=1). The mean
time interval between MR examination and radical pros-
tatectomy was 6.6 days (range 1–41 days). Histopatho-
logic evaluation of prostatectomy specimens in 14 patients
treated by radical prostatectomy yielded tumour confined
to the prostate in nine cases (pT2a, n=4; pT2b, n=1; pT2c,
n=4), capsular penetration (pT3a) in two cases and seminal
vesicle invasion (pT3b) in three cases.

To reduce artefacts from post-bioptic haemorrhage, com-
monly a minimum time between biopsy andMRI/3DMRSI
of 3 weeks is considered to be appropriate. All patients in
our study complied with this time interval with exception of
one patient (time between biopsy and MRI/3D MRSI: 16
days). No prostatic haemorrhage was observed in this par-
ticular patient.

All procedures in this study are in accordance with the
standards of the responsible ethics commission and with
the Declaration of Helsinki, as revised in 1983.

MR imaging

MR examinations were performed on a 1.5 T MR whole-
body scanner (MagnetomSonata, SiemensMedical Systems,
Erlangen, Germany) using the combination of standard
body-phased-array and spine-phased-array surface coils
positioned in front of and behind the patients’ pelvis. Prior
to examination all patients received 20 mg butylscopola-
mine Intra-Venously (Buscopan) to reduce bowel motion
artefacts. All patients were examined in the supine position.
The MR imaging protocol of the prostate and seminal
vesicles included multiplanar T2-weighted turbo spin-echo
sequences (TR/TE=7080/121 ms, turbo factor 23) and axial
T1-weighted spin-echo sequences (TR/TE=450/12 ms)
with a slice thickness of 3 mm, a field-of-view (FOV) of
200 mm and a matrix size of 512×256. The axial and co-
ronal MR images were angulated along and perpendicular
to the rectal wall, respectively. Total examination time of
combined MRI/3D MRSI was approximate 50 min.

The MR images were evaluated by two experienced
radiologists, one specialising in urological imaging. The
reports were compared retrospectively with the histopath-
ologic findings. Low intensity lesions on T2-weighted MR
images within the peripheral zone of the prostate were
considered as suspicious for tumour. Asymmetric bulging,
irregular margin or direct extension of the lesion in the
periprostatic fat was graded as capsular penetration (stage
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T3a). Signs of seminal vesicle invasion included low in-
tensity in one or both seminal vesicles (stage T3b).

Coil selection for 3D proton MR spectroscopy

In contrast to MRI, for MR spectroscopic examinations it
is not yet possible to combine multiple coil elements with
the available software version on the scanner. One specific
element of the spine-phased-array-coil with the best cov-
erage of the prostate was chosen for acquisition of spectral
data. The spine-array coil consists of six different loops all
of which configured in ellipsoid shape (approximately
45×15 cm2 in diameter). The elements are placed within
the spine-phased array coil with a slight overlap to the
neighbouring loop. The spatial inhomogeneity of signal
reception from the prostate by the coil is not very im-
portant, since the metabolite ratios are used for evaluation.

3D proton MR spectroscopy sequence

The hybrid MR spectroscopic imaging (MRSI) sequence
with spin-echo pre-localization and 3D spatial encoding
was provided as a work-in-progress package by Siemens
Medical Systems (Erlangen, Germany). The body radio-
frequency coil was used for excitation and one element of
the spine array coil for signal acquisition. TR and TE were
optimized for the detection of citrate (TR/TE=1000/120
ms) according to literature data [14, 18]. The volume for
spin excitation (volume of interest, VOI) was closely fitted
to the size of the prostate based on transversal and coronal
T2-weighted MR images. The field-of-view (FOV, 3D
spatial encoding) was 80×80×120 mm3 and was kept con-
stant for all studies. It was slightly larger than the prostate
to prevent undesired signals from periprostatic fat tissue.
Sixteen acquisitions were recorded with a matrix size of
12×12×8 phase encoding steps, resulting in a nominal
voxel size of 7×7×15 mm3. Raw data acquisition was based
on a weighted k-space sampling scheme. Measuring time
was approximately 20 min. Raw data were multiplied with
a spherically symmetric Hanning filter function in order to
enhance the signal contribution from the centre of the k-
space compared to signal from the margins. Compared to
the unfiltered acquisition, the spatial response function ob-
tained by filtering led to an enlargement of the effective
voxel size by a factor of 1.78 compared to the nominal
voxel size [18, 19]. On the other hand, voxel bleeding from
and to distant voxels was significantly reduced. A spectral
bandwidth of 1000 Hz and a vector size of 512 sample
points were used and data were interpolated to a 16×16×8
matrix.

