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On the one hand, prostate cancer is  
a deadly killer: it will affect one in  
six men during their lifetime and is 
the second most common cause  
of cancer-related death in men. On 
the other hand, it may present as 
benign – clinically insignificant – 
tumors that require no treatment at 
all during the patient’s lifetime. 

The primary means for diagnosis in 
men with suspected prostate cancer 
is trans-rectal, ultrasound-guided 
biopsy. However, it is difficult to 
accurately grade tumors by random 
blind biopsy, and diagnostic uncer-
tainty may lead to aggressive tumors 
being missed or insignificant tumors 
being radically treated resulting  
in unpleasant and unnecessary 
side-effects.

The clinical management of a  
patient diagnosed with prostate  
cancer is therefore one of the  
most challenging demands facing 
urologists right now. 

During the whole therapeutic cycle – 
from diagnosis to recurrence evalua-
tion – multiparametric MRI can pro-
vide essential information on tumor 
extent, the TN stage, and even on 
the biological activity of a tumor.  
It is the most accurate technique to 
localize cancer and the extent of  
suspicious regions in the prostate, 
non-invasively. Recent studies even 
show that the technique allows 
exclusion of clinically significant  
cancer with 97% NPV, and allows 
using invasive procedures and  
therapy only when needed.

Recent contributions to MAGNETOM 
Flash illustrate how MRI can impact 
the clinical management of prostate 
cancer. With a portfolio of dedicated 
solutions for high-resolution DWI 
(RESOLVE; ZOOMit), perfusion 
(TWIST, VIBE) and MR spectroscopy, 
as well as powerful tools for post-
processing and standardized reading 
and reporting of the acquired data, 
Siemens enables you to incorportate 
multiparametric MRI into your clinical 
routine. 

We are grateful to the authors of these 
articles for sharing their expertise, 
experience, and enthusiasm with other 
MAGNETOM users. In doing so, they 
make a valuable contribution to tech-
nological advancement in this field  
and promote clinical adoption for better 
patient care. 

I wish you an enjoyable read. 
 
 
 
 

Gregor Thörmer, Ph.D.

Global Segment Manager  
Men’s and Women’s Health
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Introduction
Carcinoma of the prostate is the com-
monest form of human carcinoma, found 
at autopsy in 30% of men at the age of 
50 and in over 80% of men in their 90s. 
Worldwide, more than 650,000 men are 
diagnosed with the disease each year ac-
counting for a 10th of all new male can-
cers. In Europe, the lifetime risk of being 
diagnosed with prostate cancer is approx-
imately 1 in 13. In 2006, an estimated 
234,460 American men were newly diag-
nosed with prostate cancer, and over 
30,000 died of the disease. There is a 
close association between recent increases 
in the incidence of prostate cancer and 
the use of transurethral resection of the 
prostate (TURP) for treating obstructive 
lower urinary tract symptoms due to pre-
sumed benign prostatic hyperplasia (BPH) 
and more recently with serum prostatic 
serum antigen (PSA) testing. Whether 
there is a real increase in incidence or 
not, the number of cases of prostate can-
cer will rise further as the population at 
risk (older men) grows with lengthening 
of life expectancy. With the increased  
use of PSA testing, it has been noted that 
there has been a gradual downward 
stage migration (increased incidence of 
early disease) with the discovery of carci-
nomas that are possibly not life threaten-
ing. Prostate carcinoma thus represents  
a significant challenge for men’s health. 
This fact has been recently recognized by 
the US Congress with the recent introduc-

Prostate Cancer – Meeting Clinical  
Needs by Advanced MRI at Diagnosis  
and on Follow-Up
Dr. Anwar R. Padhani, M.D.1,2; Dr. Clare Allen, M.D.3

1 Paul Strickland Scanner Centre, Mount Vernon Cancer Centre, Northwood, Middlesex, United Kingdom
2 Synarc Inc., San Francisco, CA, USA
3 Department of Imaging, University College Hospital, London, United Kingdom

tion of the Prostate Research Imaging and 
Men‘s Education (PRIME) act. This act, the 
first to directly support imaging technolo-
gies and in vivo diagnostics for the detec-
tion, diagnosis and treatment of prostate 
cancer, seeks to authorise an investment 
of USD 600 million over five years to com-
bat this deadly disease with related edu-
cational efforts to raise public awareness.
There are considerable limitations in cur-
rent diagnostic and therapy pathways for 
prostate cancer patients. Only moderate 
tumor and nodal staging accuracies of 
imaging tests has resulted in the patchy 
adoption of MRI into routine patient man-
agement particularly at new diagnosis. 
The fact that prostate cancer is often 
multicentric and poorly depicted by non-
invasive tests has resulted in whole organ 
rather than specific tumor-directed thera-
py. With downward stage migration, it is 
increasingly unclear whether it is neces-
sary to actively treat all diagnosed cases. 
There is debate on what constitutes clini-
cally important disease encapsulated by 
the disparity between the approximate 
30–40% prevalence of histological pros-
tate cancer in men older than 50 years of 
age and the 8% of cancers that become 
clinically significant or the 3% lifetime 
risk for death from this disease. Since 
therapies are not without their sometimes 
devastating complications, there is in-
creasing patient pressure for more mini-
mally invasive and more effective thera-

peutic approaches. In this context it is 
clear that focal ablations (so-called “male 
lumpectomy”) will play increasingly im-
portant management roles (examples in-
clude photodynamic therapy (PDT), cryo-
therapy, high-intensity focused ultrasound 
(HIFU) and high-dose rate brachytherapy). 
The usage and future success of these 
treatments will depend on the identifica-
tion of clinically significant focal disease 
(the dominant intra-prostatic lesion (DIL) 
also called index lesion and the absence 
of extra prostatic disease (see box for  
additional clarification of these terms). 
Additionally, new therapeutic approaches 
include prophylactic nodal radiotherapy 
with the intensity modulation (IMRT) re-
quire the accurate mapping of the location 
of pelvic lymph nodes for the eradication 
of metastases. In the future, patient ther-
apy will be more personalized taking into 
consideration not only the extent of local 
disease but also assessments of biological 
aggressiveness as well as patient and 
physician preferences. It is in these con-
texts that this paper describes the current 
and future roles of MRI in prostate cancer 
patient management. The approach is 
from the perspective of the patient path-
way describing clinical and research re-
quirements at each stage and the authors’ 
opinions on the roles of morphological 
and functional imaging in order to over-
come current bottlenecks in prostate can-
cer management. The opinions expressed 

Clinical Abdomen / Pelvis
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represent the views of the authors based 
on literature reviews and personal experi-
ences. Recommendations given are partly 
dependent on our subjective assessments 
of ease of imaging acquisition, analysis 
and interpretations.

Roles and current limitations 
of MRI in clinical practice
From the outset it should be recognised 
that MRI for newly diagnosed cancer  
patients is not universally accepted nor 
used. However, the majority of urological 
surgeons and radiotherapists agree that 
the following patients should have MRI  
at first diagnosis:
1. Symptomatic patients: MRI has an  

important contributing role in deter-
mining tumor extent, detecting com-
plications and planning treatment.

2. Patients at higher risk of local / meta-
static spread: a current consensus  
definition of risk groups for prostate 
cancer patients is given in table 1. 

3. Potential surgical candidates where 
Partin tables suggest the risk of extra-
prostatic disease (level of risk is debated 
but probably > 30% – depending on  
radiological expertise).

4. Patients with palpable apical tumors. 
Patients with advanced or metastatic 
disease need not always undergo de-
tailed local staging with MRI. 

It is to be noted that clinical requirements 
change at various points of the prostate 
cancer patient’s journey and questions for 
MRI to address are correspondingly al-
tered (Table 2). So for example when MRI 
is used for newly diagnosed patients, the 
objectives for its usage are:
1. To delineate the intra- and extra-pros-

tatic extent of the local disease. Here, 
the key first distinction is organ con-
finement versus extra-prostatic disease.

2. Prostatic cancer is often multifocal, 
and the detection of the dominant 
prostatic cancer nodule or index lesion 

is becoming important for therapy 
planning (for definition see box).

3. To detect the presence of cancer at the 
prostatic apex; this is an important 
consideration for patients being con-
sidered for surgical therapy.

4. To detect the presence and location 
(intra- versus extra-pelvic) of metastatic 
nodal involvement.

5. To detect the presence of bone metas-
tases.

6. To detect the presence of complica-
tions of urinary tract obstruction.

Years of experience shows that morpho-
logical (T2-weighted) MRI has many limi-
tations for the evaluation of the prostate 
gland. We have come to recognize that 
tumor volume and distribution is often 
underestimated because not all tumors are 
visible and small tumors are not consis-
tently shown. Confounding effects occur 
because there are other causes of low 
signal intensity in the peripheral gland 

Abdomen / Pelvis Clinical

Terminology

Localised prostate cancer can be stratified into risk groups  
using combinations of clinical findings, histopathology using 
the Gleason grading system and presenting serum prostate 
specific antigen level (PSA). General risk categories for pros-
tate cancer are given in table 1. Many readers will be unfa-
miliar with some of the terminology pertaining to prostate 
cancer management. These concepts are used in different 
ways by clinicians and pathologists and the authors’ current 
understanding of these terms is as follows: 
Dominant intraprostatic lesion (DIL) also called Index lesion: 
This is a vague term used in the radiotherapy/surgical litera-
ture referring to the major focus of disease in terms of tumor 
volume, the goal being to focally ablate these regions as part 
of whole prostate gland therapy.
Clinically insignificant disease: Small-volume prostate  
cancers (usually 0.5 ml or less) without elements of Gleason 
grade pattern 4 or 5. By definition these tumors are non- 
palpable and confined to the prostate gland. However, since 
many prostate cancer deaths occur more than 10 years after 

the initial diagnosis, the biological behavior of small-volume 
prostate cancers may become important in patients with rel-
atively long post-diagnosis life expectancies. 
Clinically significant disease in non-palpable (T1c) prostate 
cancer: These tumors are often risk stratified by well-estab-
lished prognostic factors (Gleason score [GS], pretreatment  
serum PSA level, and percent positive biopsy findings [%+Bx]) 
because these factors predict biological aggressiveness. 
High risk: GS = 8-10 or PSA level > 20 ng/mL; or GS = 7 or 
PSA level > 10–20 ng/mL and > 50%+Bx – these patients 
have a historical four-year PSA control of 10% to 30% after 
definitive therapy. 
Intermediate risk: GS = 7, PSA level > 10–20 ng/mL, and  
34%–50%+Bx. These patients have a historical four-year PSA 
control of 50% to 60% after definitive therapy. 
Significant disease can also be based on age and GS. Antitici-
pated prostate cancer mortality greater than 30% to 50% also 
includes patients with GS = 7 and age 70 years, and GS = 6 
and age 65 years.

* Works in progress (WIP). The information about this product is preliminary. The product is under development and not 

 commercially available in the U.S., and its future availability cannot be ensured.
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Table 1: UK National Comprehensive Cancer Network (NCCN) definitions of risk for prostate cancer (2005)

Low Risk T1-T2a and Gleason Score 2–6 and PSA < 10 ng/ml

Intermediate Risk1 T2b-T2b or Gleason Score 7 or PSA 10–20 ng/ml

High Risk1 T3a or Gleason Score 8–10 or PSA > 20 ng/ml

Table 2: The prostate cancer patient journey and contribution of MRI in patient care

Morphology +++ +++ +++ +++ +++ +++ ++ +++ ++ +++ +++ +++

Additional  + 0 + 0 0 0 0 + + ++ ++ 0 

MRI biopsy

Lympho- 0 ++ +++ +++ +++ +++ + 0 0 ++ ++ 0 

graphy

MRSI +++ + ++ ++ + + + 0 +++ ++ + 0

DW-MRI +++ ++ +++ ++ ++ ++ + + ++ +++ ++ 0

Data fusion ++ ++ + ++ ++ ++ 0 0 + + ++ 0

DCE-MRI +++ + +++ ++ + + 0 +++ +++ +++ +++ 0

BOLD-MRI 0 + 0 0 + + + + 0 + 0 0

Clinical  Raised PSA Cancer Small Organ Organ Usually Usually Usually Rare to use Significant Disease is Disease is 
scenario with nega- diagnosed volume confine- confine- includes hormonal after imaging in rise in localised not loca- 
 tive biopsy and Low ment ment neo- therapy focal this role serum PSA and  lised and 
 TRUS and confirmed aggressive- No tumour No adjuvant ± RT therapies (Serum PSA  salvage salvage is  
 or biopsies by biopsy ness  at metastases hormones   surveil-  is possible impossible
    prostatic     lance)
    apex No 
    metastases

Clinical Define TNM stage Confirm Detect Define Confirm Define Treatment Detect Identify Define Define 
(C) or tumour (C) Define organ adverse dominant confine- extent of verification active site and extent extent of 
Research  location  dominant confine- features lesion ment to nodal & (R) disease volume of of local of relapsed 
(R)  and size for lesion (C) ment (C) (C) location pelvis (C) distant Define in absence recurrence disease disease 
require- targeted Define Document Target and size Nodal meta- volume of signifi- (C) and and com- 
ments biopsy (C) lesion size (C) pelvic (C/R) mapping stases (C) and cant  absence plications 
  aggressive- Depict nodal  (C/R) Require- extent of PSA rise (R)  of meta- (C) 
  ness (C/R) lesion dissection   ments residual   stases (C) Require- 
  Therapy aggressive- (C)   for local disease (R)    ments 
  planning ness (C/R)    palliation     for local 
  (C)     (C)     metastases 
            (C)

Contribution made by MRI1

Treatment of relapsed 
disease 

Curative intent

Treatment of initial disease*

Initial ob-
servation 
(deferred 
therapy)

Suspect 
cancer

Clinical 
Journey 
begins 
here

Stage 
known 
cancer

Surgery Ablative 
therapies 
(HIFU, PDT, 
cryothera-
py brachy-
therapy)

External 
beam ra-
diotherapy 
to prostate 
± pelvic 
nodes

Palliative Monitoring 
effective-
ness of 
therapy

Surveil-
lance of 
treated  
disease

Suspect  
relapse Local  

salvage Palliative

1 These authors’ opinions are based on literature reviews, personal experiences and recommendations are partly dependent on subjective assessments of ease  
of imaging data acquisition, analysis and interpretations. *The imaging recommendations are for the purpose of planning therapy.

 0 = No requirement; + = possible requirement; ++ = probably indicated; +++ = definite indication

1 Patients with multiple adverse factors may be shifted into the next higher group. Note: T3a/b and T4 disease is not organ confined.
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(scars, prostatitis, haemorrhage and ther-
apy effects) and central gland tumors can 
be particularly difficult to see in the pres-
ence of benign prostate hyperplasia (BPH). 
Conventionally it was thought that these 
were unimportant limitations as key ther-
apeutic decisions were based on tumor 
extent (simply organ confinement or not) 
but we know that MRI also has a restrict-
ed ability to distinguish organ confined 
disease from early T3 disease resulting in 
great staging variability from center to 
center. Furthermore the clinical situation 
has changed because it is now increas-
ingly important to depict the index le-
sion/DIL for the application of minimally 
invasive treatments which may (or may 
not) be used in combination with conven-
tional approaches. As we move into the 
arena of personalised patient-oriented 
therapy, imaging assessments will need 
to become more comprehensive and ac-
curate, depicting not only the extent of lo-
cal disease but also assessing biological 
aggressiveness (by depicting tumor grade 
other biological important features such 
as the presence and extent of tumor hy-
poxia, increased vascularisation and pro-
liferation rate). Beyond local tumor as-
sessments, our current ability to accurately 
depict nodal metastatic disease is also 
limited by the use of morphological crite-
ria based mainly on size evaluations. 
There is a high incidence of reactive pelvic 
lymph node enlargement and it is well 
described that adenocarcinoma prostate 
metastases are of small volume (micro-
scopic) and therefore may be found in 
normal sized lymph nodes. There is a high 
incidence of nodal spread to surgically 

non-sampled sites at pelvic lymph node 
dissection (PLND). Therefore future as-
sessments of prostate cancer patients will 
also include more accurate depiction of 
the presence and extent of nodal meta-
static disease. 

Overcoming limitations with 
advanced MRI techniques
Over recent years tremendous experience 
has been gained in functional MRI tech-
niques and it is becoming increasingly 
clear that they may be able to address 
some of the bottlenecks in prostate can-
cer patient management. New techniques 
which include dynamic contrast enhanced 
MRI (DCE-MRI), diffusion-weighted MR 
imaging (DW-MRI), proton MR spectro-
scopic imaging (MRSI) and blood oxygen 
level dependent MR imaging (BOLD-MRI) 
are making the transition from academic 
investigation to routine clinical usage. 
The progress made by each technique in 
the transition to clinical practice varies, 
but important lessons on their potential 
uses and limitations are known. With the 
advent of faster sequences performed  
on high-performance, high field strength 
MRI scanners it is possible to combine 
morphological and multiple functional 
prostatic imaging into a more comprehen-
sive evaluation with only a small addi-
tional time penalty. Since the limitations 
of each technique are often non-overlap-
ping it is recommended that multiple 
functional imaging techniques are used 
for making diagnoses and therapeutic de-
cisions at various stages of the clinical 
cancer journey as recommended in tables 
2 and 3. The biological basis of observa-
tions on these techniques is discussed 
briefly with appropriate references for in-
terested readers. Examples of multifunc-
tional imaging use in clinically suspected 
cancer at diagnosis and after definitive 
treatment are shown in the figures.
Dynamic contrast enhanced MRI (DCE-
MRI) using small molecular weight gado-
linium chelates enables non-invasive  
imaging characterization of prostatic vas-
cularity. Established clinical roles in pros-

tate gland include lesion detection and 
localization, for tumor staging and for  
the detection of suspected tumour recur-
rence [1]. Diffusion-weighted MRI  
(DW-MRI) is a technique that displays in-
formation about the extent and direction 
of random water motion in tissues. DW-
MRI provides information on extracellular 
space tortuosity, tissue cellularity and the 
integrity of cellular membranes. Clinical 
data indicates a number of potential roles 
in prostate cancer including lesion locali-
sation and characterisation and determi-
nation of the lesion aggressiveness [2]. 
Diffusion MRI images should always be 
interpreted by integration of morphology, 
high b-value (> 750 sec/mm2) signal ap-
pearances and on ADC maps. This is be-
cause the calculated ADC values are de-
pendent on the range of b-values used 
with additional errors arising from noise 
in very high b-value images. MR spectro-
scopic imaging (MRSI) of the prostate 
depicts the altered metabolism associated 
with prostate cancer. Normal prostatic 
glandular tissues shows high citrate levels 
whereas prostate cancer is characterised 
by high levels of choline. Studies to date 
suggest that MRSI might provide informa-
tion that could be used to increase stag-
ing accuracy for less experienced readers 
and thereby reduce inter-observer vari-
ability, improve the non-invasive assess-
ment of tumour location (although a  
recent American College of Radiology Im-
aging Network (ACRIN) study was incon-
clusive) and provides guidance for  
directing biopsies and focal therapies [3, 4]. 
The primary source of image contrast on 
Blood Oxygen Level Dependent MRI is 
endogenous, paramagnetic deoxyhaemo-
globin which increases the transverse re-
laxation rate (R2*) of water in blood and 
surrounding tissues and thus BOLD-MRI is 
sensitive to pO2 within and in tissues ad-
jacent to perfused vessels. BOLD-MRI does 
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* Works in progress (WIP). The information about this  

product is preliminary. The product is under development 

and not commercially available in the U.S., and its future 

availability cannot be ensured.

Continuned on page 59 .
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1B
MPR TaskCard. Anatomical and functional images 

are co-localised using advanced, non-rigid software 
algorithms with false colour overlays of high b-value 
(b1200t) images. The TaskCard shows the prostate in  
3 planes and indicates the site of high cellularity which 
can be used to indicate where to biopsy and can guide 
focal therapies.

1B

1A

Viewing TaskCard. Top-Left: T2-weigthed image 
shows some low signal in the peripheral zone at the base 
of the prostate gland in the midline. No central gland 
abnormality is shown. 
Top-right: ADC map (calculated from b-value 0t, 50t, 100t, 
250t, 500t and 750t images) shows restricted diffusion 
in the left central gland measuring 1.3 cm (arrow). 
Bottom-left: Fusion image (b 1200 trace+T2-weighted) 
with 50% opacity confirms that the restricted diffusion  
is co-located in the left central gland indicating high 
cellularity. 

1A

Rising PSA levels with repeated negative 
TRUS biopsies. 
This 56-year-old male patient had 3 negative transrectal 
ultrasound (TRUS) guided biopsies for rising serum PSA 
levels over 2–3 years. In May 2006 the PSA level was 
5.8 and now it had risen to 14.6 ng/ml. A multifunctional 
study was undertaken. Morphology, DW-MRI, DCE-MRI 
and MRSI examinations were all obtained within a 1-hour 
examination time on Siemens 1.5T MAGNETOM SATS – 
Symphony scanner with Tim (Total imaging matrix) 
capability using surface coils only. Evaluations of data 
obtained were done on Siemens Leonardo Workstation 
(MMWP) using Viewing, MRP with fusion, MeanCurve 
and Spectroscopy Taskcards. 

1
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1C
The MeanCurve TaskCard can  

be used to analyze dynamic contrast 
enhanced images (DCE-MRI). High spatial 
resolution DCE-MRI data were acquired 
every 30 seconds (twice before and  
5 times post 0.1 mmol/kg Gd-DTPA).  
Top-left: Regions of interest (ROIs)  
are placed in the region of the restricted 
diffusion (red ROI), in the right peripheral 
zone (yellow ROI) and in ischio-rectal fat. 
Top-Right: Graphic depiction of con- 
trast-enhancement with time shows 
marked early enhancement of the mass 
in the left central zone with some wash-
out (red line). 
Bottom-left: Subtraction image depicts 
more clearly the enhancing regions and 
can be used to place ROIs. 
Bottom-right: Late post contrast enhanced 
T1-weighted image with fat-suppression. 
The area of high enhancement is difficult 
to see. 

1C

1D
Spectroscopy TaskCard. MR 

spectroscopic imaging (5 x 5 mm voxel) 
from the left central gland lesion shows 
abnormal spectrum with high choline and 
low citrate levels (Choline: citrate ration: 
0.72). The information obtained with 
these tools indicates a highly suspicious 
lesion suggestive of prostate cancer in 
the left central gland (mass, high 
cellularity, high perfusion and abnormal 
metabolism). This area was specifically 
targeted for biopsy and a cancer was 
diagnosed.

1D

* Works in progress (WIP). The information about this product is preliminary. The product is under  

development and not commercially available in the U.S., and its future availability cannot be ensured.
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2A

Top-Left: T2-weighted image 
showing a 2 cm mass posterior arising 
from the peripheral gland of the prostate 
breaching the mesorectal fascia indenting 
but not invading the rectum. 
Top-Right: ADC map (from b0-750t 
images) showing marked restriction of 
water diffusion in relation to the mass 
behind the prostate. 
Bottom-right: b 1200 trace image shows 
hyperintensity of the tumor recurrence; 
note that the treated prostate gland is not 
hyperintense. 
Bottom-left: Fusion image (b1200 trace  
+ T2-weighted) with 50% opacity confirms 
that the restricted diffusion is co-located 
in the recurrent tumor. 

2A

Clinical Abdomen / Pelvis

Tumor recurrence following 
radiotherapy
72-year old male patient with prostate  
cancer previously treated (4 years prior) 
with radio-therapy for prostate cancer  
for T3a/b disease but now with rising 
serum PSA levels (5.4 ng/ml).

2

2B
Anatomical and functional imaging 

are co-localised using advanced, non-rigid 
software algorithms with color overlays  
of high b-value (b1200t) images in the 
MPR TaskCard. The opacity of the color 
overlays can be adjusted to optimise  
data display.

2B
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2C
This is an example of how the MeanCurve 

TaskCard can be used to analyze dynamic 
contrast enhanced images (DCE-MRI). High 
spatial resolution DCE-MRI data were acquired 
every 30 seconds (twice before and 5 times 
post 0.1 mmol/kg Gd-DTPA).  
Top-left: Regions of interest (ROIs) are placed 
on the edge of the recurrence (yellow), in fat 
(red) and in air (green) on the 60 seconds 
post contrast image.  
Top-right: Graphic depiction of contrast-
enhancement with time shows marked early 
enhancement of the tumor recurrence with 
some wash-out (yellow line). 
Bottom-left: Axial fusion image (b 1200 trace 
+ T2-weighted) with 50% opacity. 
Bottom-right: Late post contrast enhanced 
T1-weighted image with fat-suppression. The 
tumor recurrence is difficult to see.

2C

Top-left: There is an equivocally enlarged 
lymph node (7 mm) in the right internal iliac 
region (circled). 
Top-right: on b0 images, the lymph node  
is difficult to see because of adjacent hyper-
intensity in vascular structures. Note the 
hyperintense signal in the bladder anteriorly. 
Bottom-left: b 1400 trace image shows 
persistent hyperintensity of the lymph node; 
all other pelvic structures are no longer hyper-
intense. 
Bottom-right: ADC maps show moderate 
restriction of water diffusion in the node (1170 
x 10-5 mm2/s). Taken together these findings 
are suggestive of metastatic invasion.

3A

Nodal evaluation with diffusion-
weighted MRI 
72-year-old male patient with new diagnosis 
of prostate cancer. This is the same patient  
as in figure 5.

3
3A

* Works in progress (WIP). The information about this product is preliminary. The product is under  

development and not commercially available in the U.S., and its future availability cannot be ensured.
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4
Bone marrow evaluation with  

diffusion-weighted MRI 
75-year-old male patient with prostate 
cancer previously treated with radio -
therapy for prostate cancer but now 
with rising PSA levels (2.4 ng/ml).  The 
bone scan was negative and no enlarged 
lymph nodes were seen. The treated 
prostate gland had normal appearances 
post radiotherapy. There are 2 equivocal 
lesions seen in the bone marrow of  
the right hemipelvis (straight arrows) 
with a possible 3rd lesion on the left side 
shown on the STIR and T1-weighted 
sequences (top-left and top-right). 
Bottom-left and bottom-right: Fusion 
images (b 1200 trace + T1-weighted) 
with 50% and 100% opacities (inverted 
grey-scale), confirms that the restricted 
diffusion is co-located in the 2 right sided 
abnormalities (ADC map not shown). 
These appearances are highly suggestive 
of cellular tissues within the bone 
marrow and therefore of metastases as 
being the cause of rising PSA levels.

4

Clinical Abdomen / Pelvis

 Top-left and bottom-right:  
T2-weighted images confirm the 
anatomical location of the lymph node  
in the right internal iliac region. 
Top-right and bottom-left: Fusion images 
(b 1400 trace + T2-weighted) with 50% 
and 100% opacities, confirms that the 
restricted diffusion is co-located in the 
lymph node. 

3B
3B
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Discordance between DW-MRI and MRSI
This is the same patient as figure 3. 72-year-old male with new diagnosis of prostate cancer. 
Top-left: The T2-weighted image shows moderate volume extra-capsular disease (T3A) 
with obliteration of the recto-prostatic angle (arrow).  
Top-right: ADC map shows marked restriction of water diffusion in the region of the tumor.  
Bottom-left: Fusion image (b 1000 trace + T2-weighted) confirms extraprostatic disease.  
Bottom-right: MRSI (5 x 5mm voxel) shows normal spectrum with high citrate and low  
choline peaks in tumor.

