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The forthcoming ISMRM will be a 
special one, because Siemens will 
publish its future plans for 7T. So I 
am very thankful for the opportunity 
to share my views on the 7T MRI  
segment here with MAGNETOM 
Flash readers and to talk a little bit 
about this segment which, for the 
time being, remains basically non 
clinical.

Over the last two decades the 7T 
MRI system has developed from a 
unique prototype technology, usable 
only by highly specialized experts, 
towards a serial product. It is true 
that in comparison with a high-end 
3T clinical scanner there are still a 
number of challenges to overcome 
before one gets to see the amazing 

Dear MAGNETOM Flash reader,

Michael Schaaf has been Head of the Technology and Research 
Department of the business unit MR within Siemens Healthcare 
since November 2013. He is responsible for every MRI System 
with a field strength higher than 3T, and for all non-clinical MR 
projects.

Michael has worked in MR since 1996 in different functions. 
After several years working in the gradient development team, 
he spent four years in Shenzhen, China, helping to set up the 
Siemens MR factory there.

Back at MR headquarters, Michael is now working with his  
team on the next generation of 7T MRI systems from Siemens 
Healthcare.

results unlocked by the fieldstrength 
of 7T. However, its increased signal-
to-noise ratio leads to an increase in 
spatial resolution, enabling you to 
see structures that have never been 
seen before. A 7T system supplies 
additional information on functional 
images, which enables, for example, 
work with low-sensitivity nuclei.

Sometimes I am asked whether all 
the effort is justified. It is my strong 
belief that it is. I have no doubt that 
7T will find its place in the clinical 
research arena. And whilst the num-
ber of installations of 7T systems 
may not rival those of the 3T – at 
least not in the foreseeable future – 
the effort and commitment of an 
extremely active ultra-high-field 
community is helping to demon-
strate that even today diagnoses and 
treatment strategies may change 
thanks entirely to the additional 
information offered by the 7T. The 
enthusiasm and motivation of our 
7T users encourages us to develop 
7T further. To explain this in more 
detail, I would like to look a little bit 

back in the history and describe the 
origins of this ultra-high-field 
segment.

The first systems were brought to the 
field part by part even before the turn 
of the century. This required research 
centers to buy the equipment they 
needed directly from the different 
component suppliers. For example, 
the 7T magnet came from Magnex; 
the gradient system from either  
Magnex or Varian; and the RF-System 
– including the amplifier – from CPC 
or Analogic. The first systems were 
therefore built from separate compo-
nents not specifically developed to be 
integrated with each other, with the 
result that interfaces sometimes did 
not match. These research institutes 
faced a big challenge in integrating 
all these different components to  
create a running 7T MRI system.  
Nevertheless, mechanical and electri-
cal challenges were met, a working 
software (SW) developed, and  
necessary surface coils designed and 
built by highly motivated teams.

“�Nothing is  
accepted until  
you prove it.”

Editorial
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The first in vivo images with these 
machines were so promising that 
companies like Siemens decided to 
offer the complete MRI console  
(gradients, RF chain, and SW) in  
order to foster this segment further. 
What stayed the same in the early 
days, however, was the need for the  
customer to purchase the magnet 
separately: indeed, this remains true  
today in respect of an MRI system 
with field strength higher than 7T.

The components used by Siemens 
came from the 3T shelf. Siemens took 
the best, most reliable parts from  
the latest existing 3T platform and 
adapted them for the needs of 7T.  
By using such components it was  
possible to provide the good service, 
application packages, and SW updates 
already associated with the 3T sys-
tems. This significantly improved  
reliability and repeatability, since  
Siemens could provide the right spare 
parts where required. By providing 
these benefits to the research  
institutes, the number of installed  
Siemens 7T systems has increased 
steadily by up to five installations  
per year for each of the last two 
years.

Nevertheless, each 7T system was and 
remains a project in its own right. 
Knowing this, Siemens made the busi-
ness decision that serving the ultra-
high-filed segment by providing the 
necessary solutions for different user 
visions was only possible if it could 
look at these installations as single 
projects, in contrast to the well-devel-
oped and organized product business 
associated with the 1.5T and 3T sys-
tems. A separate department was  
created to work very closely with each 
ultra-high-field customer. Siemens 
has always offered close support as a 
partner from the first idea right until 
hand over, and beyond. In parallel, 
this small group of experts began 
developing functionalities according 
to specific user requirements.

An example of this is the parallel 
transmit (pTX) technology. This new 
feature was first announced as add on 

to the 7T at the ISMRM in 2006. The 
need for special transmit technology 
is based on the B1 inhomogeneity, 
which is more severe at 7T than, for 
example, at 3T. Alongside existing 
prototypes, developed and built by 
research institutes themselves,  
Siemens offers an 8-channel parallel 
transmit system for the 7T, by dupli-
cating the single transmit channel 
eight times. The first image, after  
a successful integration of the pTX 
system, either together with a  
new or already existing 7T system, 
was the logo of the institute in a 
phantom. 

While conducting the first research 
studies, including the pTX system, 
the understanding and need for 
sophisticated SAR supervision grew 
clearer and became the focal point 
of parallel transmit imaging. Today, 
because of its obvious strong advan-
tages, the pTX technology is becom-
ing indispensible for every 7T user, 
especially now that the focus is 
shifting towards 7T body imaging. 
Because Siemens strongly believes 
in the vision and entrepreneurship 
of the largest ultra-high-field com-
munity (>65% of the worldwide 
installed ultra-high-field systems are 
from Siemens) the development of 
the pTX system is ongoing. The tar-
get is clear: We aim to provide the 
right equipment to enable reliable 
and safe clinical imaging with pTX 
technology in the future.

Early in 2013 Agilent (the UHF  
magnet manufacturer) revealed that 
it would no longer support the 
growing ultra-high-field segment 
with human whole body magnets. 
This commercial decision from the 
core magnet supplier in this field 
created a vacuum for some time. 
Before the decision, the main talk 
was of the number of transmit or 
receive channels, gradient perfor-
mance and special shimming tech-
nologies. Since then, the talk now 
focuses on the simple question:  
Do you have a magnet?

Only a few people outside of  
Siemens know that more than a year 
before Agilent made this announce-
ment, Siemens had already decided 
to develop and manufacture its  
own human whole body 7T magnet. 
I believe it is only a matter of time 
before the 7T is used in a clinical 
setting. Siemens is now so strong in 
this growing field that we do not 
want to miss this unique opportu-
nity to be the vendor of choice. As a 
consequence, we made the strategic 
decision to take this path only if we 
have full control of all of our major 
components, such as the magnet. 
Siemens’ strategy was proved cor-
rect and the experience and ability 
of Siemens Magnet Technology 
(SMT) – the largest human MRI mag-
net supplier in the world – brought 
us to the position where we could 
announce at the ISMRM 2014 that 
we were developing our own 7T 
magnet. Just one year later, we are 
proud to reveal that the first  
magnet is not only up and running, 
but that it has also been successfully 
installed at Friedrich-Alexander  
University of Erlangen-Nuremberg 
(FAU) in Erlangen, Germany.

Right now 7T is almost at the point 
of clinical usage. I would still not 
claim that 7T will make 1.5T or 3T 
obsolete in the future. 7T will stay 
special and it will be exciting to see 
how the ongoing changes in the 
research field and especially in the 
clinical environment of MRI will 
influence this development. My own 
fascination for the ultra-high-field 
segment is based on the technology 
used, the research projects which 
are set up, and – especially – the 
people running the already installed 
systems. Working together with the 
largest ultra-high-field community in 
the world is a great pleasure and an 
ongoing positive challenge to my 
team and myself. Alongside this 
technical fascination, we always  
ask ourselves: What are the ultimate 
benefits for patients, and is this  
tremendous effort all worthwhile? 

Editorial
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We appreciate your comments. 
Please contact us at magnetomworld.med@siemens.com
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As a supplier for imaging equipment  
Siemens will not be able to answer 
this question alone. It is the research 
community, our existing and upcom-
ing collaboration partners, whom 
we count on to provide the fact-
based answers to this question. 
What Siemens can do and will do is 
show strong commitment to, and 

provide the necessary support for, 
the research community with the 
necessary equipment. Siemens will 
provide the right tooling: It is up to 
you to develop the vision.

I would like to end by expressing  
sincere thanks to the ultra-high- 
field community, my great team at 

Siemens, and to wish you an exciting 
and inspiring ISMRM 2015. 
 
With best regards

MAGNETOM 7T is still under development  
and not commercially available yet.  
Its future availability cannot be ensured. 
MAGNETOM 7T is not yet licensed for sale in 
Canada, in accordance with Canadian Law. 
Performance claims have not been reviewed  
by Health Canada, and are subject to change.  
Its future availability cannot be guaranteed.

Editorial
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Don’t miss the >100 lectures and presentations by 
international and renowned experts in the field on all 
aspects of ultra high field MRI that will allow you to  
be exposed to new ideas and alternative approaches.

with publications, presentations, training documents, 
case studies, and more – all freely available to you via 
this unique network.

Siemens’ global MRI community offers peer-to-peer 
support and information. Radiologists, physicists 
cardiologists, and technologists, have all contributed 

The centerpiece of the MAGNETOM World Internet 
platform consists of MAGNETOM users’ results. Here 
you will find case reports, articles and application 
tips allowing you to optimize your daily work.

Put the advantages of the MAGNETOM World to work for you!

www.siemens.com/magnetom-world

The MAGNETOM World
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1 �MAGNETOM 7T is still under development and not commercially available yet. Its future availability  
cannot be ensured. MAGNETOM 7T is not yet licensed for sale in Canada, in accordance with Canadian 
Law. Performance claims have not been reviewed by Health Canada, and are subject to change.  
Its future availability cannot be guaranteed.

2�MR scanning has not been established as safe for imaging fetuses and infants under two years of age. 
The responsible physician must evaluate the benefit of the MRI examination in comparison to other 
imaging procedures.

3�WIP, the product is currently under development and is not for sale in the US and in other countries.  
Its future availability cannot be ensured. The product is not yet licensed for sale in Canada, in accordance 
with Canadian Law. Performance claims have not been reviewed by Health Canada, and are subject to 
change. Its future availability cannot be guaranteed.

The information presented in MAGNETOM Flash is for illustration only and is not intended to be relied 
upon by the reader for instruction as to the practice of medicine. Any health care practitioner reading 
this information is reminded that they must use their own learning, training and expertise in dealing with 
their individual patients. This material does not substitute for that duty and is not intended by Siemens 
Medical Solutions to be used for any purpose in that regard. The treating physician bears the sole respon-
sibility for the diagnosis and treatment of patients, including drugs and doses prescribed in connection 
with such use. The Operating Instructions must always be strictly followed when operating the MR 
System. The source for the technical data is the corresponding data sheets.
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Translate MRI Research Power  
into Clinical Care

Ultra-high resolution  
Diffusion of the right  
occipital lobe (axial slice)

•	800 µm isotropic resolution 

•	Robust reconstruction of multiple 
fiber directions per voxel

•	Sub-millimeter resolution: 
- 	following the fiber trajectory at  
	 the interface between the white  
	 matter and the cortex 
- 	Trajectories entering the cortex  
	 of the parietal lobe

Calcification of the  
globus pallidus

•	Arrows demonstrate calcification  
of the globus pallidus

Courtesy of Max-Planck-Institute 
(MPI), Leipzig, Germany

Courtesy of Deutsches Zentrum für 
Neurodegenerative Erkrankungen 
(DZNE), Bonn, Germany

With over 25 years of experience in 
ultra-high field MRI, and with more 
than 40 systems installed or planned, 
Siemens Healthcare fosters research 

MAGNETOM 7T is ongoing research. All data shown are acquired using a non-commercial system under institutional review board permission. MAGNETOM 7T is still under development 
and not commercially available yet. Its future availability cannot be ensured. MAGNETOM 7T is not yet licensed for sale in Canada, in accordance with Canadian Law. Performance claims 
have not been reviewed by Health Canada, and are subject to change. Its future availability cannot be guaranteed.