Signal suppression of lipid/water resonances was per-
formed with spatial suppression pulses (outer volume satu-
ration, OVS) and spectral lipid/water suppression pulses
described as “MEGA” [20] or double “BASING” [14, 21–23].

Signal suppression was effective within the spectral
range from 0.7 ppm to 2 ppm (lipid resonances) and from
4.0 ppm to 5.4 ppm (water resonance). Additionally, eight
spatial saturation slabs were placed close to the border of
the prostate for outer volume saturation (Fig. 1b). Mag-
netic field homogeneity (shim) was optimized in the VOI.
Shimming as well as spectral fat and water signal sup-
pression were performed automatically.

Evaluation of 3D MRSI data

The metabolites of interest were citrate (Ci) with a strong
coupled proton spin system centred at 2.6 ppm, choline-
containing compounds (Cho) with methyl protons resonat-
ing at 3.2 ppm and (phosphor-)creatine (Cr) with methyl
protons resonating at 3.0 ppm.

According to the histopathologic findings, the voxels
and the corresponding spectra were assigned to normal
glandular tissue or tumour tissue. For selected voxels, the
area under the curve of the metabolite resonances was
determined and the signal intensity ratio of (Cho+Cr)/Ci
was calculated using a commercially available software
(syngoMR 2004V; Siemens Medical, Erlangen, Germany).

Standardised data processing included the application of
zero-filling to 1024 data points in the time domain, the
application of a Gaussian-filter (300 ms), zero-order phase
correction and automated baseline correction (polynomial;
6th order). In spectra with a poor separation of choline and
creatine, the calculation of the (Cho+Cr)/Ci signal inten-
sities ratio was performed interactively.

In addition, for selected voxel within healthy prostate
tissue, signal-to-noise ratio was calculated by dividing the
amplitude of the signal intensity of the Ci-Resonance by
the typical noise amplitude (peak-to-peak) in the chemical
shift range lacking significant signals.

The quality of the spectra was ranked independently and
in consensus by two experienced radiologists into three
categories: “good” was assigned to spectra with sufficient
signal-to-noise ratio (>6) of the resonances of (choline+
creatine) and/or citrate (Fig. 2a, b, c, d). “Acceptable” was
assigned to spectra with signal-to-noise ratios between 1.5
and 6 and/or minor baseline distortions due to signal
contamination from lipid resonances. “Poor” was assigned
in case of considerable baseline distortions or no detect-
able resonances for diagnosis at all.

Statistical evaluation

A two-sided student’s t-test was used for analysis of me-
tabolite ratios with respect to the differentiation of tumour
and normal glandular tissue. A P-value ≤0.05 was con-
sidered significant. For inter-observer agreement, Cohen’s
kappa-value was calculated. A value of k≥0.8 was con-
sidered as high inter-observer agreement.
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Results

MRI reports were correct with respect to tumour staging in
9/9 pT2 and 2/2 pT3a tumours. Seminal vesicle invasion
was missed in one case (correct in two out of three pT3b
tumours).

Magnetic resonance spectroscopy

There was high inter-observer agreement for the quality
benchmark between the two readers (k>0.8). The quality
(consensus read) of proton MR spectra was considered to
be good in 8/28 patients (29%), acceptable in 9/28 patients
(32%) and poor in 11/28 (39%) patients. All four patients
who underwent therapy (after hormone deprivation n=2,
seed-implantation n=1 or radiotherapy n=1) before 3D MR
spectroscopic imaging were assigned to “poor” and of no

diagnostic value (4/25 patients with proven malignancy =
16%).

The lipid suppression lead to sufficient signal suppres-
sion between 0.7 ppm and 2.0 ppm. In two cases, the
signal of the citrate resonance was contaminated with
signal from lipids. These examinations were classified as
“poor”, even though high (Cho+Cr) signal intensities were
detected in tumour tissue. In 8/28 examinations, the split-
ting of the citrate resonance could be observed for all
spectra in the VOI. Further, 8/28 cases (3D MRSI clas-
sified as “acceptable”) revealed sporadic spectra with con-
siderably baseline distortions between 2.0 ppm and 2.4
ppm. SNR for spectra with rating “good” and “acceptable”
was sufficient for automated analysis. The automatic fit-
ting routine of spectra with classification as “poor” some-
times failed. In these cases, interactive evaluation had to
be performed.