5

* Works in progress (WIP). The information about this product is preliminary. The product is under  
development and not commercially available in the U.S., and its future availability cannot be ensured.
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  Technique Basis of usage Indications Authors’ opinions  
 (Siemens Tools)   on indication1

 Morphology  Depiction of the tumor extent At almost every stage of the patient journey +++ 
 (Viewing TaskCard)  (not routinely used for very early stage cancers  
   nor for very advanced disease)

 MRI biopsy  To obtain histological material  Not routinely indicated. Used when cancer is + 
 (None specific)  targeting a lesion/area suspected, TRUS biopsies are negative and) 
  Rarely to direct focal treatments MRI depicts suspicious lesion(s)
  to a specified region

 Lymphography with  To improve the accuracy of  Remains to be decided but will include one or +++ 
 lymph node specific nodal staging  more of the following:
 contrast agent 
 (Sinerem/Combidex*)   ■ For newly diagnosed patients who are  
      potentially curable (regardless of therapy  
 (Lymph Node TaskCard)     modality) taking into account age and volume 
      of disease (including small volume T3 disease)
      ■ >15% risk for nodal metastases
      ■ Gleason ≥7 (≥ 4+3)
      ■ PSA >10 ng/ml regardless of histological grade
   ■ For nodal mapping prior to IMRT or for targeted,  
       extended PLND
 *Contrast agent not yet  ■ PSA relapse – provided local relapse is excluded 
   approved (Dec 07) but     and bone scan is negative and in whom salvage  
   expected soon     pelvic radiotherapy therapy is being considered  

 Proton MRSI For depicting the intraprostatic tumor extent ■ For depicting and confirming the location of ++
      the primary prostate cancer  
 (Spectroscopy  For assessing lesion aggressiveness ■ PSA relapse when bone scan is negative and  ++
 TaskCard)     in whom salvage therapy is being considered
  (complementary information to DW-MRI 
  and DCE-MRI and should be used together  
  where possible)  
 
 DW-MRI For depicting the intraprostatic tumour extent ■ For depicting and confirming the location of  ++ 
 (ADC tool)     the primary prostate cancer
  (complementary information to DW-MRI and  ■ PSA relapse when bone scan is negative and +++ 
  DCE-MRI and should be used together where     in whom salvage therapy is being considered
  possible)

 DCE-MRI with mean For depicting the intraprostatic tumour extent  ■ For depicting and confirming the location of ++ 
 curve analysis (complementary information to DW-MRI and    the primary prostate cancer 
  DCE-MRI and should be used together where ■ For monitoring response to hormonal therapy + 
 (DCE and mean curve possible) ■ For the assessment of the effectiveness of +++ 
 TaskCards)      focal therapies (eg PDT, HIFU) 
   ■ PSA relapse when bone scan is negative +++ 
      and in whom salvage therapy is being considered
 
 Data fusion  Combining & displaying morphological To aid in the co-localisation for data presentation  +++ 
 (MPR TaskCard with  with functional imaging purposes and for therapy planning. Very useful  
 fusion option)  when used with proton-MRS and DWI.

 BOLD-MRI To map prostate cancer hypoxia. Used in Could be used for focal ablative therapies as  +  
  combination with techniques that map the well as radiotherapy planning for boosting dose
 (No specific task card) location of tumours delivery to hypoxic regions.

1 These authors’ opinions are based on literature reviews, personal experiences and recommendations are partly dependent on subjective assessments  
of ease of imaging data acquisition, analysis and interpretations

 0 = No requirement; + = possible requirement; ++ = probably indicated; +++ = definite indication

Table 3: MRI techniques and their usage in prostate cancer patients
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not measure pO2 directly and in order to 
be able to correctly interpret BOLD images 
it is necessary to know or to determine 
the distribution of blood volume in tis-
sues. Recent data suggests that BOLD-MRI 
can be used to generate probability bio-
maps of prostate tumor hypoxia and 
when combined with DW-MRI and DCE-MRI 
may be used to target hypoxic prostate 
tumor regions with focal therapies such 
as high dose rate brachytherapy, cryo-
therapy as well as HIFU [5, 6].  
MR lymphography using the intrave-
nously administered contrast agent Feru-
moxatan-10 has emerged as a powerful 
new tool for the evaluation of nodal in-
volvement. Much research attesting to its 
accuracy for nodal characterisation (in-
cluding the detection of micrometastases) 
has appeared in the literature, although 
efficacy data relating to changing patient 
management and altering clinical out-
comes remains generally lacking [7, 8]. 
Approval of this contrast agent in Europe 
is expected soon. Two basic strategies 
have been explored for MRI guided pros-
tate gland biopsy: (1) co-registration
of previously acquired diagnostic MR  
imaging to interventional TRUS or open 
scanner MR images, and (2) stereotactic 
needle interventions within conventional 
diagnostic scanners using careful patient 
positioning or the aid of simple manipu-
lators. Such techniques can be used for 
needle-based interventions for prostate 
cancer, including biopsy, brachytherapy, 
and thermal therapy. 
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Conclusions
As we move into the early 21st century it 
is clear that the prostate cancer imaging 
landscape will change radically. One chal-
lenge that radiologists will face is how to 
communicate complex multifunctional 
information to clinicians looking after pa-
tients. One method is to use fusion tools 
which allows anatomical and functional 
imaging to be co-localised using advanced, 
non-rigid software algorithms which can 
also be extremely useful for the purpose 
of data presentation, analysis, biopsy and 
therapy planning (examples are shown  
in figures). Standardized MRI reporting 
systems depicting graphically the location  
of abnormalities with the relative confi-
dence of diagnostic radiologists will be 
needed to accurately convey complex  
information to clinicians. When using 
such toolbox multifunctional imaging  
approaches for prostate cancer it is often 
found that the results obtained are not 
always concordant (for example, mor-
phology, DW-MRI, DCE-MRI may suggest 
the presence of tumor and MRSI does  
not – see figure 5 for an example case). 
The latter is not really surprising as these 
techniques are depicting different biolog-
ical processes. The relative weighting to 
be placed on each component of a com-
prehensive exanimation in a given clinical 
situation will require sophisticated bioin-
formatics approaches where imaging data 
will be analysed with co-located immuno-
histochemistry, gene expression profiles 
and other biomarker data. We anticipate 
that fusion of functional imaging and 
other biomarker data will yield more ro-
bust and more effective tumor signatures. 
Thus, multi-spectral analysis of imaging 
data represents the new bioinformatics 
challenge of the early 21st century in 
prostate cancer.



Introduction
Prostate MRI has become an increas-
ingly common adjunctive procedure in 
the detection of prostate cancer. In 
Germany, it is mainly used in patients 
with prior negative biopsies and/or 
abnormal or increasing PSA levels. 
The procedure of choice is multipara-
metric MRI, a combination of high-
resolution T2-weighted (T2w) mor-
phological sequences and the 
multiparametric techniques of diffu-
sion-weighted MRI (DWI), dynamic 
contrast-enhanced MRI (DCE-MRI), 
and proton MR spectroscopy (1H-MRS) 
[1, 2]. Previously, there were no uni-
form recommendations in the form 
of guidelines for the implementation 
and standardized communication of 
findings. To improve the quality of 
the procedure and reporting, a group 
of experts of the European Society 
of Urogenital Radiology (ESUR) has 
recently published a guideline for MRI 
of the prostate [3]. In addition to pro-
viding recommendations relating to 
indications and minimum standards for 
MR protocols, the guideline describes 
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a structured reporting scheme  
(PI-RADS) based on the BI-RADS classi-
fication for breast imaging. This is 
based on a Likert scale with scores 
ranging from 1 to 5. However, it lacks 
illustration of the individual manifes-
tations and their criteria as well as 
uniform instructions for aggregated 
scoring of the individual submodali-
ties. This makes use of the PI-RADS 
classification in daily routine difficult, 
especially for radiologists who are 
less experienced in prostate MRI. It is 
therefore the aim of this paper to 
concretize the PI-RADS model for the 
detection of prostate cancer using 
representative images for the relevant 
scores, and to add a scoring table that 
combines the aggregated multipara-
metric scores to a total PI-RADS score 
according to the Likert scale. In addi-
tion, a standardized graphic prostate 
reporting scheme is presented, which 
enables accurate communication of 
the findings to the urologist. Further-
more, the individual multiparametric 
techniques are described and critically 

assessed in terms of their advantages 
and disadvantages.

Materials and methods
The fundamentals of technical imple-
mentation were determined by con-
sensus. The sample images were 
selected by the authors by consensus 
on the basis of representative image 
findings from the 3 institutions. The 
scoring intervals for the aggregated 
PI-RADS score were also determined by 
consensus. The individual imaging 
aspects were described and evaluated 
with reference to current literature 
by one author in each case (T2w: M.R., 
DCE-MRI: T.F., DWI: D.B., MRS: H.S.). 
Furthermore, a graphic reporting 
scheme that allows the findings to be 
documented in terms of localization 
and classification was developed,  
taking into account the consensus 
paper on MRI of the prostate published 
in 2011 [4].

I: Normal PZ in T2w 
hyperintense

II: Hypointense 
discrete focal lesion 
(wedge or band-
shaped, ill-defined)

III: Changes not 
falling into categories 
1+2 & 4+5

IV: Severely hypo-
intense focal lesion, 
round-shaped, well-
defined without extra-
capsular extension

V: Hypointense mass, 
round and bulging, 
with capsular 
involvement or seminal 
vesicle invasion

1

PI-RADS classification of T2w: peripheral glandular sections.1
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Implementation and 
technical requirements
According to the German interdisci-
plinary S3 guideline for prostate  
cancer, MRI of the prostate should be 
performed on a high-field scanner 
with a minimum field strength of  
1.5 Tesla (T) using a combined endo-
rectal-body phased-array coil in order 
to ensure a high signal-to-noise ratio 
in the prostate region [5]. If using  
3T scanners and conventional MRI in 
combination with at least 2 multi-
parametric techniques, an endorectal 
coil is not mandatory for the detection 
and localization of prostate cancer  
in our opinion. While administration 
of spasmolytics such as butylscopol-
amine is helpful in order to reduce 
intestinal peristalsis, we do not con-
sider it essential [6].

Morphological T2w imaging
The high-resolution T2w turbo-spin-
echo (TSE) sequences are the basis 
of MRI imaging of the prostate. T2w 
imaging visualizes morphological 
information of the prostate. A diag-
nostic challenge lies in the non-specific 
visualization of different but morpho-
logically similar entities such as post-
inflammatory or post-biopsy scars, 
atrophic changes, prostatitis, intraepi-
thelial neoplasias (PIN), or post-treat-
ment lesions [3]. The probability of 
detection decreases with decreasing 
size of the lesions [7].

In patients aged 50 years and older, 
the transition zone is increasingly 

affected by nodular changes from 
benign prostatic hyperplasia (BPH), 
which complicate the detection of 
prostate cancer [8]. On the T2w 
images, the BPH nodules show differ-
ent signal behaviors depending on 
the size of the epithelial and stromal 
components. While the epithelial 
component shows a hyperintense and 
the stromal component a hypointense 
signal behavior, combinations of both 
changes can also be seen. The BPH 
nodules are characterized by septation 
of the individual nodules, which can 
be seen as a hypointense rim on the 
T2w images [9]. Severely hypointense 
areas are non-specifically suggestive 
of prostate cancer [10]. Due to their 
infiltrating growth, aggressive pros-
tate cancers in the central glandular 
zone spread across the septal struc-
tures, which is referred to as ‘charcoal 
sign’ [8]. Larger cancers of the central 
glandular zone also have a space-
occupying component as a sign of 
malignancy. Aggressive cancers tend 
to have a more hypointense signal 
intensity with increasing Gleason 
score (≥ 7) [11].

At least 75% of all prostate cancers 
occur in the peripheral zone, where 
they appear localized and, when visu-
alized by T2w imaging, predominantly 
distinctly hypointense compared to 
the hyperintense glandular tissue of 
the peripheral zone [12]. A visible 
space-occupying component or extra-
capsular extension must be inter-
preted as a reliable sign of malignancy. 
Smaller cancers can be localized, 

but have irregular borders and finger-
like processes. The cancer-specific 
changes shown on T2w images must 
be differentiated from the diffuse 
inflammatory contrasts caused by 
chronic prostatitis [13]. These can 
consist of mildly to severely hypoin-
tense diffuse changes which may be 
unilaterally localized, but may also 
affect the periphery on both sides. 
At the cicatricial stage, they consist 
of streaky changes which typically 
appear as triangular areas extending 
from the capsule to the apical/urethral 
margin. Less frequently than with  
diffuse changes, granulomatous  
prostatitis presents focal hypointense 
areas which can mimic prostate 
 carcinoma. Post-biopsy hemorrhages 
(generally 3 – 6 months following 
biopsy) also appear hypointense on 
T2w, but hyperintense on T1w 
images. Previously biopsied areas  
may appear as scarred, strand-like 
hypo-intense changes on T2w 
images. Special attention must be 
paid to the rectoprostatic angle, since 
obliteration of the angle or asym-
metry are indicative of extracapsular 
carcinoma [14].

The T2-weighted TSE sequence is 
acquired in the axial plane and com-
plemented by a sagittal and/or coronal 
sequence. In addition to the T2w 
sequences, an axial T1w sequence 
should be acquired in order to visual-
ize intraprostatic bleeding from 
inflammation or prior biopsies and, 
using an extended field-of-view (FOV), 
to detect enlarged parailiac and 

I: TZ with stromal & 
glandular hyper-
plasia without focal 
hypointense 
nodular or 
oval-shaped 

II: Round hypointense 
lesion with signs of 
well-defined capsule. 
Band-shaped hypoin-
tense regions

III: Changes not 
falling into categories 
1+2 & 4+5

IV: Oval-shaped 
anterior hypointense 
lesion without 
evidence of capsular 
involvement, “charcoal 
sign”: homogeneous 
hypointense lesions 
with loss of matrix + 
ill-defined margins

2

PI-RADS classification of T2w: central glandular sections.2

V: Oval-shaped or 
round mass with 
compression/retraction/
extension of the 
anterior capsule. 
Irregular, infiltrating 
mass with architectural 
disintegration, invasion 
into adjacent structures
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locoregional lymph nodes suggestive 
of metastases. The high-resolution 
T2w sequences should have an echo 
time (TE) of 100 – 120 ms and a long 
repetition time (TR) of 4000 – 8000 ms 
(depending on the equipment and B0 
field strength). Parallel imaging may 
be used. A minimum slice thickness of 
4 mm at 1.5 Tesla or 3 mm at 3 Tesla 
should be used, and a minimum  
in-plane resolution of 0.7 × 0.7 mm 
for both field strengths.

PI-RADS classification of 
T2w imaging
Since the diagnostic significance 
of the T2w-TSE sequences differs for 
the peripheral and central glandular 
zone, 2 separate schemes are recom-
mended. Each lesion is given a score 
on a scale of 1 to 5. In the peripheral 
zone, in particular inflammatory 
lesions must be differentiated from 
lesions suspicious of cancer (Fig. 1). 
Lesions in the central glandular  
sections must be differentiated from 
clearly benign BPH nodules (Fig. 2). 
In addition, the presence of extra-
capsular extension, seminal vesicle 
invasion or involvement of the blad-
der neck must be documented [15].

Diffusion-weighted imaging
DWI allows the visualization and 
analysis of the movement (diffusion) 
of water molecules in the intracellular 
space. Molecular diffusion in  tissue is 
generally restricted by cell structures 
and membranes. DWI allows the  
visualization and analysis of the move-
ment (diffusion) of water molecules 
and expresses it by a parameter known 
as the apparent diffusion coefficient 
(ADC). Molecular diffusion in tissue is 
generally restricted by cell structures 
and membranes. Intracellular edemas 
or higher cell densities lead to a  
further reduction of free molecular 
movement. Such restrictions are 
reflected by a reduced ADC value. 
High cell densities occur, e.g., in 
tumor tissue, and thus also prostate 
carcinoma is characterized by reduced 
ADC values [16, 17]. Intracellular 
edemas or higher cell densities lead 
to a further reduction of free mole-
cular movement, which is reflected by 
a reduced ADC value.  

Consequently, prostate carcinoma is 
also characterized by reduced ADC 
values [16, 17]. In nearly all previ-
ously published studies, the ADC was 
analyzed using a mono-exponential 
model. As yet there have been only 
few publications on bi-exponential 
ADC analysis for the prostate [18, 19]. 
Therefore, the significance of the  
bi-exponential analysis, the static 
model, DTI or kurtosis [20 – 22] in 
the diagnosis of prostate cancer can-
not be evaluated conclusively at this 
time. To allow the widespread use  
of DWI in multiparametric prostate 
MRI, the method used for calculation 
and analysis of the ADC should be 
practical, time-efficient and, above 
all, standardized. Several studies have 
shown that DWI analyzed with a 
mono-exponential model increases 
the sensitivity and specificity of 
detection of prostate cancer and 
allows  better differentiation from 
benign hyperplasia [23–26]. The  
published ADC data are, however, 
inconsistent. The variations in the 
ADC results are due to different field 
strengths and different numbers and 
magnitudes of the selected b-values 
[27]. The most frequently used  
upper b-values are b = 500, b = 800  
or b = 1000 s/mm². The guidelines  
recommend an upper value of  
b = 800 –1000 s/mm². The authors 
prefer a value of 1000, which does, 
however, not deliver sufficient results 
with all gradient systems. In a study 
performed at 1.5T, the highest diag-
nostic accuracy in the detection of 
prostate cancer was achieved with a 
combination of T2 and DWI with 
an upper b-value of b = 2000 s/mm² 
and using a surface coil [28]. For 
3 Tesla exams, the use of an upper 
b-value of 2000 s/mm² cannot  
currently be recommended unequivo-
cally [26], even though a current pub-
lished study was able to demonstrate 
a benefit with b = 2000 at 3 Tesla [29].

Prostate carcinomas usually show 
reduced ADC values and high signal 
intensity in the high-b-value image 
from DWI. In addition, the ADC values 
had negative correlation with the 
Gleason score of peripheral zone car-
cinomas. A significant difference was 
observed with tumors with a Gleason 
score of 6 compared to those with a 

score of 7 or 8. There was no signifi-
cant difference between tumors with a 
Gleason score ≥ 7 [30]. Other authors 
also demonstrated a linear reduction 
of the ADC of peripheral zone prostate 
carcinoma with increasing Gleason 
score and significant  differences 
between low-grade, intermediate and 
high-grade PCa [31]. Even though 
there is not an exact correspondence of 
ADC thresholds and Gleason scores, 
DWI is still the most important tool in 
the detection of the most aggressive 
lesion (index lesion).

DWI should be performed with an 
echoplanar (EPI) sequence in the same 
axial orientation as the T2w imaging. 
The diffusion gradients should be 
applied in 3 orthogonal spatial direc-
tions. As a minimum 3, ideally 5, b-val-
ues between 0 and 800 – 1000 s/mm² 
should be used. Echo time should be 
as short as possible (typically < 90 ms). 
The sequence is prone to susceptibility 
 artifacts, which can lead to distortions 
of the DWI images due to adjacent 
bowel gas. The measurement of the 
restricted diffusion in tumor tissue 
using high b-values improves the 
MRI diagnosis of prostate cancer.

PI-RADS classification of DWI
DWI is interpreted based on the high-
b-value images (b ≥ 800 s/mm²) and 
the corresponding ADC parametric 
images (Fig. 3). A score of 1 is assigned 
if no focal decrease in signal intensity 
can be delineated on the ADC images, 
and no localized increase in signal 
intensity on the DWI images. Two points 
should be assigned for diffuse hyper-
intensities on the high-b-value image 
of the DWI with corresponding reduc-
tion of the ADC. This includes diffuse 
(e.g. triangular or linear) changes; 
focal, round areas are disregarded. 
Three points are assigned for unilateral 
(asymmetric) diffuse signal increase 
on the high-b-value image, which 
is diffusely decreased on the ADC map 
(no focality).

Four points are given for focal lesions 
that are clearly reduced on the ADC 
map, but are isointense on the high- b-
value DWI image. Focal ADC reductions 
with corresponding focal signal increase 
on the DWI image (b ≥ 800 s/mm²) 
should be assigned 5 points.
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For each evaluated lesion, an ADC 
value should be determined by ROI 
measurement and documented in the 
report. This quantitative ADC analysis 
depends on the magnetic field strength 
and the selected b-values. ADC limits 
should therefore be transferred or 
applied with caution [17]. Neverthe-
less, a high ADC value of > 1000 
10–3 mm²/s is most likely to represent 
an inflammatory area or hyperplasia, 
and a significantly reduced ADC value 
of < 600 10–3 mm²/s a tumor.

DCE-MRI
DCE-MRI is a non-invasive technique 
that collects information on the vascu-
larization of the prostate and the neo-
angiogenesis of prostate cancer [32]. 
DCE-MRI usually measures T1w signal 
intensity(SI)-time(t) curves in the  
prostate tissue following the weight-
adjusted administration of a gadolin-
ium-based contrast medium (CM) in a 
bolus at an injection rate of 2.5 ml/s 
and subsequent injection of 20 ml of 
isotonic NaCl [2, 32]. For this, axial 
gradient echo sequences should be 
used. The temporal resolution should 
be at least 10 s (better ≤ 4 s to ade-
quately follow the contrast medium 
through the tissue). To allow sufficient 
assessment of the SI-t curve, the 
sequence should be at least 5 min. long. 
Spatial resolution should be 0.7 x 0.7 
mm2 to 1.0 x 1.0 mm2 at a slice thick-

ness of 3 mm (distance factor 0.2). 
Alternatively, with 3 Tesla, isotropic 
voxels with a size of (1.5 mm)3 can 
be generated, and optionally addi-
tional  multiplanar reconstructions. 
The SI measurements enable a quali-
tative and semi-quantitative analysis 
of the DCE-MRI data. The qualitative 
analysis is based on the course of the  
SI-t curve. For the semi-quantitative 
 analysis, a continuous SI-t curve is 
generated from the SI plotted over 
time. Based on this, the time to initial 
enhancement in the prostate tissue, 
the rise of the SI-t curve (wash-in), 
the maximum SI, and the fall of the 
SI-t curve (wash-out) is calculated 
[33]. Quantitative analysis of the 
DCE-MRI data by means of pharmaco-
kinetic parameters requires conver-
sion of the SI to CM concentrations 
[34]. The techniques and sequences 
used for this have recently been 
described in detail [2, 32]. The increas-
ingly preferred pharmacokinetic 
model is the two-compartment model 
with the exchange constants Ktrans 
(transfer constant) and kep (rate 
 constant) [34].

Combined with conventional T1w 
and T2w imaging, DCE-MRI can 
detect and localize prostate cancer 
with better accuracy than conven-
tional MRI [35 – 38], with the degree 
of improvement evidently depending 
on the experience of the reader.  

In the qualitative analysis, prostate 
cancers typically show a steeper 
wash-in slope, higher peak enhance-
ment and steeper wash-out compared 
to normal prostate tissue. This corre-
lates with the semiquantitative analy-
sis, where prostate carcinoma tends 
to exhibit higher values of the indi-
vidual parameter values as well  
[39, 40]. In the quantitative analysis, 
the pharmacokinetic parameters Ktrans 
and kep also have higher values than 
normal prostate tissue [41].

In terms of differential diagnosis, 
prostatitis cannot be clearly differen-
tiated from prostate cancer [42]. 
Similarly, it is not possible to reliably 
differentiate BPH nodules from cen-
tral gland prostate cancers. The 
cause of false negative findings are 
prostate cancers which do not, or not 
significantly, differ from the sur-
rounding normal tissue in terms of 
the degree of vascularization.

Based on current knowledge, no  
reliable recommendation can be 
made for assessing the aggressiveness 
of prostate cancer with DCE-MRI [4]. 
To date, only one study has demon-
strated that low-grade prostate 
 cancers were characterized by a sta-
tistically significantly larger blood 
volume and lower permeability than 
high-grade prostate cancers [43].

3

PI-RADS classification of DWI (high b-values and ADC).3

I: No reduction in 
ADC compared  
with normal tissue / 
no increase in SI  
on ≥ b800 images

II: Diffuse hyper-
intensity on ≥ b800 
image with low ADC, 
no focal lesions: 
linear, triangular or 
diffuse areas permitted

III: Unilateral hyper-
intensity on ≥ b800 
image with diffuse 
reduced ADC  
(no focal lesions)

IV: Focal area with 
reduced ADC but  
isointense SI on ≥ b800 
image

V: Focal hyperintense 
area/mass on ≥ b800 
image with reduced 
ADC
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PI-RADS classification of 
DCE-MRI
The SI-t curves measured by DCE-MRI 
are the basis for the PI-RADS classifi-
cation, the key element being the 
qualitative analysis of the curve shape 
following the initial rise of the SI-t 
curve (Fig. 4). In a type I curve, the 
SI gradually continues to increase 
(score 1). Type II curves are character-
ized by progressive SI stabilization 
(curve levels off) and a slight and late 
decrease in SI (score 2).

Type III curves show immediate wash-
out after reaching peak enhancement 
(score 3). A point is added in the scor-
ing system if there is a focal lesion 
with a type II or type III curve (Fig. 5). 
Another point is added for asymmet-
ric lesions or unusually located lesions 
with type II or type III curves [3]. 
Unusual locations are the anterior 
parts of the transition zone and the 
anterior horns of the peripheral zone. 
Symmetry and focality are assessed 

based on the surrounding tissue. 
In practice, it is helpful (although not 
mandatory) to assess focality by 
means of pharmacokinetic parameter 
maps. If new lesions are identified in 
the analysis of the pharmacokinetic 
parameter maps, these areas can also 
be assessed using the PI-RADS classifi-
cation scheme. Here it must be noted 
that BPH nodules appear as focal 
lesions on the parameter maps and 
are characterized by type II or type III 
curves. No classification is necessary 
for lesions that can be clearly diag-
nosed as BPH nodules on the T2w 
image due to their hypointense rim.

MR spectroscopy  
of the prostate
Proton magnetic resonance spectros-
copy allows the spatially resolved 
measurement of the relative concen-
tration distributions of the metabo-
lites citrate, creatine and choline in 
the prostate. This metabolic informa-

tion can increase the specificity of 
morphological prostate MRI and help 
assess individual tumor aggressive-
ness [44] and its progression over 
time, e.g. following antihormonal 
therapy [45] or during active surveil-
lance [46].

