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– and get your free copy of future 

MAGNETOM Flash! Interesting information from 

the world of magnetic resonance – gratis to your 

desk. Send us this postcard, or subscribe online at 

www.siemens.com/MAGNETOM-World
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to change without prior notice. Some/All of 
the features and products described herein may 
not be available in the United States.

The information in this document contains 
general technical descriptions of specifications 
and options as well as standard and optional 
features which do not always have to be present 
in individual cases.

Siemens reserves the right to modify the design, 
packaging, specifications and options described 
herein without prior notice. 
Please contact your local Siemens sales 
representative for the most current information.

Note: Any technical data contained in this 
document may vary within defined tolerances. 
Original images always lose a certain amount 
of detail when reproduced.
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   Faster 
        scan times 

increased
      scanning
   speed 

       higher clinical 
  throughput

“Faster scan times amount to a signifi cant increase of at least 4  procedures 
per day on an average of at least 20 MR studies per working week.”
John Murray, Mater Misericordiae University Hospital, Dublin, Irland on the Symphony Tim Upgrade

 

“The increased scanning speed has raised throughput by 50%, now  allowing 
6  patients to be scanned in a 4 hour session rather than only 4 before.”

Russell Bull, Royal Bournemouth Hospital, UK on a WIP version of the Cardio Dot Engine*

“The overall acquisition time can be reduced from 20–30% in 
abdominal studies to up to 50% for whole-body examinations [...] this led 

to a higher clinical throughput, as up to 4 additional patients could 
be examined each day.” 

Henrik Michaely, University Medical Center Mannheim, Germany on syngo TimCT Oncology

Results may vary. Data on file.
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Listen – Discuss – Share
7th MAGNETOM World Summit
May 27–30, 2010, Shenzhen, China

The MAGNETOM World Summit is an excellent platform to establish personal contacts, exchange 
valuable information, learn from the experience of other users and to share your own expertise.

Lectures and presentations from experts in the field will allow you to be exposed to new ideas and 
alternative clinical approaches that might help you to improve your clinical and financial outcomes.

For details on the agenda and registration, please visit www.siemens.com/magnetom-world

*The information about this product is being provided for planning purposes. The product is pending 510(k) 
review and is not commercially available in the U.S.

Dear MAGNETOM user,
Dynamic contrast-enhanced (DCE) liver MRI 

plays a major role in the detection and differ-

entiation of liver disease. However, those 

who scan liver patients in their daily routine 

understand the level of experience and inter-

action required. In his article, Prof. Martin 

deals with timing and sequence adjustments 

of the arterial phase DCE scan, which are 

significant  elements of liver MRI. He shows 

how this technique helps to improve the 

standard of DCE liver MRI.

Together with our collaboration partners 

we are focused on improving the quality and 

therefore the accuracy of MRI. Very often, 

complex tasks which require a high level of 

experience prevent a method from becoming 

daily routine. In their first clinical experience 

with a work-in-progress implementation of 

the Cardiac Dot Engine*, Dr. Russell Bull and 

Matthew Benbow demonstrate how intelli-

gent automation and user guidance can not 

only increase reproducibility but also help 

to  optimize daily routine and increase the 

throughput of even complex cardiac stress 

examinations.

These improvements in workflow and 

image quality are also based on hardware 

technology. The advantages of Tim (Total 

imaging matrix) compared to conventional 

MR systems are well known and in their 

article Dr. John Murray et al. demonstrate 

that simply by adding Tim technology to 

their 1.5T MAGNETOM Symphony system Matthias Lichy, M.D.

Matthias Lichy, M.D.

they could significantly improve their pro-

ductivity. They now offer the latest MR 

applications such as highly temporal resolved 

MR angiography for planning of  thoracic 

surgery or multi-stage examinations of spine 

injuries. With Tim 4G* the next generation 

of coil and RF technology is now available 

and will again contribute to the ease and 

flexible usage of MRI. 

We also feature in this edition of Flash 3D 

large FOV imaging of the cervical spine and 

3D knee imaging (syngo SPACE). We show 

how non-ce MRA (syngo NATIVE TrueFISP) 

can be used for evaluation of renal trans-

plants and explain the latest developments 

of the arterial spin labelling sequence and 

diffusion-weighted imaging techniques. 

You can read about the comparison of the 

results of whole-body MRI with PET/CT in a 

case of metastatic breast cancer. All these 

applications show a clear potential to change 

our daily clinical routine. And together 

they make MRI an invaluable diagnostic tool, 

thanks to its ease-of-use, flexibility and 

productivity. 

We hope you will enjoy reading this latest 

edition of Flash!



MAGNETOM Flash · 3/2009 · www.siemens.com/magnetom-world   3

Ignacio Vallines, Ph.D.,
Applications Manager,
Erlangen, Germany

Milind Dhamankar, M.D. 
Sr. Director, MR Product 
Marketing, Malvern, USA

Michelle Kessler, US 
Installed Base Manager, 
Malvern, PA, USA 

Dr. Sunil Kumar S.L. 
Senior Manager Applications, 
Canada

Bernhard Baden,
Clinical Data Manager, 
Erlangen, Germany

Wellesley Were
MR Business Development 
Manager
Australia and New Zealand

Heike Weh,
Clinical Data Manager, 
Erlangen, Germany

Gary R. McNeal, MS (BME) 
Advanced Application Specialist,
Cardiovascular MR Imaging 
Hoffman Estates, USA

The Editorial Team
We appreciate your comments.
Please contact us at magnetomworld.med@siemens.com

Dagmar Thomsik-Schröpfer,
Ph.D., MR Marketing- Products, 
Erlangen, Germany

Antje Hellwich
Associate Editor

Okan Ekinci, M.D.
Segment Manager 
Cardiovascular MRI
Erlangen, Germany

Peter Kreisler, Ph.D. 
Collaborations & Applications,  
Erlangen, Germany

Editorial



4   MAGNETOM Flash · 3/2009 · www.siemens.com/magnetom-world

Content

Content

  Clinical 
Cardiovascular

 6 First Clinical Experiences 
with a Prototype of a Novel 
Cardiac Workfl ow Engine
Russell Bull, Matthew Benbow

 12 Case Report: Cardiac MR Imaging 
of a Rare Primary Cardiac 
Angiosarcoma
MR Moynagh, et al. 

 15 syngo NATIVE TrueFISP in the Assess-

ment of the Transplanted Kidney

Peter Weale, et al.

  Clinical 
kHow I do it

 18 Non Contrast-Enhanced MR 
Angiography (syngo NATIVE)
Manuela Rick, et al.

  Clinical 
Abdomen / Pelvis

 24 syngo TimCT – Increasing Clinical 
Throughput and Effi cacy

K. Lederle, et al.

Visit the MAGNETOM 
World Internet pages at 
www.siemens.com/
magnetom-world 
for further clinical 
information and talks 
by international 
experts.

Further clinical information

15 
syngo NATIVE TrueFISP

28 
Abdominal MRI



MAGNETOM Flash · 3/2009 · www.siemens.com/magnetom-world   5

Content

  Clinical 
Women’s Health

 52 Whole-Body MRI for Accurate 
Assessment of Tumor Load of 
Bone Metastases Originate from 
Mamma Carcinoma 
Philip Aschoff, et al.

 58 Case Report: Klippel-Trénaunay-
Weber Syndrome 
Chawla Tanya, et al.

  Clinical 
Neurology

 62 Cerebral Blood Flow Imaging 
with 3D GRASE ASL Sequence 
Increases SNR and Shortens 
Acquisition Time 
David A. Feinberg, 
Matthias Günther

  70 Cervical Spine MRI. syngo SPACE 
in a Claustrophobic Patient with 
Congenital Scoliosis
Marietta Garmer, et al.

 74 IMRISneuro 70 cm Bore 3T in 
Intra-Operative Neurosurgery 
Jeanne Elliott

  Clinical Whole Body
 80 Whole-body dynamic MR Imaging 

for Evaluation of Bone Marrow in 
Multiple Myeloma
Alexandre Vignaud, et al.

  Clinical Orthopedic 
imaging

 84 3D High Resolution MRI of the 
Knee at 3T Using a Moderately T2- 
weighted 3D-TSE-fs (syngo SPACE) 
sequence – Useful or Not?
A. Horng, et al.  

  Clinical 
kHow I do it

 92 FABS View of the Elbow 
for Visualization of Distal 
Biceps Tendon
Peter Cazares, et al.

  Business
 94 MAGNETOM Symphony Tim 

Upgrade: The Mater Misericordiae 
University -Hospital Experience
F. Bolster, et al.

 28 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

 32 Case Report: MRI-guided Prostate 
Biopsy in a Patient with Prior Nega-
tive TRUS-Guided Biopsies and 
Persistently Elevated PSA-Levels 
Matthias Philipp Lichy, et al. 

 36 Intravoxel Incoherent Motion (IVIM): 
A Potential Application in Cirrhosis 
Assessment
Alexandre Vignaud, et al. 

 40 Challenges and Clinical Value of 
 Automated and Patient-Specific 
Dynamically Timed Contrast- 
Enhanced Liver MRI Examination
Diego R. Martin, et al.

 47 Case Reports: Tumor Detection by 
Diffusion-Weighted MRI and 
ADC-Mapping with Correlation to 
PET/CT Results 
Matthias Philipp Lichy, et al.

94 
MAGNETOM Symphony Tim Upgrade

62 
syngo ASL



6   MAGNETOM Flash · 3/2009 · www.siemens.com/magnetom-world

Clinical Cardiovascular

Introduction

In November 2007 a novel cardiac 
work in progress (WIP) software package 
was introduced on our 1.5T Siemens 
 MAGNETOM Avanto MRI system (high-
order shim, 32-channels, SQ gradients). 
This WIP system automates or augments 
most user interactions during cardiac 
scanning. For localization of standard 
cardiac planes users select anatomical 

First Clinical Experiences 
with a Prototype* of a 
Novel Cardiac Workfl ow Engine
Russell Bull, MRCP, FRCR.; Matthew Benbow

Royal Bournemouth Hospital, Bournemouth, UK

1 Novel way of localization of the heart: The user marks five anatomical landmarks. To find the landmarks, guiding text and example images 
are displayed. These landmarks are consecutively used to calculate all cardiac planes.

reference points on the heart, supported 
by guidance images and text (Fig.1). 
The software then calculates all cardiac 
planes automatically and applies them 
to all subsequent measurements. 
Sequences are automatically adapted 
to the patients heart rate and breath-
hold capability according to the exam 
settings entered by the user (Fig. 2). 

The field-of-view is automatically 
adjusted for each combination of planes 
to fit the individual patient. Reliable, 
robust protocols can be constructed 
ensuring a comprehensive cardiac exam 
but still allowing enough flexibility to 
add additional sequences such as flow, 
tagged grid, constriction tests, etc.

1 
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Cardiovascular Clinical

3 Iso-center scanning. Support by guidance images and text the user can move the left ventricle to the iso-center to ensure high scan quality 

2 Exam Settings – Patient-centric parameters which globally influence the whole exam and are used to initialize the scan protocols. 

2

3 
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Clinical Cardiovascular

4 Examplatory cine-images from a typical CMR exam, performed after the introduction of the WIP software package, scanned by a less experi-
enced technologist. A standard 4-chamber view is shown in 4A. No manual adjustments were required, not even for dedicated planes like the 
LVOT (left ventricular outflow tract). Segmentation of the left ventricular wall on the short axis (4C, D) was calculated by the integrated  Inline 
segmentation tool and required no interaction neither by the technologist nor the radiologist. 

Clinical setting
The Royal Bournemouth is an acute-care 
general hospital (900 beds) with a large 
regional cardiac unit performing over 
2500 procedures per year. The cardiac 
MRI (CMR) service started in 2004, ini-
tially providing basic structural informa-

tion only. CMR stress exams started in 
2007. Our patient population is almost 
exclusively adult. CMR is used to provide 
structural and functional information 
and is used particularly for planning 
revascularisation strategies in patients 
with known coronary artery disease. 

Extensive process-mapping was under-
taken in order to identify areas in 
which the scanning process could be 
accelerated. Even with these changes, 
stress heart exams required a time-slot of 
1 hour using conventional software. 
There were also major issues regarding 

4A 4B 

4C 4D 
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Cardiovascular Clinical

5A Development of the num-
ber of stress CMR studies per 
month performed at our institu-
tion (red arrow: cardiac proto-
type installed). Note that at our 
institution during this time-
frame all cardiac MR exams 
were reported by only two car-
diac radiologists; variations in 
patient throughput from month 
to month have now been 
addressed by appointment of a 
cardiac radiology fellow.

5B Total number of all CMR 
studies per month (red arrow – 
cardiac prototype installed).

staff training due to the complexity of 
the procedures and the lack of familiarity 
with cardiac anatomy and cardiac planes. 

Clinical experiences
The cardiac WIP software has trans-
formed the scanning process for cardiac 

MRI patients. The most difficult MR 
examination has become much more 
straightforward and now, even relatively 
inexperienced staff members are able 
to scan cardiac patients quickly and effi-
ciently. The increased scanning speed 
has raised throughput by 50%**, now 

allowing 6 patients to be scanned in a 
4 hour session rather than only 4 before. 
This software enables us to scan over 
1000 cardiac patients per year in a 
general department, scanning up to 
120 cases per month using only 10% of 
total scanning capacity. The prototype 

80

70

60

50

40

30

20

10

0

Mar-0
7

May-0
7

Ju
l-0

7

Sep-0
7

Nov-0
7

Ja
n-0

8

Mar-0
8

May-0
8

Ju
l-0

8

Sep-0
8

Nov-0
8

Ja
n-0

9

Mar-0
9

May-0
9

Ju
l-0

9

5A 

0

20

40

60

80

100

120

140

160

Ja
n-0

5

Apr-0
5

Ju
l-0

5

Oct-
05

Ja
n-0

6

Apr-0
6

Ju
l-0

6

Oct-
06

Ja
n-0

7

Apr-0
7

Ju
l-0

7

Oct-
07

Ja
n-0

8

Apr-0
8

Ju
l-0

8

Oct-
08

Ja
n-0

9

Apr-0
9

Ju
l-0

9

5B 



10   MAGNETOM Flash · 3/2009 · www.siemens.com/magnetom-world

Clinical Cardiovascular

6 Short axis 
stress CMR 
 images using 
cardiac proto-
type showing 
lateral wall 
subendocardial 
 defect (arrow) 
secondary to  
 circumflex lesion 
(upper row). 
This resolved 
 following suc-
cessful stenting 
(lower row).

7 Stress CMR 
 using cardiac 
 prototype show-
ing anterior wall/
apical subendo-
cardial  defect 
(arrow) second-
ary to critical mid-
LAD lesion. The 
prototype always 
acquires 3 short 
axis stress images 
and adaptively 
includes addi-
tional selected 
views if R-R inter-
val allows (addi-
tional 2-chamber 
view shown in 
Fig. 8).

6 

7
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Cardiovascular Clinical

Contact 
Dr. Russell Bull , MRCP, FRCR

Consultant Radiologist

Royal Bournemouth Hospital

Castle Lane East

Bournemouth

UK

Russell.Bull@rbch.nhs.uk

*WIP – Work in progress. 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.

**Results may vary. Data on file.

has made training easier and scanning 
much simpler and faster thus enabling 
incorporation of cardiac examinations 
into the workload of a busy general hos-
pital. All 16 scanning staff now perform 
cardiac examinations compared with 
just 3 before. The imaging results are 
now much more robust and quality is 
consistently high due to standardization. 
The increased speed has also made the 
scanning process more pleasant for 
patients, particularly for those suffering 
from claustrophobia.

8 Short axis, 2-chamber and LVOT PSIR images showing old inferior infarct (arrow). 

Dr. Russel Bull and Matthew Benbow (left).

8
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Clinical Cardiovascular

Clinical details

A 24-year-old male was admitted under 
the cardiology service of a university 
hospital with dyspnoea and a new onset 
systolic murmur. Echocardiography and 

Case Report: Cardiac MR Imaging of 
a Rare Primary Cardiac Angiosarcoma
MR Moynagh1, A Mc Gee1, A Cradock1, M Da Costa3, J Bruzzi2, JG Murray1

1Dept. of Radiology, Mater Misericordiae University Hospital, Dublin, Ireland
2Dept. of Radiology and 3Dept. Surgery, University College Hospital Galway, Galway, Ireland

1 Coronal (1A) and transversal (1B–D) showing a mass at the ventral border of the right ventricle. A large feeding right coronary artery can 
be seen; because of the clear flow-void phenomena (arrows), higher flow within the right coronary artery has to be assumed. 

CT demonstrated a mass overlying the 
right heart, with possible pulmonary 
metastases. Histology from closed chest 
biopsy was suggestive of a cardiac 

 angiosarcoma, however resectability 
status and exact diagnosis was unclear. 
The patient was then referred to the 
 Radiology Department of the National 

BU den Pfeilen noch anpassen??

1A 1B 

1C 1D 
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Cardiovascular Clinical

Centre for Cardiothoracic Surgery for 
 further assessment. Cardiac MRI was 
performed to further characterize the 
right atrial mass and identify the 
relationship to coronary vasculature.

Sequence details
All images shown were acquired at a 
1.5T MAGNETOM Symphony, A Tim 
 System with a combination of the Body 
Matrix coil and spine coil elements. The 

imaging protocol included transversal 
and coronal HASTE, 4-chamber view and 
oblique oriented transversal cine-True-
FISP and pre- and postcontrast 2D FLASH 
in transversal and oblique sagittal planes. 
For assessment of the vascular architec-
ture of the lesion, a highly temporal 
 resolved MR angiography was applied, 
using the syngo TWIST technique (TR / TE 
= 3.29 / 1.39 ms; FOV 400 mm, matrix 
294 x 448, temporal resolution 6 s).

Imaging fi ndings

6 x 4.3 cm intensely enhancing mass 
overlying the anterior margin of the 
right atrium and right ventricle, which 
extended across the atrioventricular 
groove to about the free wall of the right 
ventricle. The right coronary artery and 
adjacent cardiac vein were partially 
 encased, with intimate relationship to 
the tricuspid valve ring. Direct blood 

2 Cine TrueFISP sequences are shown. In Fig. 2A a small irregular signal-loss can be seen on the sagittal oblique view (arrow), indicating 
a draining vein to the right ventricle. 

3 Avid enhancement of the mass was observed, suggesting angiosarcoma.

3A 3B 

2A 2B 
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Clinical Cardiovascular

4 Thinslice MIP of the syngo TWIST MR Angiography are shown. Temporal resolution was 6 seconds. A large arterial feeder (right coronary  artery) 
and vascular mass can be seen in Fig. 4B (VRT of the vessel shown in 4L). An atypical enhancement of the blood within the right ventricle can be seen 
in Figs. 4G and 4I, indicating a potential shunt between the mass and the right ventricle.

Contact 
Dr. John Murray, M.D.
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supply arising from the right coronary 
artery and probable partial venous 
 return directly to the right atrium. Image 
findings were consistent with a cardiac 
angiosarcoma.

4B 4C 4D 

4F 4G 4H 

4J 4K 4L 

4A

4E

4I
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Introduction

Assessment of the vascular integrity of 
a transplanted kidney is a request we 
 receive occasionally, most commonly 
when transplant recipients present with 
compromised renal function.
The fact that the patient presents with 
impaired renal function and has recently 
undergone transplant surgery makes the 
nephrologist understandably nervous 
about referring them for contrast- 
enhanced MR Angiography of the trans-
planted kidney. While the risk may be 
small, it makes sense to use a completely 
non-invasive method without the poten-
tial risk of Nephrogenic Systemic Fibrosis, 
if the diagnostic yield can be sufficient to 
answer the clinical question.
In our institution we recently published 
a study [1] where the effectiveness of 
 TrueFISP with selective inversion recov-
ery preparation, now known as syngo 
NATIVE TrueFISP, was evaluated for its 
utility in the assessment of the trans-
planted renal artery. Our results showed 
that the technique was essentially 
the same in diagnostic performance as 
low dose contrast-enhanced angiogra-
phy and the method provides a low-risk 
method for the initial evaluation of the 
transplanted kidney.