Fig. 1 Patient with a proven adenocarcinoma of the left prostate
gland (histologically confirmed by radical prostatectomy: pT3a pN1
Mo). Field-of-view (yellow box), area of interest (white box) and
resulting voxel (green grid) for one selected slice of the 3D MR
spectroscopy examination are projected on a axial, b coronal and c

sagital T2-weighted images. Additionally, free slabs of the outer
volume suppression are displayed in b (white grids). 3D MR
spectroscopic imaging covered the whole prostate. Tumour tissue is
characterized by a T2-weighted hypointense signal localized mainly
in the left central gland
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For each patient, with the applied 3D MRSI a total
number of 288 interpolated voxels were available. For
determination of the signal intensities ratio of (Cho+Cr)/Ci
in tumour and normal prostatic tissue/benign prostatic
hyperplasia tissue, a total of 103 voxel were retrospec-
tively evaluated according to available histopathologic
data. Thirty-three voxels were placed within the proven
tumours, 33 in the peripheral glands and 37 in the central
glands of the patients. In prostate cancer significantly
higher signal intensity ratios of (Cho+Cr)/Ci compared to
tissue from the central and peripheral gland was observed
(P=0.014) (Fig. 3, Table 1).

In 20 out of 25 patients with biopsy proven prostate
cancer (80%) MR spectroscopic examinations were con-
sidered to be helpful for a better differentiation between
prostate cancer and normal/benign prostatic hyperplasia
tissue and improved diagnostic confidence (consensus
read).

Fig. 2 3D MR spectroscopic
imaging of the patient presented
in Fig. 1. The normal tissue of
the central and peripheral gland
is characterized by high citrate
and lower choline and creatine
signal intensities (d). The spec-
tra of cancer tissue showed
elevated choline and decreased
citrate signal intensities. Loca-
tions of spectra shown in a–d
are given in f

Fig. 3 Boxplots for (Cho+Cr)/Ci signal intensities (SI), subdivided
into tumour, central gland and peripheral zone. Figures of SI ratios
are given in Table 1
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Discussion

Local staging with accurate assessment of tumour extent
and volume is an important prognostic factor for tumour
recurrence after radical prostatectomy [12, 13]. It has been
demonstrated that the diagnostic precision of a standard
sextant biopsy can be achieved by the combination of
MRI and 3D proton MR spectroscopic imaging with en-
dorectal coil [24]. It was also demonstrated that also con-
trast enhanced dynamic MRI can improve the detection of
prostate cancer [8–10]. Detailed assessment of tumour lo-
calization and extent is also important for planning min-
imally invasive therapeutic strategies [25–27].

3D proton MR spectroscopic imaging clearly benefits
from the use of an endorectal coil. However, in patients
with inflammation, anal fissures, fistulas or status post
rectum extirpatio the use of endorectal coils may be dif-
ficult or even impossible. In our examinations without
endorectal coil effective voxel size was enlarged and
numbers of averages were increased to face the poor SNR
compared to examinations of the prostate with an endo-
rectal coil.

Spectra obtained from the patients proved to be ade-
quate in SNR and spectral resolution in 61% for the
primary detection of prostate cancer and its localisation.
However, in 39% of all examinations, SNR and/or spectral
resolution were insufficient. Tumour spectra showed sig-
nificantly higher signal intensities ratios of (Cho+Cr)/Ci
than normal prostate tissue and areas of benign prostatic
hyperplasia. Based on this fact, 3D MRSI was found to
improve detection of prostate cancer in 80% in cases with
biopsy proven prostate cancers (20 out of 25 patients).

It has been shown that there is an overlap in the (Cho+
Cr)/Ci intensities ratio between tumour and benign hyper-
plasia tissue. Scheidler et al. [11] considered the following
rating: normal in case of a signal intensity ratios of (Cho+
Cr)/Ci lower than 0.75; suspicious in case of a signal
intensity ratio of (Cho+Cr)/Ci between 0.75 and 0.86, with
lowered signal intensity ratio of Ci/Ci(normal); definitive
tumour in case of signal intensity ratio of (Cho+Cr)/Ci
above this threshold. However, these cut-off values are not
valid for spectra acquired from periurethral voxel, where

higher signal intensity ratios for (Cho+Cr)/Ci can be
observed also under normal conditions [28]. In addition,
voxel covering seminal vesicles may show apparently
increased Cho signals.