Three-dimensional spatially resolved 
proton MR spectroscopy imaging 
(1H-MRSI) is generally performed using 
a combination of two techniques, 
namely point resolved spectroscopy 
(PRESS) for volume-selective excita-
tion, and chemical shift imaging 
 (1H-CSI) for spatial resolution with 
voxel sizes of up to 0.25 cm3. 1H-MRSI 
is technically more complex than MR 
tomographic imaging and has several 
limitations in routine practice [47, 
48]. Due to the high water content of 
human tissue, the proton, i.e. the 
nucleus of the most common hydro-
gen isotope (1H), is the in-vivo nucleus 
that provides the strongest signal. 
Within the prostate parenchyma, the 
concentration of citrate, creatine 

4

PI-RADS classification of DCE-MRI, part 1: Curve types.4

DCE-MRI-Type 1: 1 point DCE-MRI-Type 2: 2 points DCE-MRI-Type 3: 3 points

5

PI-RADS classification of DCE-MRI, part 2: Additional points for distribution patterns with curve types II + III.5

DCE-MRI –  
symmetric, 
non-focal: 
+ 0 points

DCE-MRI – 
asymmetric, 
non-focal: 
+ 1 point

DCE-MRI – 
asymmetric,  
unusual location: 
+ 2 points

DCE-MRI –  
asymmetric,  
focal location: 
+ 2 points
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and choline is approx. 10,000- to 
100,000-fold lower than that of water. 
The signal intensity of these metabo-
lite resonances in the 1H-MR spectrum 
is thus reduced by the same factor, 
which complicates their visualization 
using this method. It is nevertheless 
possible to measure the resonances 
of the metabolites citrate, creatine 
and choline with only low signal-to-
noise ratio. This requires a water and 
fat signal suppression pulse to enable 
the detection of the weak resonance 
lines of the metabolites against the 
background of the strong water signal 
on the one hand, and to suppress 
contamination of the spectra by signal 
from periprostatic lipids on the other 
hand. In addition, wide saturation 
bands must be placed closely around 
the prostate in order to suppress 
the strong water and fat signals from 
the surrounding tissue. Spectral 
 quality critically depends on the local 
magnetic field homogeneity, which 
must be optimized prior to the data 
acquisition by automatic and possibly 
additional manual shimming. The 
total duration of the exam is approx. 
10 – 15 min.

MRSI is evaluated by determining the 
relative signal intensity ratios of the 
resonance lines [choline + creatine]/
citrate (CC/C). Since the choline and 
creatine resonances often cannot be 
resolved due to field inhomogeneities 
and consecutive line broadening, they 
are combined into one line (CC). The 
quality of the spectra should initially 
be assessed visually on a spectral 
map. For semiquantitative analysis of 
the spectra, manufacturers are offer-
ing partly interactive software. To 
avoid partial volume effects, it may 
be necessary to retrospectively shift 

the voxel grid to adapt it to the pre-
cise anatomic localization of focal 
lesions.

The MRSI procedure, including data 
acquisition, evaluation and interpre-
tation of the spectra as well as docu-
mentation of the results, requires 
special expertise and a considerable 
amount of time (e.g. placement of 
saturation pulses, possibly manual 
shimming, interactive data evaluation 
and interpretation including quality 
assessment, visualization of results). 
The quality of the MRSI result depends 
not only on the physical-technical 
support, but also on the particular 
equipment (field strength, equipment 
generation, specific equipment  
properties, use of an endorectal coil) 
and the individual patient-specific 
examination setting (post-biopsy  
hemorrhage, possibly regional metal* 
implants such as hip joint endopros-
thesis or postoperative metal clips).

Citrate (C) is synthesized, secreted 
and stored in large quantities in nor-
mal glandular tissue of the prostate 
and is therefore used as an organ 
marker for healthy prostate tissue. 
Creatine plays an important role in 
the cells’ energy metabolism and 
serves as an internal reference of 
intensity. Choline refers to the sum 
of choline-containing compounds, 
which includes various free choline 
compounds such as phosphocholine, 
glycerophosphocholine, free choline, 
CDP-choline, acetylcholine and  
choline plasmalogen. The intensity of 
the choline resonance reflects the 
extent of membrane turnover and is 
significantly elevated in cancerous 
 tissue [49]. The spatial distribution of 
relative signal intensity can be visual-

ized through parameter maps and 
overlaid on the morphological T2w 
image as a color-coded map. MRSI 
does not provide any additional infor-
mation on the localization of the can-
cer prior to radical prostatectomy as 
compared to conventional MRI [50]. 
Due to possible false negative results, 
in particular with small cancers, 
1H-MRSI also cannot be used to exclude 
cancer. Neither does MRS provide 
any additional information for local 
T-staging compared to MRI. Rather, 
it should be seen as an adjunctive 
tool to MRI that can increase the 
specificity in the classification of sus-
picious focal lesions, assess individual 
tumor aggressiveness, and provide 
progression parameters during active 
surveillance or conservative manage-
ment. Compared to MRI, however, 
this method is more complex, more 
susceptible to artifacts and more  
difficult to standardize, resulting in it 
being of low practicality and accep-
tance outside specialized centers, and 
thus less commonly used.

6

PI-RADS classification of MR spectroscopy.6

I: Cho << Citrate II: Cho << Citrate III: Cho = Citrate IV: Cho > Citrate V: Cho >> Citrate

I  Choline   Citrate II  Choline   Citrate III  Choline   Citrate IV  Choline   Citrate V  Choline   Citrate
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* Metal: The MRI restrictions (if any) of the metal 
implant must be considered prior to patient  
undergoing MRI exam. MR imaging of patients 
with metallic implants brings specific risks. 
However, certain implants are approved by the 
governing regulatory bodies to be MR condi-
tionally safe. For such implants, the previously 
considered prior to patient undergoing MRI 
exam. MR imaging of patients with metallic  
implants brings specific risks. However, certain 
implants are approved by the governing  
regulatory bodies to be MR conditionally safe. 
For such implants, the previously mentioned 
warning may not be applicable. Please contact 
the implant manufacturer for the specific  
conditional information. The conditions for 
MR safety are the responsibility of the implant 
manufacturer, not of Siemens.



Sources of false positive findings are 
regions with either reduced citrate 
levels (in the anterior fibromuscular 
stroma and in stromal BPH nodules) 
or elevated choline levels (basal near 
the seminal vesicles and periurethral, 
since the seminal fluid contains ele-
vated levels of glycerophosphocho-
line, as well as in prostatitis). False 
negative findings can occur with 
small or infiltrating carcinomas, in 
particular mucous carcinomas.

Communication of findings
In analogy to the BI-RADS, the PI-RADS 
system offers the advantage of a 
standardized and easy communica-
tion of findings to other professional 
colleagues. Every lesion should be 
evaluated using a standardized graphic 
prostate scheme (Fig. 7) with at least 
16, better 27, sectors. For each lesion, 
a point score between 1 and 5 is to be 
assigned per method. This is used to 
calculate the total score, which reflects 
the probability of the presence of clin-
ically relevant cancer. The total score 

Name: _________________________
Date:
PSA:
Previous Biopsies:
Previous MRI scans: 

Individual Scoring

Region T2 DWI DCE MRS Sum PI-RADS

Standardized MRI Reporting Scheme

Total score PI-RADS:
PI-RADS: 1– benign; 2 – most probably benign;  
3 – intermediate; 4 – probably malignant;  
5 – highly suspicious of malignancy

SV

base

mid

apex

R L

13as

1a 7a
2a

2p
1p 7p

8a

8p

14as

4a 3a 9a

4p

3p 9p

10a

10p

15as

6a 5a 11a 12a

6p

5p 11p

12p

 

7

PI-RADS classification 1H-MRSI
In regard to the PI-RADS classification 
of the MR spectroscopy results, quali-
tative assessment of the CC/C ratio has 
proven useful in clinical routine. This 
involves the visual classification of rel-
ative signal intensities of the choline 
and citrate resonances based on a 
5-point scale [51, 52]: Type 1: Cho is 
significantly lower than citrate (<<); 
type 2: Cho is elevated but still lower 
than citrate (<); type 3: Cho is approx-
imately on the same level as citrate (= ); 
type 4: Cho is elevated compared to 
citrate (>); type 5: Cho is significantly 
elevated compared to citrate (>>)  
(Fig. 6). Quantitative signal intensity 
ratios depend on the examination 
technique (1.5T versus 3T, sequence 
parameters), the evaluation program 
used and, in the case of interactive 
evaluation, examiner-related factors. 
Quantitative values for classifying the 
probability of cancer can only be deter-
mined in specialized centers and com-
pared within a patient population 
examined and evaluated by consensus.

is then converted to the relevant PI-RADS 
score, providing the advantage that the 
final PI-RADS score is independent of 
the number of techniques used and can 
thus be easily communicated. Since the 
conversion of point scores is not explic-
itly explained in the ESUR guidelines, 
the authors recommend using the algo-
rithm given in (Table 1). For routine  
clinical work, the authors further recom-
mend that a diagnosis of suspected 
prostate cancer should be made if the 
PI-RADS score is 4 (≥ 10 points if 3  
techniques are used and ≥ 13 points if  
4 techniques are used) or higher.  
It must be stressed in this context that 
the thresholds of 10 and 13 are not yet 
evidence-based. A lower total score 
does not mean that the probability of 
prostate cancer is nil. These patients 
should therefore at least remain under 
clinical surveillance.

Conclusion
In summary, structured reporting of 
a lesion using the parametric approach 
increases the quality and diagnostic 

Standardized MRI prostate reporting scheme, PI-RADS. 
Parts of Fig. 7 are based on Dickinson et al. 2011 [4].

7
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Table 1: PI-RADS score: Definition of total score and assignment  
of aggregate scores according to individual modalities used.

PI-RADS classification Definition Total score with T2, DWI, DCE Total score with T2, DWI, DCE and MRS

1 most probably benign 3, 4 4, 5

2 probably benign 5, 6 6 – 8

3 indeterminate 7 – 9 9 – 12

4 probably malignant 10 – 12 13 – 16

5 highly suspicious of malignancy 13 – 15 17 – 20

value of prostate MRI. Therefore, appli-
cation of the PI-RADS scheme based 
on the representative images provided 
here is recommended for clinical  
routine. The standardized graphic 
reporting scheme facilitates the com-
munication with referring colleagues. 
Moreover, a standardized reporting 

system not only contributes to qual-
ity assurance, but also promotes 
widespread use of the method and 
implementation of large-scale multi-
center studies, which are needed  
for further evaluation of the PI-RADS  
system, in analogy to the BI-RADS  
system used in breast imaging.

This article has been reprinted with permission 
from: M. Röthke, D. Blondin, H.-P. Schlemmer, 
T. Franiel, PI-RADS-Klassifikation: Strukturiertes 
Befundungsschema für die MRT der Prostata 
Fortschr Röntgenstr 2013; 185(3): 253-261, 
DOI: 10.1055/s-0032-1330270 © Georg 
Thieme Verlag KG Stuttgart New York.
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Introduction
Prostate MRI has become an increas-
ingly common adjunctive procedure in 
the detection of prostate cancer. In 
Germany, it is mainly used in patients 
with prior negative biopsies and/or 
abnormal or increasing PSA levels. 
The procedure of choice is multipara-
metric MRI, a combination of high-
resolution T2-weighted (T2w) mor-
phological sequences and the 
multiparametric techniques of diffu-
sion-weighted MRI (DWI), dynamic 
contrast-enhanced MRI (DCE-MRI), 
and proton MR spectroscopy (1H-MRS) 
[1, 2]. Previously, there were no uni-
form recommendations in the form 
of guidelines for the implementation 
and standardized communication of 
findings. To improve the quality of 
the procedure and reporting, a group 
of experts of the European Society 
of Urogenital Radiology (ESUR) has 
recently published a guideline for MRI 
of the prostate [3]. In addition to pro-
viding recommendations relating to 
indications and minimum standards for 
MR protocols, the guideline describes 
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a structured reporting scheme  
(PI-RADS) based on the BI-RADS classi-
fication for breast imaging. This is 
based on a Likert scale with scores 
ranging from 1 to 5. However, it lacks 
illustration of the individual manifes-
tations and their criteria as well as 
uniform instructions for aggregated 
scoring of the individual submodali-
ties. This makes use of the PI-RADS 
classification in daily routine difficult, 
especially for radiologists who are 
less experienced in prostate MRI. It is 
therefore the aim of this paper to 
concretize the PI-RADS model for the 
detection of prostate cancer using 
representative images for the relevant 
scores, and to add a scoring table that 
combines the aggregated multipara-
metric scores to a total PI-RADS score 
according to the Likert scale. In addi-
tion, a standardized graphic prostate 
reporting scheme is presented, which 
enables accurate communication of 
the findings to the urologist. Further-
more, the individual multiparametric 
techniques are described and critically 

assessed in terms of their advantages 
and disadvantages.

Materials and methods
The fundamentals of technical imple-
mentation were determined by con-
sensus. The sample images were 
selected by the authors by consensus 
on the basis of representative image 
findings from the 3 institutions. The 
scoring intervals for the aggregated 
PI-RADS score were also determined by 
consensus. The individual imaging 
aspects were described and evaluated 
with reference to current literature 
by one author in each case (T2w: M.R., 
DCE-MRI: T.F., DWI: D.B., MRS: H.S.). 
Furthermore, a graphic reporting 
scheme that allows the findings to be 
documented in terms of localization 
and classification was developed,  
taking into account the consensus 
paper on MRI of the prostate published 
in 2011 [4].

I: Normal PZ in T2w 
hyperintense

II: Hypointense 
discrete focal lesion 
(wedge or band-
shaped, ill-defined)

III: Changes not 
falling into categories 
1+2 & 4+5

IV: Severely hypo-
intense focal lesion, 
round-shaped, well-
defined without extra-
capsular extension

V: Hypointense mass, 
round and bulging, 
with capsular 
involvement or seminal 
vesicle invasion

1

PI-RADS classification of T2w: peripheral glandular sections.1
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Introduction
Reviewing the current literature on 
 prostate MR, most authors rely on the 
use of 3T scanners that reveal better 
diagnostic and staging accuracy than 
the previous studies using older 1.5T 
and 1.0T machines in the 90’s. However, 
in most countries 1.5T MR scanners  
are still more widely available than 3T 
machines. Looking at new developments 
in coil technology this new generation 
of 1.5 Tesla superconducting MR scan-
ners potentially provides an acceptable 
performance on the management of 
prostate cancer (PCa) patients.
Moreover, the continuing improvement 
of functional sequences, namely diffusion-
weighted imaging (DWI) and dynamic 
contrast enhancement (DCE) T1w imag-
ing and the development of new post-
processing tools (i.e., image-fusion and 
pharmacokinetic maps) could further 
contribute on the diagnostic and staging 
accuracy of MRI including 1.5T MR scan-
ners. Based on the literature, multi-modal 
imaging of the prostate at 1.5 Tesla 
includes the usage of an endorectal coil. 
However, in clinical routine the applica-
tion of such a coil can be restricted  
by various reasons such as proctitis. 

However, it should also be taken into 
account that the procedure of placing an 
endorectal coil can result in low accep-
tance of the exam and potentially reduces 
patient compliance significantly. There-
fore it is of high clinical interest to better 
understand the potential but also the 
limitations of prostate MRI at 1.5 Tesla 
without application of an endorectal coil.
In this article, we describe in detail our 
prostate MR protocol and post-process-
ing parameters at 1.5 Tesla without 
endorectal coil with special focus on DCE 
T1w imaging, and briefly present the 
preliminary results, with illustrative cases.

Materials and methods
This protocol was developed in 2009, 
as part of an ongoing long-term prostate 
MR research project. The study was 
approved by the local Ethics and Research 
Committee, and all patients signed an 
informed consent.
Thirteen consecutive patients were sub-
mitted to prostate MR examinations, prior 
to prostatectomy. Patients’ age ranged 
between 51 and 77 years (average 63 
years), their PSA levels varying between 
3.4 and 42.0 ng/mL (median 8.6 ng/mL).
Examinations (table 1) were done on an 
18-channel 1.5T scanner (MAGNETOM 
Avanto, Siemens Healthcare, Erlangen, 

Table 1 

Feature Prostate MR Histopathology

Unilateral Involvement 3 2

Bilateral Involvement 10 11

Extra-prostatic extension 3 4

Seminal Vesicle extension 1 1

Positive Lymph Nodes 0 0

Clinical Abdomen/Pelvis
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Germany), with a combination of the 
6-channel phased-array surface coil (Body 
Matrix) combined with up to 6 elements 
of the integrated spine coil. Prior to the 
examinations, the patients were given 
10 mg of n-methil-scopolamine bromide 
(Buscopan®, Boehringer Ingelheim,  
Brazil), in order to attenuate peristalsis. 
The study protocol consisted of high- 
resolution T2-weighted turbo spin echo 
(TSE) sequences in the axial (TR 4750 
ms, TE 101 ms, no PAT, FOV (160 x 160) 
mm2, matrix (256 x 230) px2, slice thick-
ness 3 mm, no gap, 3 averages, acquisi-

tion time 5:47 min), coronal (TR 3000 
ms, TE 101 ms, no PAT, FOV (160 x 160) 
mm2, matrix (256 x 230) px2, slice  
thickness 3.5 mm, 20% gap, 2 averages,  
acquisition time 2:15 min) and sagittal 
(TR 3800 ms, TE 100 ms, no PAT, FOV 
(170 x 170) mm2, matrix (320 x 240) 
px2, slice thickness 3 mm, 10% gap,  
2 averages, acquisition time 3:21 min) 
planes, high-resolution axial dark fluid 
T1-weighted sequence (TIRM; TR 2100 
ms, TE 20 ms, TI 829.7 ms, PAT factor 2 
(syngo GRAPPA), FOV (200 x 180) mm2, 
matrix (256 x 200) px2, slice thickness  

3 mm, 10% gap, 2 averages, acquisition 
time 3:09 min), DWI (syngo REVEAL) in 
the axial plane (ep2d_diff; TR 3000 ms, 
TE 88 ms, b-values 0, 500, 1000 mm/s2, 
3-scan trace, ADC map Inline, noise level 
set to 0, PAT factor 2 (syngo GRAPPA), 
FOV (200 x 200) mm2, matrix (150 x 150) 
px2, slice  thickness 3.5 mm, no gap,  
8 averages, acquisition time 2:57 min), 
thick-slice T2-weighted sequence in  
the axial plane covering lymph node 
stages from the renal veins down to the 
pubic bone (HASTE; TR 700 ms, TE 38 
ms, PAT factor 2 (syngo GRAPPA), FOV 

1 syngo Tissue 4D screen capture, depicting its four panels, with anatomical (T1w or T2w) images in 1A, (subtracted) image of dynamic data  
set in 1B, parametric maps (Ktrans, Kep, Ve, iAUC) overlaid on anatomy in 1C, and relative enhancement curves in 1D. Note that the suspicious  
T2w hypointense area in 1A (arrowhead) corresponds to the red ROI in 1B, the focally increased Ktrans area in 1C and early/ intense enhancing 
curve with washout in 1D.

1B1A

1D1C

1E
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(350 x 317) mm2, matrix (512 x 440) px2 
(interpolated), slice thickness 5 mm, 
100% gap, 1 average, acquisition time 
0:30 min), and DCE T1w images acquired 
with a 3D gradient echo (GRE) sequences 
(VIBE; TR 4.08 ms, TE 1.43 ms, PAT factor 
2 (syngo GRAPPA), no fat saturation, FOV 
(280 x 280) mm2, matrix (192 x 192) 
px2, slice thickness 3 mm, 1 average,  
40 measurements, 6.8 seconds per mea-
surement, total acquisition time 4:33 
min) (cubital intravenous application of 
0.2 mmol/kg of gadolinium-chelate  
(DOTAREM, Guerbet, Aulnay-sous-Bois, 
France) on an MR-compatible power 
injector (Injektron 82 MRT, Medtron, 

Saarbrücken, Germany) between the sec-
ond and third measurements). The whole 
examination took about 30 minutes.
Recently, we also added multi-flip angle 
volumetric T1w sequences (VIBE, same 
parameters as above, 1 measurement 
each, respectively 2º, 5º, 8º and 15º flip 
angle) prior to contrast injection, in 
order to estimate the T1 value, so as to 
enable accurate transfer constant (ktrans) 
calculation on DCE post-processing.
DCE images were post-proccessed using 
a work-in-progress package of the syngo 
Tissue 4D application. The syngo Tissue 
4D applications allows pharmacokinetic 
modeling according to the Tofts-model 

including parameter calculations, namely 
transfer constant (ktrans), volume constant 
(Kep), extra-cellular volume of distribu-
tion (Ve) and integral area under the 
curve (iAUC). In addition, parametric 
color-maps can be generated and fused 
over MR morphology to allow accurate 
and fast assessment of the prostate paren-
chyma, and also to enable accurate mea-
surements of pharmacokinetic parame-
ters on suspected areas (Fig. 1). There is 
a built-in function to correct for move-
ment between acquisition phases, which 
we use whenever required. The curve 
calculation is based on the placement of 
regions-of-interest (ROIs) (for evaluation 

2A–G Prostate cancer with ex-vivo  
and pathologic correlation.  
2A T2-weighted image 
2B ADC map 
2C Early arterial phase post-gadolinium  
2D Ktrans overlaid on T2w  
2E ADC map overlaid on T2w 

2F Ex-vivo prostatectomy specimen T2w MR  
2G Whole-mount processing of a similar section 
as of MR imaging. The suspicious lesion (arrow-
heads) on the right middle-third peripheral zone 
is well depicted in all of the modalities, with 
good correlation to the pathological specimen.  

* = Hyperplasia.

2A 2B 2C

2D 2E

2F 2G

* * **
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of data, four ROIs were evaluated in 
our study: ROI 1: suspected lesion, ROI 
2: contralateral peripheral zone, ROI 3: 
ipsillateral central gland, ROI 4: contral-
ateral central gland). For calculation of 
parameters, the software requires input 
by the user; pre-evaluation parameters 
used in this study are as follow: noise 
level: 20, MR protocol: T1 and Dynamic, 
Contrast agent: Dotarem, volume: vari-
able. The volume-of-interest (VOI) is 
defined by an elliptical area – drawn by 
the user – which encompasses the whole 
prostate volume. The parametric maps 
are generated from the full VOI, using 
the Tofts-model. For this, an arterial input 
function has to be selected; in most of 
our patients, a “slow” arterial input func-
tion has been chosen. Ktrans and iAUC 
maps are saved as DICOM series, for fur-
ther post-processing.
Post-processed images are afterwards 
overlaid on transverse T2w images, using 
syngo 3D-FUSION® (Siemens Healthcare, 
Erlangen, Germany), using PET-Rainbow 
and Descending Red Ramp color look-up 
tables, respectively for the ktrans and the 
ADC map. 
For evaluation of findings within the study 
setting, one reader (LKB, 5 years of expe-
rience, 2 years on prostate MR) evaluated 
all of the examinations and imaging  
findings were registered on a dedicated 
evaluation sheet. Focused on the evalua-
tion of capsular penetration of prostate 
cancer for planning of radical prostatec-
tomy, suspected lesions were character-
ized by laterality (left x right x bilateral), 
presence of local extra-prostatic exten-
sion and seminal vesicle involvement.
Prostatectomy specimens were submitted 
to routine histopathological evaluation, 
except for one, submitted to whole-
mount processing.

Results
Prostatectomy showed prostate adeno-
carcinoma in all 13 cases, with Gleason 
grades varying between 6 (3+3) and 9 
(4+5) (median 6).
In all 13 cases the main tumor focus was 
correctly identified by MR imaging. The 
laterality of the lesion was correctly deter-
mined by MR in 12 patients (sensitivity: 
90%, specificity: 100%), eleven of which 

3A–E Extra-prostatic extension.  
3A T2w image showing a nodular T2 hypo-
intense area on the left base (arrowheads), 
focally bulging the capsular contour. 

3B On the ADC map, there is restricted 
diffusion on the same spot, but further 
anatomical information. 

3C Early arterial phase post-gadolinium 
image, depicting intense and early 
enhancement on the suspicious area 
(arrowheads). 

3D ADC map overlaid on T2w image, 
confirming good correlation with both 
anatomical and functional findings. 

3E Ktrans map overlaid on T2w image, showing 
that the focal permeability abnormalities 
(black arrowheads) extend outside the pros-
tate contour (white arrowhead), strengthen-
ing the suspicion for extra-prostatic extension. 
This was the only sequence that depicted 
abnormal findings outside of the prostate 
parenchyma, showing the importance of  
multimodality imaging on the evaluation of 
prostate cancer.

3B

3C

3D

3E

3A
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had bilateral tumors. There was one 
false negative, in a patient with bilateral 
involvement substaged as unilateral 
tumor by MR.
Four patients had extra-prostatic 
tumoral extension, three of them being 
identified by MR imaging (sensitivity: 
75%, specificity: 100%).
Only one patient had seminal vesicle 
tumoral invasion, also seen on MR 
 imaging.
No patient had tumor-positive pelvic 
lymph nodes, neither was it suspected 
by MR in any of them.

Discussion
Functional prostate MR imaging, includ-
ing DWI, DCE, and 3D multi-voxel spec-
troscopy, is largely turning into the main-
stay in prostate cancer detection, staging 
and follow-up. The results among vari-
ous institutions bear good to optimal cor-
relation with histopathology, depending 
on the scanner’s field strength (1.5T x 
3.0T), the kind of coil employed (surface 
only x surface + endorectal), and also the 
gold standard utilized (biopsy x routine 
histopathology x whole-mount histopa-
thology).
In this context, there’s a tendency point-

ing towards studies on 3T prostate MR, 
with the combination of surface and 
endorectal coils, compared with whole-
mount histopathology, in order to ally the 
most recent technology with the highest 
theoretical spatial resolution achievable.
However, this approach creates a poten-
tial dilemma for health care providers, 
public health authorities and general radi-
ology departments, considering that PCa 
is the most prevalent neoplasm in men, 
and the availability of 3T scanners world-
wide still does not match the demand 
for diagnosis, staging and follow-up for 
this condition. Despite the most recent 
technological advances, an alternative 
should be pursued for MR imaging of 
PCa, that allies cost-effectiveness and 
scanner availability with acceptable diag-
nostic accuracy, in order to extend the 
benefits of the technique to the overall 
population, which is still being managed 
based on PSA and rectal exam alone.
Also, the endorectal coil (ERC) is another 
barrier to the acceptance of prostate MR. 
Although being of undisputedly better 
performance than surface coil alone on 
tumor localization, patient refusal due 
to cultural identity is still a major issue, 
most notably in Latin and Asian/Arabic 

countries. It requires specially trained per-
sonnel for proper placement, and consid-
erably increases table time, not to men-
tion the deformation produced on the 
prostate, that compromises radiotherapy 
planning and follow up studies. Particu-
larly in Brazil, there is also an economi-
cal problem, for the ERC, which is dis-
posable and for one use only, is not reim-
bursed by any of the health insurance 
companies or the public health  system.
Giving those circumstances, and consid-
ering that our institutions are localized 
in a developing country, we initiated a 
long-term prospective research project 
aiming to create a prostate MR protocol 
that is feasible in most of the already 
worldwide installed 1.5T scanners, with-
out the need of an endorectal coil or spe-
cially trained personnel, with optimized 
table time, and bearing acceptable diag-
nostic accuracy for relevant staging 
parameters, to be applied in large popu-
lational studies.
We also believe that newer post-pro-
cessing tools for functional sequences, 
producing parametric color maps and 
fusions of functional and anatomic 
images, may further add to the diagnos-
tic performance and to the communica-

4A–E Seminal vesicle involvement. 
4A Axial T2w image, showing a dif-
fusely T2 hypointense prostate paren-
chyma, which lowers the accuracy for 
finding focal suspicious areas. There is 
although an overtly hypointense focus 
involving the proximal ejaculatory 
ducts (arrowheads), raising awareness 
for seminal vesicle extension. 

4B Coronal T2w image, nicely showing 
the suspicious area, with clear involve-
ment of both seminal vesicles. 

4C ADC map, showing restricted 
diffusion on the same area. 