Normal control Bilateral calcification

and collaboration in the 7T arena 
with leading research institutions 
around the world. With the strongest 
and most active 7T community across 

the globe, Siemens’ collaboration 
partners translate MRI research  
into better diagnostic outcomes, as 
shown in this image gallery.
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Glioblastoma Multiforme:  
Susceptibility-Weighted  
Imaging (SWI); 3T vs. 7T

•	GBM under antiangiogenic therapy 

•	7T SWI provides superior assessment 
of microvasculature allowing better 
understanding of tumor-associated 
neoangionesis and therapy 
monitoring

Courtesy of Essen University Hospital, 
Erwin L. Hahn Institute for MRI,  
Essen, Germany

3T 7T

Tumor visualization

•	Patient with Glioblastoma at the left 
temporal lobe

•	200 µm inplane resolution

Courtesy of German Cancer Research 
Center, DKFZ, Heidelberg, Germany

Characterizing pathologic 
features of Multiple Sclerosis 
lesions

Courtesy of Medical University 
Vienna (MUV), Vienna, Austria

TSE, TR 7000 ms,  
TE 69 ms, TA 3:23 min

SWI, TR 27 ms,  
TE 15 ms, TA 5:15 min

MAGNETOM Flash | 2/2015 | www.siemens.com/magnetom-world  9
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Diffuse axonal injury

•	Improved depiction of small  
traumatic microbleeds (arrows) 
with 7T SWI

High-resolution  
quantitative mapping

•	High-resolution quantitative  
imaging at 7T of an early-stage 
Multiple Sclerosis patient. 
0.75 x 0.75 x 0.9 mm3

Courtesy of LREN-LTS5/CHUV-CIBM, 
Lausanne, Switzerland

3T 
0.7 x 0.8 x 2.6 mm3

T1 map

7T high resolution 
0.25 x 0.25 x 1.5 mm3

Non-contrast enhanced  
angiography  
Time-of-Flight (ToF)

•	300 micron isotropic resolution

•	TA 8:13 min, iPAT 3

•	1 TX/32 RX channel coil

•	Maximum Intensity Projection (MIP)

Courtesy of Massachusetts General 
Hospital (MGH), Boston, MA, USA

Coronal

Sagittal Axial
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Epilepsy imaging

•	Hippocampus 
0.25 x 0.25 x 1 mm3 TSE; 
average of 3 acquisitions

Courtesy of Maastricht University (UM),  
Maastricht, The Netherlands

Potential of ‘new’ contrasts: T2*-weighted Courtesy of MGH, Boston, MA, USA

Small bowel using TrueFISP

•	0.7 x 0.7 x 2.0 mm3 
TA 20 sec

Courtesy of Essen University Hospital,  
Erwin L. Hahn Institute for MRI, Essen, 
Germany
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Cardiac imaging at 7T

•	B1-shimming over cardiac cycle

 
Courtesy of Essen University Hospital, Erwin L. Hahn Institute for MRI, Essen, Germany

Short axis view

Pseudo 4-chamber view

•	2.3 x 2.3 x 5 mm3

•	Temporal resolution 42/45 ms

•	TE 2.9/3.1 ms; BW 554 Hz/pixel 

•	8 segments; up to 32 cardiac phases 

1.4 x 1.4 x 1.5 mm31.4 x 1.4 x 3.0 mm31.4 x 1.4 x 4.0 mm3

phase 1 phase 5 phase 9 phase 13 phase 17 phase 21 phase 28

Courtesy of Center for Magnetic Resonance Research (CMRR), Minneapolis, MN, USA

Aortic valve cine imaging FLASH
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Cervical cancer

•	T1-weighted FLASH-2D ce  
transversal:  
0.6 x 0.6 x 2.0 mm3 
TA 1:25 min

Prostate cancer

•	T2-weighted fast spin echo axial 
images at 0.75 x 0.75 x 3 mm3 from 
2 patients using parallel transmit 
and 8 refocusing pulses. Targeted MR 
guided biopsy in Patient 1, con-
firmed a prostate adenocarcinoma 
(hypointense region – red circle).  
In Patient 2, a hypointense lesion is 
visible in the right peripheral zone 
(yellow circle) confirmed by a whole-
mount prostatectomy to be an 
adenocarcinoma of the prostate.

Courtesy of Essen University Hospital, 
Erwin L. Hahn Institute for MRI, Essen, 
Germany

Courtesy of University Nijmegen Medical Centre, Radiology Department, Nijmegen, The Netherlands

High resolution breast imaging

•	In breast MRI 0.6 mm isotropic  
imaging has potential for the  
visualization of small structures  
such as ligaments that are not visible 
in standard resolution images.

Courtesy of New York University 
(NYU), New York, NY, USA

Patient 1 Patient 2
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Imaging the cervical spine, 
spinal injury

•	Increased signal might indicate  
dorsal-column Wallerian 
degeneration

•	Hyposignal might indicate localized 
hemosiderin to specific dorsal-horn 
laminae

•	T2*-weighted FLASH  
0.37 x 0.37 x 3 mm3

Cervical spine imaging,  
ALS patient

Quantitative hip cartilage 
imaging

•	T1- (A), T2- (B) and T2*- (C) relaxation 
time maps of the hip joint in sagittal 
view, with enlarged views of the joint 
space above. Note the clear differentia-
tion between acetabular and femoral 
cartilage.

•	T1 mapping: 0.4 x 0.4 x 2.0 mm3

•	T2 and T2* mapping: 0.5 x 0.5 x 2.5 mm3

Courtesy of Massachusetts General 
Hospital (MGH), Boston, MA, USA

Courtesy of Massachusetts General 
Hospital (MGH), Boston, MA, USA

Courtesy of Essen University Hospital, 
Erwin L. Hahn Institute for MRI, Essen, 
Germany

Wallerian degeneration

Hemosiderin

T1 dGEMRIC 
0.4 x 0.4 x 2.0 mm³

T2 
0.5 x 0.5 x 2.5 mm³

T2* 
0.5 x 0.5 x 2.5 mm³

A B C
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Meniskus fracture

•	(A) TSE with fat sat  
0.4 x 0.4 x 2.5 mm3

•	(B) TSE  
0.3 x 0.3 x 2.5 mm3

Cinematic rendering of 7T knee images using syngo.via Frontier1 

Courtesy of Medical University Vienna (MUW), Vienna, Austria

Courtesy of Medical University Vienna (MUV), Vienna, Austria

1 �WIP, the product is currently under development and is not for sale in the US and in other countries. Its future availability cannot be ensured. The product is not yet licensed for sale  
in Canada, in accordance with Canadian Law. Performance claims have not been reviewed by Health Canada, and are subject to change. Its future availability cannot be guaranteed.

A B

MAGNETOM Flash | 2/2015 | www.siemens.com/magnetom-world  15

7T Image Gallery



fit-Upgrade: A Success Story
Stephan Zangos; Thomas J. Vogl

Institute for Diagnostic and Interventional Radiology, University Hospital Frankfurt, Frankfurt/Main, Germany

We reported on our first experiences 
with fit-upgrades on the MAGNETOM 
Avantofit and MAGNETOM Prismafit  

in MAGNETOM Flash [1] a year ago. 
This article is an update of this expe-
rience. fit-upgrades to both MR sys-
tems were carried out, problem-free, 
in only 15 days, without additional 
rebuilding measures. The magnet 
remained in the scanner room while 
all other components were replaced. 
The fit-upgrades gave us access to 
the latest MRI technology, including  
a new gradient system, Tim 4G archi-
tecture, and day optimizing through-
put (Dot) workflow engines on both 
systems. Both systems are currently 
operating without problems and 
without unscheduled downtime.

These upgrades should help improve 
workflow and image quality, and  
ultimately lead to an increase in the 
number of examinations.

In addition, the new Dot engines pro-
vide improved examinations through 
fast and reproducible imaging. These 
are now routinely used for all liver, 
spine, cranial, and heart examina-
tions in our clinic, where examina-

tions can be adapted easily to answer 
specific questions at decision points.

When financing new devices today, 
we see a widening gap between  
the high costs of the system and 
lower revenue per exam. Today,  
radiologists aim to develop their  
own departments, with high quality 
services at acceptable prices.

Various strategies could be utilized to 
increase the number of examinations 
within the same number of working 
hours. The new systems enable a  
significant reduction in examination 
times as a result of better system  
performance, giving the same image 
quality. Indeed, the new systems can 
often provide improved image quality 
in shorter examination times.

Inexperienced staff can be led 
through examinations using the 
guidance features of the new Dot 
engines, reducing unnecessary or 
repetitive images. As a result, train-
ing time can be significantly reduced 
and consistent imaging quality 
achieved. This is an important factor, 
particularly in teaching hospitals, 

where inexperienced staff must  
often be deployed. The additional use 
of the Dot engines with their built-in 
automation assists the technologist 
during the examinations.

In a retrospective analysis1 (Table 1), 
we showed that with the fit-upgrades, 
exam frequency could be increased in 
our department by 20.6% to 697 
examinations/year using the Avantofit , 
and by 13.2% to 469 examinations/
year using the Prismafit . After 
upgrades, changes in the number of 
examinations are often multifactorial 
and cannot be accurately broken down 
to individual causes. The increased 
system performance allows us to pro-
vide improved image quality to our 
referring physicians.

After the upgrade we could increase 
the number of examinations without 
any conscious change to our examina-
tion strategies, or by extending our 
working hours. In particular, we found  
that better performance of the new 
systems and use of the Dot engines 
were the primary contributors to the 
increase in number of investigations. 
Improvement in image quality has  
also been recognized by our clinical 
partners, which has led to good  
acceptance of our MRI examinations  
in the hospital.

Conclusion
The fit-upgrade remains an economi-
cally attractive approach for an aged 
MR system. By improving system  
performance and workflow using  
the system software, the number  
of examinations can be increased, 
together with improved image quality, 
with little effort.

Table 1

01.01.-31.12.2012 01.01.-31.12.2014

Workdays 252 252

MAGNETOM Avanto MAGNETOM Avantofit

Cases total 3377 4074

Cases/day 13,4 16,2

MAGNETOM Trio Tim MAGNETOM Prismafit

Cases total 3543 4012

Cases/day 14,1 15,9

A retrospective analysis1 shows that the fit-upgrades increased exam frequency in our  
department. 697 more cases with Avantofit and 469 more cases with Prismafit.

1	 The statements by Siemens’ customers described herein  
	 are based on results that were achieved in the customer’s  
	 unique setting. Since there is no ‘typical’ setting and  
	 many variables exist there can be no guarantee that other  
	 customers will achieve the same results.
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1C 1D

1A 1B
(1A, B) Representation 
of an acoustic 
neurinoma (arrow) on 
the MAGNETOM 
Avantofit. T2-weighted  
SPACE transversal  
(TR 1200 ms,  
TE 264 ms, slice 
thickness 0.6 mm) and 
reconstructed coronal 
slice orientations.
(1C, D) Contrast-
enhanced T1-weighted 
MPRAGE (TR 1800 ms,
TE 2.6 ms, slice 
thickness 1 mm) with 
automatically calcu-
lated coronal MPR.

1

2A 2B 2C

Relapse of B-NHL (arrow) on the Avantofit. 
Comparison of the T2w TSE (TR 4000 ms, TE 79 ms; slice thickness 5 mm), T2w TIRM (TR 4140 ms, TE 32 ms; slice thickness  
6 mm) and contrast-enhanced T1w TSE FS-Dixon sequences (TR 520 ms, TE 14 ms; slice thickness 5 mm). The images show 
homogeneous fat saturation in this problem area, facilitating diagnosis.

2
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Contact

Prof. Dr. med. Stephan Zangos
Institute for Diagnostic and Interventional Radiology
University Hospital Frankfurt
Theodor-Stern-Kai 7
Haus 23c
60590 Frankfurt am Main
Germany
Phone: + 49 (0)69 6301-87287
Fax: +49 (0)69 6301-7288
zangos@em.uni-frankfurt.de

References

1 	 Zangos S, Vogl TJ. MAGNETOM Trio 
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throughput in clinical practice. 
MAGNETOM Flash no. 58, 3(2014): 
32-38.

Thomas J. Vogl Stephan Zangos

3A 3B

3C

Recurrence after  
resection of osteosarcoma 
of the ilium on the 
MAGNETOM Avantofit.
T2w TIRM WARP  
(TR 4670 ms, TE 39 ms; 
slice thickness 5 mm), 
T2w TSE WARP  
(TR 5530 ms, TE 77 ms; 
slice thickness 6 mm), 
T1w TSE WARP  
(TR 500 ms, TE 7 ms;  
slice thickness, 6 mm), 
and T1w TSE WARP 
sequences show the 
reduction of metal 
artifacts of tumor 
prosthesis.

3

4A 4B
MIP (maximum 
intensity projection) 
of a TWIST angiog-
raphy in neutral  
and provocation 
positions on the 
MAGNETOM Avantofit. 
The images show  
an entrapment  
on the left side.