Principles
syngo NATIVE TrueFISP is a method 
which generates angiographic contrast 
by preparing the region which contains 

1 Volume rendered depic-
tion of the anastomosis and 
proximal branches in this 
transplanted kidney. A slight 
“waisting” is seen at the site 
of the anastomosis.

2 Thin MIP (50 mm) demon-
strates the anastomosis and 
the upper pole accessory / early 
branching artery which origi-
nates very close to the site of 
the anastomosis. Depiction of 
2nd and 3rd order branches of 
the renal artery provides quali-
tative evidence of good perfu-
sion as the mechanism behind 
this technique relies upon 
 in-flow during the prescribed 
inversion time. In this case 
blood depicted at the distal 
ends of the demonstrated 
 arteries has travelled from the 
top if the inversion band 
 (essentially top of this image) 
within 900 ms.

1 

2 
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3 In this example the inversion preparation (gray) was positioned 
asymmetrically in the head-foot direction in relation to the imaging 
volume (red) to reduce the signal from any inflow via the iliac veins.

4 A cross sectional thin MIP of the iliac artery at the level of the anas-
tamosis showing the main renal artery demonstrates a minor degree 
of narrowing which is probably of limited hemodynamic significance 
as the artery is well seen with 2nd and 3rd order branches well seen.

the vascular territory of interest by use 
of a selective inversion recovery pulse. 
The inversion pulse reduces the signal 
from the static tissue and blood which 
 remains in the area but blood which 
flows into the slice during a defined 
 inversion time is not inverted and, 
when the image data (3D TrueFISP) is 
collected there is a large difference in 
signal  between blood which has moved 
into the area and other tissues which 
 remain  attenuated as a consequence of 
the  inversion preparation.
This preparation region is not simply 
slice selective but has a graphically 
positioned inversion preparation which 
 allows targeting of the desired vessel, 
independent of the orientation of the 
imaging volume.

Case study
A 64-year-old male patient with hyper-
tension and type-2 diabetes who had 

been the recipient of a transplanted 
kidney was referred for evaluation of the 
transplanted renal artery to rule out an 
anastomotic stenosis as a cause for 
 diminishing renal function. Recent 
 Doppler ultrasound had demonstrated 
elevated velocities in the transplant 
 renal artery, raising the suspicion of 
transplant arterial stenosis.
The patient and referring physician had 
concerns relating to the administration 
of Gadolinium containing contrast 
agents as his eGFR was reduced (35 ml/
min/1.73 m2). 30 ml/min/1.73 m2 is 
the cut off point for administration of 
 contrast in our institution.
After localization with 2D HASTE images 
the imaging volume of the syngo 
NATIVE TrueFISP protocol was positioned 
to  depict the iliac arteries and the 
renal transplant anastomosis. The selec-
tive  inversion band was positioned 
transversely with its upper border a few 

cm proximal to the assumed position 
of the anastomosis. The inversion prepa-
ration was larger than the imaging 
 volume in the superior-inferior direction 
and covered around 4 cm distal to the 
imaging volume to invert any inflowing 
blood in the iliac veins (Fig. 3).
In this case, we used ECG triggering but 
in practice this is largely optional for 
 renal transplants. We have found that 
the degree of respiratory motion in 
the pelvic region is small enough so as 
not to be a significant source of artifact 
in most patients, where the transplanted 
kidney is positioned against the pelvic 
sidewall and largely free of any signifi-
cant respiratory motion.
The spatial resolution of this protocol 
was 1.25 x 1.25 x 1.25 mm (interpolated 
to 1 mm in the slice direction). 112 
 slices per 3D slab were acquired giving 
just over 11 cm of head-to-foot coverage.
An inversion time of 900 ms was 

3 4
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5 The upper pole accessory artery is well demonstrated, though the assessment of the 
lumen of this very small artery at the site of the anastomosis is somewhat compromised 
due to spatial resolution limitations.
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used which allowed the TI and acquisi-
tion to be completed within one 
heart beat  resulting in completion of 
the scan in 3 minutes.
The TrueFISP readout scheme used a flip 
angle of 90 degrees.

Findings
The renal artery to external iliac artery 
anastomosis was well demonstrated 
and depicts a mild stenosis which is 
probably not a factor in this patient’s 
 diminishing renal function (Fig. 2).
The upper pole accessory artery (or 
what was probably an early branching 
upper pole artery in the native kidney) is 
also well seen distally, though the 
 spatial resolution of this protocol inhib-
its the confident depiction of this very 
small vessel to the degree where an 
 assessment of its diameter or severity of 
stenosis can be given. 
The physiological nature of the contrast 
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mechanism in NATIVE TrueFISP, how-
ever, gives some indication that this 
branch does not have a hemodynami-
cally  significant stenosis as the upper 
pole branch is filled with fresh blood 
within one cardiac cycle.

Conclusion
syngo NATIVE TrueFISP is a technique 
which allows depiction of the anasto-
motic site of a transplanted renal artery 
and the major branches of the implanted 
organ.
The mechanism whereby the angio-
graphic contrast is generated in 
this  sequence has a physiological com-
ponent which can be seen as both a 
positive and a negative feature.
In the absence of sufficient flow, or in 
significantly impaired flow, the lumen 
of the vessel of interest may not be filled 
with sufficient “non-inverted” blood. 
This can be addressed to a degree by 

careful planning of the position of 
the inversion region so that large vol-
umes of blood proximal to the vessel of 
interest are not inverted, which will 
reduce the available contrast.
In the example of renal transplants, if 
blood flow is compromised, the inver-
sion preparation can be targeted so that 
the proximal external iliac artery is out-
side the preparation region, so that the 
non-inverted blood which gives the 
 required signal has less far to travel – so 
less “fresh blood” is wasted filling a ves-
sel of no clinical significance. Increasing 
the inversion time may also help in 
 depiction of arteries where inflow into 
the kidney is reduced.
The physiological nature of the contrast 
mechanism is a benefit in that it gives a 
qualitative feel to the significance of any 
demonstrated stenosis.
In this example the mild stenosis seen at 
the anastomosis seems to have no sig-
nificant effect on the filling of the distal 
branches of the intra-renal arteries sug-
gesting that the kidney is well perfused.
syngo NATIVE TrueFISP is a useful addi-
tion to the available methods for per-
forming MR angiography. As with all 
techniques a full understanding of the 
mechanisms behind the technique will 
give more consistent results and provide 
additional diagnostic information.
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Introduction
The realization that the administration of 
gadolinium-based contrast agents may be 
a factor in the development of Nephro-
genic Systemic Fibrosis (NSF) in patients 
with renal failure has created a renewed 
interest in the in angiographic methods 
using intrinsic rather than extrinsic con-
trast mechanisms. The current economic 
climate in the Healtcare industry means 
that there is an increasing need to 
develop more cost-effective methods and 
reduction of contrast agent utilization is 
one element which might contribute to 
this. The existing non contrast-enhanced 
sequences, such as the Time-of-Flight 
(TOF) sequence, have their advantages in 
regions like the intracranial vasculature, 
but may have limitations for abdominal or 
peripheral imaging.
syngo NATIVE was introduced with soft-
ware version syngo MR B17. It comprises 
two different non-contrast MRA tech-
niques: 
■ syngo NATIVE TrueFISP (optimized for 

the renal arteries)
■ syngo NATIVE SPACE (optimized for 

peripheral regions)
Both applications use mechanisms for 
contrast generation which depend on 
physiological processes. In NATIVE 
 TrueFISP the inflow of non-inverted 
blood is exploited to depict the vessels. 
In NATIVE SPACE the image contrast is 
based on the pulsatility of the blood 
flow. Hence, the methods might be 
 limited (reduced or no contrast-to-noise-
ratio (CNR)) for patients with severe 
pathologies that have a direct influence 
on these physiological processes. This 
article not only demonstrates how to 
plan and perform a syngo NATIVE exami-
nation, but also gives some hints and 
tricks in cases where it may be difficult 
to get good image quality. 

How I do it: Non Contrast-Enhanced MR 
Angiography (syngo NATIVE)
Manuela Rick, Nina Kaarmann, Peter Weale, Peter Schmitt

Siemens Healthcare, Erlangen, Germany

A clear understanding of the technical 
background of these measurements 
gives the user the opportunity to adapt 
the scan parameters individually, with 
respect to the patient’s physiology. The 
ability to tailor the measurement can 
maximize the success rate. 

The theory behind syngo 
NATIVE TrueFISP
syngo NATIVE TrueFISP is based on the 
TrueFISP sequence which typically yields 
a bright blood signal.
To enhance the contrast between flowing 
and static magnetization, an inversion 
pulse is applied to the region of interest. 
When imaging takes place after an inver-
sion time TI, when the magnetization of 
surrounding tissue is close to zero, the 

background will have low signal. During 
the TI, however, fresh blood, with no his-
tory of inversion, enters the inverted slab, 
and the filled vasculature appears bright. 
The higher the more blood volume enter-
ing the inverted region, the better the 
contrast and the assessment of the small 
branches of the vessels. Figure 1 shows 
the basic principle of syngo NATIVE True-
FISP. With syngo NATIVE TrueFISP, respira-
tory synchronization can be realized with 
the 1D PACE Navigator. In this case the 
images are usually acquired in end-expi-
ration to prevent breathing artefacts. 
To increase the effectiveness and to 
reduce further artefacts from pulsatile 
vessels, you can combine 1D PACE with 
ECG-triggering. When a new inversion is 
played out with each ECG trigger signal, 

1 Basic principles of syngo NATIVE TrueFISP 

Inversion pulse Inflow Imaging

Inflowing arterial bloodInflowing arterial bloodInflowing arterial blood

Imaging

Static tissueStatic tissueStatic tissue

Inflowing venous bloodInflowing venous blood

TI TI

Inflowing venous blood

1
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the total blood volume available for 
imaging is proportional to the stroke 
volume within one heartbeat.

Patient preparation
The patient is positioned supine, head 
or feet first. 
It is highly recommended to use ECG- 
triggering. To reduce patient set-up 
time, syngo NATIVE TrueFISP data can 
be acquired without ECG triggering. If 
doing so it is necessary to ensure that 
the inversion time is long enough so 
that that there is sufficient inflow into 
the area of interest – with pulsatile flow  
if the TI chosen is too short (shorter 
than the RR interval of the patient) 
there is the likliehood that a significant 
proportion of the acquired data is 
acquired without capturing an inflow 
event. To reduce this likelihood set the 
TI to be long enough to always include 
an inflow episode (eg 1200 to 1400 
ms). Remember that the volume of non-
inverted blood has to be large enough 
to fill all the small vessel branches.
Position the Body Matrix coil on the 
patient, so that both regions the kidneys 
and the diaphragm are covered. The 
respiratory gating is usually performed 
with the 1D PACE Navigator, alterna-
tively the respiratory cushion can be 
used. All the protocols are set up in the 
reference mode. This is essential on the 
Siemens open bore systems MAGNETOM 
Espree and MAGNETOM Verio, to 
achieve a good signal-to-noise-ratio for 
the renal arteries and the navigator. 
Position the laser marker in the middle 
of the renal hilum and the dome of the 
diaphragm. On the MAGNETOM Avanto, 
the examination can also be performed 
in the  isocenter since the FOV in z-Axis 
is 50 cm. With software version syngo 
MR B17, a new functionality regarding 
the ECG display has been introduced. 
The learning cycle is demonstrated 
with a count-up mechanism, to show 
when the necessary 10 heartbeats are 
covered. The learning phase reduces 
the likelihood of inappropriate trigger 
detection, for example from artefacts 
due to the magneto-hydrodynamic 
effect. 

Protocol set-up

The axial and coronal TrueFISP localizers 
are acquired as non-breath-hold exami-
nations. 
When opening the syngo NATIVE True-
FISP protocol, three graphical elements 
are shown, which have to be positioned 
correctly. We recommend to start 
with the navigator positioning, so that 
the center of the navigator is located 
at the dome of the diaphragm. Tilt the 

navigator beams, so that the signal 
intensity of the kidneys is not affected 
(compare Fig. 2). 
The navigator has a new off-center 
readout support. If you shift the center 
of the navigator to the dome of the 
diaphragm, the respiratory trace, gene-
rated by the interface between the lung 
and liver, will be shown in the middle 
of the Inline  Display. A scout mode is 
therefore no longer necessary. Due to 
the automatic tracing, the system will 

2 “Inversion” Subcard 

3 Coronal localizers. The TrueFISP localizer (left image) is standard in the protocol set-up, 
the HASTE sequence (right image) can be used alternatively.

How I do it

2

3
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detect the end expiration phase auto-
matically. This new capability to off-
center the navigator in the Z direction is 
essential for applications where the 
anatomy of interest is significantly off-
set from the diaphragm in the Z direc-
tion. Make sure that the coils for 
the kidneys, as well as for the navigator 
in z-axis direction, are selected.
The next step is to position the imaging 
FOV. Set the upper border of the FOV 
very close to the origin of the vessel of 
interest. Do not include too much proxi-
mal aorta in the FOV. To maximize the 
inflow effect, the upper limit of the 
inversion band should exactly match the 
upper limit of the FOV. This way, there 
will be no loss of signal of the inflow-
ing, arterial blood. For the inversion 
pulse, a new graphical element has 
been designed and a new parameter 
subcard implemented into the UI 
(Fig. 3). The graphical element of the 
inversion pulse covers 
a larger area inferiorly, to also saturate 
the inflowing blood from the veins and 
therefore, prevent the veins from cau-
sing unwanted signal in the images.
Finally, set the captured cycle. The maxi-
mization of the inversion time is auto-
mated within the sequence and there 
is usually no need to change this para-
meter. To verify this value, it can be 
checked on the Geometry-Inversion 
subcard. 
The acquisition time is usually between 
2–5 minutes, strongly depending on 
the heart rate and the breathing cycle 
of the patient. Monitor the navigator 
signal and the ECG- triggering during 
the measurement, to ensure a success-
ful completion. 

Postprocessing

Coronal and axial Maximum Intensity 
Projections (MIPs) are reconstructed 
Inline. For reconstruction of radial 
ranges, load the 3D dataset to the 
3D-card and use the MIP and radial 
ranges button. 
For further evaluation, the ThinMIP but-
ton can also be used and the volume 
adapted to the maximum possible. 
Figure 4 shows a radial ThinMIP 
reconstruction of a healthy volunteer. 

Challenges and possibilities
■ Imaging of renal transplants: In the 

pelvis region motion artifacts due to 
breathing are not usually of great 
significance. Thus, the respiratory 
gating is not needed in this region. 
There is a dedicated protocol for this 
specific application in the Siemens 
Exam Explorer.

■ In elderly patients or patients with a 
known heart failure, the stroke 

volume may not be sufficient to fill 
the complete arterial tree of the 
kidneys with fresh blood within one 
heart cycle. In this case longer TI 
values such as 1400 ms may be use-
ful. The UI allows 1400 ms when both 
acquisition window and TR are long 
enough. Keep in mind, that this leads 
to a situation where every second 
trigger signal is used, while the value 
of the trigger pulse parameter 
remains 1 (Fig. 5). 

■ Patient is dehydrated: Elderly patients 
in particular tend to drink less, which 
can have a negative influence on the 
blood volume and flow. Ensure that the 
patient is well-prepared for the exami-
nation. Perhaps communicate that topic 
with the responsible medical doctor.

■ ECG-signal is disturbed during the 
measurement. Try to position the ECG 
amplifier in the direction of the head 
rather than the feet. 

■ In some cases, the detection of the 
renal arteries may be difficult on the 

4 Example of a syngo NATIVE TrueFISP MIP reconstruction (healthy volunteer).

5 Trigger settings for long TI values (every second trigger used). 

4

5

1
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TrueFISP Localizer. Alternatively, an 
axial and coronal multi-breath-hold 
HASTE sequence can be run.

The theory behind syngo 
NATIVE SPACE
The syngo NATIVE SPACE sequence is a 
flow-sensitive 3D Turbo Spin Echo 
(TSE) sequence which allows fast scan-
ning with high spatial resolution. 
The sequence offers non-selective refo-
cusing pulses and thus ultra-short echo-
spacing. 
The contrast of the syngo NATIVE SPACE 
sequence is based on the difference in 
the signal-intensity between static or 
slow-flowing blood (diastole) and fast-
flowing blood (systole).
In diastole, the arteries appear bright 
(bright blood image). In systole, the 
arteries are dark (black blood image). 
syngo NATIVE SPACE includes two mea-
surements in one protocol, each with a 
different trigger delay. One measure-
ment is acquired when the blood within 
the vessel is at its peak velocity, the 
other at its lowest velocity. The two 
images are subtracted voxel-wise, which 
removes background and venous 
signals, and the user is presented with 
immediate results (Inline subtraction 
and Inline coronal MIP). The Inline func-
tionalities are chosen on the subcard 
Inline-Common. To manipulate the sen-
sitivity to moving spins, different flow 
spoiling gradients can be selected. 
The key to obtaining best image quality 
is to clearly identify the flow patterns in 
the R-R cycle. For this purpose, a cine 
FLASH sequence with a fairly high flip 
angle is used. The high flip angle 
enhances the in-flow effect. 
Another important point is a stable ECG-
signal, since the data must be collected 
consistently at the right time in the car-
diac cycle. Therefore, ensure the correct 
positioning and preparation of the ECG 
device.

Patient preparation
The patient is positioned feet-first 
supine. The protocol in the Siemens 
Exam Explorer is set up with the 
peripheral angiography coil and the 
upper spine coil elements. Position 

the laser marker on the centre of the 
lower leg. 

Protocol set-up
The standard exam consists of three 
protocols:
■ a TrueFISP localizer including imaging 

of coronal and transversal slices 
■ a Cine_TDscout, and 
■ the NATIVE_SPACE_3D sequence. 
The localizer starts automatically. 
Position the FOV of the Cine_TDscout 
sequence transversely in the middle of 
the scan range. Use the captured cycle 
button to set the number of phases.
Load the images of the Cine_TDscout to 
the Mean Curve Application and draw 
a circle over an artery in each leg and 
begin the evaluation.
The scale on the curve image can be 
changed to Trigger Time, using the 

right mouse-button and selecting 
Scaling/Sorting. 
Figure 6 shows a typical result of a 
healthy volunteer. In this case, you can 
easily identify the peak flow and the 
slow flow period. 
The Cine_TDscout may also be used as a 
predictor for the chance of success. If 
the selected vessel does not show pulsa-
tility in the flow pattern, it is very likely 
that the NATIVE SPACE technique will 
not provide enough contrast. 
When running a multi-step protocol, 
it is beneficial to perform as many cine 
scouts as imaging steps. The trigger 
delay for each step may vary signifi-
cantly (normally around 20–30 ms for 
each step). If a peripheral angiography 
with multiple steps is preferred, use the 
Tim Planning Suite and add as many 
steps as necessary. Figure 7 shows the 

6 Mean Curve Application within the syngo NATIVE SPACE protocol and calculation 
of the delay times.

How I do it

6

TD in min fl ow

TD in peak fl ow

Trigger Time 313
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planning of a single-step standard proto-
col in the lower leg region. 
Do not forget to adapt the time delay for 
the peak flow to the corresponding area. 
To set the Trigger Delay times for the 
peak and the minimum flow, open the 
3D SPACE sequence on the Physio – 
Signal 1 subcard. We have good results 
by subtracting 30 ms from the peak trig-
ger time in the Mean Curve Application, 
as shown in Fig. 6. In most cases, a trig-
ger delay of 0 ms should be well-suited 
for the minimum flow acquisition. 
During the scan remember to monitor 
the stability of the ECG. 
As a result of the syngo NATIVE SPACE 
sequence, four different image series 
are displayed in the Viewing Card: 

■ Peak Flow image with dark arteries 
■ Min Flow image with bright arteries 
■ Inline subtraction showing arteries 

only, and 
■ Inline coronal MIP (Fig. 8).