4A 4C4B
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tion of results to the referring physicians.
Preliminary results indicate a promising 
performance of this protocol on presur-
gical staging of PCa. Further patients will 
be included, and the upcoming results 
will be accordingly published.

4D Ktrans map overlaid in T2w image, where  
a focal area of increased permeability (light-
blue ROI) is seen, in keeping with the T2 
hypointense lesion seen in 4A, also showing 
quantitative data (red rectangle).

4E The lesion 
enhancement 
curve (red) is  
the steeper, with 
tendency to form 
a plateau rather 
than to keep on 
increasing. 
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Introduction
The Tissue 4D workflow facilitates 
the detection of tumors in organs, 
including the liver and prostate. It is 
a syngo.via workflow for reading and 
post-processing of dynamic contrast-
enhanced 3D datasets. Tissue 4D 
describes the exchange of contrast 
agents between blood and tissue.

The MR Tissue 4D workflow provides 
two methods of evaluation:

1) A quantitative method following 
the Tofts model [1]. 
The Tofts model is based on the 
following parameters: 
  Ktrans (transfer constant) 
  Ve (extra-vascular extra-cellular  

 volume fraction) 
  Kep (reflux constant)

2) A qualitative evaluation method 
to retrieve the following 
parameters:

  In (Wash-in: enhancement in the  
 tissue due to contrast uptake in a  
 defined time interval)  
  Out (Wash-out of contrast agent  

 in a defined time interval) 
 TTP (Time-to-Peak: time until the  

 contrast enhancement reaches  
 the highest concentration and  
 wash-out starts) 
  AT (Arrival time: time point when  

 contrast enhancement starts) 
  PEI (Positive Enhancement   

  Integral: Value of concentration  
 when the contrast enhancement  
 reaches its highes concentration  
 and wash-out starts) 
  iAUC (initial Area Under Curve  

 in 60 seconds)

Precondition and preparation
To evaluate and read data with  
the Tissue 4D workflow, the  
following series are required or 
recommended:

Tissue 4D on syngo.via
Anja Fernandez Carmona; Radim Chrastek 

Siemens Healthcare, Erlangen, Germany

Acquisition protocol.1

1

  Dynamic contrast-enhanced images 
with fixed flip angle (required)

  Pre-contrast series with variable 
flip angle to calculate the T1-map 
(recommended)

  Corresponding morphological 
images (recommended)

To start the evaluation, the images 
need to be assigned to a specific 
workflow template. 
The workflow template offers a 
sequence of pre-configured workflow 
steps. 
The workflow template can be 
selected according to the anatomical 
region.

Currently, there are two options for 
opening the image data:
 Tissue 4D only
 Prostate with integrated Tissue 4D 

Post-processing steps can be highly 
automated if the steps have been 
properly pre-configured. To do so you 
have to be locked in as clinical 
administrator.

For the initial configuration open  
the Tissue 4D workflow with data in 
‘read only’ mode. Once the case is 
opened, select the wrench icon in  
the workflow area for the  Tissue 4D 
properties.

The configuration dialog ‘Data Defini-
tion’ allows to specify a series descrip-
tion for all data types, i.e. morphol-
ogy, pre-contrast and dynamic series. 
All series that contain the given string 
are considered for automated case 
preparation. If there is more than one 
matching series for a data type, the 
latest series is used first.  
Hint: The more precise the data type 
selection string is defined, the poten-
tially shorter the case preparation 
time. This is because the case prepa-
ration is applied to all matching 
series, although the latest series is 
presented first. 

After a reassignment of the Tissue 4D 
workflow the configuration settings 
are applied.

Morphological image: (optional)
  TSE for prostate
  Can be anything T1 or T2-weighed

Pre-contrast measurement: (optional) 
  VIBE with at least 2 different flip angles

Dynamic measurement: 
  VIBE or 
  TWIST

Anatomical orientation

Estimation of pixelwise T1

With T1 and contrast agent  
relaxivity: yields concentration
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An advanced functionality of Tissue 
4D is automated alignment of data 
types, configurable in the ‘Preprocess-
ing’ and ‘Alignment’ dialog. Automati-
cally selected reference time phase of 
the dynamic data type serves as a ref-
erence for all alignment algorithms. 
For all three data types, there is an 
option ‘None’. The option deactivates 
the alignment for the given data 
types.  
All alignment algorithms, including 
motion correction for the dynamic 
data types, are based on an elastic 
registration. This kind of registration 
provides transformation for each indi-
vidual pixel. The advantage of the 
approach is that local changes, e.g. 
due to breathing, can be mapped cor-
rectly without having to correct organ 
or bone positions not affected by the 
local motion. Generally, the registra-
tion provides a transformation of one 
data type to the other, so that the 
image pixels are displayed in the same 
geometrical position for both data 
sets. The image pixel values are inter-
polated if they do not match the grid 
of the original image. The ‘Alignment’ 
configuration dialog serves for expert 
settings and it is not recommended to 
change these configuration values. 

‘Preprocessing’ allows the choice 
between two pharmacokinetic  
models: ‘Qualitative’ or ‘Tofts’. The  

MR Tissue 4D properties.2

2

latter requires the type of the Arterial 
Input Function (AIF), see below.  
Since the automated case preparation 
might take long for entire 3D datasets, 
the calculation is constrained to a 
‘volume-of-interest’ (VOI). The VOI is 
defined by the center and radius for 
each direction, i.e. x, y, z. The center 
is given by the percentage of the 3D 
volume size. The default values are 
50% for all three directions, i.e. the x, 
y, and z coordinates are exactly in the 
middle of the 3D volume. The radius 
is also given by the percentage of the 
3D volume size. The smaller the VOI, 
the potentially faster the pharmaco-
kinetic model calculation, especially 
for the Tofts model.

Evaluation and reading 
Once the Tissue 4D properties  
have been configured, the case can 
be assigned and opened with the  
specific workflow template. Here is 
what you will see:

Motion correction step 
You can use this step to verify the 
automatic alignment of the dynamic 
data set to a defined reference 
volume.

Time point slider

The time point slider visualizes the 
available time points in the dynamic 
data set. The current reference time 
point (reference volume) for motion 
correction is indicated by a small blue 
triangle.

Selecting a new reference  
time point: 

In the Case Navigator, 
click the slider and move it 
to the required time point. 
Click this icon to confirm 

the new reference time point.
The blue triangle jumps to the new 
reference time point and the display 
in the image segments is updated 
accordingly.

Hint: Before you can change the 
 reference time point you have to turn 
off motion correction.

The Motion Correction step is used to 
align the dynamic dataset to a defined 
reference volume.

In the Case Navigator, 
click this icon to turn the 
motion correction on or 
off. 

Motion correction is applied in all 
other volumes of the dynamic data 
set according to the reference time 
point. 

You can delete time points from the 
current data set if, for example, the 
quality is not sufficient for the 
evaluation. 

In the Case Navigator, 
click the slider and move it 
to the required time point. 
Click this icon to delete a 
specific time point. 

or 
Click this icon to delete 
all time points after the 
selected time point (to the 
right side).
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The top row shows the fusion of current phase and reference phase. The images are displayed using the 
multi-planar reconstruction (MPR) volume rendering technique. If you navigate to the reference phase, 
only this reference phase is shown, without fusion. 
The bottom row shows the reference phase (left) and the current phase (right) using mean intensity 
projection (MIP) volume rendering technique.

3

3

 Alignment4

4

Alignment step 
Here you see only 
the configured and 
available series. 
On a single moni-
tor configuration 
the upper part 
shows the mor-
phology aligned to 
the dynamic and 
the lower part the 
pre-contrast to the 
dynamic series.

In most cases the 
automatic align-
ment works fine 
and you can pro-
ceed directly to the 
next step. If, how-
ever, you are not 
satisfied with the 
alignment you can 
change it by using 
the visual align-
ment tool in the 
upper left corner 
menu.

How I do it 
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To verify the correctness of the align-
ment you can use the blending mode. 
Move the slider to the left and right side.

Before you can change the alignment 
you have to turn motion correction off.

Moco on Moco off

There are different  
alignment modes: 
 Automatic rigid: the entire volume 
is transformed. The transformation 
obtained by the registration algo-
rithm is the same for all pixels. No 
local deformation can be compen-
sated (such as breathing)

 Visual: you can shift and rotate the 
volumes 

 Elastic: can compensate local 
deformations

Alignment menu.5

5

Processing step qualitative.6

6

Processing step quantitative.7

7

Processing step 
Here you can modify the pharmaco-
kinetic modeling. You can change 
between Tofts and qualitative model, 
and also define the evaluation 
volume.

The qualitative model matches three 
lines to the measured concentration 
curve for each voxel within the VOI. 
It does not require any parameters.  
The first line fits the baseline phase, 
i.e. before contrast agent arrival.  
The second line fits the wash-in 
phase, i.e. it displays the enhance-
ment in the tissue due to contrast 

uptake in a defined time interval t. 
The third line fits the wash-out phase. 
The graph in the top right-hand cor-
ner shows the mean concentration 
curve for the entire VOI, together 
with the correspondingly fitted three 
lines. 

The Tofts model matches a mathe-
matical model defined by [1] to the 
measured concentration curves for 
each voxel within the VOI. Also for this 
model, a graph with the mean curve 
for the entire VOI is displayed in the 
top right-hand corner.  

How I do it 
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Measurement icons.8A

The selectable parameter for the 
Tofts modeling, the AIF, is based on 
mathematical simulation, slow [4], 
intermediate [3], and fast [2]. If you 
are not sure which AIF to use, the 
chi2 parameter might help. The chi2 
parameter is an error measure of the 
fit. The smaller the parameter, the 
better the fit.

Recommendation: keep the size of 
the VOI as small as possible. The 
larger the VOI, the potentially longer 
the pharmacokinetic model calcula-
tion, especially for the Tofts model.

8A

Reading step 
The last step enables you to read the 
resulting maps and create findings 
for your report.

Here are different Tissue 4D reading 
tools available to evaluate the  
mean and the standard deviation  
in a selected area.

In the upper right segment these 
curves are displayed.
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To create findings in Tissue 4D  
workflow you need to enable the 
‘AutoCollect’ button. 
Manual findings creation is only  
possible via snapshots.

Export of results: You can export  
reading results as text file (csv-files).  
The export icon (Fig. 9B) is context  
sensitive and exports the results of  
the selected segment.

Contact

Anja Fernandez Carmona 
Siemens Healthcare 
IM MR R&D SW VIA PM 
91050 Erlangen 
Germany 
Phone: +49 (9131) 84-3566 
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siemens.com
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tion. You only have to verify the 
results of the automatic case prepa-
ration. Once done, you can immedi-
ately start reading. The results can  
be then exported to csv format. All 
documented findings, i. e. collected 
in the Findings Navigator, are auto-
matically stored as DICOM Structured 
Report once the workflow has been 
completed.

Summary
This article describes the current  
version of the Tissue 4D for DCE  
evaluation. Case preparation can be 
highly automatized, allowing you  
to concentrate on the reading. The 
automatic case preparation takes 
care of the selection of the data 
types, their alignment to the refer-
ence phase of the dynamic data type 
and pharmacokinetic model calcula-

 3 Parker GJ, Roberts C, Macdonald A, 
Buonaccorsi GA, Cheung S, Buckley DL, 
Jackson A, Watson Y, Davies K, Jayson 
GC. Magn Reson Med. 2006 
Nov;56(5):993-1000. Experimentally-
derived functional form for a population-
averaged hightemporal-resolution 
arterial input function for dynamic 
contrast-enhanced MRI.

 4 Weinmann H, Laniado M, Mutzel W. 
Physiol Chem Phys Med NMR. 1984; 
6(2):167-72. Pharmacokinetics of 
GdDTPA/dimeglumine after intravenous 
injection into healthy volunteers.

8B

Export icon.9BTo create findings in Tissue 4D 
you need to enable ‘AutoCollect’.

9A

9A 9B

Description icons.8B
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Introduction

Diffusion-weighted imaging (DWI) is 
becoming an increasingly robust tool 
in the assessment and exclusion of 
prostate disease [1]. However, multiple 
recent studies have raised concerns 
regarding the anatomical distortion 
of  single-shot DWI. A novel approach 
to distortion reduction using RESOLVE, 
resulting in a high-resolution DWI 
examination, is described [2-5]. In 
our hospital, we performed hundreds 
of prostate examinations of patients 
using RESOLVE. The technique 
achieves a low level of susceptibility 
artifact by allowing a very short 
echo spacing in the EPI echo train 
and the artifacts are further reduced 
by combining the technique with 
 parallel imaging using GRAPPA [6].

Protocol

Prostate DWI examinations were 
 performed on a clinical 3T scanner 
(MAGNETOM Skyra, Siemens 
 Healthcare, Erlangen, Germany) 
with an 18-channel body-matrix coil 
placed over, and a spine coil under-
neath, the pelvis. The patients were 
positioned in a head-first supine 
position.

At 3T MRI, RESOLVE images were 
acquired with the following para-
meters: parallel imaging using 
GRAPPA with an acceleration factor 
of 2, FOV 260 mm, matrix 128 × 176, 
pixel size 1.2 mm × 1.2 mm, 20 slices, 
slice thickness 3 mm, number of 
readout segments 13, TR 4800 ms, 
TE 60 ms, b-values of 0 s/mm2 
(1 average) and 800 s/mm2 (2 aver-
ages), total scanning time 6 min 11 s.

In addition, our past clinical standard 
single-shot DWI images were also 
acquired for comparison using the 
 following parameters: Parallel imaging 
using GRAPPA with an acceleration 
 factor of 2, FOV 260 mm, matrix 64 × 88, 
phase partial Fourier factor 6/8, 
pixel size 2.4 mm × 2.4 mm, 20 slices, 
slice thickness 3 mm, TR 4500 ms, 
TE 85 ms, b-values of 0 s/mm2 (1 aver-
age) and 800 s/mm2 (2 averages), 
total scanning time 1 min 20 s.

High-Resolution  
Diffusion-Weighted Imagings  
of the Prostate Using RESOLVE at 3T
Liang Li1; Liang Wang1; Hui Liu2 

1Department of Radiology, Tongji Hospital, Tongji Medical College,  
Huazhong University of Science and Technology, Wuhan, China  
2MR Collaboration NE Asia, Siemens Healthcare, Shanghai, China

Case 1

A 57-year-old man presented to 
his primary care provider in January 
2014 with a 2-month history of 
increasing urinary frequency and 
poor stream. He denied any gross 
hematuria, bone pain, or significant 
weight loss. Digital rectal examina-
tion (DRE) revealed an asymmetri-
cally enlarged, firm, and nontender 
prostate. Serum prostate-specific 

antigen (PSA) was 12.8 ng/ml. 
 Tamsulosin hydrochloride (Flomax®, 
Boehringer, Ingelheim, Germany) 
0.4 mg daily was started and the 
patient was referred for initial urologic 
evaluation. The patient denied any 
occupational exposures or family 
 history of prostate cancer or other 
genitourinary malignancy. On the first 
day, prostate ss-EPI DWI imaging 

revealed a lesion in anterior fibromus-
cular stroma (AFS) region of his pros-
tate. On the second day, we found two 
lesions in DWI using RESOLVE technol-
ogy. Transrectal ultrasound (TRUS)-
guided prostate biopsy and pathologi-
cal examinations were performed 
subsequently. The two lesions were 
confirmed as prostate adenocarcinoma 
(left: Gleason 4+4, right: Gleason 3+4).
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(1A) Conventional ss-EPI DWI 
revealing only a lesion in the 
anterior fibromuscular stroma 
(AFS) region (long white arrow). 
(1B) RESOLVE EPI DWI showing 
excellent high-resolution image 
quality and revealing another 
lesion (short white arrow) 
without anatomical distortion.

1

(2A) Conventional ss-EPI DWI 
displaying a low-resolution 
prostate image.  
(2B) RESOLVE EPI DWI showing 
clearly excellent high-resolution 
image with multiple hyper-
plastic nodules.

2

Case 3

A 70-year-old man suffered from acute 
urinary retention requiring urethral 
catheterization, with no evidence of 
hematuria or fever. He had a history of 
chronic urinary retention, which was 
treated with oral medicine (Flomax®) 
for 2 months, but no history of urinary 

trauma or infection. Laboratory test-
ing such as blood count, serum bio-
chemistry, and urinalysis were in the 
normal range. A urine culture was 
negative, and the serum level of PSA 
was 3.1 ng/ml. The single-shot DWI 
revealed a nodular lesion with focal 

high signal-intensity in the right 
peripheral zone of his prostate, while 
RESOLVE DWI examination found  
no abnormal lesions. TRUS-guided 
prostate biopsy confirmed benign 
prostatic hyperplasia (BPH).

(3A) Conventional ss-EPI DWI 
revealing a suspicious lesion 
in the right peripheral zone 
(long white arrow).  
(3B) RESOLVE EPI DWI showing 
no abnormal lesions.  
The suspicious lesion being 
mis diagnosed as prostate 
cancer due to susceptibility 
effect.

3

3A 3B

Case 2

A 69-year-old man presented with 
a chief complaint of refractory urinary 
retention. DRE was performed with 
prostate gland of 4 finger breadths, 
firm consistency and smooth surface. 

The PSA level was 5.16 ng/ml. 
A  Doppler ultrasound examination 
demonstrated an enlargement of the 
prostate volume (48 × 52 × 60 mm3), 
asymmetric shape, with multiple 

hypointense nodules. The biopsy 
sample confirmed benign prostatic 
hyperplasia (BPH) and chronic 
prostatitis. 

2A 2B

1B1A
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Conclusion

Results from hundreds of examina-
tions of our prostate patients indicate 
that anatomic depiction and overall 
image quality were improved with the 
RESOLVE sequence when compared 
with the single-shot DWI sequence. 
Prostate DWI applications with 
RESOLVE demonstrated reduced arti-
facts and improved lesion detection. 

In our previous unpublished study, 
we had obtained a number of diag-
nostic-quality prostate DWIs based on 
RESOLVE. For image sharpness, ana-
tomical distortion, imaging contrast, 
lesion conspicuity, detailed anatomical 
visualization and diagnostic confi-
dence, RESOLVE EPI was considered 
the to be overall superior in 90% of 
the cases. In the past, to assist work-
flow, we needed to have rectum 
preparation in a certain number of 
patients where the susceptibility arti-
facts coming from the rectum was 
strong. However, we have now elimi-
nated the need for this preparation 
when using RESOLVE, because of less 
susceptibility impact on the prostate 
imaging.

In summary, the new high-resolution 
RESOLVE protocol provides significant 
benefits compared with the mostly 
clinically used single-shot DWI. The 
higher spatial resolution results in 
better lesion conspicuity, better 
defined internal architecture, and 
better overall image quality. In the 
future, this method may have poten-
tial as a tool to predicate prostate 
cancer at an earlier stage or to obtain 
an image-guided prostate biopsy.
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Vice-Chairman, Department of Radiology
Tongji Hospital, Tongji Medical College
Huazhong University of Science & Technology
Wuhan 430030
China
Phone: +86 (27) 83663737
wangliang2001@gmail.com

Li LiangWang Liang

   References
 1 Jin G, Su DK, Luo NB, et al. Meta-analysis 

of diffusion-weighted magnetic resonance 
imaging in detecting prostate cancer. 
J Comput Assist Tomogr. 2013;37(2): 
195-202.

 2 Holdsworth SJ, Skare S, Newbould RD, 
Bammer R. Robust GRAPPA-accelerated 
diffusion-weighted readout-segmented 
(RS)-EPI. Magn Reson Med. 2009; 62(6): 
1629-40.

 3 Frost R, Porter DA, Miller KL, Jezzard P. 
Implementation and assessment 
of diffusion-weighted partial Fourier 
readout-segmented echo-planar imaging. 
Magn Reson Med. 2012;68(2):441-51.

 4 Yeom KW, Holdsworth SJ, Van AT, et al. 
Comparison of readout-segmented echo-
planar imaging (EPI) and single-shot EPI in 
clinical application of diffusion-weighted 
imaging of the pediatric brain. AJR Am 
J Roentgenol. 2013;200(5):W437-43.

 5 Bogner W, Pinker-Domenig K, Bickel H, et al. 
Readout-segmented echo-planar imaging 
improves the diagnostic performance of 
diffusion-weighted MR breast examinations 
at 3.0 T. Radiology. 2012;263(1):64-76.

 6 Griswold MA, Jakob PM, Heidemann RM, 
et al. Generalized autocalibrating partially 
parallel acquisitions (GRAPPA). Magn Reson 
Med. 2002;47(6):1202-10.

 7 Porter DA, Heidemann RM. High resolution 
diffusion-weighted imaging using readout-
segmented echo-planar imaging, parallel 
imaging and a two-dimensional navigator-
based reacquisition. Magn Reson Med. 
2009;62(2):468-75.

 8 Holdsworth SJ, Skare S, Newbould RD, 
et al. Readout-segmented EPI for rapid high 
resolution diffusion imaging at 3 T. Eur J 
Radiol. 2008;65(1):36-46.



Introduction
Prostate cancer is the second leading 
cause of cancer related death in  
Western countries [1]. The prevalence 
of the disease is very high, but many 
men diagnosed with the disease will 
die from unrelated causes. This is 
because prostate cancer very often 
is a disease of old age that grows 
slowly. Common treatment for pros-
tate cancer in clinical practice involves 
radical resection of the entire gland 
or radiotherapy with a dose distrib-
uted over the whole organ. Provided 
that the cancer has not metastasized, 
these therapies are curative, though 
concern over their side effects has 
led to patients and their doctors delay-
ing this treatment and, instead, enter-
ing into active surveillance or watch-
ful waiting programs. In order for 
patients to safely forgo curative treat-
ment, it is essential to characterize 
their disease: to determine that it is 
sufficiently benign that growth will 
be slow and metastasis improbable. 
Selecting these patients, with low risk 
disease, that are appropriate for active 
surveillance requires accurate diagno-
sis of not just the presence of tumor, 
but how aggressive it is: i.e. how fast 
it is growing and how likely it is to 
metastasise to the lymphatic system. 
Magnetic resonance imaging (MRI) 
is an emerging technique for making 
this patient selection. It can diagnose 
the presence of tumor, localize it in 
the organ and provide information as 
to how aggressive it is. The MRI exams 
employed for this purpose usually 
involve multiple imaging sequences 
including a T2-weighted sequence, 
diffusion-weighted imaging (DWI) and 
one or more further techniques such as 
dynamic contrast enhanced MRI (DCE-
MRI) or Proton Magnetic Resonance 
Spectroscopic Imaging (1H MRSI) [2]. 
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Radiologists can read the different 
imaging modalities to decide the loca-
tion, size and potential malignancy 
of the tumor which are all indicators 
of its metastatic potential. Acquiring 
and reporting imaging data in this 
way is known as multiparametric (mp) 
MRI. MRSI is the only mpMRI method-
ology that acquires data from mole-
cules other than water [19]. A three 
dimensional (3D) 1H MRSI data set 
consists of a grid of spatial locations 
throughout the prostate (see Fig. 1) 
called voxels. For each voxel a spec-
trum is available. Each spectrum  
consists of a number of peaks on a 

frequency axis, corresponding to  
resonances from  protons with a certain 
chemical shift in different molecules. 
The size of a peak at a certain frequency 
(chemical shift) corresponds to the 
amount of the metabolite present in 
the voxel. In this way MRSI measures 
the bio-chemicals in regions of tissue  
in vivo without the need for any exter-
nal contrast agent or invasive proce-
dures. Examples of spectra from two 
voxels, acquired at a magnetic field 
strength of 3 Tesla (3T), are given in 
figure 1B, C, which clearly shows the 
differing profiles that are characteristic 
of benign prostate tissue and its tumors. 

(1A) T2-weighted MR image of a transverse section through a prostate 
with an overlaid grid of MRSI spectra from voxels within the prostate.

1
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Important metabolites  
in prostate MRSI
The initial papers on in vivo prostate 
MRSI were performed at a magnetic 
field strength of 1.5T [3-5], and three 
assignments were provided for the 
observed resonances: choline, creatine 
and citrate (Fig. 2). The small number 
of these assignments reflected the 
simplicity of the spectrum, which con-
tained two groups of resonances: one 
in the region of 3.3 to 3 ppm, which 
will be referred to as the choline-cre-
atine region, and another at 2.55–2.75 
ppm, which shall be called the citrate 
group. These assignments related to 
what were believed to be the strongest 
metabolite resonances. People should 
be aware however, that the assign-
ments are representative of multiple 
similar molecules. The choline assign-
ment reflects the methyl resonances 
from multiple compounds containing 
a choline group (Fig. 4): choline,  
phosphocholine and glycerophospho-
choline. Similarly, creatine refers to 
both creatine and phosphocreatine.  
In between the choline and creatine 
signals another group of resonances 
are present: the polyamines (mainly 
spermine and spermidine). The citrate 
resonances are from citrate only but 
can have a complicated shape, although 
in vivo at 1.5T they give the appear-
ance of a single peak. Nowadays a mag-
netic field strength of 3T is used more 

and more for prostate spectroscopic 
imaging, which gives opportunities to 
better resolve the choline, polyamines, 
creatine resonances, but also changes 
the shape of the citrate signal.

Larger choline signals are associated 
with tumor in nearly all cancers [6]. 
High choline signals are interpreted 
as being evidence of rapid prolifera-
tive growth and, more directly, the 
increased membrane turnover 
required for cell division. Membranes 
contain phospholipids: phosphatidyl 
choline and phosphatidyl ethanol-
amine, which are synthesised by 
a metabolic pathway involving cho-

line-containing metabolites known 
as the Kennedy pathway. It is in the 
synthesis and catabolism of these 
products, upregulated in proliferative 
tumor growth, that causes the 
increase in these signals. 

The large amplitude of citrate reso-
nances observed in prostate tissue is 
due to an altered metabolism particu-
lar to this gland. Prostate tissue accu-
mulates high concentrations of zinc 
ions which inhibit mitochondrial acon-
itase, leading to a build up of citrate 
in the prostate’s epithelial cells [7]. 
This citrate is further secreted into 
the ductal spaces of the prostate as 

(1B) One example spectrum shown on a ppm scale from a region of benign prostate tissue. (1C) A spectrum from 
another voxel that, in this case, co-localises to a region of tumor. 

1

Examples of 1H MRSI spectra acquired from benign prostate tissue and 
tumor at 1.5T.

2
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part of prostatic fluid, which has 
a high concentration of this metabo-
lite. Prostate carcinomas do not accu-
mulate zinc ions, so they do not have 
this high citrate concentration. The 
increased presence of tumor cells 
within a 1H MRSI voxel can, therefore, 
have two diminishing effects on the 
observed citrate signals: epithelial 
cells that accumulate citrate can trans-
form into, or be replaced by, tumor 
which has low citrate, or the lesion 
can grow through the ductal spaces, 

thus displacing the prostatic fluid. 
The relative contribution of each of 
these two physiological changes, 
whether we are observing tumor for-
mation and malignant progression 
or a histological change in tumor 
invasion of ductal structure, is not yet 
known. It is, however, clear that there 
is an inverse correlation of the levels 
of citrate metabolite and tumor cell 
density with some evidence to support 
a similar correlation with the aggres-
siveness of the tumor as well [8]. 