4
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Expert Talks
Don’t miss the talks of experienced and renowned experts 
on all aspects of MR imaging.

MRI Technology and Methodology:  
A Look into the Future

Whole-Body MRI:  
Changing Cancer Patient Managment

Future Trends in Breast MRI:  
TWIST-VIBE for Breast Cancer Staging in 2 Minutes

A 5 Minute Clinical Brain Protocol

Body MRI and Whole-Body Staging  
in Pediatric* Patients

Peter Jezzard 
University of Oxford (Oxford, UK)

Anwar R. Padhani 
Mount Vernon Cancer Centre (London, UK)

Ritse Mann 
Radboud University Medical Center (Nijmegen, The Netherlands)

Lawrence Wald 
Massachusetts General Hospital (Boston, MA, USA)

Günther Schneider 
Saarland University Hospital (Homburg, Germany)

	 *	MR scanning has not been established as safe for imaging fetuses and infants under two years of age. 
		 The responsible physician must evaluate the benefit of the MRI examination in comparison to other imaging procedures.

www.siemens.com/magnetom-world

Clinical Corner > Clinical Talks

Visit us at

Go to
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syngo MR E11 on a MAGNETOM Aera:  
First Impressions
Dr. Martin Reiss-Zimmermann, M.D.

Radiologische Gemeinschaftspraxis Erfurt, Germany

The decision to purchase a new or 
replacement MR scanner is always 
based on various factors, such as 
investment / reimbursement costs, 
necessary building space, innovative 
technology (e.g. image quality, 
patient throughput, specialized 
examinations) and patient comfort.

The restrictions of the building in 
terms of space and load capacity  
limited us to the footprint of the pre-
existing MAGNETOM Harmony and a 
1.5 Tesla MR scanner system. While 
these unavoidable limitations cer-
tainly reduced the range of potential 
scanners, our considerations focused 
mainly on technical advances result-
ing in increased image quality and 
patient comfort, and also on running 
expenses. A wide-bore system  
was considered essential, since our 
diagnostic spectrum is based not only 
on musculoskeletal (MSK) and neuro-
logical (Neuro) imaging, but also 
includes whole-spine/whole-body 
and MR angiography examinations.

The MAGNETOM Aera met our 
requirements and more: It even  
featured additional benefits, such  
as zero-Helium-boil-off technology, 
which reduces running costs,  
especially during this worldwide 
shortage of Helium. Furthermore, the 
offer included an upgrade from  
syngo MR D13 to syngo MR E11 shortly  
after the installation of the scanner. 

Having worked with syngo MR B17/19 
before, the switch to D13, and later 
on to E11 was rather easy. While the 
main character and philosophy of the 
graphical user interface stayed the 
same, the new features were easy to 
understand. In our view, a minor 
downside of D13 was the replacement 
of the trashcan in the lower left cor-
ner, which was re-introduced in E11. 
Being used to this feature, the miss-
ing option led to several sequence 
stops in the beginning (although this 
is something one can get used to). 
The new MAGNETOM Aera also pro-
vided new Tim 4G coils with higher 
coil element density and new 

sequence features, resulting in an 
improved image quality (Fig. 1).  
Two of the features we would like to 
discuss in more detail are Quiet and 
WARP sequences. 

At first we were rather skeptical  
about the performance of the Quiet 
sequences in real live practice. It 
seems understandable that a less 
steep slew rate reduces noise. But  
we asked ourselves how this could be 
done with virtually no additional scan 
time or without degradation of image 
quality? And furthermore, were there 
any differences in various sequences 
or examination regions? During system 
setup we tested those sequences 
extensively, especially for MSK and 
Neuro examinations. The sequences 
were slightly modified by the Siemens 
application specialist, resulting in  
minimal increase of scan time and 
with visually little to no image degra-
dation (Fig. 2). In our preliminary 
experience, the new Quiet feature is 
no real push-button technique but 
consists of several important steps 
with variable parameter settings and 
can be seen as a trade-off triangle 
between noise reduction, image  
quality and acquisition time (Table 1). 

When using the new PETRA sequence 
for the first time, we were astonished 
that one could hardly hear the 
sequence [1]. Compared to a conven-
tional MPRAGE sequence the PETRA 
images exhibit a softer differentiation 
between grey and white matter  
(Fig. 3). In our view, further studies 
are clearly needed to evaluate the 
impact of this altered contrast as well 
as the marginal increase in acquisition 
time (e.g. time versus noise in exami-
nations of children) [2]. Also, the 
PETRA sequence inherently covers a 
large field-of-view in z-axis, generating 
a set of images above the cranium  
and without essential information.

1A 1B 1C

Multifocal prostate cancer (Gleason score 7a) in segment 5p and 11p with hypoin-
tense depiction in axial T2-weighted imaging (1A, B) and hypointense signal 
values in ADC (1C). Note that only the tumor in segment 11p is hyperintense in 
b800. Imaging was performed only with surface coils, without the use of an 
endorectal coil.
Sequence parameters:  
T2w TSE:	 FOV 200 mm2, slice 3 mm, TR 6500 ms, TE 108 ms, matrix 320,  
			   3 averages, TA 3:47 min;  
DWI:		  FOV 200 mm2, slice 3 mm, TR 3600 ms, TE 71 ms, matrix 112,  
			   b-values (averages) 0 (4 avg), 50 (5 avg) and 800 (20 avg), TA 5:04 min.

1
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Great progress is being made in artifact 
reduction caused by surgical implants1, 
which includes modification of the 
composition of modern implants1 as 
well as data acquisition. Nevertheless, 
especially in cases of endoprosthesis 
(e.g. knee or hip joint) and in older 
implants1, examinations can be 
degraded by severe distortions. High-
bandwidth sequences, but even more 
WARP and SEMAC, can help to reduce 
these artifacts [3]. While high-band-
width sequences usually go along with 
SNR reduction and SEMAC sequences 
are very time consuming, our favorite 
tool is the WARP technique. In fact, 
 we use WARP sequences for all spine 
examinations in patients with known 
metal implants with excellent results 
(Fig. 4). Compared to 3T imaging with 
increased susceptibility artifacts, WARP 
sequences are able to provide diagnos-
tic image quality in almost all cases [4]. 
Therefore in our daily routine, SEMAC 
sequences are used almost only in 
cases of full-joint replacement, which 
are demanding for every imaging tech-
nique. Certainly, SEMAC cannot bypass 
elementary laws of MR physics, but it 
helps to bring light into the area adja-
cent to the joint replacement (Fig. 5).

To shortly summarize our impressions 
after three months of usage: The  
new syngo MR E11 software improved 
our daily practice, which is mainly 
focused on MSK and Neuro imaging, in  

Table 1

TSE SE GRE

’Noise Reduction’ on ‘Noise Reduction’ on ‘Noise Reduction’ on

h bandwidth h bandwidth h bandwidth

h echospacing h TR h TR

‘Gradient Motion Refoc’ off h TE h TE

RF pulse type ‘Fast’ RF pulse type ‘Fast’ RF pulse type ‘Fast’

h TR and/or i no. of slices ‘Asymmetric Echo’ on

Parameter settings for noise reduction – please note that there are no definitive values for parameter modification.  
Consider 10-15 % change as a good start to experiment. (Parameters can be changed on Routine card and Sequence card Part 1 & 2).

2A 2B

Axial FLAIR imaging of a 56-year-old man with history of headache. Note, there 
are no visible differences between the Quiet and the regular sequence. 
Sequence parameters:  
Quiet (2A):	 TR 8700 ms, TE 87 ms, bandwidth 210, TA 3:15 min. 
Regular (2B):	 TR 8500 ms, TE 87 ms, bandwidth 190, TA 3:06 min. 

2

3A 3B 3C

Imaging of a 7-year-old girl with suspected epilepsy, using isotropic 3D 
sequences (3A) MPRAGE, (3B) PETRA, (3C) FLAIR-SPACE. Note the slightly 
blurred differentiation of grey and white matter of the caudate head, the insular 
cortex and the superior aspect of the caudolenticular grey bridges in PETRA 
compared to the standard MPRAGE and FLAIR-SPACE sequence.
Sequence parameters:  
PETRA: 	 FOV 288 mm2, TR 3.32 ms, TE 0.07 ms, IR 1300 ms, TA 5:49 min.  
MPRAGE: 	 FOV 250 mm2, TR 2200 ms, TE 2.88 ms, TI 900 ms, TA 4:56 min.  
FLAIR-SPACE:	FOV 231 x 265 mm, TR 5000 ms, TE 336 ms, TI 1800 ms, TA 4:55 min. 

3

1	 The MRI restrictions (if any) of the metal implant must be  
	 considered prior to patient undergoing MRI exam. MR imag- 
	 ing of patients with metallic implants brings specific risks. 
	 However, certain implants are approved by the governing  
	 regulatory bodies to be MR conditionally safe. For such  
	 implants, the previously mentioned warning may not be  
	 applicable. Please contact the implant manufacturer for  
	 the specific conditional information. The conditions for MR  
	 safety are the responsibility of the implant manufacturer,  
	 not of Siemens.

syngo MR E11 Product News
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Contact

Dr. Martin Reiss-Zimmermann, M.D.
Radiologische Gemeinschaftspraxis Erfurt
Brühlerwallstr. 4
99084 Erfurt
Germany
Phone: +49 (0)361 - 220 900
MRZ@neuroradiologie-erfurt.de

4A 4B 4C

Sagittal (4C) and axial T2-weighted  
(4A, B) imaging of a 57-year-old man 
following ventral stabilization of C4-6. 
Note the decreased susceptibility 
artifacts using the WARP sequence 
compared to standard TSE sequence.
Sequence parameters: 
WARP (4A):	TR 3500 ms, TE 90 ms; 
		  bandwidth 230, TA 3:12 min. 
TSE (4B):	 TR 3300 ms, TE 90 ms;  
		  bandwidth 190, TA 3:06 min.

4

5C 5D 5E

Images of two different patients. (5A, B) show a 63-year-old patient with bilateral full hip replacement, scheduled for MRA  
of the lower extremities (5A: PD-w FS SEMAC, 5B: standard PD-w FS). Note the markedly decreased susceptibility artifacts 
adjacent to the left hip implant in SEMAC imaging (TR 5340 ms, TE 37 ms, bandwidth 780, TA 05:36 min), which allow for 
detection of effusion within the articular capsule. In standard imaging the artifacts even extend within the pelvic floor  
(TR 3500 ms, TE 33 ms, bandwidth 160, TA 01:41 min).
(5C-E) depict a 53-year-old female with knee replacement. Note the severe distortions in sagittal PD-w imaging (5C). Distortions 
are also found in coronal imaging. Compared to the standard T1 TSE sequence (5D) the PD-w SEMAC sequence exhibits a softer 
contrast with slightly less details. Note that in SEMAC the artifact reductions allows for evaluation of the intercondylar fossa  
(TR 3480 ms, TE 28 ms, bandwidth 650, TA 04:06 min).

5

5A 5B
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terms of diagnostic imaging quality 
and (probably) patient comfort. 
WARP sequences are routinely  
performed in all patients with metal 
implants and result in diagnostic 
quality in almost every case.  
SEMAC sequences are a great, but 
more time demanding backup tool 
for individual cases. We believe that 
noise reduction increases patient 
comfort, as well as other aspects  
of modern imaging such as wide-
bore scanners, reduced scan times 
and scanner room light installations. 
Therefore, we are planning to  
assess the impact of Quiet sequences 
on subjective patient comfort in a  
separate statistical survey.  

syngo MR E11 comes with even more 
improvements such as StarVIBE  
and FreezeIt, which we did not focus 
on yet.