Postprocessing
Similar to the syngo NATIVE TrueFISP 
sequence, an Inline coronal MIP 
is reconstructed to give a first impres-
sion. For further manipulation, load the 
subtracted data to the 3D card. Com-
parable to the syngo NATIVE TrueFISP 
postprocessing, also try the ThinMip 
button for refinements. Figure 9 shows 
a multi-step MIP approach on a healthy 
volunteer. 

Challenges and Possibilities
■ The method can be considered 

as robust even if contrast agent 
has already been applied. Therefore, 
the technique may be used as 
a backup, if a contrast-enhanced exa-
mination did not work out perfectly.

■ If there are different blood transit 
times on each leg due to a severe 
stenosis in one extremity (seen on the 
Cine_TDscout images in the Mean 
Curve application card), consider run-
ning two measurements, each of 
them optimized for one leg.

■ Reduced contrast behind stenosis due 
to lack of pulsatility of flow and high-
grade change of direction: To enhance 
the flow sensitivity, work with the 

7 Planning of a single-step standard protocol in the lower leg region.

7
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extra flow sensitizing spoiler gradients. 
They support the collection of dark blood 
images since they additionally destroy 
the signal in moving blood. There are 
four different possibilities available 
(found on Physio-Signal1 subcard):

- off – means the normal way of 
using the flow-spoiling gradients as 
implemented in the syngo SPACE 
sequence. (Value between weak and 
medium.)
- weak – no flow-spoiling gradient 
used (Value = 0%)
- medium – higher flow sensitivity 
than “off”, due to sophisticated 
spoiler gradients (Value = 25%)
- strong – highest flow sensitivity 
(Value = 50%)

Conclusion
syngo NATIVE SPACE and syngo NATIVE 
TrueFISP do not claim to replace con-
trast-enhanced angiography, but are 
complementary methods in cases where 
contrast agent is not applied for diffe-
rent reasons or where the contrast tech-
nique did not turn out well.
With these techniques, the user can 
overcome known weaknesses of the 
non-contrast enhanced MR angiogra-
phies used to date and may improve 
the overall diagnostic value of the MRI 
examination. 
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8 Results derived from a syngo NATIVE SPACE non-ce MR angiography exam. 9 Coronal MIP of a multistep protocol.

How I do it

Peak Flow 
Image

Min Flow 
Image

Subtraction Inline MIP

8 9



24   MAGNETOM Flash · 3/2009 · www.siemens.com/magnetom-world

Clinical Abdomen / Pelvis

The University Medical Center Mannheim 
is a large 1300-bed hospital with cur-
rently four clinical MR-units installed 
(MAGNETOM Trio, A Tim System, 
2 x MAGNETOM Avanto, MAGNETOM 
Sonata). The MAGNETOM Trio, A Tim 
System and the MAGNETOM Avanto are 
fully equipped with 32 independent 
receiver channels and the syngo TimCT-
Oncology and syngo TimCT-MRA suites. 
The TimCT-Oncology suite has been clin-
ically evaluated as a standard imaging 
technique in abdominal and whole-body 

exams at the University Medical Center 
for approximately one year.
There are several disadvantages of tradi-
tional large z-axis field-of-view (FOV) 
imaging: Firstly, technologists have to 
plan every sequence separately stack-
by-stack to cover a large z-axis FOV. This 
planning procedure is error-prone and 
time-consuming. This stack-wise proce-
dure applies not only to the initial local-
izers but to every single weighting (T1 
and T2) before and after contrast media 
application.  Secondly, imaging with sep-

syngo TimCT – Increasing Clinical 
Throughput and Effi cacy
K. Lederle, G. Weisser, S. O. Schoenberg, H. Michaely

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

1 Comparison 
between the 
planning of 
syngo TimCT-
sequences 
(left) vs. tradi-
tional planning 
(right).

arate stacks increases the time needed 
for adjustment and shimming as this has 
to be done before every single sequence. 
Thus, the time efficiency of planning and 
scan time needs to be improved to enable 
the technologists to take care of adminis-
trative work such as billing or patient 
preparation.
syngo TimCT is a new approach of MRI 
imaging with continuous table move-
ment with a continuous z-axis FOV of up 
to 1200 mm. Conventional imaging is 
limited to a single FOV of 400 to 500 

1
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3 Reformatted syngo TimCT T1-weighted series in orthogonal 3D-viewer, the coronary and sagittal reformation show only minor 
stairstep artifacts.

2 Transversal T1 and T2-weighted images of a patient with liposarcoma within the transverse abdominal muscles.

3 

2A 2B
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4 Reformatted coronary view (T1w, slice thickness 6 mm) with multiple renal 
and hepatic cysts.

mm depending on the equipment used. 
Moreover, with syngo TimCT enables, for 
example, imaging of the abdomen and 
pelvis with only three sequences, com-
pared to up to 6 sequences in traditional 
imaging (Fig. 1). Thus the time needed 
for planning of sequences or shimming 
is much shorter, resulting in a substan-
tial improvement in workflow.
In our institution, the main indications 
for syngo TimCT are abdominal exams 
requiring a large field-of-view – for 
example, tumor staging or screening for 
malignant lymph nodes. While these 
exams seem to be typical Computed 
Tomography (CT)-indications, the 
increasing awareness of the potential 
harm of ionizing radiation particularly in 
young adults has led to a shift towards 
Magnetic Resonance Imaging (MRI). Typ-
ical clinical requests include follow-up of 
patients with lymphoma, Hodgkin’s dis-
ease, testicular cancer or with abdomi-
nal discomfort of unknown origin. Many 
of these patients require follow-up 
exams on a regular basis, which makes 
the application of MRI even more favor-
able. Scanning these patients with the 
syngo TimCT technique yielded consis-
tently good image quality (Fig. 2). 
The protocol is very simple and includes 
a transversal fat-saturated T1w-GRE 
sequence before and after contrast 
administration (TR/TE 131 ms / 4.76 ms, 
spatial resolution 1.6 x 1.6 x 6 mm²) and 
a transversal inversion-recovery T2w 
syngo BLADE sequence (TR/TE 6790 ms / 
127 ms, spatial resolution 1.3 x 1.3 x 6 
mm²). 
Dedicated exams of the liver or of the 
adrenal glands which require dedicated 
sequences including in- and opposed 
phase imaging as well as multiphasic 
dynamic imaging after contrast media 
application do not include syngo TimCT 
sequences at this time.
With the new syngo TimCT technique it 
is possible to acquire one set of data for 
the entire scan region which then can be 
reformatted within a 3D-viewer (Figs. 3 
and 4). Depending on the sequence 
parameters chosen, the overall acquisi-
tion time can be reduced by 20–30% in 
abdominal studies and by up to 50% for 
whole-body examinations in patients 

with multiple myelomas, according to 
initial results. While the spatial resolu-
tion of syngo TimCT is currently slightly 
inferior to that of dedicated step-by-step 
whole-body programs our initial results 
suggest that the number of reported 
lesions is equal for both approaches. 
This reduction of overall acquisition time 
has led to a higher  clinical throughput, 
as up to four additional patients* can 
now be examined each day.
Overall, syngo TimCT-Oncology is a fur-
ther substantial improvement in body 
MRI. It enables us, to cover a large z-axis 
FOV with a single slab and is hence very 
easily planned as well as very time-effi-
cient. Good clinical indications for 
syngo TimCT-Oncology in the abdomen 
are staging of lymphomas and oncologic 
follow-up exams in young patients. 

In the future, further improvements of 
the technique are expected to allow for 
true three-dimensional imaging and 
further automization of the acquisition.

4

*Results may vary. Data on file.
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4 Continuous table movement for motion 
insensitive whole-body imaging syngo TimCT 
Oncology and syngo BLADE (page 29).

5 Spatial alignment and visualization for 
images from different modalities or multimple 
examinations with syngo Image Fusion (page 31).

1 High resolution time-resolved 3D MRA with 
syngo TWIST (page 14).

2 Non-contrast MRA with syngo NATIVE 
TrueFISP (page 15).

1 

2 

4

5

6

3 Non-contrast MRA and automatic composing 
from different table positions with syngo NATIVE 
SPACE and syngo Inline Composing (page 23).

6 Non-contrast perfusion evaluation with 
syngo ASL (page 68).

7

3 

7 Composing of images from different table 
positions to show the complete anatomy with 
syngo Composing (page 96).

*Direct link for US customers: 
www.siemens.com/WebShop

  Direct link for UK customers: 
www.siemens.co.uk/mrwebshop



28   MAGNETOM Flash · 3/2009 · www.siemens.com/magnetom-world

Clinical Abdomen / Pelvis

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 1B

1D

1E 1F

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
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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

In 1988 Le Bihan et al. [1] defined intra-
voxel incoherent motion (IVIM) as the 
microscopic translational motions that 
occur in each image voxel in Magnetic 
Resonance (MR) imaging. In biological 
tissues these motions include molecular 
diffusion of water and microcirculation 

of blood in the capillary network. Micro-
circulation of the blood in capillary net-
work, also called “perfusion”, can also 
be considered as an incoherent motion 
since the capillary organization can be 
seen at the voxel size as random. 
These two phenomena account for the 

Intravoxel Incoherent Motion (IVIM)*:
A Potential Application in Cirrhosis 
Assessment
Alexandre Vignaud, Ph.D.1; Alain Luciani, M.D., Ph.D.2; Alain Rahmouni, M.D.2

1 Siemens Healthcare, Saint Denis, France
2 Service de Radiologie, Centre hospitalo-universitaire Henri Mondor, Assistance Publique-Hopitaux de Paris, 

 Université Paris XII Créteil, France

bi-exponential decay of the signal 
observed on diffusion-weighted imaging 
(DWI) when different diffusion b-values 
are applied. The IVIM sequence allows 
the extraction of two diffusion coeffi-
cients, one related to molecular diffusion 
restriction, D, another related to the tis-
sue perfusion called D* and finally the 
vascular volume fraction f. 
In their seminal paper Le Bihan et al. 
wrote: “Thoracoabdominal studies were 
not possible at the time of this work, due 
to motion artifacts and signal-to-noise 
ratio (SNR) considerations”. The sequence 
used could only allow cardiac gating. 
Long TE was necessary to achieve the 
highest b-value needed for the study, 
while T2 relaxation in abdominal tissue is 
shorter than in the brain [2] leaving very 
low signal left. Strong gradient ampli-
tudes could not be used because Eddy 
current was not sufficiently compensated 
on their scanner at this time. 
Nowadays, diffusion-weighted (DW) 
Echo Planar Imaging (EPI) sequence, avail-
able on MAGNETOM MR scanners, allows 
both respiratory gating using a pneu-
matic belt, or more recently, a navigator. 
Eddy currents are now well compensated 1 Example of signal decay as a function of the diffusion b-values in a given voxel of a right 

lobe of the liver of a cirrhotic liver. Circles represent Normalized Signal, the bold solid line 
is the IVIM non-linear regression fit providing D, D* and f. Light solid lines represent D and D* 
decay curves separately. Finally the dashed line is the mono-exponential fit applied on b 
0, 400, 800 s/mm², as described in [6], which provides ADC.

1

0 100 200 300 400 500 600 700 800
b(s/mm)

10°

*WIP – Work in progress. The information about this 
product is preliminary. The product is under develop-
ment and not commercially available in the U.S., 
and its future availability cannot be ensured.
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[3]. Strong gradient amplitudes can be 
achieved while decreasing the minimum 
TE reachable for DW imaging. All these 
evolutions now allow the application of 
IVIM technique to the moving organs and 
more particularly to the liver.
In highly perfused tissue, such as the liver, 
the D* component is expected to strongly 
affect the signal decay especially at low 
diffusion b-values [4]. Lemke et al. have 
recently shown [5] that, in the liver, the 
suppression of the vascular component of 
the signal, using Dark Blood preparation, 

could strongly reduce the D* contribu-
tion. These findings confirm that the vas-
cular component has an effect on the 
signal decay when it is weighted by 
diffusion gradients.
Classic liver disease can progressively 
lead to diffuse fibrosis with cirrhosis as 
an end stage. The diagnostic of cirrhosis 
is based on pathological examination 
of a tissue sample. Functional imaging 
techniques using either ultrasound, or 
computed tomography and MR imaging 
have been proposed to assess and fol-

low-up cirrhosis [6]. Recently, Luciani et 
al. [7] proposed the application of the 
IVIM-DWI technique to the assessment 
of cirrhotic liver with liver pathology 
on explanted livers taken as the refer-
ence. The preliminary results of this 
study are reported below.

Clinical protocol
The measurements were performed on 
a 1.5T Siemens MAGNETOM Avanto. Six 
elements of the Spine Matrix coil array 
embedded in the patient table and 6 ele-

2 IVIM DWI diffusion data, for a 
single slice, acquired with respiratory 
gating on a cirrhotic patient. From 
upper left to lower right diffusion 
b-values 0, 10, 20, 30, 40, 50, 80, 
100, 200, 400, 800 s/mm².

   2
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3 IVIM maps for a cirrhotic patient, obtained using data presented in Fig. 2. From upper left to lower right D, D*, f, 
and ADC maps are respectively presented. 

ments of the Body Matrix coil array were 
selected for optimum signal reception. 
The IVIM DW sequence was designed to 
study liver routinely. The sequence 
parameters were the following: FOV 
300 x 250 mm², matrix 138 x 90, twelve 
5 mm thick slices were acquired with 
3 averages, BW 1342 Hz/px, acceleration 
factor 2 with syngo GRAPPA reconstruc-
tion. The sequence was triggered with 
a pneumatic respiratory belt but could 
also be done with a PACE (Prospective 
Acquisition CorrEction) navigator [9] 
leading to a TR ~3 sec. Ten b-values 
(b = 0, 10, 20, 30, 40, 50, 80, 100, 200, 
400, 800 s/mm²) were applied in the 
3 perpendicular directions once by scan 
for a TE 70 msec. TA, depending on the 
respiration rate, was equal to 2–3 min.
The analysis was done pixel by pixel at 
Matlab (Mathworks, Natick, MA, USA) 
in two steps as described extensively 
in [7]. Firstly, since D* contribution can 
be neglected at high b-values, D was 
extracted using high b-values (b ≥ 200 
s/mm²) and a mono-exponential fit. 
Secondly, a non-linear regression was 
applied to solve remaining parameters: 
f the vascular volume faction and D*. 
In addition an ADC measurement 

was calculated using b = 0, 200, 400, 
800 s/mm² and a simple mono-exponen-
tial fit to compare our findings with the 
literature [6].
The study was approved by the Institu-
tional Review Board of the University 
Hospital. The IVIM sequence was applied 
in addition to the routine liver MR imag-
ing protocol. Two populations were 
included in the study: livers with METAVIR 
F4 score at the liver biopsy [8] performed 
within the past two months and healthy 
livers with no history of hepatic diseases 
and no evidence found during the MR 
exam. 

Discussion
All curves of signal decrease demon-
strated a bi-exponential decay whether 
the measurements were obtained in 
the healthy liver group or in the cirrhotic 
liver group (Fig. 1). Figure 1 also shows 
that the mono exponential fit usually 
applied does not fit well with the decay 
observed in liver tissue. Figures 2 and 3 
show examples of diffusion maps both 
for healthy and cirrhotic patients. 
Findings show that the liver diffusion 
component linked to perfusion (D*) sig-
nificantly decreased in the cirrhotic liver 

group compared the healthy liver group 
and could account for the reduced ADC 
in cirrhotic livers reported in previous 
studies [6] and also seen in this study 
(Figures 2 and 3). 
It is generally accepted that liver cirrho-
sis is associated with reduced liver perfu-
sion: The increased arterial flow trig-
gered by intra-hepatic portal hypertension 
in liver fibrosis is insufficient to compen-
sate for the reduced portal flow [10]. 
For Moreno et al. [10, 11], the mean 
portal flow in healthy subjects was 20.9 
± 4.1 ml/min/kg as opposed to 6.5 ± 5.6 
ml/min/kg in patients with cirrhosis. This 
could explain the observed decay of D* 
in cirrhotic livers.
ADC was found comparable to the litera-
ture for healthy and cirrhotic groups. 
ADC was significantly higher than D 
both in the healthy liver group and in 
the cirrhotic liver group. 
Results of IVIM DW imaging suggest that 
the diffusion component related to the 
molecular displacement (D) does not 
differ significantly between cirrhotic and 
healthy livers. Similar findings have 
already been reported by Yamada et al. 
[4], who found that D was significantly 
lower than ADC, thus suggesting that 

3A 3B
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It has been widely accepted that optimal 
capture of multi-phase (dynamic) con-
trast media enhanced (DCE) liver images 
are an important and often critical com-
ponent to diagnostically optimized MRI 
examination [1-8]. Especially the arterial-
phase images are frequently a unique 
additional marker for differentiating char-
acteristics of benign, malignant, primary 
and metastatic liver tumors [3, 4, 8, 9]; 
also it is known that arterial-phase images 
do help to analyze active hepatitis in 
the setting of acute and chronic liver dis-
eases [5, 10]. In this article we describe 
the technical and clinical requirements 
for optimized DCE liver imaging and how 
our developments for patient-adopted 
scanning help to overcome some of the 
limitations in clinical routine. And finally, 
a short outlook on the further imple-
mentations of these developments for 
DCE liver MRI is provided.
The technical requirement for capturing 
the critical arterial-phase is defined by 
the dynamic imaging point where there 
is a maximal image contrast between 
arterial-enhancing liver lesions and the 
surrounding liver parenchyma. The com-
mencement and duration of this arterial 
window however depends greatly on 
subject-specific vascular transit times. 
Therefore it is essential to understand the 
relationship between the contrast 
en hance ment behavior of the liver ves-

sels, parenchyma and liver pathologies 
and to adopt these requirements to DCE 
liver MRI. In figure 1A detailed analysis 
of the signal intensity (SI) time curves, 
optimal timing of the DCE phases and 
exemplary SI time curve of an arterial-
ized tumor (HCC nodule) is displayed. 
Figures 2–4 show the relevance of opti-
mal timing of the DCE liver MR exam in 
selected cases. In each patient scan pre-
sented there is transient important diag-
nostic information that can only be 
captured during a narrow time window 
related to the arterial phase. Based on 
our observations derived from a large 
patient cohort, approximately 30% of 
our patients show a large variation of 
vascular transit times from the mean 
population. While imaging the diagnos-
tically important arterial-phase depends 
upon capture of a transient period that 
spans approximately 10 seconds in most 
cases, the time-window for capture of 
the venous and late phases are relatively 
broader and therefore less error-prone. 
Therefore, adoption of a patient specific 
dynamically timed arterial phase DCE 
liver MRI technique is essential for repro-
ducible optimal diagnostic images.
However, in a clinical setting, DCE liver 
MRI is very often performed with rigid 
and therefore sub-optimal timing delays 
between initiating the contrast infusion 
and initiating the image acquisitions. 