The introduction of 
a metabolite ratio
To transform the described changes 
in choline and citrate signals between 
benign (high citrate) and tumorous 
 tissue (low citrate, high choline) into 
a marker for prostate cancer, the 
metabolite ratio was introduced [3-5]. 
The signal intensities of the different 
spectral peaks were quantified by 
 simple integration of the two groups 
of resonances (the choline-creatine 
region and the citrate group), and the 
results were expressed as a ratio of 
the two. This gave the choline plus 
creatine over citrate ratio (abbreviated 
to CC/C [4]) or its inverse (with citrate 
as the numerator, [3, 5]). With choline 
in the numerator and citrate in the 
denominator, it became a positive  
biomarker for the presence of cancer. 

Acquiring the MRSI data sets
As the prostate is embedded in lipid 
tissue, and lipids can cause very strong 
unwanted resonance artefacts in pros-
tate spectra, the pulse sequence to 
acquire proton spectra is equipped with 
five properties to keep lipid signals out 
and retain optimal signals-of-interest 
in the whole prostate [9]. 

1.  Localization of the signal with slice-
selective pulses. The point resolved 
spectroscopy sequence (PRESS) is  
a combination of one slice selective 
excitation pulse and two slice  
selective refocusing pulses leading 
to an echo at the desired echo time. 
The three slices are orthogonal,  
producing an echo of the volume-
of-interest (crossing of three slices) 
only.

2.  Weighted acquisition and filtering. 
Proton MRSI data sets are acquired 
using a phase encoding technique 
where the gradients across spatial 
dimensions are varied with each 
repeat of the pulse sequence. By 
using weighted averaging of these 
phase encoding steps (smaller 
 gradient steps are averaged more 
often than larger gradient steps) 
and adjusted filtering of the noise 
in these weighted steps, the result-
ing shape of a voxel after the math-
ematical translation of the signal 
into an image (Fourier Transform) 

Structural formulas of the key small molecule metabolites observed in the 
spectra of prostate tissue. For each group, cholines and creatines, the common 
moiety is highlighted in red. The protons that give the MR spectral resonances 
present in the choline-creatine region are indicated in green. Choline-containing 
metabolites have 9 co-resonant protons in the region 3.2–3.25 ppm. Creatines 
have three co-resonant protons at 3.05 ppm. Citrate has four protons that resonate 
at two chemical shifts (2.6 and 2.7 ppm), one for each proton in a pair bonded 
to the same carbon. This pair also has a coupling between them and the symmetry 
of the whole molecule ensures that two protons co-resonate at each frequency. 

4

Simulated spectral shape of Cho and Ci for typical echo times (120 ms at 1.5T, 
145 ms at 3T). Identical concentrations, i.e. scale factors, are applied, but 
different line broadening of the signals (4 Hz at 1.5T; 8 Hz at 3T). Note the 
difference in the spectral shape of Ci and the different peak amplitude ratios 
for Cho/Ci.
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T2-weighted MRI image of a transverse section through a prostate as shown in 
figure 1 with an overlaid grid of MRSI-voxel data displayed as fitted spectra (5A). 

5

is a sphere. Contrary to conven-
tional acquisition without filtering, 
the spherical voxels after filtering 
are not contaminated with signals 
from non-neighboring voxels.

3.  Frequency-selective water and lipid 
suppression. The pulse sequence 
has two additional refocusing pulses 

that only touch upon water and 
lipid signals. Together with strong 
crushing gradients, signals from 
water and lipids are suppressed.

4.  Outer volume suppression. Around 
the prostate, slice-selective pulses 
can be positioned to suppress all 
signals in the selected slabs. These 

slices can be positioned quite close 
to the prostate, even inside the 
PRESS-selected volume-of-interest.

5.  Long echo time. To accommodate 
all localization and frequency 
selective pulses, the echo time of 
1H MRSI of the prostate is around 
120 ms at 1.5T and 145 ms at 3T. 
At longer echo times, lipid signals 
decay due to their short T2 relax-
ation time. 

The prostate is small enough  
(< 75 cubic centimetres) to allow a 
3D 1H MRSI data set to be acquired, 
with complete organ coverage, 
within 10 minutes of acquisition time. 
The nominal voxel size is usually 
around 6 × 6 × 6 mm, which after  
filtering as described above results  
in a true voxel size of 0.63 cm3.

Spectral patterns 
Due to multiple different protons in 
the molecule, a single metabolite can 
have multiple resonances. If interac-
tions exist between protons within 
a metabolite, the shape of a spectral 
peak can be complicated. A resonance 
group of protons that has a mixture 
of positive and negative parts is said 
to have a dispersion component in 
its shape; a symmetrical-positive peak 
is referred to as an absorption shape. 
Choline and creatine resonances 
appear as simple peaks (singlets), 

5A

Two spectra (shown previously in figure 1) with their fitted model metabolite signals (5B, C).5

5B 5C
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although they very often cannot be 
separated from each other as they 
overlap within in vivo spectral line-
widths. The structure of citrate, given 
in figure 4, results in protons at two 
different chemical shifts, with cou-
pling between each proton and one 
other (a strongly coupled spin sys-
tem). The spectral shape of these 
protons depends on their exact chemi-
cal shift, the coupling constant 
between them, the pulse sequence 
timing and the main magnetic field 
strength. At an echo time of 120 ms 
at 1.5T (and a very short delay 
between excitation and first 180 
degree refocusing pulse), the spec-
tral peaks of citrate are close to a 
positive absorption mode. The spec-
tral shape consists mainly of an inner 
doublet with small side lobes on 
the outer wings. Together with line 
broadening the citrate protons quite 
closely resemble a single, somewhat 
broadened peak. The small side lobes 
around this peak are hardly detect-
able over the spectral noise in vivo. 
At 3T with an echo time of 145 ms 
(examples given in Fig. 1), the nega-
tive dispersion components of the 
citrate shape cannot be ignored. Its 
side lobes are substantially larger and 
reveal also some negative compo-
nents [10]. Therefore the area under 
the curve, the integral, is substantially 

smaller at 3T than at 1.5T. Because 
of its complicated shape, it is essen-
tial at 3T to incorporate this shape in 
quantification of the signal.

Signal quantification by 
integration or metabolite 
fitting 
The size of the peaks of the individ-
ual resonances represent the amount 
of the metabolite present in the voxel. 
Integration provides a simple method 
to quantify the spectra, as long as 
all signals have an absorption shape. 
Although it cannot discriminate 
between overlapping resonances, as 
long as overlapping signals (choline 
and creatine) are summed in a ratio 
this does not matter. With clear sepa-
ration between citrate resonances 
and the choline-creatine region, the 
CC/C ratio can be calculated. How-
ever, as pointed out earlier, the spec-
tral shape of citrate is not straight-
forward, and ignoring the small 
satellites at 1.5T, or simply integrat-
ing the large dispersion parts of the 
signal at 3T, would inevitably lead to 
underestimation of the total citrate 
signal intensity. An alternative is to 
fit the spectra with models of the 
citrate resonances with their expected 
shape. The shape can either be  
measured, using a solution of citrate 

placed in the MRI system and a spec-
trum acquired with the same sequence 
as the in vivo data, or it can be calcu-
lated using a quantum mechanical 
simulation (Fig. 3). By this process of 
spectral fitting, models of each metab-
olite’s spectral peaks are fit to the total 
spectrum and the intensities of each 
fitted model are calculated. A linear 
combination of the metabolite models 
is found by the fitting routine such 
that

Data = C1
*choline model + C2

* 
 creatine model + C3

*citrate model 
+ baseline  Eqn1.

The coefficients C1-4 give the relative 
concentrations of the individual 
metabolites. 

When fitting with syngo.via, the result 
of a fit to a spectral peak can be 
expressed in two ways: as an integral 
value, which describes the area under 
the fitted spectral peak, or as a relative 
concentration (incorporating the num-
ber of protons in the corresponding 
peak) of the metabolite, called the scale 
factor (SF) of the metabolite.

As noted earlier, the integral value 
of citrate is different for 1.5 vs. 3 Tesla 
due to the different spectral patterns 
and would also change if pulse 
sequence timing other than standard 

T2-weighted MR image of a transverse section through a prostate as shown in figure 1 with an overlaid grid of MRSI-voxel data 
displayed as spectra (6A) and as the pseudo integral CC/C ratio (6B) from metabolite fitting of the spectra. The ratio data points 
are interpolated and shown on a color scale of values from 0 (blue) to 3 (red). The tumor containing region of the prostate 
corresponds to the higher ratio values: the cyan-red area in the image. 

6

6A 6B
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Table 1: Typical integral values of the CC/C ratio in prostate tissue  
at 1.5T [17] and pseudo integral values of CC/C at 3T [18]:

Tissue 1.5 Tesla* 3 Tesla**

Non-cancer peripheral zone 0.28 (0.21– 0.37) 0.22 (0.12)

Non-cancer central gland*** 0.36 (0.28–0.44) 0.34 (0.14)

Cancer 0.68 (0.43–1.35) 1.3 (3.7)

*median and 25th and 75th percentile    **mean and standard deviation    ***combined transition zone and central zone

would be used. If the scale factor is 
multiplied with the number of resonat-
ing protons (#H), it represents the 
intensity of a signal, in relation to the 
integral value of a pure singlet of one 
resonating proton in absorption mode. 
We call this entity pseudo integral, 
which is calculated as A.

pseudo integral (Metabolite) =  
#H * SF (Metabolite).

For citrate this pseudo integral is per-
haps best described as the numerical 
integral of the magnitude (all negative 
intensity turned positive) of the citrate 
spectral shape, ignoring signal cancel-
lations of absorption and dispersion 
parts of the shape.

The spectral fits are shown for the two 
spectra in figure 5 with model spectra 
of the three metabolites choline, cre-
atine and citrate. It can be seen from 
these spectra that the relative ampli-
tudes of the metabolites vary between 
the benign and the tumor spectrum. 
As expected, the benign spectrum has 
a higher citrate amplitude while the 
tumor has a greater choline amplitude, 
relative to the other metabolites. Com-
bined in the CC/C ratio, the positive 
biomarker for the presence of tumor 
in the prostate is calculated.

Depending on the used quantification 
(spectral integration without fitting 
(a), fitted relative concentrations (b) 
or pseudo integrals (c)) the CC/C can 
be calculated by:

(a)  {Integral(Choline) + Integral 
 (Creatine)} / Integral(Citrate)

(b)  {SF(Choline) + SF(Creatine) } / 
SF(Citrate)

(c)  {9*SF(Choline) + 3*SF(Creatine)} / 
4*SF(Citrate), respectively.

The numbers in the last equation 
 correspond to the number of protons 
of the different signals. Generally, 
use of the pseudo integral ratio is 
strongly preferred, as it is least sensi-
tive to large variations in individual 
metabolite fits in overlapping signals 
(choline and creatine). Note (again) 
that this pseudo integral ratio does 
not aim to provide a ratio of absolute 
metabolite concentrations, as this is 
very difficult with overlapping 
metabolite signals, partially saturated 
metabolite signals due to short TR 
(T1 effects), and variation in signal 
attenuation due to the use of a long 
echo time (T2 effects). 

Now, what could be the effect on 
the ratio if further metabolites are 
included in the fitting? Could even 
polyamines be incorporated in the 
analysis [11]? After separate fitting, 
the main focus of the analysis could 
just be on choline and citrate, which 
have opposite changes in intensity 
with cancer, to make a simpler and 
potentially more sensitive choline/
citrate ratio. Various metabolite 
ratios have been proposed [12, 13], 
and there is certainly value in using 
choline over creatine as a secondary 
marker of tumor malignancy that can 
give complementary information to 
the CC/C ratio [14-16]. However, any 
of these interpretations are limited 
by how well the individual metabolite 
resonances can be resolved. At 3T 
the choline, polyamines and creatine 
resonances all overlap (Figs. 1 and 5). 
In practice this lack of resolution in 
the spectrum translates to errors in 
the model  fitting where one metabo-
lite can be overestimated at the 
expense of another. For example a 
choline over citrate ratio could be 

underestimated if the polyamines fit 
was overestimated and accounted for 
some of the true choline signal. 
While acquisition and fitting methods 
are being actively researched to 
improve the individual quantification 
of these metabolites, it is more reli-
able to stick to the pseudo-integral 
CC/C ratio. 

Once reliably calculated, the CC/C 
ratio combines the essence of the 
observable spectroscopic data into a 
single quantity that can be displayed 
on an image (Fig. 6), combining the 
key information into a simple to read 
form for radiological reporting.

Published values of the ratios for 
tumor and benign tissue, which are 
calculated in a similar way to the 
syngo.via fitting, are listed in table 1.

Future perspective of MRSI 
for prostate cancer 
The CC/C ratio is the most used 
method for interpreting 1H MRSI data 
of prostate and prostate cancer. It 
remains, essentially, the integral of 
the choline-creatine region divided 
by the citrate region, a simple combi-
nation of the metabolite information 
in a single-value marker that is sensi-
tive to the presence of tumor. The 
use of areas under the resonances in 
the ratio has the implication that the 
absolute value of this biomarker is 
largely dependent on the acquisition 
sequence used. Any change in field 
strength, the pulses or pulse timings 
will change resonance amplitude and 
shape due to T1 and T2 relaxations 
and the scalar couplings of especially 
citrate. Values of the ratio quoted 
in the literature for tumor or benign 
tissues depend strongly on how the 
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ratio is actually calculated and are, 
therefore, often not directly compa-
rable. However, using the Siemens-
supplied default protocols for acquisi-
tion and syngo.via postprocessing 
enables one to make use of published 
values as given in table 1, and incor-
porate 1H MRSI of the prostate into 
their clinical routine.

Contact

Tom Scheenen, Ph.D.
Radboud University Nijmegen 
Medical Centre
Radiology Department
P.O. Box 9102 
6500 HC Nijmegen 
The Netherlands
Tom.Scheenen@radboudumc.nl
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This article examines two important  
clinical cases for a better understanding 
of potential benefits, but also limita-
tions, of MRI-guided prostate biopsies. 
All examinations were performed on  
a 1.5T system (MAGNETOM Symphony, 
Siemens Healthcare, Erlangen, Germany). 
Prior to the MRI-guided biopsy, an MRI 
examination with a combined endo- 
rectal body phased-array coil was per-
formed. After insertion of the endorectal 
coil, the imaging protocol for localiza-
tion of suspicious areas within the gland 
consisted of the following T2-weighted 
TSE sequences: Axial (TR 4.000 ms;  
TE 102 ms; slice thickness (ST) 3 mm; 
slice distance (GAP) 0.25; field of view 
(FOV) 160 mm; matrix 256 × 256); 

Coronal (TR 4.000 ms; TE 102 ms;  
ST 3 mm; GAP 0.25; FOV 200 mm;  
matrix 256 × 256); 
Sagittal (TR 4.560 ms; TE 106 ms;  
ST 3 mm; GAP 0.25; FOV 200 mm;  
matrix 230 × 256);
Subsequently, a T1-weighted axial  
TSE sequence was applied (TR 700 ms;  
TE 12 ms; ST 4 mm; GAP 0.3;  
FOV 160 mm; matrix 192 × 256) from 
the prostate apex up to the seminal  
vesicle. In addition, a T1-weighted axial 
TSE sequence (TR 500 ms; TE 13 ms;  
ST 5 mm; GAP 0.3; FOV 300 mm;  
matrix 256 × 256) was applied through 
the regional lymph drain path from  
the prostate base up to the aorta bifur-
cation.

Case Reports:  
MRI-guided Prostate Biopsies
Karl Engelhard, M.D.

Diagnostic Radiology, Martha-Maria Hospital Nuernberg, Nuernberg, Germany 

After localization of the tumor-suspi-
cious areas, the endorectal coil was  
removed and the MR visible needle guide 
was inserted into the patient’s rectum 
and guided to the area to be punctured 
close by the prostate capsule. The  
biopsies were performed by means of an 
MR-compatible biopsy gun (16 G; MRI 
Devices, Schwerin, Germany). Further 
information about the procedure can be 
found in: Engelhard K, Hollenbach HP, 
Kiefer B, Winkel A, Goeb K, Engehausen 
D. “Prostate biopsy in the supine position 
in a standard 1.5T scanner under real 
time MR-imaging control using a MR-
compatible endorectal biopsy device.” 
Eur Radiol. 2006 Jun;16(6):1237-43. 
Epub 2006 Feb 1.

 

Case 1
A 60-year-old patient with a PSA elevated 
to 10 ng/ml is shown. Transrectal ultra-
sound (TRUS) did not show a cancer- 
suspected lesion (Fig. 1), however, the 
endorectal MRT showed a small but  
cancer-suspected hypointense lesion in 
medio-lateral orientation in the middle 
peripheral gland, left (Fig. 2). MRI- 
guided punch biopsy was performed at  
the suspected site (Fig. 3), histology  
revealed an Adeno-Carcinoma (G1, 
Gleason 2 + 2 = 4). The patient was  
then referred to radical prostatectomy. 
Based prostatectomy specimen, 
pT3a G3 pN0 pM0, Gleason 3 + 4 = 7 was 
diagnosed with tumor cell layers in both 
lobes. Therefore it is important to stress 
that when the location of the biopsy 
site is determined solely by suspicious 
areas in the T2-weighted pulse sequence, 
not all tumor sites become visible.

1 Transrectal ultrasound, no clear depiction of suspicious lesion possible.

1 
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2A Transversal T2w TSE MR demonstrating  
a small suspicious lesion within the left  
lateral zone.

2A

2B Corresponding sagittal T2w slice.

2B

3 MR image in oblique orientation 
during biopsy. 

3 

Case 2
In the T2-weighted image, low-signal  
lesions within inhomogeneous adenoma 
structures could correspond to hyper-
cellular carcinomas. As a differential  
diagnosis, sclerotic adenoma nodes rich 
in connective tissue also produce low  
signal. In this case, a 70-year-old patient 
with a PSA elevated to 12 ng/ml is 

4 Transversal T2w TSE demonstrating  
irregular and unclear nodule in the ventral 
right central gland.

5 Corresponding MR image in oblique  
orientation taken during biopsy. 

Contact 
PD Dr. Karl Engelhard, M.D.
Martha-Maria Hospital Nuernberg
Dept. of diagnostic Radiology
Stadenstraße 58
90491 Nuernberg
Germany
k.engelhard@martha-maria.de

4 5 

shown. Before MRI-guided prostate  
biopsy, the patient has undergone three 
negative punch biopsies for evaluation 
of a TRUS-proven tumor (once with  
6 samples, twice with 18 samples). The 
presence of a suspicious lesion was  
confirmed by T2w MRI and therefore the 
patient was referred to MRI-guided punch 

biopsy of the suspicious hypointense 
area in the ventral transition zone within 
adenoma structures (Figs. 4 and 5).  
Histology revealed sclerotic node forma-
tion with collagen-rich benign prostatic 
hyperplasia (BPH).
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With the widespread introduction of 
prostate-specific antigen (PSA) testing, 
the characteristics of prostate cancer 
(PCa) patients have changed dramatically 
in the last fifteen years in favor of indi-
viduals with organ-confined disease. 
Histological confirmation of PCa remains 
essential for initiating therapy but, unfor-
tunately, repeated negative prostate  
biopsies are not uncommon. Only 25– 
40% of all men with a PSA-level between 
4 and 10 ng/ml are reported to have 
PCa, and therefore cancer detection 
rates by conventional prostate biopsy 
are low in this patient cohort [1]. Addi-
tional rounds of TRUS-biopsies in case  
of former negative prostate biopsies do 
not seem to improve cancer detection 
rates in patients with persistently elevated 
PSA-levels significantly. In fact, on first, 
second, third and fourth round, detec-
tion rates of a PCa have been reported to  
be only 14–22%, 10–15%, 5–10%, and 
4%, respectively [2, 3]. Endorectal mag-
netic resonance imaging (endoMRI) is 
the most sensitive imaging method for 
detection and localization of PCa. In con-
trast to guided transrectal ultrasound 
(TRUS) prostate biopsy, MRI-guided 
 biopsy offers the possibility to integrate 
metabolic and functional information 
and to perform prostate biopsy with 
 direct control of the probe placement 
[4]. MRI-guided biopsy can be used to 

increase cancer detection rate after a 
negative TRUS-biopsy [5–7].

Case report
A 65-year-old man was referred to our 
institution for combined whole-body 
(wb) [11C]-Choline positron-emission- 
tomography for tumor screening after 
two negative sessions of TRUS prostate 
biopsies and persistently elevated PSA-
levels over a period of 27 months (PSA at 
the time of presentation was 6.37 ng/ml, 
the estimated prostate volume was  
45 cm3). PET-CT revealed focal pathologic 
tracer uptake in the right dorsal periph-
eral gland. An endoMRI for planning an 
eventual MRI-guided biopsy of the pros-
tate was recommended and performed 
20 days after the PET-CT. EndoMRI at  
1.5 Tesla (MAGNETOM Sonata, Siemens 
Healthcare, Erlangen, Germany) showed 
a corresponding suspicious area in the 
right very lateral peripheral gland with  
a maximal diameter of 1.1 cm. MR spec-
troscopic imaging (3D MRSI) was addi-
tionally performed, but no suspicious  
elevation of the (Cho+Cr)/Ci ratio was 
found in the suspicious area. The time-
interval between endoMRI and MRI-
guided prostate biopsy was 13 days. 
MRI-guided biopsy was performed at  
1.5 Tesla MR scanner without use of an 
endorectal coil (MAGNETOM Avanto, 
Siemens Healthcare, Erlangen, Germany). 

Case Report:  
MRI-guided Prostate Biopsy in a Patient 
with Prior Negative TRUS-Guided Biopsies 
and Persistently Elevated PSA-Levels 
Matthias Philipp Lichy, M.D., MSc1; David Schilling, M.D.2; Matthias Röthke, M.D. MSc1; Phillip Aschoff, M.D.1;  
Karl Sotlar, M.D.3; Christina Pfannenberg, M.D.1; Heinz-Peter Schlemmer, M.D., Ph.D.1

Departments of Diagnostic and Interventional Radiology1, Urology2, Pathology3, Eberhard-Karls-University Tuebingen, Germany

1 Coronal reformation of the initially 
performed 11C-Choline PET-CT.

1 
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T2w imaging was used for guidance of 
the 18-gauge fully automatic biopsy gun 
(TSK Laboratory, Japan/MRI Devices 
Daum GmbH, Schwerin, Germany). For 
fixation and adjustment of the needle,  
a biopsy devise described by Beyers-
dorff, et al. [1] was used (Invivo Daum 
GmbH, Schwerin, Germany). Diffusion-
weighted imaging (syngo REVEAL) with 
high b-values at the time point of the 
 biopsy showed a restriction of water 
 mobility in the suspicious area. MRI-guid-
ed biopsies of the medial parts of the sus-
picious lesion could be performed. A total 
of 3 specimens from this area and addi-
tionally one specimen for coverage of 
the contralateral peripheral gland were 
taken during the MR intervention.
Histological examination of routinely 
processed formalin-fixed and paraffin-
embedded biopsy specimen revealed the 
infiltrates of a moderately differentiated 
tubular adenocarcinoma (Gleason score  
2 + 3 = 5) in all 3 guided biopsy specimens 
Figure 6 shows one of the three biopsy 
specimens with infiltration of moderately 
differentiated tubular adenocarcinoma; 
anti-cytokeratin 5/6 immunostaining 
highlighting some non-neoplastic glands 
with ck 5/6-positive basal cells; non-neo-
plastic and neoplastic glands are shown, 
the latter with enlarged nuclei and 
prominent nucleoli; low proliferative 
 activity with Ki-67 (clone Mib1).

3 

3 High-resolution T2w TSE, acquired at 1.5T with an endorectal coil, demonstrates  
a small circumscribed lesion with correlation to the PET finding.

2 

2 Fused PET/CT, revealing a focal and therefore suspicious area within the right, very  
lateral peripheral gland.
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4A 4B 4C 4D

4 DWI measured with a 3-scan trace technique showing a clear restriction of water diffusion of the lesion  
(from right to left: b = 1000/400/0 s/mm2, ADC map).

5 

5 T2w TSE for intervention planning; the transrectal inserted needle guide points directly to the medial portion of the suspicious lesion 
(image acquired at 1.5 Tesla with a combination of the Tim Spine and Body Matrix coil and without use of an endorectal coil).
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Introduction

Prostate cancer (PCa) is the most com-
mon malignancy in men and according 
to the update of the National Cancer  
Institute in 2005, the incidence of this 
malignancy in the United States of 
America is higher than for female breast 
cancer (2004: 165.3 PCa per 100.000 
men; 126.4 breast cancer per 100.000 
women). Also, with the widespread  
introduction of PSA testing a shift  
towards detection of PCa at an early 
stage of disease can be observed. 
The potential of magnetic resonance  
imaging (MRI) for imaging PCa was  
already recognized and evaluated in  
the beginning of the wide introduction 
of MRI into clinical practice in the early 
80’s. Until recently, the combination of 
T2-weighted Turbo Spin Echo (T2w TSE) 
sequences and the application of an  
endorectal coil had still been considered 
as state-of-the-art for local tumor  
staging, in particular for magnetic field 
strengths up to 1.5 Tesla, whilst the 

main indication for MRI of the prostate 
in the daily clinical work-up had  
remained tumor staging for assignment 
of best therapy. However, clinical  
demands have changed dramatically 
during the last decade; while prostate-
specific antigen (PSA) testing has signifi-
cantly reduced the amount of advanced 
(T4/T3; N+, M+ stages) PCa at the time 
point of diagnosis, the refinement of 
surgical and radiotherapy treatment pro-
cedures like robot-assisted nerve sparing 
radical prostatectomy and intensity 
modulated radiotherapy have increased 
the demand for a dedicated and accu-
rate imaging modality to provide all  
relevant information about extension 
and localisation of prostate cancer. Of 
course, it has been recognised since the 
early days of prostate MRI that due to 
hyperplasia of the central gland, prosta-
titis and bleedings (e.g. caused by for-
mer biopsies) the diagnostic accuracy of 
T2w TSE MRI can be clearly restricted for 

such a purpose. Therefore it seems to  
be only logical to include information 
provided by metabolic (MR spectroscopic 
imaging; MRSI) and functional imaging 
(diffusion-weighted imaging; syngo DWI 
and T1-weighted dynamic contrast  
enhanced MRI; T1w DCE) to improve the 
diagnostic performance of MRI. 
With the introduction of the 3T MR scan-
ner and associated increase in signal- 
to-noise (SNR) there is now the potential 
to acquire all this information without 
the use of an endorectal coil. Based on 
literature data, the application of an  
endorectal coil at 3T will increase the 
sensitivity for the detection of tumor 
penetration of the capsule; nevertheless, 
for tumor localization within the gland 
e.g. for planning of radiotherapy or  
MRI-guided biopsies and also for follow-
up, deformation of the prostate  
introduced by the endorectal coil can  
be disadvantageous. 
The potential of state-of-the-art MRI at 
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3T without endorectal coil is presented 
in this case report article. In both shown 
cases, MRI was able to improve therapy 
planning and the surgical outcome 
clearly. To improve the image quality  
especially of the diffusion-weighted  
imaging (syngo DWI), after a digital rectal 
examination 50 to 100 ml ultrasound 
gel was administered per rectum in both 
cases. Sequence parameters for the 
shown MR examinations were:

1. T2-weighted MRI Turbo Spin 
Echo (TSE) sequences:
Transversal T2w TSE: 
TR 6330 ms, TE 101 ms, PAT factor 2 
(syngo GRAPPA), FOV 200 x 200 mm, 
matrix 310 x 320, slice thickness 3 mm, 
3 averages, acquisition time 3:04 min.
Coronal T2w TSE:
TR 4440 ms, TE 101 ms, PAT factor 2 
(syngo GRAPPA), FOV 200 x 200 mm, 
matrix 310 x 320, slice thickness 3 mm, 
2 averages, acquisition time 3:44 min.
Sagittal T2w TSE:
TR 5000 ms, TE 101 ms, PAT factor 2 
(syngo GRAPPA), FOV 200 x 200 mm,  
matrix 310 x 320, slice thickness 3 mm,  
2 averages, acquisition time 2:40 min.