Product News syngo MR E11
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Hepatic Fat Quantification in Pediatric 
Patients using Multi-echo Dixon VIBE:  
Early Experience
Jie Deng, Ph.D.1,2; Xiaodong Zhong, Ph.D.4; Mark Fishbein, M.D.3; Marci Messina, RT(R)(MR)1; Brian Reilly, RT (R)1; 
Shivraman Giri, Ph.D.5; Stephan Kannengiesser, Ph.D.6; Marcel Nickel, Ph.D.6; Cynthia K. Rigsby M.D.1,2

1	Department of Medical Imaging, Ann & Robert H. Lurie Children’s Hospital of Chicago, Chicago, IL, USA 
2	Department of Radiology, Feinberg School of Medicine, Northwestern University, Chicago, IL, USA 
3	Division of Gastroenterology, Hepatology, and Nutrition, Ann & Robert H. Lurie Children’s Hospital of Chicago, Chicago, IL, USA 
4	MR R&D Collaborations, Siemens Healthcare, Atlanta, GA, USA 
5	MR R&D Collaborations, Siemens Healthcare, Chicago, IL, USA 
6	Siemens Healthcare, Erlangen, Germany

Introduction
Non-alcoholic fatty liver disease 
(NAFLD) is a co-morbidity of obesity 
and potential precursor of cirrhosis 
and hepatocellular carcinoma. Liver 
biopsy is the standard of care for  
diagnosis and to establish disease 
severity but is an invasive approach 
that provides limited sampling loca-
tions and is not suitable for screening 
or frequent monitoring. Non-invasive 
imaging modalities such as ultrasound 
and CT are helpful to identify hepatic 
fat, however, these techniques provide 
less optimal soft tissue contrast and 
the radiation from CT has become  
a heightened concern, particularly  
in children. Besides excellent soft tis-
sue contrast, MRI can provide quanti-
tative measurements of hepatic fat 
without radiation risks, a particularly 
appealing feature in the assessment  
of pediatric1 patients. 

The multi-echo Dixon VIBE technique, 
part of the new application package 
LiverLab, enables comprehensive liver 
fat quantification through mapping  
of fat and water percentages and R2*. 
This methodology creates new oppor-
tunities for diagnostics that until 
recently had been felt to be overly 
cumbersome or not feasible to per-
form in children. 

1A

1C

1B

1D

Case 1:
12-year-old, male.  
Clinical indication: mixed hyperlipidemia.

1	 MR scanning has not been established as safe for imaging  
	 fetuses and infants under two years of age. The responsible 
	 physician must evaluate the benefit of the MRI examination 
	 in comparison to other imaging procedures.

1E
Separated water (1A) and fat (1B) 
images, R2* (1C) and FP (1D) 
maps, and ROI placement on the 
FP map (1E) are shown, respec-
tively. Reported FP = 14.9 ± 2.5%.

1

 Pediatric Imaging Clinical
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Accurate liver fat quantification is  
confounded by many factors, includ-
ing but not limited to, T2* signal 
decay, field inhomogeneities, and T1 
effects. The multi-echo Dixon VIBE 
sequence addresses these challenges 
systematically. First, the sequence is 
designed to include algorithms or 
strategies to compensate for all the 
above confounding effects to provide 
accurate results, i.e. using low flip 
angle to reduce T1 effects, and  
nonlinear fitting for simultaneous 
estimation of fat and R2* (1/ T2*) 
[1]. Second, the sequence is based 
on a 3D GRE acquisition compatible 
with CAIPIRINHA acceleration [2, 3],  
permitting whole liver coverage  
in a single breathhold (appealing  
for children). Finally, the scanner 
console displays scan results instan-
taneously including inline images  
of water signal and fat signal, and 
parametric maps of fat percentage 
(FP) and R2*, allowing for rapid 
region-of-interest (ROI) analysis. 

In this trial, we demonstrate the 
potential utility of multi-echo Dixon 
VIBE sequence for hepatic fat quanti-
fication in pediatric subjects. It shall 
be noted that the multi-echo Dixon 
VIBE sequence evaluated in this  
article was a prototype, where the 
features of the final product version 
may vary. 

Method
Imaging Protocols in  
our Institution 
The typical fatty liver imaging proto-
col in our institution consists of a 
3-plane single shot HASTE sequence 
with fat saturation, followed by the 
multi-echo Dixon VIBE. HASTE images 
are used for ruling out significant  
diseases in liver, bile duct, pancreas, 
kidney, spleen, adrenal glands, 
abdominal lymphadenopathy, and 
bone marrow abnormality. 

Exams are performed on our 1.5T 
MAGNETOM Aera scanners. The 
imaging parameters of multi-echo 
Dixon VIBE include TR 15 ms, flip 
angle 6˚, matrix 256×168, field-of-
view 400 mm × 87.5%, 20% phase 
oversampling, phase direction A-P, 
slice thickness 5 mm, 40 partitions, 
bandwidth 1085 Hz/Pixel, bipolar 

3A 3B

Case 3:
17-year-old, male.  
Clinical indication: an increase in weight and BMI and history of fatty  
liver disease.

FP maps measured in November, 2013 (3A) and August, 2014 (3B) demonstrate 
that FP increased from 15.9±0.63% to 22.7±1.3%. The color-coded FP maps of 
the patient’s liver are provided in the personalized education material with fat 
percentage information regarding the disease progression.

3

Separated water (2A) and fat (2B) 
images, R2* (2C) and FP (2D) 
maps, and ROI placement on the 
FP map (2E) are shown, respec-
tively. Reported FP = 22.9 ± 6.4%. 
The parametric maps clearly 
indicate the non-uniform distri-
bution of hepatic fat.

2

Case 2:
14-year-old, male.  
Clinical indication: chronic non-alcoholic fatty liver disease.

2B2A

2C 2D

2E

FP (%)

Clinical Pediatric Imaging
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readout, the first TE 2.3 ms, and  
6 echoes collected with ΔTE 2.3 ms. 
CAIPIRINHA acceleration is used with 
factors of 2 in both phase encoding 
and partition directions, leading to an 
acquisition time of 18 s. 

Three liver ROIs are placed on the FP 
maps of four center slices, and care  
is taken to avoid large vessel areas.  
If inhomogeneous fat distribution  
is observed, more ROIs will be drawn 
on these areas. Mean and standard 
deviation of FP values are reported and 
documented in PACS. FP is compared 
with each patient’s previous numbers 
to monitor the liver fat change. 

Children attending the NAFLD clinic  
at our institution are initially evaluated 
by a hepatologist. Children with  
suspected NAFLD then undergo MRI 
using fatty liver protocols to establish 

the presence of fatty liver. Aside  
from diagnostic purposes, the images 
are also useful for patient education.  
Personalized images of the child’s 
liver combined with a brief interpre-
tation are used to promote weight 
loss and liver fat reduction.

Conclusion
The multi-echo Dixon VIBE technique 
is highly useful in the evaluation  
of pediatric NAFLD. Its advantages 
include accurate whole liver fat  
quantification and short scan time  
of a single breathhold. This tech-
nique generates detailed mapping  
of the fat deposition within the liver 
that may be implemented for diag-
nostics and patient education. There 
is potential utility for follow-up due 
to ease of administration and demon-
strative results. 

References

1	 Zhong X, Nickel MD, Kannengiesser SA, 
Dale BM, Kiefer B, Bashir MR. Liver fat 
quantification using a multi-step 
adaptive fitting approach with multi-
echo GRE imaging. Magn Reson Med 
2014;72:1353-1365.

2	 Rofsky NM, Lee VS, Laub G, Pollack MA, 
Krinsky GA, Thomasson D, Ambrosino 
MM, Weinreb JC. Abdominal MR imaging 
with a volumetric interpolated breath-
hold examination. Radiology 
1999;212:876-884.

3	 Breuer FA, Blaimer M, Mueller MF, 
Seiberlich N, Heidemann RM, Griswold 
MA, Jakob PM. Controlled aliasing in 
volumetric parallel imaging (2D 
CAIPIRINHA). Magn Reson Med 
2006;55:549-556.

 Pediatric Imaging Clinical

MAGNETOM Flash | 2/2015 | www.siemens.com/magnetom-world  25



Case Report: 18F-FDG PET/MRI  
of Hepatic Cholangiocarcinoma
Sean Gallagher, BA; Bandar Safar, M.D.; Shetal N. Shah, M.D.

Cleveland Clinic, Cleveland, OH, USA

Case summary
A 63-year-old Korean women with 
unexplained weight loss, appetite 
loss, ‘pink’ stools, and weakness pre-
sented with an alkaline phosphatase 
of 843 U/L and a poorly defined liver 
mass without morphologic evidence 
of liver cirrhosis or portal hyperten-
sion on Computed Tomography (CT) 
scan done at an outside hospital. 
Liver function tests were within  
normal limits and no jaundice was 
noted on exam at presentation. 
Based on initial workup which 
included endoscopic retrograde  
cholangiopancreatography (ERCP) 
with stenting of left and right  
biliary tree and bile duct brushings 
which showed adenocarcinoma,  
18F-FDG* PET/MRI with diagnostic  

MRI of the liver was requested for  
initial treatment strategy. This imag-
ing was requested for mass charac-
terization, evaluation of disease 
extent, and pre-surgical planning. 

Imaging findings
Simultaneous 18F-FDG PET/MRI  
scan from skull vertex to thighs  
and a diagnostic contrast enhanced 
(Gadavist®, Bayer Schering Pharma, 
Leverkusen, Germany) MRI of the 
liver obtained on a 3T Siemens  
Biograph mMR scanner reveal a  
6.7 x 4.6 x 4.9 cm (AP, Lat, CC)  
T1 hypointense, T2 hyperintense  
liver mass occupying segments  
VIII and V, centered around the  
intra-hepatic ductal confluence  

1A
63-year-old Asian 
female with liver mass 
on prior CT scan was 
referred for a staging 
18F-FDG PET/MRI exam. 
Whole-body (vertex to 
thigh) 18F-FDG PET/MRI 
with diagnostic 
contrast enhanced 
liver MRI (Gadovist®) 
were performed.

1

(Figs. 1A, B). The lesion is complex 
with a central non-enhancing intense 
T2 bright signal consistent with cystic 
change that is not FDG avid suggesting 
region of necrosis or bile lake, as well 
as a peripherally enhancing nodular 
soft tissue tumor rind which is mildly 
hyperintense on T2 as well as relatively 
FDG avid (maximum SUV 5.5). Follow-
ing gadolinium administration the 
tumor rim demonstrates delayed 
enhancement (Fig. 1C). The region  
of necrosis or bile lake demonstrates 
restricted diffusion consistent with 
malignancy.

*The full prescribing information for the  
	 Fludeoxyglucose F18 injection can be found 
	 at the end of the article.

Fused FDG and fat saturated 
T2-weighted MRI, both axial and 
coronal images, demonstrate a  
6.7 x 4.6 x 4.9 cm (AP, Lat, CC)  
T1 hypointense, T2 hyperintense 
liver mass occupying segments  
VIII and V, centered around the 
intra-hepatic ductal confluence  
(see white arrow). The tumor abuts 
the left and right hepatic arteries 
just at the bifurcation, but the  
intrahepatic arterial branches are 
not well visualized.

1A
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Fused FDG and T2w MRI, both axial and coronal images,  
demonstrate a 6.7 x 4.6 x 4.9 cm (AP, Lat, CC) T1 hypointense,  
T2 hyperintense liver mass occupying segments VIII and V, 
centered around the intra-hepatic ductal confluence (see white 
arrow). The tumor abuts the left and right hepatic arteries just  
at the bifurcation, but the intrahepatic arterial branches are not 
well visualized. Also demonstrated are mildly T2 hyperintense, 
FDG-avid enhancing hepatic lesions with restricted diffusion 
within segment II (see arrowhead).

1B

Fused FDG and T2w MRI, both axial and coronal images, demonstrate a 6.7 x 4.6 x 4.9 cm (AP, Lat, CC)  
T1 hypointense, T2 hyperintense liver mass occupying segments VIII and V, centered around the intra-
hepatic ductal confluence (see white arrow). The tumor abuts the left and right hepatic arteries just at 
the bifurcation, but the intrahepatic arterial branches are not well visualized. The lesion is complex with  
a central non-enhancing intense T2 bright signal consistent with cystic change that is not FDG avid 
suggesting region of necrosis or bile lake, as well as a peripherally enhancing, mildly T2 bright signal 
nodular soft tissue tumor rind that is relatively FDG avid (maximum SUV 5.5), that following gadolinium 
administration demonstrates delayed enhancement.

1C

1C

1B
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Fused FDG and T2w 
HASTE MRI, an axial image 
demonstrates multiple 
prominent gastrohepatic 
lymph nodes (1.2 x 0.7 cm) 
are minimally-FDG avid on 
FDG PET (max. SUV 1.4) 
consistent with metastatic 
lymphadenopathy (see 
arrow indicating general 
area).

1E

1E

Fused FDG and T2w MRI, 
an axial image demon-
strates hypermetabolic 
portocaval (largest node  
is 1.9 x 1 cm with max. 
SUV 2.6) and periportal 
lymph nodes (largest 
node is 2.7 x 1.7 cm with 
max. SUV 2.7) suggestive 
of metastatic involvement 
(see arrow indicating 
general area of hypermet-
abolic lymph nodes).