Challenges and Clinical Value of Auto-
mated and Patient-Specifi c Dynamically 
Timed Contrast-Enhanced Liver MRI 
Examination
Diego R. Martin, M.D., Ph.D.; Puneet Sharma, Ph.D.; Hiroumi Kitajima, Ph.D.

Emory University, Atlanta, GA, USA

Individually-tailored timing for the phases 
of DCE liver MRI has been suggested for 
optimized arterial phase imaging. This 
can be achieved by applying a test bolus 
for calculation of circulation time [3], or 
tracking bolus arrival in the descending 
aorta using real-time image acquisition 
[11]. To further simplify the arterial-phase 
timing calculations, this imaging step 
can be incorporated into the arterial phase 
acquisition by applying a real-time bolus 
tracking methodology similar to the 
strategy employed for contrast enhanced 
MR angiography [11–14]. A real-time 
contrast bolus-triggering methodology 
for liver offers technical simplification 
and speed as compared to pre-scan test 
bolus techniques. In addition to account-
ing for differences in the vascular transit 
times between patients, adjustments 
of the optimal time-point for read-out of 
the central k-space data must be taken 
into consideration when using gradient 
echo technique, such as VIBE. Sequence 
parameters that affect the peak central 
k-space acquisition timing include use of 
centric versus non-centric k-space sam-
pling schemes, but also include field-of-
view, resolution, breath-hold duration, 
and number of slices.
Until now, the usage of bolus-tracking 
sequences has not been in widespread 
use for dynamic liver imaging because 
of the complexity of patient-specific DCE 
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1 

1A 1B 1C
Arterial Phase Venous Phase HCC Nodule

1F

1 Patient-specifi c DCE liver MRI
For optimized diagnostic imaging, an individualized patient-specific 
liver DCE technique is essential for reproducible capture of the arterial 
phase. An ideal arterial (A) and venous phase (B) image is shown. 
To understand the relationship between the different phases and the 
clinical relevance for optimal timing, especially for the arterial phase 
images, an example of an arterialized hepatocellular carcinoma (HCC) 
nodule is provided captured during the arterial phase (C). In this 
image the enhancing nodule is conspicuous during the transient 
period when the lesion-to-liver background contrast ratio is elevated. 
The relative changes in signal-intensities (SI) within the hepatic 
artery, portal and hepatic veins are provided as a function of time for 
this patient (D). Additionally the time-windows for capturing an arte-
rial (red zone) and venous (blue zone) image are displayed. The time 
during which the HCC nodule enhances above the adjacent liver 

parenchyma is used to define the arterial phase and the basis for this 
calculation is shown for this patient (E). Note that the time window 
for capture of the transient arterial tumor enhancement is short (~10 s) 
and that imaging the arterial enhancement is critical for detection, 
diagnosis, and for assessing treatment response. A screenshot from 
the Abdomen Dot Engine is provided (F). This Dot Engine* optimizes 
timing delay between the arrival of contrast bolus, provides the breath-
hold commands, initiates sequence acquisition and also adopts the 
imaging sequence programming to bolus-timing specifications. Also, 
the user can adjust the time delays between the detection of the con-
trast media bolus and the optimal time-point for read-out of the VIBE 
central k-space acquisition data. All phases of the DCE study may be 
subsequently acquired without the need of any further manual inter-
actions with the sequence parameters. 

1D

1E

■ hepatic artery  ■ hepatic vein ■ portal vein

■ liver parenchyma  ■ HCC nodule
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Relative Signal Intensity
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2 Case fatty adenoma
Dynamic contrast-enhanced liver MRI 
of a 27-year-old female with diagnoses 
of a fatty adenoma: 
A) pre-contrast; 
B) arterial; 
C) venous; and
D) delayed phase 3D VIBE; 
E) corresponding T2w HASTE-SPAIR 
  fat-suppressed; 
F)  in-phase; and 
G) opposed-phase 2D 
  T1-weighted FLASH.

2A 2B

2C 2D

2E 2F

2G
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3 Case hepatocellular carcinoma (HCC)
Patient with liver cirrhoses: a small HCC nodule 
(red arrow) with a maximum diameter of 
1 cm can be seen only because of an optimally 
timed arterial phase liver scan (3A). 
On venous (70 s after contrast media injection) 
and  delayed phase (180 seconds delay) a corre-
sponding focal washout lesion with subtle cap-
sule enhancement can be seen progressively 
on the more delayed image (white arrows). 
In  addition, the delayed enhanced images show 
a fine reticular pattern of contrast uptake char-
acteristic of hepatic fibrosis. 
The patient had two HCC nodules of similar 
size, both identified on MRI and confirmed on 
explanted liver pathology acquired after liver 
transplantation. 
This  patient had hepatitis C viral infection, asso-
ciated with increased risk for HCC at even rela-
tively early stage chronic liver disease, as in this 
 patient. 
On a background of chronic liver disease, a 
transiently arterial enhancing lesion (on arterial 
phase images) with progressive washout and 
capsule enhancement (on venous and  delayed 
phase images) represents HCC. 
MRI  diagnosis is accepted over biopsy for pur-
pose of liver transplant evaluation. While all 
phases of the DCE MRI are necessary for com-
prehensive evaluation, sub-optimal arterial 
phase timing would seriously impair diagnostic 
sensitivity and specificity of HCC diagnosis.

3A

3B

3C

Dot-Engine 
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4 Case non-alcoholic steatohepatitis (NASH)
Patient with biopsy-proven NASH: (A) FLASH in-phase; and (B) 
opposed-phase; (C) pre-contrast; (D) arterial; (E) venous; and (F) 
delayed phase DCE 3D VIBE. Images show diffuse steatosis (note liver 
signal drop on opposed phase images with mild focal sparing in 
segment 4). While the pre, venous, and delayed phase images show 
uniform liver signal and enhancement, the arterial phase images 
show transient marked non-uniform enhancement. This finding has 
been previously shown to correlate in magnitude to the degree of 

active hepatitis and requires optimal arterial phase timed image 
capture for diagnosis. Venous phase images are used to assess portal 
system and abdominal vasculature and the delayed images may be 
used to assess chronic changes of hepatitis (for example, Fig. 3C). 
In this case, no evidence of hepatic fibrosis or sequelae of portal 
hypertension is identified, correlating with only minimal stage bridging 
fibrosis on the pathology specimen.

4A 4B

4C 4D

4E 4F
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liver MRI timing methods. Based on the 
clinical need to improve DCE liver exams, 
we developed and implemented a bolus 
tracking technique which we call Auto-
mated Breath-hold Liver Exam (ABLE) for 
our clinical routine protocols. Through 
the combination of our observations and 
techniques, and in close cooperation 
with Siemens Healthcare, a fully auto-
matic procedure was developed that 
provides a clear simplification of timing 
methodology and MR image acquisition 
for the average user. This new workflow 
optimizing approach (Abdomen Dot 
Engine*) offers patient-specific DCE liver 
MRI for routine clinical application. This 
software helps to define or even provide 
full automation of 
1) defining vascular reference points; 
2) optimizing timing delays between the 

arrival of contrast bolus, providing 
the breath hold commands, and initia-
tion of sequence acquisition; and 

3) adapting imaging sequence program-
ming to bolus-timing specifications. 

The images presented in this article 
were all generated with the ABLE bolus 
tracking technology. The real-time bolus 
track imaging was implemented in this 
approach using a fast 2D FLASH sequence, 

with acquisitions every 0.5–1.0 second 
and on-the-fly image reconstruction 
(450 mm FOV, 256 matrix, TR/TE = 
4.1/1.23 ms, flipangle 10°, 50 mm slice 
thickness, 100 dynamics, scan time = 
100 seconds). The sequence was ori-
ented along the abdominal aorta, and 
initiated at the same time as contrast 
administration. The real-time images 
were then displayed using an Inline 
viewer on the console and the software 
triggered the DCE scan upon reaching a 
certain threshold within a manually 
placed region of interest (ROI). For the 
shown DCE liver images in this article, a 
3D VIBE imaging sequence with a seg-
mented k-space acquisition was used 
with the following parameters: 360 mm 
FOV (75–90% phase FOV), 256 matrix 
(70% phase resolution), TR/TE = 4.1/1.7 
ms, flipangle 10°, 400 Hz/pixel band-
width, 94 slices, 3 mm slice thickness, 
acceleration factor = 2 (syngo GRAPPA) 
and SPAIR fat saturation. Following 
acquisition of the arterial phase image 
set, venous and delayed interstitial 
phase image sets were obtained. Based 
on our clinical experience with the ABLE 
technique, this approach leads to a clear 
improvement in reproducible DCE liver 

scan arterial timing with improved diag-
nostic yield. This approach provides 
 optimized images for tumor detection 
and characterization and for therapy 
monitoring DCE protocols. Uniformity of 
arterial phase timing between patients 
with liver tumors, and for an individual 
patient who is studied by multiple 
MRI scans over time, is critically 
improved using the bolus-timing strategy 
described here.

Dot-Engine 

 *The information about this product is being provided 
for planning purposes. The product is pending 510(k) 
review, and is not yet commercially available in the 
U.S.
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The early and correct estimation of met-
astatic spread is essential for a patient-
specific and efficient therapy regime. 
Therefore knowledge of total tumor 
load, extent of lymph nodes and distant 
metastases as well as potential threats 
e.g. infiltration of vertebral body with 
high risk of fracture, is required. During 
recent years significant efforts have 
been undertaken to improve the detec-
tion of metastases – either by spiral 
multi-slice computed tomography (CT) 
or magnetic resonance imaging (MRI). 
By providing best soft tissue contrast 
compared to CT, high-resolution whole-
body (wb) MRI proved itself as a power-
ful tool in oncology [1, 2, 3]. However, 
detection of metastases and therapy 
monitoring with wbMRI is mainly based 
on morphological changes. Integration 
of metabolic data (acquired e.g. by MR 
spectroscopic imaging) and functional 
information (e.g. dynamic contrast 
 enhanced scans) is potentially possible 
with MRI, but due to time constraints 
these methods could prove its clinical 
impact only in dedicated applications 
e.g. detection of prostate cancer within 
the prostatic gland and cannot easily be 
implemented in wbMRI so far. 
The amount and complexity of wbMRI 
data also hampers the widespread use 
of this technique in clinical routine. Posi-
tron emission tomography (PET) with 
an integrated CT scanner (PET-CT) pro-
vides combined morphological and 

metabolic information. Compared to 
wbMRI, however, PET-CT is associated 
to x-ray exposure and the tracer produc-
tion, transport and its application are 
more labor- and cost intensive. Sensitivity 
and specificity of PET-CT and examina-
tions depends also on tumor type, 
 applied tracer and tissue of interest. 
Therefore, the selection of the appropri-
ate staging modality is highly dependent 
on histology and the pattern of metasta-
stic spread [4]. 
However, cancer is not only character-
ized by pathologic metabolism e.g. high 
glucose uptake; also higher cellularity 
and therefore restriction of water diffu-
sion have also been found to be com-
mon features of tumors. Diffusion-
weighted imaging (DWI) with high 
b-values has therefore been applied for 
imaging metastasis. However, compari-
sons of DWI with other imaging modali-
ties and with special  focus on wbPET/CT 
are not widely available. In the following 
two case reports, results of MRI and 
 wbDWI are compared to 18F-FDG PET/CT 
findings. 

Imaging techniques
CT was conducted with application of 
intravenous contrast agent (Ultravist 
370, Schering AG, Germany) and oral 
administration of negative contrast dis-
persion as multi-phase protocols [7]. 
All PET-CT scans were performed on a 
single dual modality scanner (Biograph 

Case Reports: 
Tumor Detection by Diffusion-Weighted 
MRI and ADC-Mapping with Correlation 
to PET/CT Results 
Matthias Philipp Lichy, M.D.; Philip Aschoff, M.D.; Christina Pfannenberg, M.D.; Schlemmer Heinz-Peter, M.D., Ph.D.

Department of Diagnostic and Interventional Radiology, University of Tuebingen, Germany

16, Siemens Medical, Knoxville, USA) 
consisting of a 16-row multi-slice CT sys-
tem (minimal rotation time of 0.5 sec) 
and a full ring lutetium oxortho-silicate 
(LSO) PET. WbMRI and DWI were per-
formed on a 1.5 Tesla MR tomography 
with 32 receiver channels (MAGNETOM 
Avanto, Siemens Medical, Germany). 
For (wb) DWI application, a single-shot 
echo-planar-imaging (EPI) sequence 
with diffusion-module and fat-suppres-
sion-pulse was used (syngo REVEAL). 
This sequence has the ability for naviga-
tor-based respiratory triggering (PACE). 
For respiratory-triggered DWI sequence, 
data was acquired in expiration. In case 
of non-triggering, the patient was 
breathing freely. Water diffusion was 
measured with a 3-scan-trace technique 
and b-values of 0, 400 and 1000 s/mm2; 
apparent diffusion coefficient maps 
were generated automatically (syngo 
Inline Diffusion). Sequence parameters 
of the single-shot echo-planar-imaging 
(EPI) sequence with diffusion-module 
and fat-suppression-pulse used in these 
two cases were: TR / TE 3900 (1500 for 
non-triggered DWI) / 76 ms, slice thick-
ness 4 mm, FOV 380 x 380, 192 Matrix, 
EPI factor of 192, 4 averages, PAT factor 
of 2 (syngo GRAPPA), resulting voxel size 
2 x 2 x 4 mm3, TA 1:52 (non-triggered, 
30 slices; for triggered DWI depending on 
respiration cycle TA approximate 5 min).
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1 B: Fused 18F-
FDG PET/CT demon-
strating multiple 
paraortic metasta-
ses and diffuse 
bowel infiltration 
of a malignant mel-
anoma (stage IV).

1B 

1A 

Case 1: 
Malignant Melanoma

This case shows the results of wbPET/CT 
and wbMRI including DWI of a female 
patient with an advanced malignant 
melanoma (stage IV). The DWI sequences 
were able to visualize even the extensive 
tumor spread within the bowel wall as 
well as lymph node metastasis in detail. 
All suspicious lymph nodes as well as the 
diffuse tumor infiltration of the bowel 
wall are characterized by a high restric-
tion of water diffusion (compare with 
ADC map). However, the extension of 
this advanced melanoma and therefore 
the irresectability is already proven with 
the standard contrast-enhanced single-
phase CT scan. However, comparing the 
thick-slice MIP of the inverted original 
b=1000 s/mm2 DWI images, providing a 
“PET-like” image, with the corresponding 
PET image it is clearly shown that the 
resolution of the DWI here is clearly 
 superior to the PET image and lymph 
node metastases and bowel infiltration 
are well delineated. However, fat-sup-
pressed, contrast enhanced T1w and fat-
suppressed T2w MRI are also able to dis-
play all metastases. While the ADC-map 
is essential to differentiate real restric-
tion of diffusibility from T2-shine-
through artifacts, this image cannot be 
used for a fast assessment of tumor 
spread. However, original b-value images 
especially at b=1000 s/mm2 are charac-
terized by suppression of all healthy 
 tissue with exception of the spleen and 
clearly elevated signal intensity of the 
metastases.
 

1 A: Corresponding original attenuation-
corrected PET image (*bowel infiltration, 
arrows lymph node metastases).

*
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3 A: Contrast- 
enhanced T1w 2D Flash 
MRI (breathhold).
B: T2w TSE with spectral 
fat-suppression (free 
breathing, triggered 
with PACE).
C: Composed whole-
body T2 TIRM.

2 Corresponding single-
phase CT scan (acquired 
during PET/CT scan).

3B 

3A 

3C2 
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4 A: Original b-value images acquired at b = 0, 400 and 
1000 s/mm2 (from right to left). B: ADC map, generated from 
all three b-values (3-scan trace). C: Inverted thick-slice MIP, 
generated from images acquired with b=1000 s/mm2.

Case 2: 
Non-Hodgkin Lymphoma

In this case, the results of PET-CT and 
DWI examination of a male patient with 
a non-Hodgkin lymphoma are shown. 
PET-CT with 18FDG revealed a diffuse 
 tumor infiltration of the muscles and 
also of the right ventral skin of the right 
thigh. High b-value imaging was able to 
visualize diffuse tumor infiltration in 
 detail even of the cutis. However, if one 
had to rely only on a single b-value 

 image, in this case a clear differentiation 
of restriction of diffusibility from poten-
tial insufficient spectral fat suppression 
would be problematic and therefore 
hamper the correct diagnoses. Muscle 
atrophy of the right gluteal muscle results 
in restriction of water mobility, too, and 
also a pathologic signal of the femoral 
bone marrow is obvious at b = 0 and 
400 s/mm2 values. 18FDG uptake was not 

suspicious, either in the bone marrow or 
in the atrophic muscles, but based on 
MRI tumor could not be ruled out. The 
ADC-map also shows unexpectedly high 
ADC-values in the muscles with high 
tracer uptake compared to the atrophic 
gluteal one. Atrophy of the right gluteal 
muscles is also obvious on fat-sup-
pressed T2w and contrast-enhanced, 
fat-suppressed T1w MRI.

4A 

4C 

4B 
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Contact 
Matthias Lichy, M.D.

Siemens AG, Healthcare Sector, 

Marketing Magnetic Resonance

P.O. Box 32 60

91050 Erlangen

Germany

matthias.lichy@siemens.com

5 A: Composed whole-body T2 TIRM. B: Contrast-enhanced T1w 2D Flash MRI. C: Original 
b-value images acquired at b = 0, 400 and 1000 s/mm2. D: ADC map, generated from all 
three b-values (3-scan trace). E: Fused 18F-FDG PET/CT demonstrating high metabolism in the 
ventral cutis as well as muscles, corresponding to diffuse non-Hodgkin lymphoma infiltration.
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Background

While large efforts in the early and pre-
cise detection of mamma carcinoma and 
therefore detection in a potentially cura-
tive stage have been undertaken, 
mamma carcinoma remains the main 
leading cause of cancer-related deaths 
in women. It is also known from a vari-
ety of tumor entities that the accurate 
and precise detection of metastases and 
estimation of tumor load is of high rele-
vance for patient-adopted individualized 
therapy regimes. While mammography 
and ultrasound do play an important 
role for local assessment of tumor 
extend / recurrence, ultrasound of, for 
example, the liver and to some extent 
also the conventional x-ray of, for exam-
ple, the chest do play a role in detection 
of extended diseases; the indications 
and clinical benefit of these imaging 
modalities for staging of metastatic 
breast cancer is the subject of debate. 
Another routinely-used technique for 
detection of distant metastases is bone 
scintigraphy. However, it is not an 
uncommon finding of mamma carci-
noma bone filiae that they are character-
ized as lytic lesions without surrounding 
reaction of the bone matrix. In combina-
tion with the limited spatial resolution, 

this fact reduces the sensitivity of bone 
scintigraphy and can result therefore 
in an inaccurate or even false negative 
estimation of metastatic spread [1]. 
Additionally the pressure to optimize 
the diagnostic pathways in regards to 
staging accuracy, time consumption 
(including multiple referrals), costs and 
finally patient comfort have lead to an 
increased usage of computed tomogra-
phy for fast and precise coverage of 
soft tissue and bones in patients with 
extended tumor disease. But relying 
mainly on morphologic changes, small 
bone metastases, as well as diffuse bone 
marrow infiltration and small lymph 
node filiae, are missed easily [2]. Within 
recent years, the application of PET/CT 
has increased especially the specificity in 
the detection of malignant lymph nodes. 
In combination with contrast-enhanced 
CT scans, a clear advantage of an 18F 
FDG PET/CT exam compared to the 
M-staging with x-rays, ultrasound and 
CT alone can be claimed. In contrast to 
other tumor entities, like lung cancer or 
malignant melanoma, however, the 
larger variation of degree of increased 
glucose metabolism of mamma carci-
noma cells can result in more false nega-

tive PET findings [3, 4]. It has already 
been shown by several working groups, 
and for different tumor entities includ-
ing breast cancer, that MRI with T2w fat 
saturated imaging sequences is superior 
to bone scinitgraphy and CT [5]. In the 
following two cases we show the advan-
tages of MRI for imaging bone metasta-
ses originating from breast cancer. In 
both cases, there was the high clinical 
suspicion of a tumor recurrence with 
metastastic spread. The patient under-
went therefore a combined whole-body 
18F FDG PET/CT and a whole-body MRI 
(32-channel MAGNETOM Avanto) to 
complete tumor staging with special 
focus on the brain, liver and bone mar-
row. The whole-body MRI protocols were 
performed according to [6, 7]. For 
detection of bone metastases mainly 
three sequences were used: 
a) coronal TIRM 
b)  transversal T2w TIRM covering the 

body trunk from pelvis to skull base 
and 

c)  contrast-enhanced transversal 2D 
 (pelvis and abdomen; FLASH) or 3D 
(chest, VIBE) GRE sequences with fat 
saturation. 