2. Diffusion-weighted imaging 
(syngo DWI): 
Single shot echo planar imaging (EPI):
TR 3800 ms, TE 70 ms, PAT factor 2  
(syngo GRAPPA), SPAIR fat suppression 
technique, FOV 221 x 260 mm, matrix 
102 x 160, 3 scan trace, ADC-mapping 
(Inline), b-values: 0 / 100 / 400 /  
800 s/mm2, slice thickness 3.6 mm,  
6 averages, acquisition time 2:40 min.

3. 3D MR spectroscopic  
imaging:
TR 750 ms, TE 145 ms, voxel size (inter-
polated) 0.5 x 0.5 x 1.1 cm, averages 8, 
Hamming filter, spectral lipid and water 
suppression, acquisition time 9:14 min.

4. 3D dynamic contrast en-
hanced T1-weighted imaging: 
syngo TWIST (GRE with echo sharing):
TR 3.5 ms, TE 1.4 ms, PAT factor 2, no fat 
suppression, slice thickness 3.6 mm,  
FOV 260 x 260 mm, matrix 144 x 192,  

Starting on page 64 of the Operator  
Manual – Spectroscopy you’ll find 

■ positioning of the patient and coil
■ planning the VOI
■ measurement and
■ examples of spectra.

The manual also includes the evaluation 
of spectroscopic data with the syngo 
Spectroscopy task card and provides  
detailed information on the workflow  
of a typical 1H MRS examination in the 
head and breast (syngo GRACE). 

At www.siemens.com/magnteom-world 
you can download the manuals in German 
and English free-of-charge.

k Visit www.siemens.com/magnetom-world  
for practical information on MR spectroscopic  
imaging of the prostate in clinical routine.

1 average, 70 measurements, acquisition 
time for one data set was 04:58 min; 
contrast media was injected via a cubital 
vein in a standardized flow and dosage 
with the start of the first measurement 
(Magnevist, Bayer Schering, Germany).
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This 61-year-old patient with biopsy 
proven prostate cancer and an initial  
total PSA level of 5.1 ng/ml was referred 

to our MRI unit one day before planned 
nerve sparing radical prostatectomy.
MRI revealed a tumor with broad contact 

to the left dorsal capsule with main  
localization in the apico-medial periph-
eral zone and extension to the base.  

Case 1 
Patient with stage T3a prostate cancer 

1A 

1B 

1C 

1 Exemplary chosen T2-weighted TSE images demonstrating the extent of the tumor suspicious findings (A transversal, B sagittal, C coronal).
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2A This figures show the clear restriction of the water diffusion within the tumorous areas. Left: T2-weighted TSE image, middle: original high b-value 
image (b = 800 s/mm2), right: overlay of syngo DWI and T2-weighted TSE image, showing perfect match, confirming the extension of the tumor.

2B DCE T1-weighted image demonstrating the difference between the cancer and normal prostate tissue. Left: T1-weighted DCE image subtracted 
from a native mask image at the time point of the maximum peak of the signal-intensity-time curves (middle) within the tumor tissue. While  
standardized parameter maps do show only a slight side difference (Kep right upper image; right lower image T2-weighted reference), the signal- 
intensity-time curves are highly suspicious and correlate clearly with the morphologic changes on T2-weighted image.

2B 

2A
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2C Exemplary chosen spectra from the base of the prostate, demonstrating the widespread tumor infiltration. In all voxels, a clear  
increase of the (Choline + Creatine) / Citrate ratio can be observed.

3

2

1

No seminal vessel infiltration and suspi-
cious lymph nodes were found. Despite 
the lack of a clear extension beyond  
the capsule, the finding was highly  
suspicious for a micro penetration of the 
capsule, potentially negating a bilateral 
nerve sparing. The strong suspicion of  
a T3a stage was confirmed during the 
radical prostatectomy by an instanta-

neous section. To ensure oncological  
resection of the tumor, it was not possi-
ble to preserve the left nerve bundle. 
According to the MRI findings, the  
surgeons could spare the right nerve 
bundle. The prostate cancer was staged 
as pT3a pN0 (0/15) cM0 R0, Gleason 
Score 3 + 4 = 7. 

2

12C 

3
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3 A: Macroscopic prostatectomy specimen before fixation, B: HE stained histopathology with marked extension of all tumor foci (blue line).  
A high concordance between MR findings and histophatology is obvious. 

APEX

BASE

3B 3A
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Case 2  
Patient with stage T3b prostate cancer 

This 63-year-old patient with biopsy-
proven prostate cancer and a total PSA 
level of 7.51 ng/ml at the time point of 
surgery was referred to our MRI unit one 
day before planned nerve sparing radical 
prostatectomy. The medical history of 

the patient revealed a urothelium carci-
noma (initial diagnosis made 6 years 
ago) and approx. one month before the 
planed radical prostatectomy, a resec-
tion of suspicious pulmonary findings 
was performed but no malignancy was 

found. The histopathology revealed  
heterotopic ossifications. 
MRI revealed a tumor of the right  
dorsal gland within the peripheral zone 
with broad contact to the capsule.  
Additionally, in the right seminal vessel, 

4A 

4A Exemplary chosen T2-weighted images (transversal) demonstrating the extent of the tumor suspicious findings. D, E: Corresponding ADC-maps, 
demonstrating the clear water diffusibility restriction also in the suspicious area within the right seminal vessel.
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4B 4C 4D 
4B–D Exemplary chosen  

T2-weighted images (B sagittal,  
C coronal) demonstrating the 
extent of the tumor suspicious 
findings. 
D: Corresponding ADC-maps, 
demonstrating the clear water 
diffusibility restriction also in 
the suspicious area within the 
right seminal vessel.

4E Corresponding ADC-maps, demonstrating the clear water diffusibility restriction also in the suspicious area within the right seminal vessel.

4E 
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a T2-weighted hypointense and nodular  
configured area was detected. In combi-
nation with the clear restriction of the 
water diffusion, this finding was cate-
gorized as tumor and therefore a stage 
T3b was assumed. In agreement with 

MRI findings, the instantaneous section 
found capsule penetration with infil- 
tration of the nerve bundles as well as  
extension towards the right seminal  
vessel and therefore no nerve sparing 
prostatectomy could be achieved  

(R0 resection). However, lymphadenec-
tomy found positive pelvic lymph nodes. 
The prostate cancer was staged as pT3b 
pN1 (3/14) cMx, R0, L0, V0, Gleason 
Score 4 + 3 = 7. 

5 A: Macroscopic prostatectomy specimen before fixation, B: HE stained histopathology with marked extension of all tumor foci (blue line).  
A high concordance between MR findings and histophatology is obvious. The specimen of the seminal vessels and the lypmph nodes are not  
shown in this stage pT3b pN1case.
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The evaluation of the tumor load in a 
case of peritoneal metastatic spread is 
still a domain of computed tomography 
(CT), mainly because of its availability  
in daily clinical routine and also because 
of the short examination times. However, 
within recent years evolving MR tech-
niques and especially developments in 
coil design (Tim technology), parallel 
imaging (iPAT) and continuous table 
movement MR imaging (syngo TimCT) 
have enabled the evaluation of large 
parts of the body within a reasonable 
examination time. Additionally, relatively 
motion-insensitive MR techniques like 
the HASTE sequence and syngo BLADE 
help to acquire high-quality images not 
only of motion artefact prone tissue like 
the bowel but also in cases of patients 
with impaired condition who are hardly 
able to follow breathhold commands. 
Despite the intrinsic superior soft-tissue 
contrast of MRI compared to CT, diffu-
sion-weighted imaging (DWI) adds func-
tional information about the cellular 
packing density of tissues yielding an 
improved diagnostic accuracy, not only 

for tumor detection but also character-
ization. As a consequence, MRI of the 
abdomen can now also be considered an 
alternative to CT in daily clinical practice.

MR protocol
The MR protocol used in our department 
(1.5T MAGNETOM Avanto) for a fast and 
yet accurate assessment of potential 
metastatic spread in the abdomen com-
prises the following steps:
1. Continuous table movement T2w  

TSE with syngo BLADE (syngo TimCT) 
ranging from the diaphragm to groin 
(TR/TE 5460/111 ms, scan speed  
3 mm/sec, PAT 2, TA 3:11min)

2. Multi-step EPI Spin Echo DWI (TR/TE 
3780/76 ms, b-values 50 and  
800 s/mm², spectral fat suppression, 
ADC maps generated by the scanner’s 
Inline function, PAT 2, TA 7:11min)

3. Continuous table movement pre- and 
post-contrast 2D T1w FLASH with 
spectral fat suppression (syngo TimCT) 
from the diaphragm to the groin  
(TR/TE 130/2.38 ms, scan speed  
8 mm/sec, PAT 2, TA 1:11min)

Case Report:  
Comprehensive Staging of the Abdomen 
and Pelvis with syngo TimCT Oncology  
in a Patient with Metastatic Hepatoid  
Carcinoma of the Prostate
Henrik J. Michaely, M.D.

Institute of Clinical Radiology and Nuclear Medicine, University Medical Center Mannheim, Mannheim, Germany

4. Dynamic contrast-enhanced coronal 
3D T1w VIBE covering the whole abdo-
men with spectral fat suppression (TR/
TE 4.79/1.72 ms, PAT 2, TA 0:18 min)

Depending on body size, the average  
imaging time for the abdomen with this 
protocol is 15–18 minutes. 

Case
A 32-year-old male was referred to our 
institution because of hydronephrosis  
(asterisk on the MR images) caused by  
a large tumor in the pelvis which was 
thought to be a rhabdomyosarkoma of 
the prostate. In the MR-images, a multi-
lobular confluent large mass within the 
pelvis is seen (arrows). No differentia-
tion between the tumor and the pros-
tate is possible anymore. This mass  
displaces not only the bladder but also 
the rectum. In addition, a large amount 
ascites is present in all quadrants of the 
abdomen. Large tumor nodules (dotted 
arrows) can also be found within the 
omentum without signs of small or large 
bowel obstruction. A mild spleenomegaly 
can be appreciated. Small metastases 
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1A–1F Contrast-enhanced T1-weighed syngo TimCT examination.

*

1C
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2A 2B 

2C 2D 

2A–2F T2-weighted TSE syngo TimCT examination with syngo BLADE motion correction.

* *
*

can also be found subdiaphragmally. 
There is also contrast-enhancement of 
the peritoneum as another sign of dif-
fuse peritoneal tumor spread. A large 
nodular mass at the caudomedial border 
of the left liver lobe with direct contact 

to the falciform ligament is seen (arrow 
in Fig. 2A). This nodule has slightly  
different signal intensity compared to 
the other tumor metastases. No further 
lesions can be seen in the liver, bones 
and basal lung. After this examination,  

a CT-guided biopsy of the large pelvic 
mass was performed which revealed a 
rare case of a hepatoid carcinoma of the 
prostate. 
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3A–3D Multi-step diffusion-weighted imaging (DWI): A: Sagittal reformation of the b = 800 s/mm2 images. B: Superimpose high b-value image 
on contrast-enhanced single-step 3D T1w FLASH image (with spectral fat suppression). C, D: Original transversal high b-value images. 

3A

3C 3D 

3B



Backround

Whole-body diffusion-weighted 
imaging (WB-DWI) is gaining in  
clinical importance for oncological 
 imaging. It has been shown to be a 
promising tool principally for tumor 
detection, tumor characterization, 
and therapy monitoring of bone 
metastases [1, 2]. The clinical imple-
mentation of WB-DWI aims for stan-
dardization of the acquisition protocol. 
For this reason, further improve-
ments of data acquisition, analysis 
and display of the results are 
requested. 

The recently launched new software 
version syngo MR D13 provides sev-
eral new features for WB-DWI such 
as variable averaging of the b-values, 
inline composing, and a Bias Field 
Correction (BiFiC) filter in order to 
overcome previously existing limita-
tions such as long acquisition times, 
mis-registration between, and inten-
sity inhomogeneities across image 
stations.

New features in  
syngo MR D13 b-value  
specific averaging

One limitation of the broader clinical 
usability is the long acquisition time 
of over 25 minutes for head-to-pelvis 
WB-DWI MRI. For more efficient scan-
ning the new feature b-value specific 
averaging was developed: This allows 
us to set the number of averages 
(NEX) for each b-value individually. 
The current product protocol uses a 
b-value of 50 with NEX 2, and a 

New Features of syngo MR D13 for Improved 
Whole-Body Diffusion-Weighted MRI
Thomas Doring1; Ralph Strecker2; Michael da Silva1; Wilhelm Horger3; Roberto Domingues1;  
Leonardo Kayat Bittencourt1; Romeu Domingues1 

1 CDPI and Multi-imagem (DASA), Rio de Janeiro, Brazil 
2 Siemens Ltda, São Paulo, Brazil 
3 Siemens Healthcare, Erlangen, Germany

In the Diffusion taskcard it is now possible to select the number of averages 
for each b-value individually (Here: b50 NEX 2, b800 NEX 5, red arrows).

1

1

By checking the Inline Composing box in the diffusion taskcard of the 
sequence the automatic composing modus is activated. The strength of the 
BiFiC filter can be set to weak, medium or strong (red arrows).

2

2
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Same patient as in figure 3 with curved reconstructed MPRs in the 
coronal plane. (4A) Clearly visible the discontinuity in the spinal cord due 
to composing errors. (4B) Significantly better registration of the stations. 

4

4B

b-value of 800 with NEX 5, resulting in 
a reduction of scan time of 30%, when 
compared to the previously used NEX 
5 for all b-values (Fig. 1). A similar 
image quality can be achieved for lower 
b-value images with lower NEX with 
almost no impact on the signal-to-noise 
ratio (SNR) for the calculated ADC.

New composing mode 
diffusion

An inline composing filter can be acti-
vated within the diffusion sequence 
of syngo MR D13 on the diffusion  
taskcard of the sequence (Fig. 2). The 
composing itself is a fully automatic 
process and creates for each b-value 
a continuous stack of composed images 
as an individual new series. Similarly 
a new series for the optional calculated 
b-value images is generated. Depend-
ing on the local shim situation the 
 frequency differences between neigh-
bored stations can lead to discontinui-
ties of anatomical structures like the 
‘broken-spine’ artifact. During the com-
posing step a correction is applied 
showing a much smoother transition 
of local anatomy (Fig. 2).

In older software versions (syngo MR  
D11) composing had to be done 
 manually within the syngo.3D taskcard 
by dragging and dropping all trace-
weighted series at once with no possi-
bility to correct for any discontinuities 
in the anatomy. The new inline com-
posing feature significantly improves 
the acquisition workflow of the tech-
nologist as it allows to load the single 
composed series to syngo.3D for the 
generation of the 3D reformatted 
 maximum intensity projection (MIP) 
images. 

Bias Field Correction  
(BiFiC) filter

The BiFiC filter as a homomorphic filter 
aims to normalize inhomogeneities 
in image intensities from multi-station 
measurements such as whole-spine 
imaging. After completing the inline 
composing step the filter is automati-
cally applied to the composed 3D con-
tinuous image stack and saved as the 
new composed series. The strength 
of the filter (weak, medium, strong) can 
be set within the diffusion task card 
(Fig. 2, arrow). 

4A

64-year-old female patient, 
after surgery, with endome-
trial stromal sarcoma, that has 
evolved with bony metastases. 
Acquisition parameters: 1.5T 
MAGNETOM Aera, echoplanar 
imaging diffusion sequence 
with fat suppression (STIR), 
TR 14100 ms, TE 79 ms, 
TI 180 ms, 4 stations, 50 slices 
with 5 mm slice thickness, 
no gap, voxel size 
1.7 × 1.7 × 5 mm3, b50 with 
2 and b800 with 5 averages. 
(3A) b800 manually composed 
images within the syngo.3D 
tool shows the artifact in the 
neck shoulder transition where 
the stations are joined (arrows). 
(3B) The new inline composing 
feature demonstrates signifi-
cantly better composing of the 
neck and shoulder transition. 

3

3A 3B
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Conclusion

The new features within the product 
sequence of syngo MR D13 improve 
the image quality of whole-body DWI 
when compared to older software 
versions. The new inline composing 
filter, in particular, shows good results 
in the neck-shoulder transition com-
pared to the previously manual tech-
nique in syngo MR D11 that was not 
able to recover discontinuities in the 
spine. Improvements in the clinical 
workflow are also addressed.

56-year-old male patient underwent 
WB-DWI. Coronal (5A) and Sagital (5B)  
MIP from b800. It can be seen that the 
BiFiC Filter works well in the body although 
the signal in the head/neck is cancelled  
out by susceptibility artifacts. Patient  
had a PSA of 2580 ng/ml, with three  
prior negative biopsies and one negative  
transurethral prostate resection.  
Digital rectal examination was normal. 
 Multiparametric prostate MR revealed 
a highly suspicious lesion on the right 
anterior the peripheral zone, along with 
massively enlarged iliac and periaortic 
lymph nodes seen on WB-DWI.

5

5A 5B

 2 Initial Experience with Whole-Body 
Diffusion-Weighted Imaging in Oncological 
and Non-Oncological Patients. Marcos 
Vieira Godinho, Romulo Varella de Oliveira, 
Clarissa Canella, Flavia Costa, Thomas 
Doring, Ralph Strecker, Romeu Cortes 
Domingues, Leonardo Kayat Bittencourt. 
MAGNETOM Flash 2/2013: 94-102.
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Background
Imaging of the “post-treatment” gland 
for prostate cancer can be especially 
challenging. Treatment for non-operable 
prostate cancer includes various combi-
nations of chemotherapy (anti-androgen 
therapy), targeted radiation therapy, and 
brachytherapy (implanted seeds).
The majority of prostate cancers arise 
from the peripheral zone. Normal tissue 
in the peripheral zone has higher signal 
intensity on T2-weighted imaging than 
the central, transitional and periurethral 
zones. Malignancy can be detected on 
MRI as a low signal region within other-
wise high signal peripheral zone tissue.
The peripheral zone can, however, dem-
onstrate focal or diffuse low signal in  

a number of clinical situations. Benign 
prostatic hypertrophy often results in a 
compressed peripheral zone which may 
have altered signal. Treatment for pros-
tate cancer with anti-androgen therapy 
can result in diffuse low signal within the 
peripheral zone. Radiation therapy can 
also result in low signal, either diffusely 
or focally, depending on the radiation 
port. These changes are thought to re-
flect fibrous replacement of the normally 
glandular tissue. Additionally, brachy-
therapy seeds result in metallic suscepti-
bility artifacts which obscure fine detail 
and can impair interpretation of certain 
MRI sequences, such as diffusion imaging 
or MR spectroscopy, within the prostate.

Case Report:  
Echo Planar Diffusion Imaging for  
Detection of Prostate Cancer Recurrence 
Otherwise Occult to Imaging 
Sarah Foster, M.D.; Nick Ferris, M.D.

Department of Diagnostic Radiology, Peter MacCallum Cancer Center, Melbourne, Australia

MRI of the post-treatment gland can thus 
be difficult, as areas of low signal may  
represent recurrent/residual disease, or 
merely be part of the spectrum of therapy 
change.
Ultrasound detection of prostate cancer can 
also be difficult in a hypertrophied gland 
due to the heterogeneity of tissue, making 
location of a discrete lesion challenging. 
Many lesions are ultrasound-occult.
A dilemma thus arises when a post-treat-
ment patient presents with an increasing 
PSA level, suspicious for recurrence. The 
imaging many times is not sensitive or spe-
cific enough to confidently locate the resid-
ual or recurrent disease location  
to help steer biopsy.

1 

1 TRUS guided biopsy.

2

2 T2-weighted TSE sequence.
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3 

3 ADC map demonstrating focal restriction of water diffusion. 4 High b-value image at b = 800 s/mm2.

4 

We are trialling diffusion-weighted MR 
imaging at 3T to aid in improving detec-
tion of disease recurrence. The theory is 
that highly cellular tumor tissue will 
demonstrate significantly restricted dif-
fusion, compared with normal stromal 
and glandular tissue.

Case scenario
The  patient presented with a rising PSA 
following brachytherapy for stage T2a 
N0 M0 Gleason 6 prostate cancer. The 
disease was initially located in the right 
apex of the gland. The patient had a  
repeat MRI for restaging.
We scanned the patient using the  
Siemens 3T MAGNETOM Trio.
Sequences included:
■ T1 TSE transverse
■ T2 TSE transverse, coronal and sagittal,
■ EPI Diffusion transverse with b-values 

of 50, 400 and 800, TR 4200 ms,  
TE 85 ms, matrix 192/144, 4 mm slice 
thickness; ADC-maps were recon-
structed automatically from these with 
the system software.

A region of significantly restricted diffu-
sion was detected in the right apex of 
the gland. At T2-weighted imaging, only 
a subtle low signal focus could be seen 
at this site. The T2-weighted sequences 

alone would have been difficult to inter-
pret, as the peripheral zone demonstrated 
diffusely low T2 signal intensity, as well 
as some artifact at the site of the 
brachytherapy seeds.
The patient went on to have ultrasound 
imaging of the prostate, which did not 
distinguish a focal lesion in the prostate 
apex.
The prostate was biopsied under ultra-
sound guidance with samples obtained 
from the base, mid portion and apex of 
the gland, with extra samples from the 
right apex to correlate with the abnor-
mal region of restricted diffusion on MRI.
The biopsy confirmed recurrent prostate 
adenocarcinoma within the right apex, 
as suspected from the MRI.

Conclusions 
Diffusion-weighted imaging using the 
Siemens 3T MAGNETOM Trio was helpful 
in identifying disease which would oth-
erwise have been occult to imaging.
This helped guide a successful ultrasound-
guided biopsy to confirm disease recur-
rence. This has significant implications  
for the patient’s prognosis, and decisions 
regarding further treatment.
Diffusion imaging has its limitations. 
False positive results can occur in the set-

Contact 
Sarah Foster, M.D.
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East Melbourne, Victoria 3002
Australia
Sarah.Foster@petermac.org

ting of haemorrhage, infection or arti-
fact from implanted metal*. When the 
findings are taken in the correct clinical 
setting, however, diffusion-weighted  
imaging may be a powerful adjunct to 
the detection of residual or recurrent  
disease in prostate adenocarcinoma.

* Metal: The MRI restrictions (if any) of the metal 
implant must be considered prior to patient  
undergoing MRI exam. MR imaging of patients 
with metallic implants brings specific risks. 
However, certain implants are approved by the 
governing regulatory bodies to be MR condi-
tionally safe. For such implants, the previously 
considered prior to patient undergoing MRI 
exam. MR imaging of patients with metallic  
implants brings specific risks. However, certain 
implants are approved by the governing  
regulatory bodies to be MR conditionally safe. 
For such implants, the previously mentioned 
warning may not be applicable. Please contact 
the implant manufacturer for the specific  
conditional information. The conditions for 
MR safety are the responsibility of the implant 
manufacturer, not of Siemens.
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TimTX TrueShape and syngo ZOOMit 
Technical and Practical Aspects
Mathias Blasche, MSc1; Philipp Riffel, M.D.2; Matthias Lichy, M.D.1

1Siemens AG, Healthcare Sector, Erlangen, Germany 
2 Institute of Clinical Radiology and Nuclear Medicine, University Medical Center Mannheim,  
University of Heidelberg, Germany

1 B1 homogeneity with circular polarization (left) and with TimTX TrueForm (right) for a typical anatomical region (pelvis) where B1 inhomo-
geneity can occur at 3T. Note the blue-colored areas with the conventional CP excitation. The dielectric shading effects are practically eliminated 
on the right side, while the example shown on the left would have been of non-diagnostic quality at least for these specific anatomical regions 
because of potential contrast variations.

At the RSNA 2011, Siemens was the first 
to introduce sequence techniques for 
clinical MR systems that take full advan-
tage of parallel transmission: zooming 
without aliasing. This application, called 
syngo ZOOMit*, is enabled by the tech-
nology platform TimTX TrueShape. 
TimTX TrueShape is the first platform in 
the MR industry to make full use of the 
dynamic capabilities of a transmit array 
system. And syngo ZOOMit is the first 
fully dynamic application based on 
TimTX TrueShape.

The purpose of this article is to provide 
some background information about  
the new dynamic parallel transmission 
techniques (pTX), compare them to the 
existing static B1 shimming, and point 
out potential applications based on 
dynamic pTX.

Background – from parallel 
receive to parallel transmit
The implementation of multi-channel 
radio frequency (RF) receive systems and 
receive array coils in the early 1990s 

marked a revolution in MR imaging. This 
technology offered the very attractive 
combination of high signal-to-noise ratio 
(SNR) from small coil elements with the 
large coverage of large coils. Starting 
with 2 and 4 RF channels in the 90s,  
systems with up to 8 RF channels were 
available around the year 2000.
Multi-channel RF received a further boost 
with the advent of parallel acquisition 
techniques (PAT) at this time. A variety 
of parallel acquisition techniques were 
developed, such as SMASH [1], SENSE [2], 

1
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2 (Top) Conventional transmit (circular polarization) with severe shading effect due to B1 inhomogeneities; (Middle) B1 Shimming with TimTX 
TrueForm (different amplitude/phase settings on the two channels of the RF body coil), eliminating the B1 shading and resulting in homogeneous 
image contrast; (Bottom) Fully dynamic pTX with TimTX TrueShape (arbitrary waveforms of the two RF channels as well as the gradients), 
 resulting in a zoomed image with higher image quality and shorter scan time. 
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and GRAPPA [3]. PAT on the receive side 
offers shorter scan times, higher tempo-
ral and/or spatial resolution as well as 
reduced blurring and distortion artifacts 
in single-shot imaging. PAT is an integral 
part of many exams today. Applications 
like contrast-enhanced 3D liver dynamics, 
MR angiography or diffusion-weighted 
imaging (DWI), to name just a few, would 
not be possible in a clinical setting with-
out PAT. In addition, with the availability 
of flexible scalable coil technology, PAT 
can be applied in any body region, rang-
ing from a dedicated brain scan to a 
whole-body examination. 
Tim (Total imaging matrix) was the first 
RF system that was specifically designed 
for maximizing the benefits from PAT. 
Introduced in 2003, the MAGNETOM 
Avanto, the first MR system which enabled 
high-quality whole-body scanning in a 
clinical setting, offered up to 32 RF chan-
nels. Today, up to 128 RF channels are 
available as a product.
In parallel to the development of these 
new receive technologies (multi-channel 
coils, Tim, PAT), further efforts were 
undertaken over the last decade to 
increase the field strength beyond 1.5 
Tesla, in order to gain even higher SNR – 
which could be invested in, for example, 
higher spatial resolution or even faster 
imaging with PAT. But 3 Tesla field 
strength, besides the obvious advantage 
of higher SNR, also showed the disad-
vantage of a lower B1 homogeneity in 
some body regions. This is where the so-
called B1 shimming, based on multi-
channel transmit technology, came in, 
as a remedy to B1 inhomogeneities.