1F

1F

Fused FDG and T2w MRI, both axial and 
coronal images, demonstrate mildly T2 
hyperintense, FDG-avid enhancing hepatic 
lesions with restricted diffusion within 
segment II (max. SUV 3.4) that are highly 
suspicious for metastatic sites (see 
arrowhead showing most hypermetabolic 
lesion in segment II – max. SUV 3.4).

1D

1D

The tumor involves the biliary conflu-
ence, left main bile radical and to a 
lesser extent the main right biliary  
radical. There is mild right lobe and 
moderate left lobe upstream intrahe-
patic biliary ductal dilation peripheral 
to the lesion. There is also moderate 
intrahepatic biliary dilation of a branch 
draining the caudate lobe. Incidental 
note is made of mild concentric intra-
and extra hepatic biliary wall thicken-
ing with peri-biliary enhancement  
consistent with cholangitis (Fig. 1D). 
The distal CBD measures about 0.7 cm 
with mural enhancement and CBS 
stent in situ (Fig. 1E).

The tumor abuts the left and right 
hepatic arteries just at the bifurcation 
(Figs. 1A-C), but the intrahepatic arte-
rial branches are not well visualized. 
Tumor encases the proximal middle 
hepatic vein and encases and narrows 
the left hepatic vein, but they are  
patent based on contrast enhanced 
images. Tumor also encases and nar-
rows the left portal vein, particularly 
the branch supplying the medial  
left hepatic lobe. The tumor does  
not efface or encase the patent right 
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portal, right anterior and right poste-
rior portal venous branches.

Simultaneous PET/MRI also shows at 
least two mildly T2 hyperintense, FDG-
avid enhancing hepatic lesions with 
restricted diffusion within segments II 
(max. SUV 3.4) and V (max. SUV 2.3) 
that are highly suspicious for meta-
static sites (Figs. 1B, D).

Multiple prominent gastrohepatic 
lymph nodes (1.2 x 0.7 cm) are mini-
mally-FDG avid on FDG PET (max. SUV 
1.4) consistent with metastatic lymph-
adenopathy (Fig. 1E) There are also 
hypermetabolic portocaval (largest 
node is 1.9 x 1 cm with max. SUV 2.6) 
and periportal lymph nodes (largest 
node is 2.7 x 1.7 cm with max. SUV 
2.7) also suggestive of metastatic 
involvement (Fig. 1F).

Diagnosis
Surgically unresectable cholangiocarci-
noma (Klatskin’s tumor) with hepatic 
metastases and regional metastatic 
lymphadenopathy. 

Conclusion
Our case demonstrates characteristic 
hilar cholangiocarcinoma on FDG PET/
MRI. On intial review at our institution 
(after biopsy and 18F-FDG PET/MRI), it 
was classified as an unresectable hilar 
cholangiocarcinoma (likely stage IV 
and Bismuth-Corlette type IV) due to 
central location with likely second 
order bile duct involvement, presence 
of additional metastatic lesion in the 
liver, likely regional lymphatic node 
spread. Due to the unresectability  
of the tumor, this patient did not 
undergo any surgical intervention.  
The patient was started on gem-
citabine and cisplatin and underwent 
symptomatic treatment via bile duct 
stenting. As of the writing of this case, 
her disease has unfortunately pro-
gressed while on this therapy.

Cholangiocarcinoma is a relatively  
rare cancer with a poor prognosis 
upon diagnosis due to the high likeli-
hood of unresectability [1]. Manage-
ment of this entity is multidisciplinary 
and based on a multimodal approach. 
Cholangiocarcinoma is staged both  
via a TNM system and also using  
the Bismuth-Corlette classification.  

The Bismuth-Corlette classification 
allows the physician to get a good 
idea of the amount of liver that 
would need to be resected to excise 
the tumor and therefore can help 
determine the practical resectability 
of the tumor. Typically, Bismuth- 
Corlette type III and above tumors  
are considered unresectable [2]. 
Assessment of lymph node status 
and metastases is needed in order to 
determine resectability [3]. Allowing 
for pre-surgical determination of 
unresectability allows for avoidance 
of unneeded morbidity in the event 
that a tumor thought to be resect-
able before surgery is found to be 
unresectable during surgery [2]. It 
should be noted that resection of this 
cancer is needed to obtain even at 
least marginally promising outcomes. 

Cholangiocarinoma presents an 
imaging challenge due to the abdom-
inal soft tissue structures that must 
be discriminated amongst each other 
in a radiological image. If imaging  
is able to exquisitely delineate soft-
tissue structures to a greater extent 
than with current standard of care 
imaging, then both decreased iatro-
genic surgical patient morbidity and 
increased identification of disease 
extent can be realized. Currently, 
FDG PET/CT with MRI scans of specific 
body parts (if needed) has been of 
great benefit in complete assessment 
of malignancies. FDG PET/CT has 
been shown to be helpful in evaluat-
ing response to therapy, with 
changes in FDG-positive lesions as  
an accurate indication of favorable 
response at 12 months, irrespective 
of changes on MRI. Whole-body MRI, 
on the other hand, has been shown 
to be more optimally suited to assess 
overall disease activity. With the 
advent of combining FDG PET and 

MRI in one, particularly with simulta-
neous acquisition, a new gold stan-
dard ‘one stop shop’ scan can be  
performed. 18F-FDG PET/MRI can show 
not only the overall disease activity, 
but it also can show a comparable 
assessment of treatment response 
when compared to other imaging 
modalities. 18F-FDG PET/MRI has 
shown promise and is being used 
clinically at our institution for both 
staging and treatment decision  
implications. PET/MRI appears to be 
excellent for evaluation of soft tissue 
involvement of solid tumors, espe-
cially that of adjacent vital structures 
to enable surgical resection as well  
as to assess for loco-regional and  
systemic metastatic disease. There  
is significant dose reduction by  
omitting CT and it has the potential 
for increased optimization of appro-
priate healthcare resources.
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The statements by Siemens’ customers presented here  
are based on results that were achieved in the customer’s 
unique setting. Since there is no ‘typical’ hospital and 
many variables exist (e.g., hospital size, case mix, level  
of IT adoption), there can be no guarantee that other  
customers will achieve the same results.
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HIGHLIGHTS OF PRESCRIBING  
INFORMATION 

These highlights do not include all the 
information needed to use Fludeoxy-
glucose F 18 Injection safely and effec-
tively. See full prescribing information  
for Fludeoxyglucose F 18 Injection. 
Fludeoxyglucose F 18 Injection, USP  
For intravenous use  
Initial U.S. Approval: 2005

RECENT MAJOR CHANGES
Warnings and Precautions  
(5.1, 5.2)	 7/2010  
Adverse Reactions (6)	 7/2010 

INDICATIONS AND USAGE
Fludeoxyglucose F18 Injection is indicated 
for positron emission tomography (PET)  
imaging in the following settings: 
•	 Oncology: For assessment of abnormal 

glucose metabolism to assist in the evalua-
tion of malignancy in patients with known 
or suspected abnormalities found by other 
testing modalities, or in patients with an 
existing diagnosis of cancer. 

•	 Cardiology: For the identification of left 
ventricular myocardium with residual  
glucose metabolism and reversible loss of 
systolic function in patients with coronary 
artery disease and left ventricular dysfunc-
tion, when used together with myocardial 
perfusion imaging.

•	 Neurology: For the identification of regions 
of abnormal glucose metabolism associat-
ed with foci of epileptic seizures (1).

DOSAGE AND ADMINISTRATION
Fludeoxyglucose F 18 Injection emits radiation. 
Use procedures to minimize radiation expo-
sure. Screen for blood glucose abnormalities. 
•	 In the oncology and neurology settings,  

instruct patients to fast for 4 to 6 hours  
prior to the drug’s injection. Consider med-
ical therapy and laboratory testing to as-
sure at least two days of normoglycemia 
prior to the drug’s administration (5.2). 

•	 In the cardiology setting, administration of 
glucose-containing food or liquids (e.g., 50 
to 75 grams) prior to the drug’s injection fa-
cilitates localization of cardiac ischemia (2.3). 

Aseptically withdraw Fludeoxyglucose F 18 
Injection from its container and administer 
by intravenous injection (2). 

The recommended dose: 
•	 for adults is 5 to 10 mCi (185 to 370 MBq), 

in all indicated clinical settings (2.1). 
•	 for pediatric patients is 2.6 mCi in the  

neurology setting (2.2).
Initiate imaging within 40 minutes following 
drug injection; acquire static emission 
images 30 to 100 minutes from time of  
injection (2).

DOSAGE FORMS AND STRENGTHS
Multi-dose 30mL and 50mL glass vial  
containing 0.74 to 7.40 GBq/mL  
(20 to 200 mCi/mL) Fludeoxyglucose
F 18 Injection and 4.5mg of sodium chlo-
ride with 0.1 to 0.5% w/w ethanol as a sta-
bilizer (approximately 15 to 50 mL volume) 
for intravenous administration (3).

CONTRAINDICATIONS
None

WARNINGS AND PRECAUTIONS
•	 Radiation risks: use smallest dose neces-

sary for imaging (5.1). 
•	 Blood glucose adnormalities: may cause 

suboptimal imaging (5.2).

ADVERSE REACTIONS
Hypersensitivity reactions have occurred; 
have emergency resuscitation equipment 
and personnel immediately available (6). 
To report SUSPECTED ADVERSE 
REACTIONS, contact PETNET Solutions, Inc. 
at 877-473-8638 or FDA at 1-800-FDA-1088 
or www.fda.gov/medwatch.

USE IN SPECIFIC POPULATIONS
Pregnancy Category C: No human or animal 
data. Consider alternative diagnostics; use 
only if clearly needed (8.1). 
•	 Nursing mothers: Use alternatives to breast 

feeding (e.g., stored breast milk or infant 
formula) for at least 10 half-lives of radio-
active decay, if Fludeoxyglucose F 18 Injec-
tion is administered to a woman who is 
breast-feeding (8.3). 

•	 Pediatric Use: Safety and effectiveness in 
pediatric patients have not been estab-
lished in the oncology and cardiology set-
tings (8.4).

See 17 for PATIENT COUNSELING  
INFORMATION

Revised: 1/2011

1.2	 Cardiology 
For the identification of left ventricular myocardium with residual glucose metabolism 
and reversible loss of systolic function in patients with coronary artery disease and left 
ventricular dysfunction, when used together with myocardial perfusion imaging.

1.3	 Neurology 
For the identification of regions of abnormal glucose metabolism associated with foci 
of epileptic seizures.

2	 DOSAGE AND ADMINISTRATION 
Fludeoxyglucose F 18 Injection emits radiation. Use procedures to minimize radiation 
exposure. Calculate the final dose from the end of synthesis (EOS) time using proper 
radioactive decay factors. Assay the final dose in a properly calibrated dose calibrator 
before administration to the patient [see Description (11.2)]. 

2.1	 Recommended Dose for Adults 
Within the oncology, cardiology and neurology settings, the recommended dose for 
adults is 5 to 10 mCi (185 to 370 MBq) as an intravenous injection.

2.2	 Recommended Dose for Pediatric Patients
Within the neurology setting, the recommended dose for pediatric patients is 2.6 mCi, 
as an intravenous injection. The optimal dose adjustment on the basis of body size or 
weight has not been determined [see Use in Special Populations (8.4)].

2.3	 Patient Preparation
•	 To minimize the radiation absorbed dose to the bladder, encourage adequate hydra-

tion. Encourage the patient to drink water or other fluids (as tolerated) in the 4 hours 
before their PET study. 

•	 Encourage the patient to void as soon as the imaging study is completed and as often 
as possible thereafter for at least one hour. 

•	 Screen patients for clinically significant blood glucose abnormalities by obtaining a his-
tory and/or laboratory tests [see Warnings and Precautions (5.2)]. Prior to Fludeoxyglu-
cose F 18 PET imaging in the oncology and neurology settings, instruct patient to fast 
for 4 to 6 hours prior to the drug’s injection.