Whole-Body MRI for Accurate  Assessment 
of Tumor Load of Bone Metastases 
Originate from Mamma Carcinoma 
Philip Aschoff; Christina Pfannenberg; Claus Claussen; Heinz-Peter Schlemmer

Department of Diagnostic and Therapeutic Radiology, University Hospital of Tuebingen, Tuebingen, Germany 
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1A MIP of the FDG-PET examination. 1B Focal uptake within the left iliac bone.

In the presented cases, our imaging pro-
tocol did not include a whole-body DWI 
with ADC mapping for improved tumor 
detection and for providing additional 
functional parameter for follow-up of 
therapy responses. Nevertheless, in all 
three cases, MRI had to be considered the 
most sensitive methodology for detection 
of bone metastases; however, the influ-
ence of the whole-body imaging modali-
ties on the clinical outcome with the 
given therapy options for such advanced 
breast cancer patients has still to be 
answered. Nevertheless, whole-body 
(bone) MRI presents itself as the imaging 
modality of choice when an accurate 
assessment of bone metastases is 

required. To increase further the diagnos-
tic confidence and to provide additional 
information about tumor biology and 
biological activity, future developments 
will combine PET with MRI within one 
examination and also different PET trac-
ers such as 18Fluoride will be used. 

Case 1
In this case a 66-year-old patient under-
went a breast-preserving mastectomy 12 
years ago (R0 resection). Two years later 
a local tumor recurrence was observed 
and therefore a breast ablation and later 
augmentation was performed. Within a 
time-period of approximately 1 ½ years a 
slow but constant increase of the CA 

15–3 tumor marker has been observed. 
In contrast to PET/CT, MRI showed multi-
ple small lesions with T2w hyperintense 
signal and corresponding contrast-media 
uptake. Most of these lesions measured 
less than one centimeter in their maxi-
mum diameter (Figs. 1D, E). In retro-
spect, a discrete irregular bone configura-
tion /sclerosis with implied focal FDG 
uptake can be found, corresponding to a 
larger metastases. Neither a further 
pathologic focal FDG uptake nor lytic / 
sclerotic CT lesions could be detected. 
Based on MRI and in concordance to the 
clinical follow-up, a diffuse metastatic 
spread had to be diagnosed in this case.

1A 1B
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1C Corresponding to the PET scan, CT was able to visualize a small 
irregular sclerosis; further bone lesions could not be detected by 
FDG PET/CT.

1D Contrast-enhanced T1w 2D FLASH, demonstrating multiple 
smallest bone metastases.

1E T2w TIRM; 
diffuse meta-
static spread is 
obvious.

1E

1C 1D
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Case 2
A 46-year-old patient underwent whole-
body imaging because the routinely-
acquired bone scintigraphy was inconclu-
sive for bone metastases (Fig. 2A). A CT 

2A Bone scan suspicious for metastases (arrows).

scan was performed directly after the 
bone scan but did not lead to a clear rule 
out or confirmation of a tumor recur-
rence. It should be mentioned that there 

were no other signs of tumor recurrence 
reported than the unclear bone scan, and 
the tumor markers were within normal 
range. The patient was initially diagnosed 

2B MIP of the FDG PET: multiple bone 
and lymph node metastases with clearly 
increased glucose metabolism are shown.

2A 2B
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2C Corresponding PET/CT images demonstrating the extend of the multiple lytic bone metastases.
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Patient history
We report on a 31-year-old female 
patient with known Klippel-Trénaunay-
Weber syndrome. The patient was gravid 

and at 27 weeks gestation*. Referral to 
our institution was to confirm the pres-
ence of a venous malformation and 
aid obstetrical planning to determine if 

a Caesarean section was technically 
feasible.
The Klippel-Trénaunay-Weber syndrome 
is a rare congenital disease characterised 

Case Report: Klippel-
Trénaunay-Weber Syndrome 
Chawla Tanya, M.D.1; Scott Enns1; Melissa Charette1; Nancy Talbot1; Karen Bodolai1; Sunil Kumar S. L., M.D.2

1Princess Margaret Hospital, University Health Network, Toronto, Canada
2Siemens Healthcare, Toronto, Canada

1 Composed sagittal TrueFISP images, consisting of two measurements. The extensive venous malformation is well delineated (arrows).

1A 1B
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by a triad of capillary hemangioma 
(port-wine stain), large venous malfor-
mations as well as lymphangiomas. The 
haemangioma is of variable depth and 
can involve the deep sub-cutaneous tis-
sues as well as involving adjacent vis-
ceral organs or bowel. It is also associ-
ated with focally limited gigantism (in 
very rare cases also dwarfism). The Klip-
pel-Trénaunay-Weber syndrome is there-
fore also described as angiodysplasia 
with dominantly venous-cavernous type 
and hypertrophy of the affected extrem-
ity. Most cases are sporadic, although a 
few cases in the literature report an 
autosomal dominant pattern of inheri-
tance. If arteriovenous malformations 
are present within the affected extremi-
ties, this special form is often described 
as Parkes Weber syndrome. 

Sequence details
All images were acquired at 1.5T 
 (MAGNETOM Avanto, 32-channel, 
 SQ-Engine) with the usage of two Body 
Matrix coils and the integrated spine 
coil. The anatomical area covered with 
this MR exam reached from the upper 
lower extremities towards the upper 
abdomen. The examination was per-
formed as a multistep MR exam. The 
scanner is equipped with the Tim Plan-
ning Suite. Because of the limited 
breath-hold capabilities of the patient, 
short and robust imaging sequence were 
mainly used (HASTE, TrueFISP). The pro-
tocol comprised: transversal (TR / TE 
1380 / 76 ms, FOV 317 x 315 mm, 
matrix 220 x 256 Px, SL 7 mm), coronal 
(TR / TE 1375 / 76 ms, FOV 350 mm, 
matrix 243 x 256 Px, SL 7 mm) and sag-
ittal (TR / TE 1380 / 76 ms, FOV 350 x 
350 mm, matrix 243 x 256 Px, SL 7 mm) 
HASTE and TrueFISP (TR / TE 3.69 / 1.85 
ms, FOV 350 x 350 mm, matrix 486 x 
512 Px, SL 7 mm, respectively). For eval-
uation of potential large arterial feeder 
of the large vascular malformation, a 
dynamic MR sequence was used (3D 
FLASH in coronal orientation, 41 mea-
surements, temporal resolution 6 sec-
onds, TR / TE 2.13 / 0.76 ms, FOV 450 x 

2 Transverse 
TrueFISP 
images. The 
involvement of 
the right thigh, 
pubis and 
abdominal wall 
by the vascular 
malformation 
is well visual-
ised.

2A

2B
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450 mm, matrix 240 x 320 Px, SL 7 
mm). Venous drainage was visualized  
by applying a 3D VIBE in sagittal orienta-
tion after contrast-media injection 
(TR / TE 5.41 / 1.72 ms, FOV 400 x 400 
mm, matrix 240 x 320 Px, SL 5 mm).

3 Corresponding transverse HASTE images (3A–C) show bright signal of the vascular malformation, indicating a low flow. However, two large 
vessels are shown with a clear flow-void (arrows, 3B). Based on dynamic MRI, no arteriovenous malformation can be detected within the large 
vascular malformation (red arrowheads). Enhancement of the placenta is noted (red arrow).

Imaging fi ndings
An extensive subcutaneous slow flow 
vascular malformation extending from 
the right thigh involving the right vulva, 
pubis, right lower abdomen and right 
flank was found. A large subcutaneous 
vein drained the malformation and 
entered the right retroperitoneum poste-

riorly at the level of L5/S1. An additional 
large subcutaneous vessel was identified 
in the right lower abdominal wall, which 
was favoured to comprise part of the 
venous drainage of the large malforma-
tion. No pelvic vascular malformations 
were seen. Also based on the dynamic 
MR scan, no evidence of an arterio-

3A 3B

3C 3D
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venous shunt was found. The venous 
malformation crossed the midline to the 
contralateral abdominal wall; however, 
there were no venous malformations 
visible on the left side of the abdomen.

Contact 
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MRCP FRCR FRCPC
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Health Network

610 University Avenue 

Toronto, ON M5G 2M9

Canada

nancy.talbot@uhn.on.ca

Women’s Health Clinical

4 A large subcutaneous 
vein drains the malforma-
tion and enters the right 
retroperitoneum posteriorly 
at the level of L5/S1. The 
images are sequentially 
arranged from right lateral 
(4A) to medial (4G) slice 
position.

4A 4B 4C

4D 4E

4F 4G

*The safety of imaging fetuses has not been established.
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1 3D GRASE ASL with 32-channel coil row 1) 64 matrix, resolution 4 x 4 x 4 mm3 voxel, 
26 images, 16 s, row 2) 128 matrix, resolution 2.5 x 2.5 x 2.0 mm3 in 1 min row 3) 256 
matrix, resolution 1.5 x 1.5 x 3.0 mm3, 26 images, 2:04 min. 

Abstract

Arterial Spin Labeling (ASL) is a tech-
nique capable of measuring cerebral 
blood flow (CBF) in humans. However, 
ASL is limited by low sensitivity given 
blood is ~3% by volume in brain paren-
chyma. Single-shot 3D GRASE ASL tech-
nique has made possible whole brain 
coverage with over twice the signal-to-
noise ratio (SNR) of 2D EPI ASL. To 
achieve even higher spatial resolution in 
fast acquisitions, a segmented version of 
the 3D GRASE ASL sequence is combined 
with a 32-channel coil at 3 Tesla to 
achieve 128 and 256 matrix images in 
1 to 2 minutes.

Introduction
In the early 1980s when the very first 
MRI blood flow images were shown at 
conferences, Nobel Prize laureate Prof. 
Paul Lauterbur commented, “As MR imag-
ing techniques develop, blood flow 
imaging will advance with them.” This is 
fortelling of the recent developments 
describing the uniquely powerful Arterial 
Spin Labeling (ASL) method of blood 
flow imaging [1–6], since it is very flexi-
ble and can be adapted to several differ-
ent MR imaging sequences. Each imag-
ing technique is differs in speed, image 
quality and ability to quantify blood 
flow. To be discussed below are the 
advantages of 3D sequences [1, 2, 26, 
27] compared to 2D MRI in overcoming 
physiologic limitations in obtaining 

whole brain coverage. The 3D gradient 
and spin echo (GRASE) [1, 2, 18] read-
out scheme has advantages of refocus-
ing many more signals than RARE / TSE / 
FSE or EPI sequences for higher SNR 
which translates into greatly reduced 
imaging time and much higher spatial 
resolution (Fig. 1). It has additional ad-
vantages of reduced susceptibility arti-

Cerebral Blood Flow Imaging with 3D 
GRASE ASL Sequence Increases SNR and 
Shortens Acquisition Time 
David A. Feinberg1,2,3; Matthias Günther1,4,5 

1Advanced MRI Technologies, LLC, Sebastopol, CA, USA
2University of California, Berkeley and San Francisco, CA, USA
3Redwood Regional Medical Group, Santa Rosa, CA, USA
4mediri GmbH, Heidelberg, Germany 
5University Hospital Mannheim, Neurology, Heidelberg, Germany

 

facts compared to Spiral and EPI tech-
niques for improved image quality. 
Several examples of 3D GRASE ASL 
are presented here along with a fuller 
discussion of these differences. 

What is ASL imaging?
To measure blood perfusion in brain 
tissue, it is necessary to quantify signal 

1
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changes independent of the signal from 
the partial volumed static brain tissue. 
ASL obtains two images, each with iden-
tical signals from brain tissue but differ-
ent blood signal as affected by the pres-
ence / absence of blood labeling RF 
pulses (typically inversion RF pulses). 
Ideally, subtraction of the two images 
removes static brain tissue signal leaving 
only blood signal which intensity reflects 
hemodynamic parameters of cerebral 
blood flow (CBF) and the blood bolus 
arrival time (BAT) to the tissue. Critical to 
the success of ASL, the blood spin label-
ing is achieved by manipulating the lon-
gitudinal magnetization, which stores 
the “labeled” (tagged) spin magnetiza-
tion with T1 decay (~1200–1500 ms) 
rather than with shorter T2 decay (~150 
ms). The longer T1 decay enables 
enough time for the spins in blood to 
reach the brain tissue upstream from the 
arterial location of labeling. The tagging 
of the inflowing blood spins can either 
occur in a small localized region but over 
a long period of time of several seconds 
(continuous ASL [2, 3, 7, 9, 14, 24]) or 
at a larger region at a defined point in 
time (pulsed ASL [28–31]. After labeling 

preparation the tagged blood spins are 
given an inflow time TI to allow them to 
move into the microvasculature of the 
imaging region. A typical inflow time is 
1500 ms. The beginning of the image 
readout sequence typically occurs with a 
90° excitation pulse followed by either a 
gradient echo train sequence such as EPI 
or spiral, where the signal decays with 
T2* or by a spin echo based sequence 
like RARE or GRASE, where the signal 
decays with a combination of T2 and a 
component of stimulated echoes with 
longer T1 decay. As mentioned above, 
the measured signal will be dominated 
by brain tissue signal with blood signal 
being in the range of a few percent. 
Therefore, additional application of 
background suppression pulse schemes 
are incorporated to reduce the ampli-
tude of static signal so errors in net sub-
tracted signal is reduced for more reli-
able measurement of blood signal [32]. 
For quantification of cerebral blood flow 
several models exist [6, 12, 13] with the 
one-compartment model [12] being 
used most often. One of the most critical 
aspects of quantification is the variation 
of arrival times of the labeled blood bolus 

at different regions of the brain. Several 
techniques have been developed to 
reduce the sensitivity to this bolus arrival 
time (BAT) [4, 6]. Time-consuming sam-
pling the inflow of the labeled blood 
into the tissue allows the measurement 
of BAT as an additional hemodynamical 
parameter. For whole brain application, 
this technique requires an efficient ASL 
technique, which provides sufficient SNR 
to reduce overall scan time and supports 
large region coverage.

2D and 3D ASL slice coverage 
limitations of hemodynamic 
timing 
One of the major drawbacks of 2D EPI 
based ASL is a limitation on the number 
of images, preventing whole brain cover-
age. The EPI images are readout sequen-
tially. With the acquisition of each EPI 
image ~50 msec, the blood inflow time 
of each slice increases with this time 
increment until the net range of inflow 
time is too large to ensure that the 
labeled blood is in the same vascular 
compartment in all slices. The 3D MRI 
sequences entirely overcome this prob-
lem because all images are readout 

2 3D GRASE ASL. The 180° RF refocusing pulses (�) prevent large phase error. EPI type gradient refocusing (Gr) gives maximum number of signals, (BL) 
blood labeling and background suppression pulses. 

2A 2B

3D GRASE ASL
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simultaneously rather than in temporal 
sequential order. The spins move into 
the brain tissue and at a specified time, 
all slices are encoded simultaneously 
beginning with a single 90 degree pulse 
covering a thick slab 3D volume [1, 27], 
not a single slice [11]. The echo train 
reads out all slices together which are 
then separated by a 3D Fourier Trans-

3 CBF maps of 
MoyaMoya 
patient. 
Rows 1 and 2: control 
image while 
breathing air. 
Rows 3 and 4: hyper-
capnia, CO2 challenge. 
Rows 1 and 3: 12/2007 
pre-surgery. 
Rows 2 and 4: 2/2009 
post-surgery show 
greater vascular reactiv-
ity post-surgery. The 
CBF maps from 3D 
GRASE ASL overlaid on 
anatomic images. 
(Courtesy of Rik Achten, 
GIfMI, UGent, Belgium.)

form, which has additional sqrt(N) 
advantage of higher SNR compared to 
2D EPI. Similarly, in a 3D readout the 
inversion pulse timing for background 
suppression is optimal for all slices, 
while in sequential 2D imaging there is 
variation between slices in the effective-
ness of background suppression [32].

Artifacts in 3D GRASE 
compared to RARE, Spiral, EPI
Basically any echo train sequence can be 
used for 3D ASL readout but each differs 
in their number of echoes, accumulative 
phase errors causing susceptibility arti-
facts, and SNR efficiency [25, 17]. Echo 
volume imaging (EVI) is the 3D variant 
of EPI which has an echo train time lim-
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4 Color-coded visualization of vascular territories in transverse, sagittal and coronal orientation. Three excitation regions shown in MRA 
(yellow box) A–P (top) and C–C (middle).

ited to under ~80 ms due to rapid T2* 
decay and it has large phase errors lead-
ing to susceptibility artifacts with regions 
of signal loss (similar to spiral and recti-
linear EPI). 3D GRASE sequences has 
many RF refocusing pulses which main-
tains a low level of phase error and per-
mits a sustainable echo train for up to 
300 ms. RARE / TSE has similar net 

sequence time, however, there is a large 
fraction of time spent on RF refocusing 
pulses, 1 per signal. GRASE uses 
switched gradient rephrasing of signals 
to produce several times as many signals 
as TSE, which translates into faster imag-
ing time and higher SNR per imaging 
time. A similar and useful variant, Spiral 
RARE (or Spiral GRASE) also has efficiency 

advantages, however, it places the 
beginning of the spiral, the center of 
k-space, on a gradient echo position at 
the beginning of each time interval 
between RF pulses, increasing suscepti-
bility weighting. Furthermore, non-
Cartesian image reconstruction methods 
are required. The key to success of 3D 
GRASE has been its high SNR, low arti-

4
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5B In sec-
ond patient 
(48 hour) 
with hypop-
erfusion and 
delayed bolus 
arrival time 
(BAT) (red 
arrows) in 
ischaemic 
hemisphere, 
MRA reveals 
a near 100% 
occlusion in 
the left ICA 
(yellow 
arrow). 
(Reproduced 
with permis-
sion of: BJ 
MacIntosh, P 
Jezzard et al., 
ISMRM 
2009).

5 Single-
shot 3D 
ASL of two 
patients with 
acute stroke. 
A: in left MCA 
territory,

delayed arrival

hypoperfusion

Arterial Arrival Time

secondsmL/100 g/min

CAROTID

Perfusion

DWI FLAIR

5A

5B
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CBF

Dynamic ASL

10 infl ow times -- 250 ms to 2500 ms

mixed cap. -venouscapillararterial

BAT

6 Dynamic ASL data acquisition with calculated CBF and BAT maps, 1 of 26 slices shown in a 3D whole brain coverage, inflow time (TI).  

fact load due to the CPMG (Carr-Purrcell-
Meiboom-Gill echos) timing, and whole 
brain coverage made possible with the 
simplified physiological timing in 3D 
acquisitions. 