From circular polarization to B1 
shimming
Ideally, circular polarization is the best 
way to perform conventional slice-selec-
tive imaging. The benefit of circular 
polarization (CP) over linear polarization 
(LP) manifests itself in a more homoge-

neous B1 distribution over the object, a 
lower specific absorption rate (SAR), and 
higher SNR in the receive path. Technically, 
the circular polarization is achieved by 
feeding two ports of the transmit coil 
with identical amplitudes and a phase 
shift of 90 degrees (Fig. 2, top).
It turns out that at high field strengths, 
such as 3T, the ‘ideal’ circular polariza-
tion is not necessarily the optimum any-
more. The reason is that at such high 
frequencies, the wavelength of the MR 
signal approaches the dimensions of the 
object. At 3T, the wavelength is approxi-
mately 26 cm. It is therefore smaller 
than, for example, the dimensions of the 
abdomen. This can result in interferences 
of the B1 field and signal shading. The 
critical point here is that not only the 
signal intensity is altered (which can be 
corrected for with post-processing), but, 
most critically, also the contrast behav-
ior can be altered.
A remedy to this RF shading effect is B1 
Shimming. The two ports of the transmit 
coil are fed with different amplitudes 
and a phase shift ≠ 90 degrees (see Fig. 2, 
middle). With a 2-channel transmit sys-
tem, this results in an ‘elliptical’ excita-
tion. This can potentially, including the 
interaction with tissue characteristics, 
result in a more homogeneous B1 distri-
bution than the conventional circular 
polarization (Fig. 1). At 3T, mainly abdom-
inal and pelvic imaging is critical, the 
head is still smaller than the MR wave-

length. At ultra-high field strength such 
as 7T, B1 shading is also very severe in 
the head region as a consequence of 
even shorter wavelengths.
From a clinical perspective, dielectric 
shading can negate the advantage of a 
3T system and there was intense debate 
in the first years of 3T MRI as to whether 
such a scanner would ever be fully oper-
ational as a clinical whole-body system. 
If a robust and homogeneous image 
quality could not be assured in the abdo-
men, what would be the clinical use of 
such a scanner? A solution was therefore 
urgently needed to take advantage of 
the higher field strength, without negat-
ing the MR scanner’s daily clinical usabil-
ity. In the first days, clinicians tried to 
manipulate the B1 distribution by applying 
heavy dielectric cushions on the patients 
– with limited success and practicability. 
So, B1 shimming became a key to the 
further success of 3T MRI. 
In 2007, Siemens pioneered B1 shimming 
with the TimTX TrueForm technology 
(TrueForm RF design). This technology 
was first implemented in the MAGNETOM 
Verio, which also happened to be the 
first open-bore system available at 3 
Tesla (Tim coil technology had already 
been introduced at this time point also 
for 3T). TimTX TrueForm offers 2-chan-
nel transmit array functionality for B1 

3 syngo ZOOMit: Zooming the FOV in the phase-encoding direction.

3
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shimming. It works with anatomy-spe-
cific settings, optimized for improved B1 
homogeneity [4]. This approach has the 
advantage that no time is required, for 
example, for patient-specific B1 mapping 
and adjustments (which can easily 
require 1 minute for each body region to 
be examined). And, more importantly, 
the workflow of an MRI exam compared 
to a 1.5T scanner is completely 
unchanged. Routine one-station exams 
(also with small table movements due to 
automatic table positioning to isocenter), 
multi-region exams, breath-hold versus 
gated sequences, especially TimCT 
(scanning during continuous table 
move) – all this is not affected. TimTX 
TrueForm is virtually invisible for the 
user – apart from the improvement in 
image quality.
As important as B1 Shimming is at 3T 
and above – this type of B1 Shimming is 
still a conventional approach with ‘static’ 
excitation pulses, i.e. the combination of 
a sinc (sin(x)/x) RF pulse with a static 
slice-select gradient to excite a slice, 
which works irrespective of how one 
determines the required settings (anat-
omy-specific or based on previous B1 
mapping). In fact, it is ‘only’ a repair 
mechanism to counteract the effects of 
the shorter wavelength at high field and 
to compensate for effects introduced by 
the human body itself. 
But it was soon realized that parallel 
transmission technology (pTX) can offer 
a much greater potential than only B1 
shimming. Dynamic pTX can be used to 
enable new applications. 

Beyond simple B1 shimming: 
dynamic parallel transmission 
with TimTX TrueShape 
TimTX TrueShape is a new transmit plat-
form introduced for the MAGNETOM 
Skyra. It features a new RF body coil and 
two independent transmitters that are 
fully integrated into the Tim 4G DirectRF 

architecture, i.e. both transmitters are 
situated in the TX-Box at the magnet 
side, directly adjacent to the receivers. 
While it is also possible to perform 
patient-specific B1 Shimming for dedi-
cated examinations, extensive testing 
has shown that the anatomy-specific B1 
Shimming (already introduced in 2007) 
shows comparable results to patient-
specific B1 shimming for clinical applica-
tions. The potential of this technology 
platform lies elsewhere – in enabling 
entirely new applications.
With TimTX TrueShape equipment, ‘fully 
dynamic’ parallel transmission is made 
available for a clinical whole-body system. 
It enables the fully flexible and indepen-
dent switching of arbitrary RF waveforms 
on the two RF channels, simultaneously 
with arbitrary gradient shapes on 1, 2 or 
all 3 gradient channels (Fig. 2, bottom). 
By this means, it is possible to excite 
arbitrarily shaped volumes (instead of a 
‘simple slice’), or, more generally, to spa-
tially control the magnitude as well as 
the phase of the excitation. The first 
clinical application to take advantage of 
this technology is ‘zoomed’ imaging.

syngo ZOOMit: The ‘Optical 
Zoom’ in MR imaging
It is a well-known phenomenon in MR 
imaging that if the field-of-view (FOV) is 
smaller than the object, aliasing (fold-
over artifacts) will occur. This is not an 
issue in the readout direction, since it 
can be overcome by frequency oversam-
pling ‘for free’, i.e. without an increase 
in scan time, nor a penalty in SNR. But 
oversampling in the phase-encoding 
direction comes at a cost: more phase-
encoding steps directly result in longer 
scan times, longer echo trains, etc. 
These disadvantages make the use of 
phase oversampling unfavorable in 
many cases. And if phase oversampling 
is not possible at all (e.g. because of too-
long scan times or echo trains), the only 
way to zoom into an image is a simple 
magnification – the analogy to a digital 
zoom of a camera that does not really 

syngo ZOOMit offers  
distinct advantages:

Higher image quality:
■  Less distortion and blurring 

artifacts 
For the zoomed FOV, the 
same spatial resolution can 
be achieved with shorter 
echo trains. This is a similar 
effect as (and can addition-
ally be combined with) the 
echo train shortening with 
iPAT (then called ZOOPPA). It 
is especially valid for zoomed 
echo-planar-imaging (EPI; 
used for DWI and functional 
MRI), or similar for single 
shot TSE (HASTE).

■  Less motion and flow 
 artifacts 
 Regions outside the FOV 
(with organs that may be 
moving, or vessel pulsation) 
are not excited, do not con-
tribute to the MR signal, and 
hence reduce artifacts. 

■  Increased spatial resolution 
in region of interest 
Only the reduced FOV 
(zoomed) needs to be 
encoded.

Higher speed:
■  Faster scan times 

For the zoomed FOV, the 
same spatial resolution can 
be achieved with fewer 
phase-encoding lines. This is 
a similar effect as (and can 
be combined with) the scan 
time reduction with iPAT. It is 
especially valid for zoomed 
3D TSE (syngo SPACE). 
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increase spatial resolution. For many 
imaging techniques, e.g. DWI or 3D data 
sets, one would therefore like to simply 
‘zoom’ into the object in the phase-
encoding direction (the one that is criti-
cal). It can be seen as the MR analogy to 
the optical zoom of a camera. A smaller 
quadratic FOV or only a reduced FOV in 
phase-encoding direction (‘stripe’) is 
excited (Fig. 3). Consequently, there will 
be no signal from the non-excited 
regions and only the small stripe needs 
to be encoded. The encoding time can 
be decreased while maintaining spatial 
resolution, or the spatial resolution can 
be increased - or a combination thereof.

The Details: How does syngo 
ZOOMit work?
In conventional imaging, a slice is excited 
by playing out a sinc (sin(x)/x)-shaped 
RF pulse in the presence of a static gra-
dient plateau. The reason for the sinc 
shape of the RF pulse is the fact that the 
Fourier transform of a sinc is a rectangle. 
By this means we achieve a rectangular 
slice profile of a defined slice thickness.
For further explanation it is useful to 
introduce the concept of the ‘excitation 
k-space’ [5]. Analogous to the receive 
k-space, ‘movement’ on a k-space trajec-
tory is done with the gradients - the gra-
dient amplitude defines the ‘speed’ in 
k-space, while the gradient slew rate 
defines the ‘acceleration’ in k-space. In a 
similar way as the signal is read out in 
receive k-space on the trajectory defined 
by the gradients (with multiple RF receive 
channels), the RF pulse is modulated 
during the trajectory (possibly with  
multiple TX channels).
For a conventional slice excitation (in 
z-direction), we first ‘move’ to +z with 
the z-gradient (Fig. 4, bottom left). During 
the plateau of the z-gradient (Fig. 4, bot-
tom right) which ‘moves’ us from +z to 
-z, we play out the RF pulse - which con-
sequently looks like one ‘spoke’ in excita-
tion k-space, positioned at x = y = 0 (since 
no x- or y-gradient was used), ranging 
from +z to -z (due to the z-gradient pla-
teau). This RF pulse is amplitude-modu-

4  Conventional slice selection: One spoke, at x = y = 0, ranging from +z to -z. 
The RF is played out during the plateau of the z-gradient (left part of the graph).

5 syngo ZOOMit. Multiple spokes, each of them slice-selective, aligned along the 
y-direction (zoom direction in this example). 

4

5
3D k-space trajectory

ky kx

0

0
0

k z

3D k-space trajectory

gradient(t)
gx

gy

gz

gsys

|g|

k z
g

ra
d

ie
n

t

ky kx

t

0

0
0

0

0



Reprinted from MAGNETOM Flash · 1/2012 · www.siemens.com/magnetom-world   81

Product News

lated with a sinc function. The result of 
this excitation is a slice with defined thick-
ness in z-direction and ‘infinite’ extension 
in x and y.
In order to ‘zoom’, i.e. to reduce the 
extension of the slice in one direction in-
plane, we need to implement an encod-
ing in, for example, y-direction. This 
combination is achieved by using multi-
ple slice-selective spokes (each of them 
similar to conventional slice selection). 
The different spokes are aligned along 
y-direction (the ‘zoom direction’) at x = 0 
(x being the readout direction that is not 
affected). The spokes are modulated in 
amplitude and phase in a way that a FOV 
selection in y is realized. The trajectory 
in excitation k-space is similar to an EPI 
readout in receive k-space. In the anal-
ogy, the RX readout gradient pulses cor-
respond to the TX slice-select gradients, 
the RX phase-encode blips correspond to 
the TX ‘zooming’ blips along y-direction, 
while the RX echoes correspond to the 
TX sinc pulses.
Figure 5 shows the ‘EPI trajectory’ of 
syngo ZOOMit in the excitation k-space. 
For the complete transmission diagram 
(RF and gradients, including additional 
pTX mechanisms), see Figure 6.

The benefits of Tim 4G for 
dynamic pTX 
The accurate excitation of arbitrarily 
shaped objects places high demands on 
the system hardware. It is imperative 
that the gradients have highest fidelity 
for an exact definition of the excitation 
k-space trajectory. 
Tim 4G’s DirectRF offers full ‘digital in / 
digital out’ of the transmitter and the 
receiver. Both the TX-Box and the receivers 
are situated directly at the magnet, as 
close as possible to the RF body coil and 
the local RX coils, but far enough from 
the bore in order to reduce any risk of RF 
interferences and to minimize the bulk 
and weight of the coils on the patient.  
A major benefit of the integration of the 
TX-Box and receivers are the short cables 
with defined cable lengths. This makes 
the whole architecture installation-inde-

pendent (everything can be pre-tuned in 
the factory) and reduces potential phase 
shifts between the signals of the differ-
ent components that might be the con-
sequence of varying siting conditions 
with potentially different cable lengths.
The Real-time Feedback Loop for the 
RF data and the Real-time Data Trans-
fer between the components offers sev-
eral advantages, e.g. high stability of the 
B1 field and very tight control between 
transmitter, receiver and the RF body 
coil. The architecture guarantees highest 

accuracy, synchronicity, stability and  
signal purity in the complete chain.

Software and sequences for 
dynamic pTX
TimTX TrueShape incorporates new 
 software, setting the stage for fully 
dynamic pTX. This includes the user 
interface (e.g. for graphic positioning of 
the zoomed FOV), new sequence param-
eters, and the underlying architecture 
and algorithms for the inline waveform 
calculations as well as SAR monitoring.

6 Typical sequence diagram of syngo ZOOMit. Excitation RF pulses with free modulation of 
amplitudes and phases on 2 TX channels, simultaneous use of two gradient channels.
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syngo ZOOMit is the first product appli-
cation, but the TimTX TrueShape archi-
tecture is prepared for extended pTX 
applications in the future like variable 
pTX acceleration with 8+ channels or 
arbitrarily shaped excitation. It is also 
open for researchers who want to 
develop their own applications.
Pulse sequences allowing for zooming 
are (currently) derived from the EPI and 
the SPACE sequences. The option is 
 completed by optimized protocols for 
body, cardiac, neuro and MSK imaging.

Potential advantages of dy-
namic pTX for zoomed imaging 
While zoomed imaging can in principle 
also be performed with conventional 
scanners [6, 7], the following unique 
‘treasures’ can utilize the benefits of 
dynamic parallel transmission for 
syngo ZOOMit:
Focused B1 Shimming
With the current product implementa-

tions in the market, a global B1 Shim-
ming of the whole imaging volume is 
performed. 
syngo ZOOMit offers a local B1 Shim-
ming, focused on the zoomed FOV.  
‘Concentrating’ the B1 shim optimization 
on a small volume increases the accu-
racy of the local shim and increases B1 
homogeneity.
B1 mitigation 
In conventional imaging, the flip angle is 
proportional to the B1 field. With B1 
Shimming, a higher B1 homogeneity 
and, consequently, higher flip angle 
homogeneity can be achieved.
However, even after (‘static’) B1 Shim-
ming, B1 homogeneity might not be per-
fect. B1 mitigation is a ‘dynamic’ applica-
tion to improve flip angle homogeneity 
beyond what can be achieved with B1 
Shimming alone. This is achieved with 
sophisticated excitation pulses, typically 
multiple excitation ‘spokes’ in the excita-
tion k-space [8, 9]. 

Since syngo ZOOMit incorporates multi-
ple spokes (Fig. 5). These spokes can 
be modified to achieve – simultaneously 
to the zooming – a B1 Mitigation in the 
zoom direction (in addition to focused B1 
Shimming), for higher flip angle homo-
geneity.
B0 compensation
The main magnetic field B0 has imper-
fections/inhomogeneities. Furthermore, 
local magnetic field inhomogeneities 
are induced by the patient (susceptibility 
effects). B0 homogeneity can be 
improved with conventional (high-order) 
B0 Shimming.
B0 compensation with dynamic pTX 
pulses is an additional means to com-
pensate for remnant B0 inhomogeneities 
relevant for the RF excitation. With sophis-
ticated excitation pulses, the phase of 
the spins can locally be altered to coun-
teract and compensate the phase shift 
due to B0 inhomogeneities [9]. This will 
improve the accuracy of the zoomed FOV 

7 Comparison of a conventional SPACE acquisition (7A) (sagittal orientation and coronal MPR shown) with a zoomed SPACE (7B) in the same 
volunteer at same resolution. By simply zooming the FOV, a reduction of scan time of one third was achieved. 

7A 7B

Product News
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(exact shape, profile steepness) and can 
potentially also improve fat suppression.
Transmit SENSE (TX-SENSE)
In general, the more advanced the exci-
tation is, the more time it can take for 
the excitation pulse. A zoomed image 
(restriction in 2 dimensions, y, z) is more 
‘complex’ than the excitation of a slice 
(restriction in only 1 dimension, z).
Transmit SENSE, possible with multi-
channel TX systems, is a remedy against 
too-long excitation pulses. The duration 
of the excitation pulse can be shortened 
and thus also concurrent B0 effects (that 
scale with the pulse duration).
There is some similarity between Trans-
mit SENSE and parallel imaging on the 
receive side. While the latter results in 
fewer phase-encoding steps for the 
same spatial resolution and, conse-
quently, shorter scan times, Transmit 
SENSE results in a reduction of the 
length of the excitation pulse to achieve 
the same ‘excitation quality’, e.g. the 

steepness of the excitation profile.
Figure 6 shows the complete transmit 
diagram for syngo ZOOMit, incorporat-
ing all the ‘treasures’ mentioned above: 
RF amplitude of 2 TX channels (row 1), 
RF phase of 2 TX channels (row 2), read-
out gradient (row 3, not active during 
excitation), phase-encoding gradient 
with blips in the zoom direction (row 4), 
slice-select gradient (row 5). Each short 
RF pulse is a slice-selective sinc pulse. 
The envelope of all these pulses define 
the zoomed FOV. The envelope of the RF 
amplitude (row 1) would again look 
 similar to a ‘long sinc’, but is modified by 
the effects of the said ‘treasures’.

First results with syngo ZOOMit
At this time-point, two sequence tech-
niques are available for syngo ZOOMit – 
EPI based imaging for DWI and fMRI, 
together with SPACE as a 3D TSE imag-
ing technique. 

■  In clinical routine, the main challenge 
of 3D imaging is acquisition time 
because of the large volume which 
has to be scanned to avoid aliasing. 
Figure 7 shows a simple comparison 
between a conventional and a zoomed 
SPACE scan. In this example the scan 
time was reduced by 33% from 
approx. 6 to 4 mins – maintaining the 
same excellent image quality.

■  Quality of DWI is especially crucial 
when this technique is used for the 
detection of potentially smallest 
changes, (e.g. tumor staging in the 
oral cavity), in areas with high differ-
ences of susceptibility, (e.g. the spine 
or abdomen – bowel, pancreas, stom-
ach), or when quantification of diffu-
sion restriction is required. Figure 8 
demonstrates the development of DWI 
during the past years in one of the 
most challenging areas – the oral 
 cavity and neck. 

8 DWI has seen tremendous evolution during the past years. To visualize this and the potential of zoomed DWI, an ADC map acquired with a 
standard DWI sequence and conventional parameters, as still often used in clinical routine, is compared with the corresponding ADC maps 
acquired with syngo ZOOMit DWI in the same volunteer. In addition to reduced distortion, the zoomed DWI is characterized by a higher SNR and 
spatial resolution as a consequence of the TE shortening enabled by parallel transmission. (8A) Morphology (T2w TSE) (8B) ADC map without 
optimization (8C) ADC maps derived from a zoomed DWI exam with parallel transmission.

8A 8B 8C
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9 Even compared to optimized conventional DWI protocols, zoomed imaging can be used to improve SNR and geometrical accuracy as shown in 
this example of the tongue base. (9A) T2w TSE, (9B) original b-value image derived from an optimized (magnified image; fusion with morphology 
shown in (9D)) (9C) same volunteer and comparable sequence parameters (TE, b-value) examined with zoomed DWI (fusion shown in (9E)). 

10 High-resolution 
DWI of a small 
lymph node in the 
same volunteer 
(1.0 x 1.0 mm² 
 in-plane resolution) 
Upper row: conven-
tional DWI, lower 
row: zoomed DWI. 
Note the precise 
match between 
 original b-value 
image (left) and 
anatomy (middle, 
right fusion) for  
the zoomed exam.

9A 9B 9B

9D 9E

10A

10B
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Conventional DWI has seen a lot of 
improvements and the latest develop-
ments include read-out segmented EPI 
(syngo RESOLVE). But also by comparing 
optimized protocols, further improve-
ments can be achieved with zoomed 
imaging. Figures 9–11 show some fur-
ther potential advantages.

Future developments
Zoomed imaging offers a high potential 
to significantly increase image quality 
and decrease scan times, as shown in 
the examples above. However, dynamic 
parallel transmission (TimTX TrueShape) 
offers a wide field of additional potential 
applications. Some examples:
■   Creation of curved saturation pulses 

(e.g. along the spine) for optimal sup-
pression of motion and flow artifacts. 
Such a saturation pulse would be 
achieved with a 2D spiral excitation.

■  3D-selective excitation, for example a 
cuboid or a sphere or even the exact 
shape of the object. This might be 

interesting for e.g. 3D CSI of the pros-
tate.  
Figure 7 shows what a 3D-selective 
excitation with a 3D spiral looks like in 
excitation k-space. This does not bear 
much resemblance anymore to the con-
ventional slice excitation from Figure 4.

■  Vessel-selective excitation, e.g. for ASL 
(selective Arterial Spin Labeling).

Besides new applications, also going to a 
higher number of transmit channels is 
an interesting option, with the potential 
to go to higher TX-SENSE factors and 
shorter excitation pulses. This might be 
useful for multi-channel B1 Shimming 
and B1 Mitigation, especially at ultra-high 
field strength. Multiple channels would 
also facilitate the excitation of complex 
multi-dimensional excitation shapes.
The 1980s were the decade of the mag-
nets, the 1990s saw a vast increase of 
gradient performance. While the 2000s 
can be seen as the decade of RF receive 
technology with multi-channel array 
coils and Parallel Imaging, the 2010s 
might well become the decade of RF 
transmit. TimTX TrueShape sets the 
stage for a new act in MRI.
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11 Distortion-free imaging with syngo ZOOMit of the prostate. Anatomy and high-resolution DWI show an excellent match of the outlined 
prostate. In contrast, conventional DWI shows distortion especially in the area of the peripheral gland – the main area for prostate cancer.

11
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12 Example of a sequence diagram for 3D-selective excitation with a 3-dimen-
sional spiral with simultaneous use of 2 TX channels and all 3 gradient channels.

Contact 
Mathias Blasche
Siemens AG
H IM MR MK CPR
Postbox 32 60
91050 Erlangen
Germany
mathias.blasche@siemens.com 

Disclaimer:
TimTX TrueShape (with syngo ZOOMit) is Works in 
Progress. The information about this product is prelimi-
nary. The product is under development and is not 
commercially available in the U.S., and its future avail-
ability cannot be ensured.
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Introduction
The use of multiple and independent 
receive channels to accelerate MR data 
acquisition has enabled numerous clinical 
applications that are now part of the 
standard clinical workflow at state-of-the-
art imaging centers. Parallel transmission 
(pTX) was, likewise, introduced as a 
means to enable and improve the use of 
extended RF excitations schemes such as 
multidimensional spatially-selective  
excitation, which, although conceptually 
powerful, were previously rendered 
impractical due to their long RF pulse 
durations.
The 3T MAGNETOM Skyra is the first 
clinical system to feature a parallel 
transmission architecture capable of 
enabling applications beyond B1 shim-
ming. This revolutionary capability 
allows enhancing the performance and 
reliability of several imaging sequences 
that are essential for advanced clinical 
applications. These enhancements are 
particularly significant at 3T, where B1 
field inhomogeneity can be problematic 
over large fields-of-view (FOV). We pres-
ent several examples where the role of 
this technology demonstrates clinical 
benefits by enabling previously impracti-
cal imaging paradigms and/or improving 
the performance of existing ones.

Parallel Transmission and its Clinical 
 Implementation: Enabling new Clinical 
Imaging Paradigms
Fernando Boada1; Tim Shepherd1; Andrew Rosenkrantz1; Eric E. Sigmund1; Jurgen Fütterer2; Hersh Chandarana1; 
Mari Hagiwara1; Henry Rusinek1; Artem Mikheev1; Mary Bruno1; Christian Geppert3; Christopher Glielmi3; Josef Pfeuffer3

1Department of Radiology NYU Langone Medical Center, New York, NY, USA
2Department of Radiology, Radboud University Nijmegen Medical Centre, Nijmegen, The Netherlands
3Siemens Healthcare

2 There is greater clarity of prostate capsule (solid arrow) and of transition zone boundary 
(dotted arrow) on zoomed EPI image (2B) than on standard EPI (2A).

2A 2B

Standard EPI ADC map Zoomed EPI pTX ADC map

1A 1B

1 Standard b1000 image (1A) shows wrap artifact (*) not present on zoomed EPI image (1B). 
There is greater clarity of prostate capsule on zoomed EPI (arrow, 1A and 1B).
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Skyra pTX architecture
The Skyra pTX system builds upon the 
existing clinical MAGNETOM Skyra plat-
form, namely, a 3T magnet with a 70 cm 
patient bore diameter and parallel RF 
excitation via two fully independent, 
phase-coherent RF channels (TimTX True-
Shape). The two pTX RF channels allow 
extended dynamic RF excitation schemes 
using a two-channel RF body coil. State-
of-the-art imaging gradients (45 mT/m 
peak amplitude, 200 mT/m/s slew rate) 
and a full complement of Tim 4G multi-
channel receive coils round out the hard-
ware configuration of the system. The 
scanner operates under software version 
syngo MR D13C providing full access to 
further new technologies such as Dot, 

syngo REVEAL etc. While there are pTX 
features that can be applied during the 
adjustments (patient-specific B1-shim-
ming, volume-selective B1-shimming), we 
have focused on the improved sequences 
and applications which provide new  
features with pTX. This includes 2D-selec-
tive RF pulses with an echo-planar TX  
trajectory that excite a selective volume  
(so-called ‘inner-volume’) and allows to 
reduce the FOV in the phase direction [1, 
2] for zoomed echo planar imaging (EPI) 
(syngo ZOOMit).

Prostate imaging

Diffusion-weighted imaging (DWI) is a 
critical sequence for prostate cancer 
detection and localization, but often suf-
fers from spatial-distortion EPI artifacts 
related to the field inhomogeneity 
induced by the neighboring air spaces; 
these challenges can be more problem-
atic at 3T. In this challenging imaging 
scenario, 2D-selective zoomed EPI in 
conjunction with a more homogeneous 
localized (B1-shimmed) RF excitation 
can be particularly helpful. The impact 
of zoomed EPI on image quality of 
 prostate DWI at 3T was assessed in six 
volunteers who underwent prostate MRI 
using an 18-channel body matrix receive 
coil. Scans included a single-shot EPI 
DWI sequence (b-values 50, 500, and 
1000 s/mm2) performed with a regular 
sinc pulse (‘Standard’) and with the 
advanced 2D spatially selective RF pulse 
(‘ZOOMit’) combined with a reduced 
FOV approach (zoomed EPI). The b1000 
images and ADC maps were assessed for 
various image quality measures on a 
scale from 1 to 5 (5 = highest image 
quality). Also, peripheral zone (PZ) ADC 
and estimated signal-to-noise (eSNR: 
determined as mean/SD of PZ) on b1000 
images were measured. These measures 
were compared between standard and 
zoomed EPI.
Compared with standard EPI, zoomed 
EPI b1000 images showed improve-
ments in ghosting, wraparound arti-
facts, clarity of prostate capsule, and 
clarity of peri-urethral region (Fig. 1, 
Table 1). By contrast, zoomed EPI ADC 
maps showed improvements in clarity of 
prostate capsule and overall image qual-
ity (Fig. 2). eSNR was nearly identical 
between standard and zoomed EPI 
b1000 images. The prostate showed a 
small increase in mean ADC on zoomed 
EPI images (mean increase 0.07 x 10-3 

mm2/s). However, ADC reproducibility 
between standard and zoomed EPI DWI 
remained high (mean coefficient of 
 variability of ADC (4.4 ± 4.0)%, range 
0.3 to 11.0%).
This preliminary assessment showed 
improvements in numerous measures 
relating to artifacts and anatomic clarity 

§ The information shown herein refers to products 
of 3rd party manufacturer’s (e.g. Firevoxel and 
Igor Pro) and thus are in their regulatory respon-
sibility. Please contact the 3rd party manufacturer 
for further information.