•	 In the cardiology setting, administration of glucose-containing food or liquids (e.g., 50 to 
75 grams) prior to Fludeoxyglucose F18 Injection facilitates localization of cardiac ischemia

2.4	 Radiation Dosimetry
The estimated human absorbed radiation doses (rem/mCi) to a newborn (3.4 kg), 
1-year old (9.8 kg), 5-year old (19 kg), 10-year old (32 kg), 15-year old (57 kg), and 
adult (70 kg) from intravenous administration of Fludeoxyglucose F 18 Injection are 
shown in Table 1. These estimates were calculated based on human2 data and using 
the data published by the International Commission on Radiological Protection4 for 
Fludeoxyglucose 18 F. The dosimetry data show that there are slight variations in ab-
sorbed radiation dose for various organs in each of the age groups. These dissimilari-
ties in absorbed radiation dose are due to developmental age variations (e.g., organ 
size, location, and overall metabolic rate for each age group). The identified critical 
organs (in descending order) across all age groups evaluated are the urinary bladder, 
heart, pancreas, spleen, and lungs. 

Table 1. Estimated Absorbed Radiation Doses (rem/mCi) After Intravenous 
Administration of Fludeoxyglucose F-18 Injectiona

Organ

Newborn 1-year 
old

5-year 
old 

10-year 
old

15-year 
old

Adult

(3.4 kg)  (9.8 kg)  (19 kg)  (32 kg)  (57 kg) (70 kg)

Bladder wallb 4.3 1.7 0.93 0.60 0.40 0.32

Heart wall 2.4 1.2 0.70 0.44 0.29 0.22

Pancreas 2.2 0.68 0.33 0.25 0.13 0.096

Spleen 2.2 0.84 0.46 0.29 0.19 0.14

Lungs 0.96 0.38 0.20 0.13 0.092 0.064

Kidneys 0.81 0.34 0.19 0.13 0.089 0.074

Ovaries 0.80 0.8 0.19 0.11 0.058 0.053

Uterus 0.79 0.35 0.19 0.12 0.076 0.062

LLI wall * 0.69 0.28 0.15 0.097 0.060 0.051

Liver 0.69 0.31 0.17 0.11 0.076 0.058

Gallbladder wall 0.69 0.26 0.14 0.093 0.059 0.049

Small intestine 0.68 0.29 0.15 0.096 0.060 0.047

ULI wall ** 0.67 0.27 0.15 0.090 0.057 0.046

Stomach wall 0.65 0.27 0.14 0.089 0.057 0.047

Adrenals 0.65 0.28 0.15 0.095 0.061 0.048

Testes 0.64 0.27 0.14 0.085 0.052 0.041

Red marrow 0.62 0.26 0.14 0.089 0.057 0.047

Thymus 0.61 0.26 0.14 0.086 0.056 0.044

Thyroid 0.61 0.26 0.13 0.080 0.049 0.039

Muscle 0.58 0.25 0.13 0.078 0.049 0.039

Bone surface 0.57 0.24 0.12 0.079 0.052 0.041

Breast 0.54 0.22 0.11 0.068 0.043 0.034

Skin 0.49 0.20 0.10 0.060 0.037 0.030

Brain 0.29 0.13 0.09 0.078 0.072 0.070

Other tissues 0.59 0.25 0.13 0.083 0.052 0.042

a	 MIRDOSE 2 software was used to calculate the radiation absorbed dose. Assumptions on the biodistribution 
based on data from Gallagher et al.1 and Jones et al.2 

b	 The dynamic bladder model with a uniform voiding frequency of 1.5 hours was used. *LLI = lower large in-
testine; **ULI = upper large intestine

FULL PRESCRIBING INFORMATION

1	 INDICATIONS AND USAGE 
Fludeoxyglucose F 18 Injection is indicated for positron emission tomography (PET)  
imaging in the following settings: 

1.1	 Oncology 
For assessment of abnormal glucose metabolism to assist in the evaluation of malignancy 
in patients with known or suspected abnormalities found by other testing modalities,  
or in patients with an existing diagnosis of cancer.
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2.5	 Radiation Safety – Drug Handling
•	 Use waterproof gloves, effective radiation shielding, and appropriate safety measures 

when handling Fludeoxyglucose F 18 Injection to avoid unnecessary radiation exposure 
to the patient, occupational workers, clinical personnel and other persons.

•	 Radiopharmaceuticals should be used by or under the control of physicians who are qual-
ified by specific training and experience in the safe use and handling of radionuclides, 
and whose experience and training have been approved by the appropriate governmental 
agency authorized to license the use of radionuclides.

•	 Calculate the final dose from the end of synthesis (EOS) time using proper radioactive de-
cay factors. Assay the final dose in a properly calibrated dose calibrator before administra-
tion to the patient [see Description (11.2)].

•	 The dose of Fludeoxyglucose F 18 used in a given patient should be minimized consistent 
with the objectives of the procedure, and the nature of the radiation detection devices 
employed. 

2.6	 Drug Preparation and Administration
•	 Calculate the necessary volume to administer based on calibration time and dose. 
•	 Aseptically withdraw Fludeoxyglucose F 18 Injection from its container. 
•	 Inspect Fludeoxyglucose F 18 Injection visually for particulate matter and discoloration 

before administration, whenever solution and container permit. 
•	 Do not administer the drug if it contains particulate matter or discoloration; dispose of 

these unacceptable or unused preparations in a safe manner, in compliance with applica-
ble regulations.

•	 Use Fludeoxyglucose F 18 Injection within 12 hours from the EOS.	
2.7	 Imaging Guidelines

•	 Initiate imaging within 40 minutes following Fludeoxyglucose F 18 Injection administration.
•	 Acquire static emission images 30 to 100 minutes from the time of injection.

3	 DOSAGE FORMS AND STRENGTHS 
Multiple-dose 30 mL and 50 mL glass vial containing 0.74 to 7.40 GBq/mL (20 to 200 
mCi/mL) of Fludeoxyglucose F 18 Injection and 4.5 mg of sodium chloride with 0.1 to 
0.5% w/w ethanol as a stabilizer (approximately 15 to 50 mL volume) for intravenous ad-
ministration. 

4	 CONTRAINDICATIONS 
None

5	 WARNINGS AND PRECAUTIONS 
5.1	 Radiation Risks 

Radiation-emitting products, including Fludeoxyglucose F 18 Injection, may increase the 
risk for cancer, especially in pediatric patients. Use the smallest dose necessary for imag-
ing and ensure safe handling to protect the patient and health care worker [see Dosage 
and Administration (2.5)]. 

5.2	 Blood Glucose Abnormalities 
In the oncology and neurology setting, suboptimal imaging may occur in patients with in-
adequately regulated blood glucose levels. In these patients, consider medical therapy 
and laboratory testing to assure at least two days of normoglycemia prior to Fludeoxyglu-
cose F 18 Injection administration.

6	 ADVERSE REACTIONS 
Hypersensitivity reactions with pruritus, edema and rash have been reported in the post-
marketing setting. Have emergency resuscitation equipment and personnel immediately 
available.

7	 DRUG INTERACTIONS 
The possibility of interactions of Fludeoxyglucose F 18 Injection with other drugs taken by 
patients undergoing PET imaging has not been studied. 

8	 USE IN SPECIFIC POPULATIONS
8.1	 Pregnancy 

Pregnancy Category C 
Animal reproduction studies have not been conducted with Fludeoxyglucose F 18 Injec-
tion. It is also not known whether Fludeoxyglucose F 18 Injection can cause fetal harm 
when administered to a pregnant woman or can affect reproduction capacity. Consider 
alternative diagnostic tests in a pregnant woman; administer Fludeoxyglucose F 18 Injec-
tion only if clearly needed.

8.3	 Nursing Mothers
It is not known whether Fludeoxyglucose F 18 Injection is excreted in human milk. Con-
sider alternative diagnostic tests in women who are breast-feeding. Use alternatives to 
breast feeding (e.g., stored breast milk or infant formula) for at least 10 half-lives of ra-
dioactive decay, if Fludeoxyglucose F 18 Injection is administered to a woman who is 
breast-feeding. 

8.4	 Pediatric Use 
The safety and effectiveness of Fludeoxyglucose F 18 Injection in pediatric patients with 
epilepsy is established on the basis of studies in adult and pediatric patients. In pediatric 
patients with epilepsy, the recommended dose is 2.6 mCi. The optimal dose adjustment 
on the basis of body size or weight has not been determined. In the oncology or cardiolo-
gy settings, the safety and effectiveness of Fludeoxyglucose F 18 Injection have not been 
established in pediatric patients. 

11	 DESCRIPTION 
11.1	Chemical Characteristics 

Fludeoxyglucose F 18 Injection is a positron emitting radiopharmaceutical that is used for 
diagnostic purposes in conjunction with positron emission tomography (PET) imaging. 
The active ingredient 2-deoxy-2-[18F]fluoro-D-glucose has the molecular formula of 
C6H1118FO5 with a molecular weight of 181.26, and has the following chemical structure: 

Fludeoxyglucose F 18 Injection is provided as a ready to use sterile, pyrogen free, clear, 
colorless solution. Each mL contains between 0.740 to 7.40GBq (20.0 to 200 mCi) of 
2-deoxy-2-[18F]fluoro-D-glucose at the EOS, 4.5 mg of sodium chloride and 0.1 to 0.5% 
w/w ethanol as a stabilizer. The pH of the solution is between 4.5 and 7.5. The solution is 
packaged in a multiple-dose glass vial and does not contain any preservative. 

11.2	Physical Characteristics 
Fluorine F 18 decays by emitting positron to Oxygen O 16 (stable) and has a physical 
half-life of 109.7 minutes. The principal photons useful for imaging are the dual 511 
keV gamma photons, that are produced and emitted simultaneously in opposite direc-
tion when the positron interacts with an electron (Table 2).

Table 2. Pricipal Radiation Emission Data for Fluorine F18

Radiation/Emission % Per Disintegration Mean Energy

Positron (b+) 96.73 249.8 keV

Gamma (±)* 193.46 511.0 keV

*Produced by positron annihilation 
From: Kocher, D.C. Radioactive Decay Tables DOE/TIC-I 1026, 89 (1981)
The specific gamma ray constant (point source air kerma coefficient) for fluorine F 18 is 5.7 R/
hr/mCi (1.35 x 10-6 Gy/hr/kBq) at 1 cm. The half-value layer (HVL) for the 511 keV photons is 
4 mm lead (Pb). The range of attenuation coefficients for this radionuclide as a function of 
lead shield thickness is shown in Table 3. For example, the interposition of an 8 mm thickness 
of Pb, with a coefficient of attenuation of 0.25, will decrease the external radiation by 75%. 

Table 3. Radiation Attenuation of 511 keV Photons by lead (Pb) shielding

Shield thickness (Pb) mm Coefficient of attenuation

0 0.00

4 0.50

8 0.25

13 0.10

26 0.01

39 0.001

52 0.0001

For use in correcting for physical decay of this radionuclide, the fractions remaining at  
selected intervals after calibration are shown in Table 4.

Table 4. Physical Decay Chart for Fluorine 
F18

Minutes Fraction Remaining

0* 1.000

15 0.909

30 0.826

60 0.683

110 0.500

220 0.250

*calibration time 

12	 CLINICAL PHARMACOLOGY 
12.1	Mechanism of Action

Fludeoxyglucose F 18 is a glucose analog that concentrates in cells that rely upon  
glucose as an energy source, or in cells whose dependence on glucose increases under 
pathophysiological conditions. Fludeoxyglucose F 18 is transported through the cell 
membrane by facilitative glucose transporter proteins and is phosphorylated within  
the cell to [18F] FDG-6-phosphate by the enzyme hexokinase. Once phosphorylated it 
cannot exit until it is dephosphorylated by glucose-6-phosphatase. Therefore, within a 
given tissue or pathophysiological process, the retention and clearance of Fludeoxyglu-
cose F 18 reflect a balance involving glucose transporter, hexokinase and glucose-
6-phosphatase activities. When allowance is made for the kinetic differences between 
glucose and Fludeoxyglucose F 18 transport and phosphorylation (expressed as the 
‚‘lumped constant‘‘ ratio), Fludeoxyglucose F 18 is used to assess glucose metabolism. 
In comparison to background activity of the specific organ or tissue type, regions of  
decreased or absent uptake of Fludeoxyglucose F 18 reflect the decrease or absence  
of glucose metabolism. Regions of increased uptake of Fludeoxyglucose F 18 reflect 
greater than normal rates of glucose metabolism. 