The source of high SNR 
and fast data acquisition of 
3D GRASE
The number of echoes produced in a sin-
gle echo train of EPI, TSE and GRASE is 
dependent on the rate of echo refocus-
ing which is relatively slow in RF refocus-
ing (~4 ms) versus fast with switched 
gradient refocusing (~0.2 ms). It is no 
less dependent upon the signal decay 
times of T2 and T1 stimulated echo com-
pared to shorter T2* of EPI. In relative 
terms the number of refocused echoes is 
in EPI (2 signal / ms x 30 ms) 60 echoes, 
TSE (1 signal / 3 ms x 300 ms) 100 
echoes, and 3D GRASE (1.5 signal / ms x 
300 ms) 450 echoes. Therefore, EPI has 
the fastest rate of echo generation by 
means of gradient switching but the 
shortest ‘echo train time’, ETT, due to 
T2* decay. TSE has the slowest rate 
using RF refocusing but a long ETT, 
whereas 3D GRASE has the benefit of 
both a fast refocusing rate and a long 
ETT which are multiplicative for much 
higher net signal (Fig. 2). In addition to 

increasing spatial resolution and image 
speed, the image SNR is dependent on 
square root of N signals in the Fourier 
transform. Therefore, the relative SNR of 
EPI, TSE and 3D GRASE is sqrt(60), 
sqrt(100) and sqrt(450), 7.7, 10.0 and 
21.2 respectively. The possible earlier TE 
of EPI to a lesser extent mitigates some 
of this large SNR disadvantage to 3D 
GRASE, which nets to nearly a factor of 
2.5 higher SNR and, thus, 3D GRASE has 
a factor of 6–8 in scan time reduction 
(fewer signal averages) at constant SNR. 

32-channel RF head coil effects 
speed and resolution
Utilizing a 32-channel coil yields another 
~2 higher SNR in cortical brain regions 
for all imaging techniques, and these SNR 
gains are multiplied in 3D GRASE. This 
allows either extremely fast ASL acquisi-
tions or higher resolution than previously 
achieved in ASL images at 3 Tesla [25] 
(Fig. 1).
The 32-channel coil has therefore been 
used to acquire larger matrix images 
with higher resolutions, with up to 256 
matrix in reasonable scan times of 2 
minutes. Instead of going to higher reso-
lution, the reduced acquisition time can 
be used to sample variable inflow times 
to separately quantify CBF from bolus 

arrival time BAT using parametric curve 
fitting (Fig. 6). It should be noted that 
3D GRASE can be combined with several 
different ASL encoding schemes [22, 24]. 

Resolving vascular territories 
in the brain
The images can be performed with sepa-
ration of vascular territories by labeling 
different downstream vessels separately, 
(Fig. 4). Hadamard encoding has permit-
ted to incorporate vascular territory sen-
sitivity into an ASL protocol without loss 
of SNR compared to non-selective (stan-
dard) ASL to keep scan times in an 
acceptable range for clinical applications 
[21]. Stroke patients may be studied 
with 3D vascular territory ASL to evalu-
ate changes occurring during recovery 
or to assess therapies (23). Patients with 
arterio-venous malformations (AVM) or 
aneurysms can have altered flow circuitry 
in the circle of Willis and downstream 
cerebral arteries identifiable as changes 
in vascular territory perfusion [20].

High spatial resolution ASL
The segmented sequence version of 3D 
GRASE ASL provides shorter RF pulse 
intervals in the CPMG spin echo sequence 
[27]. This reduces susceptibility artifact 
and concurrently shortens the time of 

6
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each of several echo trains for reduced 
through-plane blurring compared to the 
single-shot sequences. Image distortions 
were also reduced using the 128 matrix 
instead of 64 matrix as the larger FOV 
allowed swapping the phase and read 
axes, placing the highly switched read 
axis onto the head’s lateral axis with less 
physiologic stimulation to allow higher 
bandwidth and closer echo spacing for 

less distortions. One unexpected for-
tuitous finding is that the segmented 
3D GRASE sequence does not have 
artifacts from CSF or brain motion and 
the labeling pulses normalizes blood 
inflow and the larger 3D volume further 
removes slice inflow artifacts.
The SNR gains from the 32-channel coil/
receiver system enabled higher resolu-
tion ASL images. The ASL encoding used 

pulsed ASL (PASL) sequence with 
QUIPSS II (QUantitiativ Imaging of 
Perfusion using a Single Subtraction) 
variants and background suppression 
pulses, previously described [1]. 
One can incorporate the 3D ASL 
sequence into a clinical protocol, 
requiring only 8–16 second scan time 
for whole brain coverage at 4 mm 
isotropic resolution or 2–4 minutes to 

7 ASL perfusion of Glioma. A: Dynamic susceptibility contrast, increased perfusion in center of a recurrent Glioma, originally grade II, 
B: ASL CBF map from dynamic ASL, showing increased perfusion C: PET image fused to MRI. A biopsy was performed in the location of 
highest perfusion in ASL CBF and a grade III was diagnosed. D, E: At time of biopsy, MRS showed the Cho/Cr was highest in biopsy loca-
tion. (Courtesy of Rik Achten, GIfMI, UGent, Belgium.)

7A 7B 7C

7D 7E
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1 1A: STIR cor, 1B: Locator T2-TSE, 1C: T2-TSE-sag 

Patient history
38-year-old female patient presented 
with chronic pain of the neck and 
 shoulder for imaging of intervertebral 
disk disease. Previous imaging of the 
lumbar spine has revealed congenital 
scoliosis with hemivertebrae and fusion 

of vertebral bodies. The patient suffers 
from severe claustrophobia, MRI was 
accepted after proposing sedation and 
a “quick” examination. Moreover the 
known  scoliosis was expected to impair 
a detailed study. 

Case Report: Cervical Spine MRI. 
syngo SPACE in a Claustrophobic Patient 
with Congenital Scoliosis
Marietta Garmer, M.D.; Serban Mateiescu; Martin Busch, Ph.D.; Dietrich Grönemeyer, M.D.

Grönemeyer Institute of Microtherapy, Bochum, Germany

 

Sequence details
All images have been acquired with an 
open bore 1.5T MAGNETOM Espree 
scanner (Siemens Healthcare, Erlangen) 
with software version syngo MR B15. The 
lower part of the Head Matrix coil, the 
Neck Matrix coil and the first elements of 

1

1A 1B 1C
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2 2A: Localizer SPACE , 2B: 3D SPACE sagittal, 2C: 3D SPACE sagittal

the Spine Matrix coil were used.
A coronal STIR overview (Fig. 1A) 
revealed a pronounced curvature of the 
cervical and upper thoracic spine, thus 
the standard T2-TSE sagittal sequences 
(Figs.1B, C) with 12 slices of 3 mm were 
obviously not able to cover the spine 
with standardized orientation to both 
sides with adequate coverage of ana-
tomical structures. The 3D SPACE (local-
izer Fig. 2A and Figs. 2B, C), measured 
with 64 slices of 1.5 mm in a sagittal 
orientation with good overall image 
quality and similar contrast, enables the 
full coverage of the spine segments 
without the need for additional 
sequences.

Axial images were also acquired with 3D 
SPACE. Coronal images were based on 
MPR reconstration based on the sagittal 
oriented syngo SPACE sequence (Figs. 
3A, B).
Overall, the following sequences were 
applied in this case: 
■ STIR-cor (Fig. 1A): TR = 4240 ms, TE = 

49 ms, Slices = 15, Thickness = 4 mm,
■ Matrix = 224 x 256i, iPAT syngo 

GRAPPA, Ref. Lines = 24, TA = 1:14 min.
■ T2-TSE sagittal (Fig. 1C): TR = 4141 ms, TE 

= 125 ms, Slices = 12, Thickness = 3 mm,
■ Matrix = 282 x 512, iPAT syngo 

GRAPPA, Ref. Lines = 32, TA = 3:33 
min.

■ 3D SPACE sagittal (Fig. 2B, C): TR = 

1500 ms, TE = 124 ms, Slices = 64, 
■ Thickness = 1.5 mm, Matrix = 310 x 

320, iPAT syngo GRAPPA, Ref. Lines = 
24, TA = 3:33 min.

■ 3D SPACE axial (Fig. 3): TR = 1500 ms, 
TE = 123 ms, Slices = 40, 

■ Thickness = 1.6 mm, Matrix = 318 x 
320i, iPAT syngo GRAPPA, Ref. Lines = 
24, TA = 2:30 min.

Imaging fi ndings
Coronal reconstruction clearly showed 
the hemivertebra Th1 on the right, the 
sagittal cleft at the level of Th2 (Fig. 3A) 
and Th4 resulting in the shape of a but-
terfly and a unilateral bar at the level of 
Th4 and 5 on the left (Fig. 3B).

2A 2B 2C
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3 3A: Coronal reconstruction, 3B: Coronal oblique reconstruction

Th1

Th4

Th5

4 4A, 4B: 3D SPACE axial

C4/5C3/5

3A 3B

4A 4B
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Disk herniation could be clearly demon-
strated in axial SPACE at the level of 
C3/4 (Fig. 4A) and C 4/5 with a slight 
impression of the myelon (Fig. 4B). 
Associated foraminal stenosis was 
depicted in sagittal oblique reconstruc-
tion on the right (Fig. 5A) whereas at 
the level of the hemivertebra the spinal 
nerves on both sides were clearly seen 
(Figs. 5B, C). 

Discussion
MRI of the cervical spine is a well-known 
routine procedure commonly performed 
with standard T1 and T2-weighted sagit-
tal and axial 2D sequences, which rarely 
require adaptions. However, this case 
demonstrates clearly the value of 3D 
imaging with syngo SPACE in a patient 
with congenital scoliosis. The patient 
was claustrophobic, which limited the 
scan time. The normal 2D T2w TSE 
sequence would require more than 8 
min scan time for a sufficient, but 
smaller, coverage than the syngo SPACE 
sequence. Additionally, with 2D-slices, 
no oblique reconstruction is possible. 
With syngo SPACE a complete coverage 
of the bend cervical spine was obtained 
and the possibility of multiplanar recon-
struction allowed the correct interpreta-
tion of the complex malformation of the 
vertebral elements and the damage of 
the intervertebral disks. 
It should be noted that patients with 
congenital scoliosis also have a high 
incidence of abnormalities in other 
organs (heart problems, kidney or blad-
der problems) and should be screened 
for spinal cord malformations. 

Contact 
Dr. Martin Busch

Grönemeyer Institute of Microtherapy

Universitätsstr. 142

D-44799 Bochum

Phone: +49 (0) 234 9780-139

busch@microtherapy.de

5 5A, B, C: Sagittal oblique reconstruction of 3D SPACE.
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1 IMRISneuro 3T system. (Image courtesy of: the Seaman Family MR Research Centre, Foothills 
Medical Centre, Calgary, Alberta, Canada.)

The first IMRISneuro system using 
a MAGNETOM Verio 3T magnet was 
installed at the Foothills Medical Centre 
in Calgary, Canada in early 2009.

Physicians appreciate 
High Field MR
The Seaman Family MR Research Centre 
at Foothills Medical Centre, under the 
leadership of Dr. Garnette Sutherland 
recently upgraded their 10-year old pro-
totype 1.5T magnet to the latest IMRIS-

neuro with 3T MAGNETOM Verio tech-
nology. After successfully treating more 
than 1,000 neurosurgical patients using 
the 1.5T technology, the centre was ready 
to upgrade its capabilities. It became 
clear that the 3T Verio system including 
Diffusion Tensor Imaging (syngo DTI) 
and functional MRI would add significant 
value to surgical planning and intra-
operative imaging.
The benefits of applying MR imaging 
during surgery has been recognized for 

IMRISneuro 70 cm Bore 3T in 
Intra-Operative Neurosurgery 
Jeanne Elliott

IMRIS, Winnipeg, Manitoba, Canada

 

many years. However, more recently 
the field has seen major growth in aware-
ness and usage of MR guided imaging 
for neurosurgery. Many peer reviewed 
articles report the benefits of MR imaging 
including one, which concluded that in 
41% of cases, the use of intra-operative 
MRI resulted in extended tumor resec-
tion. A different study concluded that in 
27.5% of cases the original surgical plan 
was altered based on the intra-operative 
MR findings. 
Many of the original observations were 
often based on past generation high 
field intra-operative MR technologies. 
They provided good image quality, but 
lacked the ability to deliver efficient 
workflow as the patient had to be moved 
to the MRI. Seeking the best in intra-
operative MR technology, leading insti-
tutes like Barnes-Jewish Hospital (St. 
Louis, MO, USA), Johns Hopkins Hospital 
(Baltimore, ML, USA), Mayo Clinic 
(Jacksonville, FL, USA), Cleveland Clinic 
(Cleveland, OH, USA), Seaman Family 
MR Research Centre (Calgary, Canada), 
and PLA 301 Army Hospital (Beijing, 
China) have selected IMRISneuro. These 
systems include the 1.5T MAGNETOM 
Espree or the 3T MAGNETOM Verio mag-
nets and provide superior imaging capa-
bilities with a technology workflow that 
brings MR to the patient. When the 
MR scanner is not in the operating room, 
the surgical team has full 360-degree 
access to the patient, and relocation of 
the magnetic field enhances operating 
room safety. 
IMRISneuro with the Siemens Verio or 
Espree magnets provide industry-leading 
capability and may also be used for diag-

1
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nostic examination of non-surgical 
patients who require the service of anes-
thesia or critical support. The IMRISneuro 
solution is available in five configurations 
that allow the use of the 3T or 1.5T 
magnets for routine diagnostic imaging 
procedures while the system is not in use 
intra-operatively. For centers with signif-
icant surgical volumes, the magnet can 
move between two separate operating 
rooms further enhancing efficiency and 
the ability to offer better patient care.

Clinical cases with IMRISneuro 
3T MAGNETOM Verio
The moving magnet concept began with 
Dr. Garnette Sutherland’s desire to bring 
the imaging benefits of an MRI to the 
neurosurgical operating room environ-
ment. His motivation was to preserve the 
current surgical workflow and to avoid 
moving the positioned surgical patient. 
IMRIS translated Dr. Sutherland’s concept 
to pioneer the original 1.5T moving 
magnet design. More than 10-years later, 

Dr. Sutherland is also the first in the 
world to use the advanced IMRISneuro 
with 3T MAGNETOM Verio: “The images 
obtained using the up graded 3T intra-
operative MRI system are of remarkable 
quality. The new system has been used 
for over 75 surgeries, in surgical plan-
ning, assessment during surgical dissec-
tion and for quality assurance. We have 
taken advantage of complex imaging 
techniques including fibre tracking, MR 
angiography and the rapid image pro-

2 IMRISneuro 2-room and 3-room configurations.

2
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cessing software. I am pleased that this 
innovation has turned into a commercial 
product that has gone on to benefit close 
to 3000 patients throughout the world.”
It is well understood in normal MR diag-
nostic scans that 3T image quality offers 
superior resolution and definition of soft 
tissue structures in the brain versus 1.5T. 
Initial intra-operative experience with 

the 3T MAGNETOM Verio shows the same 
advantages existing in image quality be-
fore, during and after surgery. The state-
of-the-art imaging techniques and rapid 
processing times characteristic of the 1.5T 
are enhanced through the inherent higher 
signal-to-noise ratio (SNR) of the 3T. 
Surgical planning intra-operative MR 
images were obtained from a 61-year-old 

woman with a left subtentorial meningio-
ma. Diffusion tensor imaging (syngo DTI) 
sequences show well the relationship 
of fibers to the tumor. Interdissection 
images (not shown) demonstrated 
deformation for the fiber tracks as a 
result of tumor removal. Knowledge of 
these relationships increased the safety 
of tumor resection.

3 3T intra-operative. 
(Images courtesy of 
the Seaman Family 
MR Research Centre, 
Foothills Medical 
Centre, Calgary, 
Alberta Canada 
2009).

3A

3B
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3 3T intra-operative. 
(Images courtesy of 
the Seaman Family 
MR Research Centre, 
Foothills Medical 
Centre, Calgary, 
Alberta Canada 2009).

New and additional clinical 
applications
The unique wide bore 70 cm 3T 
MAGNETOM Verio system is extremely 
valuable for intra-operative and inter-
ventional procedures. More often than 
not, interventional procedures require 
specialized patient positioning that can 
only be fully achieved with the 70 cm 

bore MAGNETOM Verio and Espree mag-
nets. Positioning patients in lateral or 
prone positions is easily achievable with 
the use of wide bore, moving MR tech-
nology from IMRIS. 
Excellent patient positioning and imag-
ing capability is further supported by the 
enhancements made to the IMRISneuro 
surgical bed. This newly developed sur-

gical table is MR-compatible and X-Ray 
translucent for spine imaging and appli-
cations. The bed allows use of a single 
plane X-ray system in combination with 
MR imaging in the operating room (OR).

3C

3D
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4 IMRISneuro 
surgical bed and 
collage images of 
prone/lateral/supine 
positioning.
(Images courtesy of 
IMRIS, Inc., Canada, 
2009.)

4B

4D 4E

4A

4C
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Future applications 
and technologies
IMRIS is widening the use of its image 
guided therapy solutions by expanding 
into new applications, combining 3T or 
1.5T MR with single and bi-plane X-ray 
systems. IMRISNV and IMRIScardio are unique 
and advanced interventional suites pro-
viding an imaging environment that 
physicians may apply in providing stroke 
management and neurovascular care 
and in performing structural cardiac and 
minimally invasive procedures.

5 IMRISNV and IMRIScardio

5
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1 Overview of the applied MR Protocol: T1 SE and T2 FS TSE sequences in sagittal (I, II, and IV) and coronal (III and V) planes. DCE studies 
were performed using a 3D VIBE sequence, which was acquired sequentially at five stations (I-II-III-IV-V) and repeated seven times.

Patient history
A 55-year-old patient with newly diag-
nosed multiple myeloma (MM) under-
went high-dose therapy followed by 
autologous stem cell transplantation 
(ASCT). After completion of ASCT, serum 

immunoglobulin G level decreased from 
50 g/L at baseline to 3 g/L. However, 
despite a good clinical response, whole-
body dynamic contrast-enhanced (DCE) 
MR imaging depicted persistent early-

Whole-body DCE MR Imaging for 
Evaluation of Bone Marrow 
Enhancement in Multiple Myeloma
Alexandre Vignaud, Ph.D.1; Chieh Lin, M.D.2; Alain Luciani, M.D, Ph.D.2; Alain Rahmouni, M.D.2

1 Siemens Healthcare, Saint Denis, France
2 Service de Radiologie, Centre hospitalo-universitaire Henri Mondor, Assistance Publique-Hopitaux de Paris, 

 Université Paris XII Créteil, France

enhancing focal lesions over the rib 
and the pelvic bone (outside the usually 
imaged spine MR examination in MM). 
The patient had confirmed disease 
progression two months later.