 

Feature Standard EPI Zoomed EPI

b1000 s/mm2 images

Absence of ghosting artifact 3.8 ± 0.4 4.3 ± 0.5

Absence of wrap artifact 3.7 ± 0.8 4.7 ± 0.5

Clarity of prostate  capsule 4.0 ± 0.0 4.8 ± 0.4

Clarity of peri-urethral region 3.5 ± 0.5 4.2 ± 1.0

Overall image quality 3.7 ± 0.5 4.0 ± 0.6

ADC maps 

Reduced distortion of prostate 3.5 ± 0.5 3.8 ± 0.4

Clarity of transition zone boundary 3.2 ± 0.8 3.5 ± 0.4

Clarity of prostate  capsule 3.2 ± 9.4 3.8 ± 0.4

Overall image quality 3.2 ± 0.4 3.7 ± 0.5

ADC (x 10-3 mm2/s) 1.34 ± 0.3 1.41 ± 0.8

Table 1: Comparison of standard and zoomed DWI.
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when applying 2D-selective zoomed EPI 
with for prostate DWI at 3T. While the 
FOV was held fixed to ensure compara-
bility between the sequences, the 
use of a smaller FOV is easily achieved 
with zoomed EPI and currently under 
investigation. Nonetheless, even with-
out this adjustment, zoomed DW-EPI 
using 2-channel pTX has potential to 
improve image quality for DWI of the 
prostate at 3T.

Renal imaging
Diffusion-tensor imaging (DTI) uses mul-
tiple diffusion sensitizing directions to 
evaluate anisotropic microstructure and 
is a promising imaging technique for the 
functional assessment of kidneys. Micro-
structure is a key factor in renal physiol-
ogy, where cortex contains randomly 
oriented structures, while medulla holds 
more aligned vessel and tubular net-
works. Kidney DTI has shown that renal 
medulla has inherently higher fractional 
anisotropy (FA) in comparison with the 
isotropic cortex [2-4]. However, kidney 

4 mm, no gap; FOV of 83 x 400 mm;  
64 x 308 acquisition matrix, 1.3 mm res-
olution,  TR 4000 ms; TE 65 ms; six dif-
fusion directions; monopolar diffusion 
gradients; two b-values (b0 and b500 s/
mm2); parallel imaging (GRAPPA) factor 
of two and scan time 5:28 min. An addi-
tional saturation band was applied to 
suppress signal from the left side of the 
body extending slightly beyond the  
stop-band. Right kidney images were co-
registered by using a two-dimensional 
rigid body transform algorithm, and MR 
images at the same b-value and direc-
tion were then averaged by using locally 
developed software (Firevoxel§). DT pro-
cessing was performed with custom 
software written in Igor Pro§ (Wavemet-
rics, Portland, OR, USA). Parametric 
maps were generated of DTI eigenvalues 
λi and eigenvectors, mean diffusivity 
(MD) and fractional anisotropy (FA). The 
ZOOMit DTI technique allowed for high 
quality diffusion images of the kidney 
with reduced blurring and distortion 
(Fig. 3) compared to full FOV EPI DTI. 
Medullary anisotropy and radial orienta-
tion pattern was evident in all volunteers 
(e.g. Fig. 3). The medullary / cortical MD 
and FA values were 2.04 ± 0.14 / 2.21 ± 
0.12 μm2/ms, and 0.34 ± 0.08 / 0.13 ± 
0.04, respectively, consistent with litera-
ture [3-5]. MD showed significantly 
higher, and FA significantly lower, corti-
cal than  medullary values. ZOOMit DTI 
may be valuable for clinical assessment 
of  kidney pathology, particularly for 
applications closely scrutinizing cortico-
medullary  differentiation.

Breast imaging
Diffusion-weighted imaging (DWI) of the 
breast is increasingly used for the differ-
ential diagnosis and treatment response 
monitoring of breast cancer. Conven-
tional EPI techniques are prone to char-
acteristic artifacts, such as susceptibility 
artifacts, image blurring and spatial  
distortion resulting from gradient non-
linearity and eddy currents. Thus, there 
can be a significant mismatch in lesion 
appearance and position between  
morphologic sequences and EPI which 
can potentially affect the diagnostic 
accuracy. In addition, the strong demand 

3 Kidney Zoomed-EPI DTI images. 
(3A) Images obtained with b0 sec/mm2,  fractional anisotropy (FA) map, mean  diffusivity 
(MD) map, and direction-encoded color map. Medullary anisotropy is evident in the FA map.  
(3B) Color-coded primary diffusion  eigenvectors display radial pattern of  medullary tubules.
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DTI using single-shot spin-echo EPI typi-
cally suffers from imaging artifacts such 
as field-inhomogeneity-related distor-
tions, and low spatial resolution due to 
the matrix size and long echo trains 
required for abdominal imaging. In this 
context, shortening the echo train 
length could reduce the aforementioned 
distortions. To achieve the same level 
of spatial resolution, while keeping a 
shorter echo train length, the imaging 
FOV must be reduced along the phase 
direction by the same factor used to 
shorten the echo train length. Zoomed 
EPI achieves such a goal through the use 
of 2D-selective RF   excitation.
Four consecutive healthy volunteers 
without any history of renal disease 
(three males, one female; mean age 28 
(24-30 years); non-fasting conditions) 
were imaged on the Skyra pTX system. 
Free-breathing single-shot 2D-selective 
zoomed EPI DW images were acquired 
with reduced FOV in the left-right direc-
tion with the following parameters: 
10-14 coronal slices, slice thickness 
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on the gradient system limits the spatial 
resolution to only moderate in-plane  
resolution around 1.8 x 1.8 mm2 or even 
coarser. Thus spatially-selective excita-
tion with EPI ZOOMit was applied to a) 
mitigate the spatial distortion by short-
ening the phase encode burden and the 
echo train length and b) to allow the 
user to restrict the acquisition volume to 
the breast alone resulting in a higher 
spatial resolution. 
3 healthy subjects were scanned using  
a 4-channel combined (biopsy and  
diagnostic) breast coil. For comparison, 
in both protocols 24 axial slices were 
acquired with three b-values in 3-scan 
trace mode with GRAPPA factor of 2. The 
nominal in-plane resolution was 1.8 x 
1.8 mm2 vs 1.3 x 1.3 mm2 for zoomed 
EPI where the FOV could be reduced 
from 332 to 260 mm as well as the 

4 T1-weighted VIBE fused with a diffusion-weighted (b400) dataset.

5 Standard 
DW-EPI (5A) 
and zoomed 
EPI (5B).

5B

5A

4
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matrix slightly increased (192 x 78 to 
200 x 78). Both protocols were set up for 
comparable acquisition times, 3:53 min 
(‘standard’) and 3:39 min (ZOOMit). 
Figure 4 shows an overlay of a 
T1-weighted VIBE with a diffusion-
weighted (b400) dataset in multi-planar 
reconstruction to illustrate the excellent 
co-registration and resolution. In Figure 
5 the comparison between standard DW-
EPI (top) with the described ZOOMit DWI 
protocol (bottom) is shown. There is a 
clear improvement regarding resolution 
and distortion, in this example the 
reduced SNR however is obvious as 
well. This is due to two reasons, first due 
to increased echo time with a longer 
RF pulse; but secondly also a higher 
 resolution protocol was acquired. In sig-
nal-starved situations, such as fatty 
breasts higher averaging might still be 
advised. Clinically, the higher spatial res-
olution allows the more accurate DWI 
evaluation of enhancing foci and small 
non-mass enhancement on MRI. ZOOMit 
DWI shows potential to mitigate spatial 
distortions commonly observed in stan-
dard EPI. Further developments and 
investigations are anticipated to balance 
SNR and spatial resolution, as well as a 
quantitative comparison including mea-
sured ADC and reduction of artifacts. 
The preliminary data suggest that using 
ZOOMit DWI can enable higher spatial 
resolution in breast applications at 
reduced distortions when supported by 
sufficient SNR. 

Medial Temporal lobe imaging
The hippocampus and entorhinal cortex 
form a critical neuronal circuit for declar-
ative memory formation that is often 
altered by different pathologies, includ-
ing Alzheimer’s disease. Unfortunately, 
standard single-shot EPI DTI fails to prop-
erly characterize the medial temporal 
lobe structures and their functional con-
nectivity due to geometric distortions 
from subjacent temporal bone airspaces. 
In this setting, the 2D-selective RF exci-
tation approach using a Skyra pTX sys-
tem can be used to overcome these dis-
tortions at 3T and, therefore, quantify 

6 1.2 mm in-plane resolution reduced FOV diffusion tensor images of the medial temporal 
lobes using the syngo ZOOMit application with single-shot EPI (top to bottom: diffusion trace, 
ADC, FA and color orientation map). This particular coronal slice at the level of the uncus and 
amygdala (AG) demonstrates distortion-free quantitative diffusion in several regions affected 
by early Alzheimer’s disease including the perirhinal cortex (PC), entorhinal cortex (EC) and 
perforate pathway (PP) in the subjacent white matter. Without the reduced number of phase 
encoding steps enabled by ZOOMit, these structures are often severely distorted by suscepti-
bility generated from air spaces in the subjacent temporal bone.

6A

6B

6C

6D

AG

PP

ON OC

EC

PC
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diffusion tensor properties for specific 
medial temporal lobe structures.
To evaluate the role of ZOOMit EPI in 
this setting, five healthy human volun-
teers were imaged using the 20-channel 
head/neck receive coil. Single-shot EPI 
diffusion-weighted images with fat satu-
ration were obtained (TR 2200 ms, TE 
83 ms, NEX 15, acquisition time 8 min, 
10 gradient directions, b800 s/mm2) 
using ZOOMit EPI. The protocol used a 
13.3 x 4.4 cm FOV (read x-phase axes) 
with 1.5 mm in-plane resolution (90 x 
30 image matrix). 18 contiguous 3 mm 
thick oblique coronal slices were 
obtained orthogonal to the long axis of 
the temporal lobe with the most poste-
rior slice prescribed tangential to the 
vertical portion of the hippocampal tail. 
ZOOMit DW images had acceptable sig-
nal-to-noise (6.6 ± 1.1 @ b800 s/mm2) 
and significantly reduced geometric dis-
tortions from subjacent temporal bone 
airspaces compared to full FOV acquisi-
tions. Diffusion-weighted images 
resolved specific components of the 
medial temporal lobes such as the ento-
rhinal cortex (EC), perforant pathway 
white matter (PP), hippocampal head, 

7 Zoomed T2-weighted SPACE of the IAC (7A) and thin maximum intensity  projection (7B).

subiculum, dentate gyrus (DG), molecu-
lar and neuronal layers of the hippocam-
pus (CA1). Quantitative data (Table 2) 
was consistent with prior DTI parameter 
values from human hippocampus 
autopsy samples [5]. Color fiber orienta-
tion maps demonstrated coherence from 
CA1 neuron apical dendrites as previ-
ously shown [5] and data may allow 
tractography of the perforant pathway 
between the entorhinal cortex and hip-

pocampus. The central portion of the 
color fiber orientation map (Fig. 6) also 
demonstrates the midline optic chiasm 
(OC, red) and paired, anterior coursing 
optic nerves (ON, green, 4.5 mm diame-
ter). This is a nice illustration of the 
capability for ZOOMit diffusion to also 
achieve sufficient resolution to accu-
rately measure diffusion parameters in 
cranial nerves. Similar results have been 
observed for the trigeminal nerves and 
may provide improved diagnosis/moni-
toring for trigeminal neuralgia. 

ZOOMit SPACE
Similarly to ZOOMit EPI, SPACE with 
reduced FOV using ZOOMit can increase 
acquisition efficiency enabling improved 
spatial resolution or T2-weighting for a 
given scan duration. For example, 
ZOOMit SPACE was acquired using the 
20-channel head/neck receive coil to visu-
alize the internal auditory canal (IAC) in a 
patient with Meniere’s disease (axial ori-
entation, TR 1000 ms, TE 125 ms, 2 aver-
ages, echo train length of 54, 160 x 
80mm FOV, 2 x 2 x 0.5 mm resolution, 
flip angle 100 degrees, BW: 255 Hz/Px, 
acquisition time 2:31 min). The acquisi-
tion time in this case was approx. 50% 
shorter then with the non-zoomed refer-
ence protocol. As shown in Figure 7, this 
case shows clear anatomical features 
including cochlear and vestibular nerves, 
as well as posterior and lateral semi-circu-

7A

7B

 

Table 2: Quantitative diffusion values using zoomed diffusion.

Region Mean diffusivity  
(x 10-3 mm2/s)

Fractional 
Anisotropy

CA1 0.82 ± 0.04 0.25 ± 0.06

DG 0.86 ± 0.06 0.27 ± 0.06

ERC 0.77 ± 0.08 0.32 ± 0.07

PP 0.81 ± 0.07 0.40 ± 0.08
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lar canals in an axial slice (top) and thin 
maximum intensity projection (bottom).
Another application is depicted in Figure 
8 using ZOOMit SPACE in the prostate. 
This example was acquired using a com-
bination of the body-18 and spine coil 
elements. TR 2000 ms, TE 99 ms, echo 
train length of 57 and 600 Hz/pixel at 
320 x 160 matrix and 72 slices; using a 
230 x 115 FOV this resulted in a voxel 
size of 0.7 x 0.8 x 1 mm at a total acqui-
sition time of 7:15 min providing the 
capabilities of reformatting the data in 
any orientation. 

Conclusions
The results shown clearly demonstrate 
that 2D-selective RF excitation on a 
2-channel pTX system enables zoomed 
EPI acquisitions on 3T scanners that can 
significantly reduce the limitations 
imposed by spatial distortions due to 
field inhomogeneity. Together with the 
inherent ability to simultaneously 
improve excitation inhomogeneity while 
providing effective reduced FOV imple-
mentations, the TimTX TrueShape clini-
cal platform is ideally suited to fully capi-
talize on a wide range of improved 
imaging approaches that require a prac-
tical and fully integrated multi-channel 
transmission platform. These approaches 
have been previously demonstrated to 
be of significant value in similarly 
 challenging imaging settings, albeit at 
the expense of requiring a complex 
 hardware set up due to the lack of com-
mercially available, fully-integrated, 
multi-channel transmission platforms. 
The introduction of the clinical Skyra 
TimTX TrueShape platform is poised to 
have a significant impact on the clinical 
 implementation of such powerful 
 imaging tools.
For further scientific details of the above 
shown studies, please refer to Proc 
ISMRM 2013 abstract numbers (#): 
#3390 (prostate), #1554 (kidney), 
#1739 (breast), #3021 (neuro). 

8 Zoomed T2-weighted SPACE of the prostate (MPR).

8
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Background
MR diffusion-weighted imaging (DWI) 
has ceased to be used only in brain appli-
cations for several years. The utilization 
of whole body DWI is becoming a stan-
dard application in routine imaging. 
Whole body DWI has become as valuable 
as T2 contrast in tumor imaging and it 
allows to characterize tissue properties.
Due to the more frequent use of DWI, 
questions are often asked with regard to 
the background, application, and inter-
pretation of whole body DWI and its cal-
culated Apparent Diffusion Coefficient 
(ADC) images.
The following will answer some of these 
questions.

What is diffusion?
Molecular diffusion is the random move-
ment of molecules – in our case water 
(H2O) – within tissues propelled by ther-
mal energy. The contribution of intra- and 
extra-cellular (interstitial) movement to the 
total diffusion is still under investigation.

How is MR sensitizing the tissue for 
diffusion effects?
Within the spin echo preparation period 
of an EPI sequence, two strong gradient 
pulses are played out around the 180° 
pulse. The first pulse dephases the mag-
netization of moving and static spins 
and the second pulse rephases only static 
spins 100% while moving i.e. diffusing 
spins acquire non-zero phase dispersion, 
resulting in a stronger signal dampening 
of tissues with fast diffusion compared 
to tissues with slow diffusion. Free water 
experiences the strongest signal attenu-
ation at higher b-values.

What does the b-value mean?
The b-value identifies the measure-

Frequently Asked Questions:  
Diffusion-Weighted Imaging (DWI)
Joachim Graessner, Dipl. Ing.

Siemens Healthcare, Hamburg, Germany
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ment's sensitivity to diffusion and  
determines the strength and duration of 
the diffusion gradients. It combines the 
following physical factors into one 
b-value and is measured in s/mm² [1].

 b = γ2G2δ2(Δ–δ/3)

The signal ratio diffusion-weighted to 
non diffusion-weighted signal is:

 

■ S0 – signal intensity without the  
 diffusion weighting
■ S – diffusion-weighted signal
■ γ – gyromagnetic ratio
■ G – amplitude of the two diffusion  
 gradient pulses
■ δ – duration of the pulses
■ Δ – time between the two pulses
■ D – diffusion coefficient is a measure  
 of the strength (velocity) of diffusion  

 in tissue. The stronger the diffusion,  
 the greater the diffusion coefficient,  
 i.e. the ADC in our in vivo case.
If you choose the b-value the reciprocal 
magnitude of the expected ADC (D) in 
the focus tissue you make the exponent 
of the exponential function being ‘-1’. 
This means your signal S is reduced to 
about 37% of its initial value S0.

What is the optimum b-value?
A b-value of zero delivers a T2-weighted 
EPI image for anatomical reference. The 
b-values should attenuate the healthy 
background tissue more than the lesion 
at a level so that the intensity differences 
are about a factor of two at a comfort-
able signal-to-noise ratio (SNR) level i.e. 
there is signal left in the highest b-value 
image. 
In the range of clinically-relevant b-val-
ues (up to approximately 1,000), then 
the greater the b-value, the stronger  
the diffusion weighting and the higher 

S
S0

= e-γ2G2δ2(Δ-δ/3)D = e-bD

1 Sequence diagram of an EPI diffusion-weighted sequence illustrating the physical quantities  
of the b-value.
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the contrast in pathogenic regions.
Shown below are examples of three 
b-values: b 0, b 500, and b 1000 s/mm2.
The proper b-value has approximately 
80% of the reciprocal ADC value of nor-
mal background tissue. Keep in mind 
that higher b-values may pronounce 
lesions even more at the price of poor 
SNR due to longer TEs and increased 
susceptibility. This can be compensated 
by increasing averages, which result in 
longer scan times. Changing the b-value 
immediately influences other parame-
ters like minimal TE, slice thickness and 
FOV as well as maximum matrix at a 
given optimal bandwidth. Furthermore 
anisotropy of tissues, like white matter, 
also influences the choice [2].

Why are a minimum of three direc-
tions measured for each high b-value?
Diffusion may be different in all three 
dimensions, like in white matter. Fibers 
exhibit longer free path in the longitudi-
nal direction than perpendicular to it. 
The ADC images are therefore different 
depending on the sensitizing direction. 
This information is collected by applying 
diffusion gradients in all three dimensions.
For example, in the case of commissures, 
diffusion is severely limited perpendicu-
lar to the fibers due to the surrounding 
myelin layer. In contrast, there are few or 
no limitations along the fibers.
Anisotropy may have a strong effect 

on measurement results. To measure 
the diffusion strength independent of 
anisotropy, diffusion images of different 
orientation are measured and averaged.

Why should I measure three b-values 
for a DWI protocol when two would be 
enough for calculating ADC?
While two b-values are sufficient for cre-
ating an ADC image, the selection of three 
b-values (b 0, b 500, b 1000) delivers a 
more accurate calculation of the ADC val-
ues. The lower SNR of the b 1000 images 
introduces a higher standard deviation of 
the ADC which is partially compensated 
by the median value of b500.
Here is an example of two ADC images, 

the first acquired with three b-values 
and the second with two b-values.

What is a trace image?
The ‘trace image’ displays the geometric 
averaging of all three directional mea-
surements, resulting in trace-weighted 
images. It suppresses to some extent 
anisotropy information and focuses on 
differences in signal attenuation. Like 
the ADC map, the trace-weighted map 
shows the strength of the diffusion and 
not its orientation.

Why do we need ADC images, and 
what does the ‘A’ in ADC stand for?
In addition to diffusion contrast, diffu-
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2A 2C2B

2A b = 0. No diffusion weighting, low-reso-
lution T2 image.

2B b = 500. Intermediately diffusion-weighted 
image.

2C b = 1000. Strongly diffusion-weighted 
image.

3A 3B

3A ADC calculated from 3 b-values ( 0, 500, 
1000).

3B ADC calculated from 2 b-values (0, 1000). 

b0, b500, b1000 b0, b1000

How-I-do-it
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sion images also have an overlaying T2 
contrast. In regions with long T2, this 
can simulate reduced diffusion (‘T2 
Shine-Through’). These portions of the 
signal can be eliminated by calculating 
a pure diffusion coefficient.
The ‘A’ stands for apparent because we do 
not measure the pure diffusion coefficient 
(D or DC). In living tissue the diffusion 
process is superimposed by capillary 
pseudo diffusion and gross motion to 
which the MR measurement is also 
very sensitive.

How is the ADC calculated?
Having measured a set of at least 2 dif-
ferent b-value images (e.g., b 0 and b 
1000 s/mm²) the system calculates pixel 
by pixel the ADC by linear regression. 
The ADC pixel values together form the 
ADC map. On a half logarithmic scale, the 
signal decay delivers a straight tilted line 
whose slope provides the ADC. The 
faster the signal decay the steeper the 
slope and the higher the ADC.
The Diffusion image (b 1000) below dis-
plays reduced diffusion as hyperintense 
(brighter pixels); in contrast the ADC map 
displays it as hypointense (darker pixels).

Why are some lesions typically 
brighter than the background brain 
tissue on the higher b-value image 
and darker on the ADC map?
Due to the nature of certain lesions 
and their missing perfusion, the cells 
swell and hinder a normal diffusion; i.e., 

4A 4B

4A b1000 image; infarct is brighter than nor-
mal tissue.

4B ADC Image; infarct appears darker than 
normal tissue.

the mean free path is shorter. Water 
molecules cannot move as far in the dam-
aged tissue as in normal tissue. As a 
result, the ADC is lower and appears darker 
than the surrounding normal tissue.

Which benefit does the calculation 
of an exponential map deliver?
The exponential map or image is calcu-
lated by dividing the maximal b-value 
diffusion-weighted image by the b0 
image. Mathematically the exponential 
map displays the negative exponential 
of the ADC; it is a synthetic diffusion-
weighted image without T2 ‘shine-
through’ effect.
The contrast behaviour is similar to 
the high b-value image [3].

How do I get the ADC value out of my 
ADC image and what is the right unit? 
Place a region of interest (ROI) on the 
ADC map and record the mean value in 
that ROI. A value of 850 intensity points 
is to be interpreted as 0.85 10-3 mm²/s.
This is valid for software versions since 
syngo MR B13. Systems with A-level 
software (e.g., syngo MR A30) and syngo 
MR B11, a mean value of 85 delivers the 
result above.

There are many publications on DWI 
and ADC. But why are there so many 
different unit and digits used for 
ADCs?
Currently, there is no consensus about 
applied units in DWI. You will find all 

4C

4C Exponential-Map

A mean intensity of 1000 is equal to:
1.0*µm²/ms  or intensity times 10-3

1.0*10-3 mm²/s  or intensity times 10-6

1.0*10-5 cm²/s  or intensity times 10-8

1.0*10-9 m²/s  or intensity times 10-12

Also found:
1000*10-6 mm²/s 
1000*µm²/s

of the following units which are equal 
(syngo MR B13).

Why does the ADC have a unit of an 
area/time although diffusion occurs 
in all three dimensions?
By definition, the diffusion coefficient 
is defined as the product of 1/3 times 
medial velocity times mean free path: 

 D = 1/3*v’* l

The unit is an area per time.

Why is there a lack of standardization 
for the choice of b-values in whole 
body DWI?
As a relatively new application body DWI 
is on its way to become a technique with 
recommended b-values and measurement 
conditions. See cited reference [4] for 
further information.

Why do most body and liver DWI 
 protocols start with b-value 50 s/mm²?
The selection of a low b-value larger 
than zero provides suppression of large 
vessels which makes lesions more con-
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spicuous. The calculation of the tissue 
ADC can be more accurate when starting 
with even higher b-values like 100 or 
200 to omit the contribution of flow and 
micro vascular effects. Low b-values 
more often serve as anatomical reference. 
In software level syngo MR D11A and 
above you can delimit the b-values for 
ADC calculation on the body diffusion 
application card of the protocol.

Why do liver diffusion-weighted 
images look darker on 3T than 1.5T?
The T2 and T2* relaxations times for 
liver tissue, and other tissues as well, are 
considerably shorter as the field strength 
increases The overall signal is therefore 
diminished at 3T, even at lower b-values, 
due to the relatively long echo times (TE)
used in DWI [5].

Which new DWI features are intro-
duced with software version syngo 
MR D11A for MAGNETOM Aera and 
Skyra?
There is a new ‘body diffusion’ applica-
tion card with many new applications:
■	 diffusion scheme monopolar/bipolar
■	 start ADC calculation for b > = …
■	 exponential ADC; no T2 shine-through
■	 invert gray scale (“PET-like” image)
■	 calculated image of artificial b-values  
 plus
■	 choice of dynamic field correction
■	 improved fat saturation schemes
 

What should I know when scanning 
liquids in phantoms with DWI 
sequences?
Firstly, the liquids should not move in 
the phantom bottle. Flowing liquid in 
the phantom would cause artificially 
strong diffusion and results in low inten-
sity DWI images with inaccurately long 
ADC values.
Secondly, the diffusion coefficient is also 
strongly temperature dependent. Pure 
water has a diffusion coefficient of about 
3 *10-3 mm²/s (exactly: 2.96) at body  
temperature of 37 °C (98.6 °F). Water of 
0 °C (32 °F) has a diffusion coefficient 
of 1.12 * 10-3 mm²/s. This could serve as  
a standard for different machines.

Additional reading
In addition to the comprehensive Siemens 
applications guide, “Diffusion/Perfusion 
Imaging”, there is literature [6] available 
which covers neuro and body diffusion. 
(Listed according to year of publication):
Derek K. Jones: Diffusion MRI: Theory, 
Methods, and Applications; Oxford Uni-
versity Press
Bachir Taouli: Extra-Cranial Applications 
of Diffusion-Weighted MRI; Cambridge 
University Press
Dow-Mu Koh: Diffusion-Weighted MR 
Imaging: Applications in the Body; Springer
Heidi Johansen-Berg: Diffusion MRI: 
From Quantitative Measurement to 
In-Vivo Neuroanatomy; Academic Press
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