12.2	Pharmacodynamics 
Fludeoxyglucose F 18 Injection is rapidly distributed to all organs of the body after  
intravenous administration. After background clearance of Fludeoxyglucose F 18 Injec-
tion, optimal PET imaging is generally achieved between 30 to 40 minutes after admi-
nistration. 
In cancer, the cells are generally characterized by enhanced glucose metabolism parti-
ally due to (1) an increase in activity of glucose transporters, (2) an increased rate of 
phosphorylation activity, (3) a reduction of phosphatase activity or, (4) a dynamic alte-
ration in the balance among all these processes. However, glucose metabolism of can-
cer as reflected by Fludeoxyglucose F 18 accumulation shows considerable variability. 
Depending on tumor type, stage, and location, Fludeoxyglucose F 18 accumulation 
may be increased, normal, or decreased. Also, inflammatory cells can have the same 
variability of uptake of Fludeoxyglucose F 18.
In the heart, under normal aerobic conditions, the myocardium meets the bulk of its 
energy requirements by oxidizing free fatty acids. Most of the exogenous glucose taken 
up by the myocyte is converted into glycogen. However, under ischemic conditions,  
the oxidation of free fatty acids decreases, exogenous glucose becomes the preferred 
myocardial sub strate, glycolysis is stimulated, and glucose taken up by the myocyte i 
s metabolized immediately instead of being converted into glycogen. Under these con-
ditions, phosphorylated Fludeoxyglucose F 18 accumulates in the myocyte and can be 
detected with PET imaging. 
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In the brain, cells normally rely on aerobic metabolism. In epilepsy, the glucose metabo-
lism varies. Generally, during a seizure, glucose metabolism increases. Interictally, the  
seizure focus tends to be hypometabolic. 

12.3 	Pharmacokinetics 
Distribution: In four healthy male volunteers, receiving an intravenous administration  
of 30 seconds in duration, the arterial blood level profile for Fludeoxyglucose F 18  
decayed triexponentially. The effective half-life ranges of the three phases were 0.2 to 
0.3 minutes, 10 to 13 minutes with a mean and standard deviation (STD) of 11.6 (±)  
1.1 min, and 80 to 95 minutes with a mean and STD of 88 (±) 4 min. 
Plasma protein binding of Fludeoxyglucose F 18 has not been studied. 
Metabolism: Fludeoxyglucose F 18 is transported into cells and phosphorylated to  
[18F]-FDG-6- phosphate at a rate proportional to the rate of glucose utilization within 
that tissue. [F18]-FDG-6-phosphate presumably is metabolized to 2-deoxy-2-[F18]fluoro-
6-phospho-D-mannose([F 18]FDM-6-phosphate). 
Fludeoxyglucose F 18 Injection may contain several impurities (e.g., 2-deoxy-2-chloro-D-
glucose (ClDG)). Biodistribution and metabolism of ClDG are presumed to be similar to 
Fludeoxyglucose F 18 and would be expected to result in intracellular formation of 2-de-
oxy-2-chloro-6-phospho-D-glucose (ClDG-6-phosphate) and 2-deoxy-2-chloro-6-phospho-
D-mannose (ClDM-6-phosphate). The phosphorylated deoxyglucose compounds are de-
phosphorylated and the resulting compounds (FDG, FDM, ClDG, and ClDM) presumably 
leave cells by passive diffusion. Fludeoxyglucose F 18 and related compounds are cleared 
from non-cardiac tissues within 3 to 24 hours after administration. Clearance from the 
cardiac tissue may require more than 96 hours. Fludeoxyglucose F 18 that is not involved 
in glucose metabolism in any tissue is then excreted in the urine. 
Elimination: Fludeoxyglucose F 18 is cleared from most tissues within 24 hours and can 
be eliminated from the body unchanged in the urine. Three elimination phases have 
been identified in the reviewed literature. Within 33 minutes, a mean of 3.9% of the ad-
ministrated radioactive dose was measured in the urine. The amount of radiation expo-
sure of the urinary bladder at two hours post-administration suggests that 20.6% (mean) 
of the radioactive dose was present in the bladder. 
Special Populations: 
The pharmacokinetics of Fludeoxyglucose F 18 Injection have not been studied in renally-
impaired, hepatically impaired or pediatric patients. Fludeoxyglucose F 18 is eliminated 
through the renal system. Avoid excessive radiation exposure to this organ system and 
adjacent tissues. 
The effects of fasting, varying blood sugar levels, conditions of glucose intolerance, and 
diabetes mellitus on Fludeoxyglucose F 18 distribution in humans have not been ascer-
tained [see Warnings and Precautions (5.2)]. 

13	 NONCLINICAL TOXICOLOGY 
13.1	Carcinogenesis, Mutagenesis, Impairment of Fertility 

Animal studies have not been performed to evaluate the Fludeoxyglucose F 18 Injection 
carcinogenic potential, mutagenic potential or effects on fertility.

14	 CLINICAL STUDIES 
14.1	Oncology 

The efficacy of Fludeoxyglucose F 18 Injection in positron emission tomography cancer 
imaging was demonstrated in 16 independent studies. These studies prospectively evalu-
ated the use of Fludeoxyglucose F 18 in patients with suspected or known malignancies, 
including non-small cell lung cancer, colo-rectal, pancreatic, breast, thyroid, melanoma, 
Hodgkin‘s and non-Hodgkin‘s lymphoma, and various types of metastatic cancers to lung, 
liver, bone, and axillary nodes. All these studies had at least 50 patients and used pathol-
ogy as a standard of truth. The Fludeoxyglucose F 18 Injection doses in the studies 
ranged from 200 MBq to 740 MBq with a median and mean dose of 370 MBq. 
In the studies, the diagnostic performance of Fludeoxyglucose F 18 Injection varied with 
the type of cancer, size of cancer, and other clinical conditions. False negative and false 
positive scans were observed. Negative Fludeoxyglucose F 18 Injection PET scans do not 
exclude the diagnosis of cancer. Positive Fludeoxyglucose F 18 Injection PET scans can 
not replace pathology to establish a diagnosis of cancer. Non-malignant conditions such 
as fungal infections, inflammatory processes and benign tumors have patterns of in-
creased glucose metabolism that may give rise to false-positive scans. The efficacy of  
Fludeoxyglucose F 18 Injection PET imaging in cancer screening was not studied. 

14.2	Cardiology 
The efficacy of Fludeoxyglucose F 18 Injection for cardiac use was demonstrated in ten 
independent, prospective studies of patients with coronary artery disease and chronic 
left ventricular systolic dysfunction who were scheduled to undergo coronary revascular-
ization. Before revascularization, patients underwent PET imaging with Fludeoxyglucose 
F 18 Injection (74 to 370 MBq, 2 to 10 mCi) and perfusion imaging with other diagnostic 
radiopharmaceuticals. Doses of Fludeoxyglucose F 18 Injection ranged from 74 to 370 
MBq (2 to 10 mCi). Segmental, left ventricular, wall-motion assessments of asynergic ar-
eas made before revascularization were compared in a blinded manner to assessments 
made after successful revascularization to identify myocardial segments with functional 
recovery. 
Left ventricular myocardial segments were predicted to have reversible loss of systolic 
function if they showed Fludeoxyglucose F 18 accumulation and reduced perfusion (i.e., 
flow-metabolism mismatch). Conversely, myocardial segments were predicted to have  
irreversible loss of systolic function if they showed reductions in both Fludeoxyglucose  

F 18 accumulation and perfusion (i.e., matched defects). 
Findings of flow-metabolism mismatch in a myocardial segment may suggest that suc-
cessful revascularization will restore myocardial function in that segment. However, 
false-positive tests occur regularly, and the decision to have a patient undergo revascu-
larization should not be based on PET findings alone. Similarly, findings of a matched 
defect in a myocardial segment may suggest that myocardial function will not recover 
in that segment, even if it is successfully revascularized. However, false-negative tests 
occur regularly, and the decision to recommend against coronary revascularization, or 
to recommend a cardiac transplant, should not be based on PET findings alone. The re-
versibility of segmental dysfunction as predicted with Fludeoxyglucose F 18 PET imag-
ing  
depends on successful coronary revascularization. Therefore, in patients with a low  
likelihood of successful revascularization, the diagnostic usefulness of PET imaging 
with Fludeoxyglucose F 18 Injection is more limited. 

14.3	Neurology 
In a prospective, open label trial, Fludeoxyglucose F 18 Injection was evaluated in 86 
patients with epilepsy. Each patient received a dose of Fludeoxyglucose F 18 Injection 
in the range of 185 to 370 MBq (5 to 10 mCi). The mean age was 16.4 years (range:  
4 months to 58 years; of these, 42 patients were less than 12 years and 16 patients 
were less than 2 years old). Patients had a known diagnosis of complex partial epilepsy 
and were under evaluation for surgical treatment of their seizure disorder. Seizure foci 
had been previously identified on ictal EEGs and sphenoidal EEGs. Fludeoxyglucose  
F 18 Injection PET imaging confirmed previous diagnostic findings in 16% (14/87) of 
the patients; in 34% (30/87) of the patients, Fludeoxyglucose F 18 Injection PET images 
provided new findings. In 32% (27/87), imaging with Fludeoxyglucose F 18 Injection 
was inconclusive. The impact of these imaging findings on clinical outcomes is not 
known. 
Several other studies comparing imaging with Fludeoxyglucose F 18 Injection results to 
subsphenoidal EEG, MRI and/or surgical findings supported the concept that the degree 
of hypometabolism corresponds to areas of confirmed epileptogenic foci. The safety 
and effectiveness of Fludeoxyglucose F 18 Injection to distinguish idiopathic epilepto-
genic foci from tumors or other brain lesions that may cause seizures have not been es-
tablished. 
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16	 HOW SUPPLIED/STORAGE AND DRUG HANDLING 

Fludeoxyglucose F 18 Injection is supplied in a multi-dose, capped 30 mL and 50 mL 
glass vial containing between 0.740 to 7.40 GBq/mL (20 to 200 mCi/mL), of no carrier 
added 2-deoxy-2-[F 18] fluoro-D-glucose, at end of synthesis, in approximately 15 to 
50 mL. The contents of each vial are sterile, pyrogen-free and preservative-free. 
NDC 40028-511-30; 40028-511-50 
Receipt, transfer, handling, possession, or use of this product is subject to the radioac-
tive material regulations and licensing requirements of the U.S. Nuclear Regulatory 
Commission, Agreement States or Licensing States as appropriate.
Store the Fludeoxyglucose F 18 Injection vial upright in a lead shielded container at 
25°C (77°F); excursions permitted to 15-30°C (59-86°F). 
Store and dispose of Fludeoxyglucose F 18 Injection in accordance with the regulations 
and a general license, or its equivalent, of an Agreement State or a Licensing State. 
The expiration date and time are provided on the container label. Use Fludeoxyglucose 
F 18 Injection within 12 hours from the EOS time.

17	 PATIENT COUNSELING INFORMATION
Instruct patients in procedures that increase renal clearance of radioactivity.  
Encourage patients to: 

•	 drink water or other fluids (as tolerated) in the 4 hours before their PET study. 
•	 void as soon as the imaging study is completed and as often as possible thereafter  

for at least one hour. 

Manufactured by:	 PETNET Solutions Inc.
		  810 Innovation Drive
		  Knoxville, TN 37932
Distributed by:	 PETNET Solutions Inc.
		  810 Innovation Drive
		  Knoxville, TN 37932

Indications
Fludeoxyglucose F18 Injection is indicated for positron emission  
tomography (PET) imaging in the following settings:
•	 Oncology: For assessment of abnormal glucose metabolism to assist in the evaluation 

of malignancy in patients with known or suspected abnormalities found by other testing 
modalities, or in patients with an existing diagnosis of cancer.

•	 Cardiology: For the identification of left ventricular myocardium with residual glucose 
metabolism and reversible loss of systolic function in patients with coronary artery  
disease and left ventricular dysfunction, when used together with myocardial perfusion 
imaging.

•	 Neurology: For the identification of regions of abnormal glucose metabolism associated 
with foci of epileptic seizures.

Important Safety Information
•	 Radiation Risks: Radiationemitting products, including Fludeoxyglucose F18 Injection, 

may increase the risk for cancer, especially in pediatric patients. Use the smallest dose 
necessary for imaging and ensure safe handling to protect the patient and healthcare 
worker.

•	 Blood Glucose Abnormalities: In the oncology and neurology setting, suboptimal  
imaging may occur in patients with inadequately regulated blood glucose levels.  
In these patients, consider medical therapy and laboratory testing to assure at least 
two days of normoglycemia prior to Fludeoxyglucose F18 Injection administration.