1

Station I

Station II, III

Station IV, V
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Sequence details
After institutional approval, in Henri 
Mondor University Hospital (Creteil, 
France) patients suspected with MM or 
during their MM chemotherapy follow-
up, undergo a newly published dynamic 
whole-body MR examination [1, 2].
It has been demonstrated that micro-
circulation parameters of dynamic MR 
examination, such as the maximal 
enhancement (Emax), correlate well 
with histologic infiltration grade, micro-
vessel density (MVD) and serum markers 
of disease activity [3–7]. A reduction in 
these parameters has been observed 
in patients who respond to treatment 
[3, 4, 5]. These parameters could poten-
tially serve as non-invasive surrogate 
biomarkers for response assessment. 
However, in the past, these parameters 
could only be obtained on acquisition 
protocols in which the maximal field-
of-view (FOV) was limited to 400 mm, 
whereas myeloma can involve bone 
marrow throughout the body and 
even tissue outside the bone marrow 
space [8].
A rolling table platform with combined 
multichannel phased array-surface coils 
which cover the head, neck, trunk and 
proximal extremities along with parallel 
imaging has made it feasible to perform 
whole-body dynamic MR imaging with-
out compromising spatial and temporal 
resolutions. 
The protocol is articulated as described 
in figure 1. All sequence parameters 
are detailed in tables 1 and 2. Acquisition 
was done on a 1.5T Siemens MAGNETOM 
Avanto 76x18 SQ. Standard T1-weighted 
Spin Echo (SE) and T2-weighted Fat 
Saturated (FS) Turbo Spin Echo (TSE) 
sequences were acquired both in sagittal 
and coronal planes before contrast agent 
injection over the whole FOV to assess 
fat and bone marrow repartition [9].
A cyclic contrast media was administrated 
during an ultra-fast dynamic T1-weighted 
FS 3D VIBE (Volume Interpolated 
Breath-hold Examination), Gradient 

Table 2: Parameters for whole-body 3D VIBE 
fi ve-station DCE MR imaging.

Parameter Stations I, II, and IV (sagittal) Stations III and V (coronal)

TR/TE (msec) 3.6/1.3 3.3/1.3

Flip angle (°) 20 20

Bandwidth (Hz/pixel) 490 490

FOV (mm3) 500 x 500x 72 500 x 500 x 200

Matrix 256 x 192 x 24 256 x 192 x 40

Acquired voxel 2.0 x 2.6 x 3.0 2.0 x 2.6 x 5.0 
size (mm3) 

syngo GRAPPA  2 2
acceleration factor  

TA (sec) 7 9

Stations’ FOV and orientations are described in figure 1.

Table 1: Parameters for whole-body 
T1- and T2-weighted sequences.

Parameters T1 SE T2 FS TSE

Stations imaged I, II, IV, V I–V

TR/TE (msec) 400/10 4200/70

Turbo Factor 1 21

FOV (mm²) 500 x 500 500 x 500

Matrix 448 x 358 448 x 358

Averaging 1 2 for stations I, II, IV
  1 for stations III and V

Slice thickness/Gap 4/0 sagittal
(mm) 4/1.2 coronal 

Number of slices 20 for stations I, II, IV 20 for stations I, II, IV
 50 for station V 50 for stations III and V

syngo GRAPPA  2 for stations I, II, IV 2 for stations I, II, IV
acceleration factor 3 for station V 3 for stations III and V

TA (sec) 112 for stations  93 for stations I, II,
 I, II, and IV; 186 and IV; 84 for 
 for station V stations III and V

Stations’ FOV and orientations are described in figure 1. Coronal T2-weighted fat-saturated (FS) turbo 
spin echo (TSE) imaging was performed by using a respiratory-triggering belt.
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applied over the whole FOV in 3 sagittal 
and 2 coronal stations. The acquisition 
time of each station was set under 
10 seconds. The time to complete acqui-
sition of the 5 stations was 60 s includ-
ing three table movements. The total 
duration of whole-body DCE study was 
set at 7 minutes. 

Imaging fi ndings

This patient has been monitored using 
our MR protocol right after completion 
of therapy. He had a good clinical 
response. Fig. 2 shows whole-body five-
station dynamic MR images obtained 
before and immediately after contrast 
agent administration in this patient. The 
bone marrow enhancement is within 

2 Composing of the 3 sagittal stations (left) and the 2 coronal stations (right) with ultra fast 3D VIBE sequence both before (A)
gadolinium injection and right after (B) the injection. This patient had a good clinical response after treatment. Nevertheless persistent 
enhancing focal lesions over pelvic bone and right femur are visible on selected images after gadolinium injection (white arrows).  

2A 2B

normal range but tiny early-enhancing 
focal lesions are depicted. Another 8 cm 
left rib mass was also noted (image not 
shown). Two months later the patient 
complained of back pain and underwent 
the same MR examination (Fig. 3). 
Numerous early-enhancing focal lesions 
were seen, confirming previous MR find-
ings and the relapse of the disease.

Discussion
Preliminary findings using this method 
gave time-signal intensity curves for both 
bone marrow indicating the degree of 
diffuse infiltration and focal lesions on a 
whole-body scale. They allowed the dif-
ferentiation between normal and infiltrat-
ed bone marrow and to assess the dis-
ease activity of each imaged focal lesion. 

Whole-body DCE MR imaging might 
be proven useful in treatment response 
assessment in MM patients. Further 
investigations have been conducted suc-
cessfully to evaluate this potential and 
will be soon published [2]. 
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3 Whole-body DCE MR examination of the same patient as in Fig. 2 two months later, before (A) and right after (B) gadolinium injection. 
Numerous new focal lesions had appeared and were visible (white arrows) on the post-contrast images. 
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Background

Magnetic resonance imaging (MRI) of 
the knee is justifiably one of the most 
commonly performed MRI examinations, 
as it offers excellent direct depiction of 
cartilage, ligaments, menisci and periar-
ticular soft tissue. This can be achieved 
by standard application of fat-saturated 
moderately T2-weighted 2D Turbo Spin 
Echo (TSE)-sequences in three orienta-
tions [1, 2]. However, conventional TSE-
sequences are not isotropic, hence struc-
tures and signal alterations / lesions with 
a size less than the usual slice thickness 
of 3 to 6 mm, i.e. meniscal roots, may not 
be completely detected. A slice thickness 
below 3 mm is rarely acquired because of 
its reduced signal-to-noise ratio (SNR) 
and contrast-to-noise ratio (CNR) and 
because of the prolonged acquisition 
time for complete joint coverage. Fur-
thermore post-processing options for 
2D-sequences for the assessment of 
structures, which are captured in an 
oblique course through several slices, like 
the anterior cruciate ligament or the fem-
oral trochlear cartilage [3] are limited.
In this setting the introduction of a 
highly resolved 3D moderately 
T2-weighted (3D-T2w-TSE) sequence 
may be useful. In the literature time effi-
cient 3D-T2w-TSE sequences have 
already been evaluated for the central 

nervous system [4] and recently for the 
body trunk [5, 6]. They enable data 
acquisition with high isotropic spatial 
resolution and allow for an interactive 
3-dimensional visualization. Such post-
processing after an initial isotropic data 
acquisition has been proven successful 
in many other MR and CT-based applica-
tions.

Technical considerations 
for syngo SPACE

Recently a 3D-TSE-sequence with moder-
ate T2-weighting called “Sampling Perfec-
tion with Application optimized Contrasts 
using different flip angle Evolutions” 
(syngo SPACE), was developed for 3T sys-
tems. A restore pulse and variable flip 
angle distribution enable extremely large 
turbo factors. The variable flip angles 
provide a particular evolution of the sig-
nal during the echo train resulting in a 
“pseudo steady-state” with constant sig-
nal level neglecting relaxation [7]. Addi-
tionally, SAR is reduced by this acquisi-
tion scheme. The usage of this 
technique on a high field 3T system 
allows integration of parallel imaging 
with excellent SNR and CNR at reason-
able acquisition times [8, 9]. 
The application of syngo SPACE at 3T 
might establish a new approach to MRI 

3D High Resolution MRI of the Knee 
at 3T Using a Moderately T2-weighted 
3D-TSE-fs (syngo SPACE) sequence – 
Useful or Not?
A. Horng1, M. Notohamiprodjo1, J. Raya1, J. Park1, W. Horger2, A. Crispin1, M. F. Reiser1, C. Glaser1

1Department of Clinical Radiology, University of Munich – Grosshadern Campus, Munich, Germany
2Siemens Healthcare, Erlangen, Germany

of the knee. Parallel imaging facilitates 
blockwise 3D-data acquisition with iso-
tropic spatial resolution for evaluation of 
the whole knee in a reasonable time 
window. The acquisition time should be 
either less or at least comparable to 
acquisition times of conventional 2D TSE 
datasets in three planes. The advantage 
of an isotropic 3D-dataset is the possibil-
ity of 3-dimensional multiplanar refor-
matting (MPR), which may enhance the 
evaluation of small delicate or oblique 
structures like meniscal roots or the fas-
cicles of the anterior cruciate ligament. 
Disadvantages might be slightly 
decreased in-plane resolution as com-
pared to conventional 2D-TSE-fs-
sequences and some additionally 
required time for the 3D reconstructions. 
Recently our research group evaluated 
syngo SPACE for isotropic highly resolved 
MRI of the knee at 3T (MAGNETOM Trio, 
Siemens Healthcare, Erlangen, Germany) 
with consecutive 3-dimensional-MPR in 
comparison to conventional 2D-TSE-fs-
sequences in three planes (coronal, sag-
ittal, axial) [10]. 
Sequence parameters for syngo SPACE 
and for the moderately T2w-2D-TSE-fs-
sequence are given in table 1. Fat satura-
tion in syngo SPACE was performed with 
the SPectral selection Attenuated Inver-
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1 Coronal syngo SPACE reconstructions in 0.5 mm, 1 mm and 2 mm show a good homogeneity throughout the image as 
compared to the T2w-2D-TSE-fs.

sion Recovery (SPAIR) technique. Parallel 
imaging was performed with the k-space 
based technique syngo GRAPPA with an 
acceleration factor R = 2. For signal 
reception, a dedicated multichannel knee 
coil with 8 independent RF-channels was 
used. Reformation of the datasets was 
performed on a syngo MultiModality 
Workstation (Leonardo, software version 
VB15A, Siemens Healthcare, Erlangen, 
Germany). 
Analysis of axial, sagittal and coronal 
reformations (MPR) of 0.5 mm, 1 mm 
and 2 mm slice thickness suggest a slice 

thickness for MPR of 1 mm (SPACE1mm) to 
be optimal for the visualization of ana-
tomical structures (Fig. 1). This slice 
thickness provides significantly higher 
SNR for ligaments, subchondral bone 
and menisci and at least equal SNR for 
cartilage, bone marrow, muscle and fat 
of syngo SPACE as compared to conven-
tional 2D-TSE-fs. Though identification 
of anatomical structures was compara-
ble for syngo SPACE and 2D-TSE-fs, the 
SPACE1mm showed significantly better 
visualization of menisci in axial sections 
and meniscal roots in coronal sections 

despite slightly inferior CNR (joint fluid/
cartilage, joint fluid/menisci, fat/liga-
ments and bone marrow/subchondral 
bone) as compared to 2D-TSE-fs.

Clinical application
The reconstruction time for one syngo 
SPACE dataset was below 30 s, the data 
acquisition time was 10 min 35 sec with 
syngo SPACE versus 12 min 48 sec with 
2D TSE in three planes (table 1). Thus 
the overall acquisition time for syngo 
SPACE was comparable to the acquisi-
tion of the 2D-TSE-fs datasets in three 

1

2D-TSE-fs 3 mm SPACE 0.5 mm SPACE 1 mm SPACE 2 mm

Table 1: Sequence parameters for the syngo SPACE and the T2w-2D-TSE-fs-sequences.

 TR  TE  FA [°] Resolution  FOV   Matrix  Parallel Takqis

 [ms] [ms]  [mm3] [cm]       Imaging

syngo SPACE 1200 30 120 0.5  16  320 x 320 GRAPPA r=2 10’35’’

T2w-2D-TSE-fs 3200 30 180 0.36 x 0.36 x 3 16  448 x 448 GRAPPA r=2 12’34’’
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planes suggesting that the technique is 
feasible for daily clinical use. 
The advantage of syngo SPACE over 
2D-TSE-fs is the possibility of free multi-
planar isotropic reconstructions at com-
parable SNR resulting in a slightly 
improved detection and differentiation 
of relevant small ligamenteous (Fig. 2) 
and meniscal structures (Figs. 3, 4). Clin-
ical relevance thus might be better visu-
alization of small avulsive ligamenteous 
lesions, e.g. of meniscal roots and of 
radial or complex meniscal tears whose 

configuration is challenging to interpret 
on conventional angulated thick sagittal 
or coronal sections (Fig. 5). The signal / 
image characteristics of syngo SPACE 
appear more similar to TSE image charac-
teristics than to GRE and therefore are 
unlikely to require a big adjustment of 
the radiologist’s reading and interpreta-
tion habits to the new sequence. 
Usage of the free 3D-reformation accord-
ing to the course of oblique anatomical 
structures as seen for femoral trochlear 
cartilage (Fig. 6) and the anterior cruciate 

2 Coronal reconstructed syngo SPACE1mm and 2D-TSE-fs of a healthy volunteer. SPACE provides better visualization of the posterior medial 
meniscal root as compared to T2w-2D-TSE-fs, where the insertion of the root is blurred because of larger partial volume effects. 

2D-TSE-fs 3 mm

SPACE 1 mm

2

ligament (Fig. 7) may aid in the evalua-
tion of primarily difficult anatomical sites 
or a complicated situation after injury.

Conclusion
Blockwise acquired syngo SPACE is a 
new approach to MRI of the knee at 3T. 
It allows highly-resolved isotropic true 
3-dimensional acquisition and subse-
quent reconstruction. Overall acquisition 
time is shorter than that of three sepa-
rate 2-dimensional datasets and SNR for 
1 mm reconstructions is similar to con-

Continued on page 90
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3 Axial sections of the medial meniscus of a healthy individual. syngo SPACE provides more detailed depiction of the meniscus throughout a 
higher number of slices as compared to 2D-TSE-fs. Both the meniscal body and its attachments (meniscal roots) are clearly visualized in SPACE 
while in 2D-TSE-fs parts of those are masked by partial volume effects. 

2D-TSE-fs 3 mm

SPACE 1 mm

3
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4 Axial recon-
structed syngo 
SPACE1mm and 2D-
TSE-fs of a patient 
with a bucket 
handle tear. 
SPACE provides 
better visualiza-
tion of the config-
uration of the 
bucket handle 
tear as compared 
to T2w-2D-TSE-fs, 
in which delinea-
tion is impaired 
due to partial vol-
ume effects. 

5 Coronal, sagit-
tal and axial 
reconstructed 
syngo SPACE1mm 
images (row A) 
show a good 
delineation of a 
horizontal tear 
within the medial 
meniscus which 
approach the 
quality of the 
T2w-2D-TSE-fs 
sequence (row B) 
and provide an 
even clearer 
depiction of the 
lesion’s borders 
and its extent. 

2D-TSE-fs 3 mm SPACE 1 mm

4

5

A

B 2D-TSE-fs 3 mm

SPACE 1 mm



MAGNETOM Flash · 3/2009 · www.siemens.com/magnetom-world   89

Orthopedic imaging Clinical

A B C

6
6 Axial recon-
structed syngo 
SPACE1mm and 
2D-TSE-fs of a 
patient with a tro-
chlear cartilage 
delamination. In 
strictly axially 
acquired 2D-TSE-
fs (Topo A/B and 
series A) the fem-
oral trochlear car-
tilage is partially 
blurred because 
of partial volume 
effects, whereas 
depiction in 
SPACE1mm (B/C) is 
sharper. Axially 
reconstructed 
SPACE1mm (Topo 
A/B and series B) 
is able to cover 
the trochlear car-
tilage on more 
slices than 
2D-TSE-fs 
enabling a more 
detailed depic-
tion. MPR perpen-
dicular to the tro-
chlear cartilage 
(Topo C and series 
C) even allows a 
clearer depiction 
of cartilage 
height and the 
lesion. 

Topo C 
perpendicular 
to trochlea

Topo A/B axial
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7 Anterior 
cruciate liga-
ment of a 
healthy volun-
teer (sequence 
A–F). syngo 
SPACE1mm tilted 
to the course of 
the anterior 
cruciate liga-
ment allows 
excellent trace-
ability of the 
two bundles. 

7A 7B 7C
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Introduction 
Imaging of distal bicep tendon in MR can 
be somewhat difficult at times given the 
position of the elbow in relation to the 
general scanning environment. Common 
axial / coronal sequences demonstrate 
the tendon in an oblique projection that 
make it difficult to appreciate it in its 
entirety. By using the FABS (flexed elbow, 
abducted shoulder, forearm supinated) 
technique, imaging of the distal biceps 
tendon can be acquired “in plane” with 
excellent visualization and comfortable 
patient positioning.

Conclusion
Distal biceps tendon pathology will be 
greatly appreciated using this technique 
and can be incorporated with standard 
elbow imaging when this clinical referral 
is presented. Also greater success can 
be achieved with greater patient comfort 
using this technique and position.

FABS View of the Elbow 
for Visualization of Distal Biceps Tendon
Peter Cazares, RT (R) (CT) (MR)

MR Clinical Education Specialist, Siemens Healthcare, Iselin, NJ, USA

Contact 
Peter Cazares

Siemens Healthcare USA, Inc.

HQ Application Specialist – MR

170 Wood Avenue South

Iselin, NJ 08830

USA

peter.cazares@siemens.com

Procedure

1 Step 1: We position the patient using our standard shoulder coil configuration. Have 
the patient lay on their stomach as comfortable as possible. Flex the elbow 90 degrees 
and place the elbow in the shoulder coil with the forearm and wrist supinated. Secure 
the forearm and wrist with either sandbags or a channeled positioning sponge to insure 
immobilization.

1A

1B
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4 As seen, the distal biceps 
tendon is presented “in plane” 
along with the insertion at the 
radial tuberosity. 

3

2
2 Step 2: Landmark at the 
center of the coil and local-
ize. Perform two additional 
localizers in long and short 
axis in relation to the elbow.

3 Step 3: Select sequences so as to image the biceps tendon “in plane”. T1-weighted Spin 
Echo (SE) no fatsat, PD TSE fatsat are one recommendation. 

4A

4B
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The Mater Misericordiae University Hospi-
tal (MMUH) is a public, acute voluntary 
teaching hospital and a tertiary referral 
center which was established in 1861. 
Located in Dublin’s north inner city it pro-
vides a 24 hour on call service to the 
local and county area and contains 
approximately 600 beds. The MMUH not 
only treats patients from its local catch-
ment area but due to its regional and 
national status, sees patients from all 

over Ireland. The MMUH houses the 
national center for cardiothoracic sur-
gery, the national  spinal injuries unit and 
is a designated national cancer centre. 
The Radiology Department at the MMUH 
performed 160,000 radiology studies 
including over 5000 MRIs in 2008. 

Problems
■  Old scanner: The MMUH had a single 

1.5T Siemens MAGNETOM Symphony 

MAGNETOM Symphony Tim Upgrade: The Mater 
Misericordiae University  Hospital Experience
Bolster F, Moynagh M, Dolan A, Cradock A, Murray J G 

Dept of Radiology, The Mater Misericordiae University Hospital, Dublin, Ireland

The Mater Misericordiae University Hospital (MMUH) in Dublin, Ireland

scanner in operation since its installa-
tion in October 2000.

■  New applications, teaching and 
research: As a university teaching 
hospital and national referral center 
there was a need to maintain state of 
the art MR imaging facilities not only 
for patient care, but also to train radi-
ology and radiography staff as part 
of national programs, and to facilitate 
meaningful research programs.

1
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■  Demand for services: In the first full 
year of operation 3,200 MR scans 
were performed. This had risen by 
38% to 5,208 MR scans in 2008. How-
ever the number of requests for MR 
had been steadily rising by 5–10% per 
annum since scanner installation. The 
waiting list for MR had become unac-
ceptably long necessitating outsourc-
ing of low risk MR studies.

■  Funding: Any proposal to address the 
above issues had to be budget neutral. 
In addition new staff could not be 
hired due to a government imposed 
hiring embargo. This precluded pur-
chase of a second scanner.