The results of our study can be compared to the above-
mentioned data because identical TR and TE values were
chosen [11, 14, 29]. (Cho+Cr)/Ci signal intensities ratios
were significantly higher in tumours than in normal tissue
(Fig. 2c ,f, g). The non-tumourous central and peripheral
regions of the gland (Fig. 2d, f, g) were not significantly
different. However, compared to the data by Scheidler et
al. [11] for healthy prostatic tissue, mean and maximum
for (Cho+Cr)/Ci signal ratio are relatively high in the
present study. This finding is probably caused by the high
rate of benign prostatic hyperplasia potentially present in
our patients (Fig. 3, Table 1).

With the applied 3D MRSI sequence a interpolated
nominal voxel volume of 7×7×15 mm3 (about 0.74 cm3)
was achieved. However, with bell-shaped filtering of k-
space, an enlargement of effective voxel size is resulting.
According to Scheenen et al. [18] and Pohmann et al. [19],
it follows that the effective voxel size is 1.78 times the
nominal size. In our study, a effective voxel size of ap-
proximately 12×12×27 mm3 (approximately 3.89 cm3) is
resulting. The 2D MR spectroscopic imaging sequence
used by Kaji et al. [17] with a standard spine array coil
yielded a voxel size of 1 cm3. However, data were also
interpolated (to a 32×32 matrix) and effective and nominal
voxel sizes were not distinguished. Using endorectal coils,
Scheidler et al. and Kurhanewwicz et al. [11, 29] achieved
voxel volumes between 0.24 cm3 and 0.7 cm3, also
without distinguishing nominal and effective voxel size.

The total examination time for our combined MRI/3D
MRSI is comparable to Scheidler et al. (less than 60 min)
or Kurhanewicz et al. (typically 50–60 min) [11, 29]. Com-
pared to conventional data acquisition covering the entire
k-space with homogeneous weighting, the weighted ac-
quisition scheme makes optimal usage of the acquisition
time [18]. Of course, the weighted acquisition scheme can
also be used to improve MR spectroscopic imaging with
use of endorectal coils. Doing so, interpolated voxel sizes
of less than 0.6×0.6×0.6 mm3 with coverage of the whole
prostate can be achieved within 10 min [18].

Local staging of prostate tumour is considered to be
superior using endorectal coils as compared to MRI with a
combination of body-phased array and spine-phased array
coils [2]. It is important to note that an increased effective
voxel size of about 3.89 cm3 will reduce the sensitivity in
the detection of prostate cancer. Regarding the potential of
3D MRSI for the detection of prostate cancer, however, no
definitive relationship is indicated in the present literature
between voxel size, tumour volume within the voxel and
tumour grading.

Kurhanewicz et al. [29] postulated a SNR above five
achieved with 3D MR spectroscopic imaging to be ade-
quate for diagnostic purposes, particularly for the predic-

Table 1 Signal intensity ratios of (Cho+Cr)/Ci and number of
evaluated voxels. Tumour tissue was characterized by significantly
higher (Cho+Cr)/Ci signal intensities ratios (student’s t-test:
P=0.014)

Tumour tissue Peripheral gland Central gland

Minimum 1.19 0.10 0.26
Maximum 55.58 1.19 1.35
Mean 5.37 0.55 0.64
SD 9.99 0.28 0.27
Voxel
n 33 33 37
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tion of extracapsular tumour extension. Based on this
assumption, only 30% of our examinations were rated as
good (SNR >6). Considerable baseline distortions between
2.0 ppm and 2.4 ppm were observed. These findings arise
most frequently from shifting residual lipid and/or water
resonances due to insufficient shimming. It should be em-
phasised that no resonances of Cho, Cr and Ci were
detected in patients after hormone deprivation and radio-
therapy/seed implantation. Müller-Lisse et al. [30] also
observed markedly reduced Ci resonances in patients with
hormone deprivation. However, Müller-Lisse et al. stated
that performing combined MRI/3D MRSI examinations
within 4 months after initiating therapy did not show re-
duced accuracy in localizing prostate cancer compared to
nontreated patients.

Conclusion

The results of our feasibility study indicate that combined
MRI/3D MR spectroscopic imaging using the standard
spine array coil instead an endorectal coil can be per-
formed. Also the detection of prostate cancer can be im-
proved using 3D MR spectroscopic imaging without an
endorectal coil. The signal intensity ratios of citrate,
choline and creatine in our study resemble those reported
in the literature. This technique is therefore especially
useful in patients who do not tolerate or cannot be ex-
amined with an endorectal coil. However, reduced quality
of 3D MR spectroscopic imaging compared to endorectal
coil examinations have to be accepted. Future work should
focus on combining signals from multiple array coils for
further improving signal-to-noise ratios in those spectra.
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