■  MR in ‘Listed Building’: The MR was 
located in an architecturally preserved 
‘listed building’. When the scanner was 
initially installed in 2000, access was 
gained through an inner back wall via 
a central courtyard. Since that time 
further structural building work had 
taken place in this courtyard which 
made this route inaccessible. Thus a 
full upgrade with removal of the mag-
net bore would have produced serious 
logistical and secondary cost issues. 

■  Downtime: The MMUH has only a sin-
gle MR scanner. A short installation 
time was thus important to ensure 
continuity of service.

Why the Tim upgrade 
in the MMUH? 
■  Software applications: Gave access 

to the same full range of sequences 
available as if a new magnet pur-
chased. This addressed the clinical, 
teaching and research issues. 

■  Productivity: We estimated that with 
the new technology we could increase 
the throughput in our MR department 
by about 15% or 3 extra scans per day. 
With the increase in throughput, we 
believed that the upgrade would be 
“cost neutral” over a three-year period 
of time. 

■  Staffing: No new staff would be 
required. 

■  Architecturally preserved building: 
Because the Tim upgrade involved 
keeping the original magnet bore, the 
upgrade did not involve buiiding works. 

■  Short installation time: The Tim 

upgrade process was estimated to take 
10 days to complete. This involved 
two weekends and as such a loss of 
just six working days.

Our experience
Installation:
■  The old scanner was stripped to its 

bare magnet and new hardware in the 
form of new external casing and table 
top, a new RF system, new standard 
(and optional coils), a new computer 
system with new software were 
installed. A mobile MR provided cover-
age during installation.

■  The entire upgrade process took 5 
days longer than anticipated. We con-
tinued an inpatient and urgent outpa-
tient service from the mobile unit. 
Engineers worked around the clock to 
sort out teething difficulties but it was 
worth the wait!

Technology:
Several tailored upgrade packages were 
also purchased to the specific services of 
the adult population with congenital 
heart defects. We have now applied it to 
venous and tumor imaging. The syngo 

BLADE sequence has become invaluable 
to us and is generally used in patients 
with movement disorders or patients 
who are slightly confused. It has greatly 
reduced the need to sedate these 
patient groups. The cardiac package 
included the PMU wireless physio con-
trol and vector ECG tracing which has 
greatly increased the efficiency of our 
cardiac clinic. The old ECG device was 
cumbersome and frequently needed 
replacing and a good trace proved diffi-
cult to attain in certain patients. We 
invested in the 8-channel knee coil and 
are impressed with the image quality 
attainable for MR arthrography, foot, 
ankle and wrist imaging with this device. 
Parallel imaging technology has greatly 
reduced scan times for many of our 
sequences. A new, sturdier head and 
neck coil replaced the old. Compared to 
the former flexible neck coil, a clear gain 
in signal-to-noise ratio (SNR) is obvious 
and also clinical advantages by applica-
tion of parallel imaging e.g. for MR 
angiography of the supraaortic vessel are 
obvious. However, the old flexible neck 
coil is sometimes greatly missed, espe-
cially for our spinal trauma patients. Our 

2 Comparison of exam numbers performed per week at the MMHU before and after the Tim 
upgrade. Red columns: with Tim upgrade, blue columns: corresponding data before upgrade. 
Note that the graph includes the start-up period. 
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3 Example of a whole-spine exam. 3A–C composed sagittal T2w TSE images, consisting of three stages (TR / TE = 4000 / 100 ms; slice thick-
ness 3 mm). Note the slight scoliosis (best shown in 3C). Magnified images do demonstrate multiple degenerative changes of the cervical spine 
with narrowing of the spinal canal (3D) and the compression fracture of the first lumbar spine without relevant stenoses of the canal (3E).

3A 3B 3C

3D 3E
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4 Multi-step MR angiography of a 55-year-old female patient with limited breath-hold capabilities. 4A–C MIP based on the large-FOV MR 
 angiography (TR / TE = 3.10 / 1.08 ms, FOV 328 x 500 mm, matrix 214 x 383, slice thickness 1.4 mm). Complete occlusion of the left poplitean 
artery is found (red arrow). Note also a seroma on the left inguinal side (white arrow) and susceptibility artifacts at the area of the ureters on 
both sides (marked by stars). 4D, E: ce 2D FLASH.

4A 4B 4C

4D 4E

Contact 
Dr. John Murray, M.D.

Dept of Radiology

The Mater Misericordiae 

University Hospital

Eccles Street

Dublin 7

Ireland

jmurray@mater.ie

image quality is compromised in these 
patients as the new neck coil will not fit 
over spinal immobilization devices and 
tracheostomy tubes. 

Productivity:
Since the upgrade there has been a nota-
ble increase in throughput and productiv-
ity due to faster scanning and examina-
tion times. Over the same 6 month period 
one year prior to and after installation of 
the Tim upgrade there has been a 20%* 
increase in the number of procedures 
performed. Faster scan times amount to a 
significant increase of at least 4 proce-

dures per day or an average of at least 20 
MR studies per working week. 

Cost:
The approximate cost for our institution 
of outsourcing an MR scan in 2008 was 
€ 220.00. Based on achieved additional 
throughput of 20 scans per week (Fig. 2) 
for an operational 50 weeks of the year 
the total savings will pay for the upgrade 
including VAT (value added tax) at 21% 
and our interest costs in 3 years.
In summary the Tim upgrade has 
allowed us to achieve state of the art 
imaging on site on a cost neutral basis. 

This was achieved by a commitment on 
the part of all staff to increase patient 
numbers without additional staff. 

*Results may vary. Data on file.

*
*

*
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Siemens Healthcare – Customer Magazines
Our customer magazine family offers the latest information and background for every 
healthcare fi eld. From the hospital director to the radiological assistant – here, you can 
quickly fi nd information relevant to your needs.

For current and older issues and to order the magazines, please visit www.siemens.com/healthcare-magazine

Medical Solutions
Innovation and trends 
in healthcare. The 
magazine, published 
three times a year, is 
designed especially 
for members of the 
hospital management, 
administration per-
sonnel, and heads of 
medical departments.

AXIOM Innovations
Everything from the worlds 
of interventional radiology, 
cardiology, fluoroscopy, 
and radiography. This semi-
annual magazine is primar-
ily designed for physicians, 
physicists, researchers, and 
medical technical personnel.

MAGNETOM Flash
Everything from the world 
of magnetic resonance 
imaging. The magazine 
presents case reports, 
technology, product news, 
and how-to’s. It is primarily 
designed for physicians, 
physicists, and medical 
technical personnel.

SOMATOM Sessions
Everything from the world 
of computed tomography. 
With its innovations, clinical 
applications, and visions, 
this semiannual magazine 
is primarily designed for 
physicians, physicists, 
researchers, and medical 
technical personnel. 

Perspectives
Everything from the world 
of clinical diagnostics. This 
semi-annual publication pro-
vides clinical labs with diag-
nostic trends, technical inno-
vations, and case studies. 
It is primarily designed for 
laboratorians, clinicians and 
medical technical personnel. 

The Magazine for Interventional Radiology and Cardiology,
 Radiography and Fluoroscopy
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such as product 
news, reference 
stories, reports, 
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interest topics are 
always available at 
www.siemens.com/
healthcare-news
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Dear MAGNETOM user,
Dynamic contrast-enhanced (DCE) liver MRI 

plays a major role in the detection and differ-

entiation of liver disease. However, those 

who scan liver patients in their daily routine 

understand the level of experience and inter-

action required. In his article, Prof. Martin 

deals with timing and sequence adjustments 

of the arterial phase DCE scan, which are 

significant  elements of liver MRI. He shows 

how this technique helps to improve the 

standard of DCE liver MRI.

Together with our collaboration partners 

we are focused on improving the quality and 

therefore the accuracy of MRI. Very often, 

complex tasks which require a high level of 

experience prevent a method from becoming 

daily routine. In their first clinical experience 

with a work-in-progress implementation of 

the Cardiac Dot Engine*, Dr. Russell Bull and 

Matthew Benbow demonstrate how intelli-

gent automation and user guidance can not 

only increase reproducibility but also help 

to  optimize daily routine and increase the 

throughput of even complex cardiac stress 

examinations.

These improvements in workflow and 

image quality are also based on hardware 

technology. The advantages of Tim (Total 

imaging matrix) compared to conventional 

MR systems are well known and in their 

article Dr. John Murray et al. demonstrate 

that simply by adding Tim technology to 

their 1.5T MAGNETOM Symphony system Matthias Lichy, M.D.

Matthias Lichy, M.D.

they could significantly improve their pro-

ductivity. They now offer the latest MR 

applications such as highly temporal resolved 

MR angiography for planning of  thoracic 

surgery or multi-stage examinations of spine 

injuries. With Tim 4G* the next generation 

of coil and RF technology is now available 

and will again contribute to the ease and 

flexible usage of MRI. 

We also feature in this edition of Flash 3D 

large FOV imaging of the cervical spine and 

3D knee imaging (syngo SPACE). We show 

how non-ce MRA (syngo NATIVE TrueFISP) 

can be used for evaluation of renal trans-

plants and explain the latest developments 

of the arterial spin labelling sequence and 

diffusion-weighted imaging techniques. 

You can read about the comparison of the 

results of whole-body MRI with PET/CT in a 

case of metastatic breast cancer. All these 

applications show a clear potential to change 

our daily clinical routine. And together 

they make MRI an invaluable diagnostic tool, 

thanks to its ease-of-use, flexibility and 

productivity. 

We hope you will enjoy reading this latest 

edition of Flash!



Imprint

MAGNETOM Flash · 3/2009 · www.siemens.com/magnetom-world   99

Editorial

  Yes, I con
sen

t to th
e above in

form
ation

 bein
g u

sed 
for fu

tu
re con

tact regardin
g produ

ct u
pdates an

d oth
er 

im
portan

t n
ew

s from
 Siem

en
s.

Please print clearly!

Su
b

scrip
tio

n
 

  u
n

su
bscribe from

 in
fo service

Stay u
p

 to
 d

ate w
ith

 th
e latest in

fo
rm

atio
n

R
eg

ister fo
r:

  th
e m

on
th

ly e-N
ew

sletter

Please en
ter yo

u
r b

u
sin

ess ad
d

ress

In
stitu

tion

D
epartm

en
t

Fu
n

ction

Title

N
am

e

Street

Postal C
ode

C
ity

State

C
ou

n
try

M
R system

 u
sed

E-m
ail

Please in
clu

d
e m

e in
 yo

u
r m

ailin
g

 list fo
r th

e 
fo

llo
w

in
g

 Siem
en

s H
ealth

care cu
sto

m
er m

ag
azin

e(s):

  M
edical Solu

tion
s

  M
A

G
N

ETO
M

 Flash

  SO
M

ATO
M

 Session
s

  A
X

IO
M

 In
n

ovation
s

2   MAGNETOM Flash · 3/2009 · www.siemens.com/magnetom-world

MAGNETOM Flash – Imprint
© 2009 by Siemens AG, Berlin and Munich,
All Rights Reserved

Publisher:
Siemens AG
Medical Solutions
Business Unit Magnetic Resonance,
Karl-Schall-Straße 6, D-91052 Erlangen, 
Germany

Editor-in-Chief: Dr. Matthias Lichy, M.D.
(matthias.lichy@siemens.com) 

Associate Editor: Antje Hellwich
(antje.hellwich@siemens.com)

Editorial Board: Dagmar Thomsik-Schröpfer, 
Ph.D.; Okan Ekinci, M.D.; Ignacio Vallines, Ph.D.; 
Wellesley Were; Milind Dhamankar, M.D.; 
Michelle Kessler; Gary McNeal; Sunil Kumar, M.D.

Production: Norbert Moser, Siemens AG, 
Medical Solutions

Layout: independent Medien-Design
Widenmayerstrasse 16, D-80538 Munich

Printers: Farbendruck Hofmann, Gewerbestraße 5, 
D-90579 Langenzenn, Printed in Germany

Note in accordance with § 33 Para.1 of the 
German Federal Data Protection Law: Despatch is 
made using an address file which is maintained 
with the aid of an automated data processing 
system.
MAGNETOM Flash with a total circulation of 
20,000 copies is sent free of charge to Siemens 
MR customers, qualified physicians, technolo-
gists, physicists and radiology departments 
throughout the world. It includes reports in the 
English language on magnetic resonance: 
diagnostic and therapeutic methods and their 
application as well as results and experience 
gained with corresponding systems and solu-
tions. It introduces from case to case new 
principles and procedures and discusses their 
clinical potential.
The statements and views of the authors in the 
individual contributions do not necessarily re-
flect the opinion of the publisher.
The information presented in these articles and 
case reports is for illustration only and is not 
intended to be relied upon by the reader for in-
struction as to the practice of medicine. Any 
health care practitioner reading this information 
is reminded that they must use their own learn-
ing, training and expertise in dealing with their 
individual patients. This material does not substi-
tute for that duty and is not intended by Siemens 
Medical Solutions to be used for any purpose 
in that regard. The drugs and doses mentioned 

herein are consistent with the approval labeling 
for uses and/or indications of the drug. The treat-
ing physician bears the sole responsibility for the 
diagnosis and treatment of patients, including 
drugs and doses prescribed in connection with 
such use. The Operating Instructions must al-
ways be strictly followed when operating the MR 
system. The sources for the technical data are 
the corresponding data sheets. Results may vary.
Partial reproduction in printed form of individual 
contributions is permitted, provided the custom-
ary bibliographical data such as author’s name 
and title of the contribution as well as year, issue 
number and pages of MAGNETOM Flash are 
named, but the editors request that two copies 
be sent to them. The written consent of the au-
thors and publisher is required for the complete 
reprinting of an article.
We welcome your questions and comments 
about the editorial content of MAGNETOM Flash. 
Please contact us at magnetomworld.med@sie-
mens.com. Manuscripts as well as suggestions, 
proposals and information are always welcome; 
they are carefully examined and submitted to the 
editorial board for attention. MAGNETOM Flash 
is not responsible for loss, damage, or any 
other injury to unsolicited manuscripts or other 
materials. We reserve the right to edit for 
clarity, accuracy, and space. Include your name, 
address, and phone number and send to the 
editors, address above.

MAGNETOM Flash is also available 
on the internet: 

www.siemens.com/magnetom-world

Listen – Discuss – Share
7th MAGNETOM World Summit
May 27–30, 2010, Shenzhen, China

The MAGNETOM World Summit is an excellent platform to establish personal contacts, exchange 
valuable information, learn from the experience of other users and to share your own expertise.

Lectures and presentations from experts in the field will allow you to be exposed to new ideas and 
alternative clinical approaches that might help you to improve your clinical and financial outcomes.

For details on the agenda and registration, please visit www.siemens.com/magnetom-world

*The information about this product is being provided for planning purposes. The product is pending 510(k) 
review and is not commercially available in the U.S.

Dear MAGNETOM user,
Dynamic contrast-enhanced (DCE) liver MRI 

plays a major role in the detection and differ-

entiation of liver disease. However, those 

who scan liver patients in their daily routine 

understand the level of experience and inter-

action required. In his article, Prof. Martin 

deals with timing and sequence adjustments 

of the arterial phase DCE scan, which are 

significant  elements of liver MRI. He shows 

how this technique helps to improve the 

standard of DCE liver MRI.

Together with our collaboration partners 

we are focused on improving the quality and 

therefore the accuracy of MRI. Very often, 

complex tasks which require a high level of 

experience prevent a method from becoming 

daily routine. In their first clinical experience 

with a work-in-progress implementation of 

the Cardiac Dot Engine*, Dr. Russell Bull and 

Matthew Benbow demonstrate how intelli-

gent automation and user guidance can not 

only increase reproducibility but also help 

to  optimize daily routine and increase the 

throughput of even complex cardiac stress 

examinations.

These improvements in workflow and 

image quality are also based on hardware 

technology. The advantages of Tim (Total 

imaging matrix) compared to conventional 

MR systems are well known and in their 

article Dr. John Murray et al. demonstrate 

that simply by adding Tim technology to 

their 1.5T MAGNETOM Symphony system Matthias Lichy, M.D.
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they could significantly improve their pro-

ductivity. They now offer the latest MR 

applications such as highly temporal resolved 

MR angiography for planning of  thoracic 

surgery or multi-stage examinations of spine 

injuries. With Tim 4G* the next generation 

of coil and RF technology is now available 

and will again contribute to the ease and 

flexible usage of MRI. 

We also feature in this edition of Flash 3D 

large FOV imaging of the cervical spine and 

3D knee imaging (syngo SPACE). We show 

how non-ce MRA (syngo NATIVE TrueFISP) 

can be used for evaluation of renal trans-

plants and explain the latest developments 

of the arterial spin labelling sequence and 

diffusion-weighted imaging techniques. 

You can read about the comparison of the 

results of whole-body MRI with PET/CT in a 

case of metastatic breast cancer. All these 

applications show a clear potential to change 

our daily clinical routine. And together 

they make MRI an invaluable diagnostic tool, 

thanks to its ease-of-use, flexibility and 

productivity. 

We hope you will enjoy reading this latest 

edition of Flash!
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– and get your free copy of future 

MAGNETOM Flash! Interesting information from 

the world of magnetic resonance – gratis to your 

desk. Send us this postcard, or subscribe online at 

www.siemens.com/MAGNETOM-World
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On account of certain regional limitations of 
sales rights and service availability, we cannot 
guarantee that all products included in this 
brochure are available through the Siemens 
sales organization worldwide. Availability and 
packaging may vary by country and is subject 
to change without prior notice. Some/All of 
the features and products described herein may 
not be available in the United States.

The information in this document contains 
general technical descriptions of specifications 
and options as well as standard and optional 
features which do not always have to be present 
in individual cases.

Siemens reserves the right to modify the design, 
packaging, specifications and options described 
herein without prior notice. 
Please contact your local Siemens sales 
representative for the most current information.

Note: Any technical data contained in this 
document may vary within defined tolerances. 
Original images always lose a certain amount 
of detail when reproduced.
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   Faster 
        scan times 

increased
      scanning
   speed 

       higher clinical 
  throughput

“Faster scan times amount to a signifi cant increase of at least 4  procedures 
per day on an average of at least 20 MR studies per working week.”
John Murray, Mater Misericordiae University Hospital, Dublin, Irland on the Symphony Tim Upgrade

 

“The increased scanning speed has raised throughput by 50%, now  allowing 
6  patients to be scanned in a 4 hour session rather than only 4 before.”

Russell Bull, Royal Bournemouth Hospital, UK on a WIP version of the Cardio Dot Engine*

“The overall acquisition time can be reduced from 20–30% in 
abdominal studies to up to 50% for whole-body examinations [...] this led 

to a higher clinical throughput, as up to 4 additional patients could 
be examined each day.” 

Henrik Michaely, University Medical Center Mannheim, Germany on syngo TimCT Oncology

Results may vary. Data on file.
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On account of certain regional limitations of 
sales rights and service availability, we cannot 
guarantee that all products included in this 
brochure are available through the Siemens 
sales organization worldwide. Availability and 
packaging may vary by country and is subject 
to change without prior notice. Some/All of 
the features and products described herein may 
not be available in the United States.

The information in this document contains 
general technical descriptions of specifications 
and options as well as standard and optional 
features which do not always have to be present 
in individual cases.

Siemens reserves the right to modify the design, 
packaging, specifications and options described 
herein without prior notice. 
Please contact your local Siemens sales 
representative for the most current information.

Note: Any technical data contained in this 
document may vary within defined tolerances. 
Original images always lose a certain amount 
of detail when reproduced.
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