•	 Adverse Reactions: Hypersensitivity reactions with pruritus, edema and rash have 
been reported; have emergency resuscitation equipment and personnel immediately 
available.
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V: Hypointense mass with 
extracapsular extension or 
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DWI b ≥ 800 image, no focal 
ADC reduction

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

IV: Focal area with reduced 
ADC but isointense SI on  
DWI b ≥ 800 image

V: Focal area with reduced 
ADC and hyperintense SI on  
DWI b ≥ 800 image

I: No reduction in ADC  
and no increase in SI on  
DWI b ≥ 800 images

2 points = probably benign 3 points = indeterminate 4 points = probably malignant
5 points = highly suspicious of 
malignancy1 point = most probably benign

DCE type 2 curve = 2 points DCE type 3 curve = 3 points

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

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

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

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

II: Cho << Citrate

II  Choline  Citrate

III: Cho = Citrate

III  Choline  Citrate

IV: Cho > Citrate

IV  Choline  Citrate

V: Cho >> Citrate

V  Choline  Citrate

For details please refer to: M. Röthke, D. Blondin, H.-P. Schlemmer, T. Franiel: “PI-RADS Classification:  
Structured Reporting for MRI of the Prostate”, MAGNETOM Flash issue 4/2013, ASTRO edition, page 30-38.

T2w, 
peripheral
glandular

lesions

T2w, 
central

glandular
lesions

DWI b ≥ 800

ADC

DCE 
time curve / 
parametric 
color map

1H-MRS

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

assessed in terms of their advantages 
and disadvantages.

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

I: Normal PZ in T2w 
hyperintense

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

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

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

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

1

PI-RADS classification of T2w: peripheral glandular sections.1
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of the prostate [3]. In addition to pro-
viding recommendations relating to 
indications and minimum standards for 
MR protocols, the guideline describes 

PI-RADS Classification:  
Structured Reporting for MRI of the Prostate
M. Röthke1; D. Blondin2; H.-P. Schlemmer1; T. Franiel3

1 Department of Radiology, German Cancer Research Center (DKFZ), Heidelberg, Germany 
2 Department of Diagnostic and Interventional Radiology, University Hospital Düsseldorf, Germany 
3 Department of Radiology, Charité Campus Mitte, Medical University Berlin, Germany

a structured reporting scheme  
(PI-RADS) based on the BI-RADS classi-
fication for breast imaging. This is 
based on a Likert scale with scores 
ranging from 1 to 5. However, it lacks 
illustration of the individual manifes-
tations and their criteria as well as 
uniform instructions for aggregated 
scoring of the individual submodali-
ties. This makes use of the PI-RADS 
classification in daily routine difficult, 
especially for radiologists who are 
less experienced in prostate MRI. It is 
therefore the aim of this paper to 
concretize the PI-RADS model for the 
detection of prostate cancer using 
representative images for the relevant 
scores, and to add a scoring table that 
combines the aggregated multipara-
metric scores to a total PI-RADS score 
according to the Likert scale. In addi-
tion, a standardized graphic prostate 
reporting scheme is presented, which 
enables accurate communication of 
the findings to the urologist. Further-
more, the individual multiparametric 
techniques are described and critically 

assessed in terms of their advantages 
and disadvantages.

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

I: Normal PZ in T2w 
hyperintense

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

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

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

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

1

PI-RADS classification of T2w: peripheral glandular sections.1
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First Experiences  
with the Whole-Body Dot Engine
Stephan Zangos; Daniel Alzmann; Boris Schulz; Thomas J. Vogl

Institute for Diagnostic and Interventional Radiology, University Hospital Frankfurt, Frankfurt/Main, Germany

In clinical routine, whole-body  
magnetic resonance (MR) imaging is 
highly beneficial in many scenarios, 
such as bone marrow alterations, 
infectious or rheumatic diseases,  
and evaluation of solid tumor spread-
out. This technique reduces the need 
for separate, and therefore time- 
consuming dedicated examinations,  
and necessary therapy can be started 
earlier.

In the past, whole-body MR imaging 
within a single examination had  
not been feasible because of device-
related limitations. One reason was 
the measurement volume of the  
scanner that was restricted by the 
number of coils and RF channels. 
Another reason was the repositioning 
of the patient and coils for a whole-
body examination.

Subsequently, self-developed set-and-
go protocols were used for whole-body 
examinations. However, this meant 
that all examination areas needed to 
be manually changed, which was 

time-consuming. Thus, the risk of 
incorrect adjustments leading to 
insufficient examinations increased.

With the latest scanner generation, 
however, such technical limitations 
are no longer relevant. Today, Tim 4G 
(Total imaging matrix technique), 
enables whole-body examinations of 
a scan range of up to 204 cm without 
any repositioning of the patient or 
coils. The patient is examined in the 
supine position with arms positioned 
tight against the body*.

Selection of dedicated coils is advis-
able according to the study regions: 
The head/neck coil, two body coils, 
and if necessary, the peripheral angio 
coil have to be positioned on top of 
the patient and are combined with 
the spine coils that are integrated in 
the table. In particular, the extensive 
use of strapped coils, especially in 
combination with the head/neck-coil, 
can cause discomfort in claustropho-
bic patients. Attaching the coils takes 
about two minutes.

Additionally, Dot (day optimizing 
throughput) workflow engines are 
available for various body regions. 
These are routinely used in our  
department, especially for neuro, 
spine, heart, and liver diagnostics.  
The Dot engines offer automatic adap-
tation of the study regarding anatomi-
cal and physical abilities of patients 
and dedicated sequences for an  
optimal imaging result. Because the 
field-of-view (FOV) is automatically 
adjusted, the number of slices and 
study region, as well as quick planning 
and execution of the examination,  
can be performed under standardized 
conditions. The intuitive graphical  
user interface of the Dot engines 
allows less experienced technologists 
to safely perform complex MR studies 
in our clinic.

1A 1B

(1A) Patient covered with coils from head to toe for a whole-body-
examination. (1B) Screenshot of the in-room monitor showing the coils 
that are used in parallel.

1

*	� Please note that dangerous current loops may be generated 
when parts of the patient’s body touch. These loops may 
lead to burns or increase the probability of simulations.  
In order to prevent potential current loops, ensure that the 
patient is positioned with proper distance between parts  
of the body.

Clinical Abdominal Imaging
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Whole-Body Dot Engine
Whereas in the past the Abdomen  
Dot Engine could perform auto-seg-
mentation of only the liver, today  
the Whole-Body Dot Engine1 covers  
a much larger examination field.  
It facilitates planning of multi-station 
examinations using extensions of the 
known AutoCoverage and AutoTiming 
mechanisms towards a multi-station 
examination. Once the patient is  
registered within the system, a fast 
view localizer is performed.

The localizer typically covers the  
anatomy from the head to the middle 
of the thighs and it is used to automat-
ically segment different body regions 
such as chest, abdomen and pelvis. 
The localizer is performed with breath-
holding and automatic breathhold 
commands. As a result of the segmen-
tation the position and spatial extent 
of the different body regions are 
known and can be used to automati-
cally adjust the FOV and number of 
slices of the multi-station examina-
tions. The suggested coverage of the 
multi-station examinations is displayed 
in the graphical user interface of the 
scanner and can be modified by the 
technologist if necessary. The Whole-
Body Dot Engine instantly estimates 
the optimal FOV in patients taller  
than 150 cm without the need for 
repositioning. But even with shorter 
patients, the study region can be  
easily adapted by using the graphical 
interface. In particular, the planning  
of thorax or abdomen examinations  
is now extremely easy and can be 
scheduled by the technologist intui-
tively in the same way as in computed 
tomography (CT). The simple adapta-
tion of the study regions may signifi-
cantly save time, in particular, during 
the planning of large study areas.  
Furthermore, an additional focus 
within a region can be chosen, and 
dedicated study protocols can be 
inserted. Multiple investigation  
strategies can be implemented in  
one protocol so that searching for  
the correct examination protocol in 
the sequence tree can be omitted. This 
includes, for example, dynamic exami-
nations of the liver, MR angiography, 
or detailed regional study protocols to 
answer specific questions.

2

Screenshot showing the easy adaption of the examination coverage and the 
focus region using the new Whole-Body Dot Engine1.

2

3A 3B

12-year-old patient with fatigue, cough 
and weight loss showed pulmonary 
metastases in plain X-ray of the thorax 
(not shown). A whole-body MRI was 
conducted the next day. Most importantly 
it showed the origin of the tumor, and the 
pulmonary and mediastinal lymph node 
metastases. Staging was therefore 
finished the next day. Histologic finding 
showed an undifferentiated sarcoma 
tumor. The patient is under chemotherapy 
right now.

(3A) Composed T2w BLADE shows  
the pulmonary metastases of a T-cell 
lymphoma.

(3B) T1w contrast-enhanced VIBE 
sequence shows a central necrotizing 
tumor of the mediastinum with 
pulmonary infiltration and metastases. 
Whole-body scan reveals the sole 
involvement of the thorax.

3

The automatic voice commands  
allow an optimal scan process,  
ensuring the synchronized timing  
of breathing and scanning via  
breathholding techniques. Selection 
of language is possible, so that the 

1	 �WIP, the product is currently under development and is 
not for sale in the US and in other countries. Its future 
availability cannot be ensured. The product is not yet 
licensed for sale in Canada, in accordance with Canadian 
Law. Performance claims have not been reviewed by 
Health Canada, and are subject to change. Its future 
availability cannot be guaranteed.
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breathing commands can be  
understood by all patients, thereby 
reducing respiratory artifacts. The 
timing after contrast administration 
is now performed in a way analogous 
to CT scanning by using automatic 
bolus detection. Therefore, image 
acquisition at the correct point in 
time for dynamic contrast phases  
is more reproducible.

The Whole-Body Dot Engine provides 
fast and robust image quality across 
all patients, with fewer errors or need 
of repeated examinations. It ensures 
that all stations of a multi-station 
examination are performed with  
consistent field-of-view and spatial 
resolution while simultaneously 
obeying the patient’s breathhold 
capability. This offers more compara-
ble results through standardization, 

31-year-old female with 25 weeks gestation. The patient had a laminectomy 
after rapidly progressive paraparesis with spinal cord compression. Due to a 
still unclear histological finding whole-body MRI was performed to evaluate  
the spread. In the further course tuberculosis has been diagnosed and treated 
successfully.

(5A) Composed T2w HASTE sequence showed the current state of pregnancy 
with regularly developed fetus. (5B) Axial T2w HASTE TIRM sequence showed  
a residual infiltration of the costa and the posterior mediastinum. Whole-body 
MRI showed no further foci. (5C) Additionally conducted high-resolution study 
to assess the spine as a target region after surgery.

5

54-year-old female with newly 
diagnosed non-small cell  
lung cancer. Whole-body 
examination was performed 
for staging before systemic 
chemotherapy. These images 
were the basis for the follow- 
up after chemotherapy.

(4A) Coronal T2w HASTE TIRM 
and corresponding T1w FLASH 
sequences document liver and 
bone metastases in different 
areas.

(4B) Axial HASTE sequence 
shows liver and bone metas-
tases of the lumbar vertebra 
and the femur.

4

4A

4B 5A 5B

5C

especially for follow-up examinations. 
The Whole-Body Dot Engine was 
adapted to our specific departmental 
standards by inserting our routinely 
used and familiar sequence protocols.

Overall, the Whole-Body Dot Engine 
offers the technologist a much simpler 
and intuitive guidance, analogous  
to methods used in CT examinations. 
As a result, technologists no longer 
need to fear complex examinations. 

Conclusion
The Whole-Body Dot Engine allows 
easy implementation and standard- 
ization and consistent MR imaging  
from head to toe. Furthermore, the 
study protocol performed can easily  
be adapted to individual clinical  
indications and MR-sequences.

Clinical Abdominal Imaging
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1-year-old* girl with a palpable tumor in the neck. Histology showed infantile 
myofibromatosis. Whole-body MRI with T1w radial VIBE in free breathing showed 
also vertebral, pleural and liver metastases and chemotherapy was started at 
once.

6

T1w SE FS sequence of a 10-year-old 
female with osteomyelitis of the 
radial bone of unknown origin. 

Whole-body MRI with T1w radial VIBE 
in free breathing showed additional 
lesions in a vertebra (7B) and the 
right tibial bone (7C). Based on  
the acquired images diagnosis of  
a chronic recurrent osteomyelitis 
could be made, and other foci of 
infect could be excluded.

7

*	MR scanning has not been established as safe for imaging fetuses and infants  
	 under two years of age. The responsible physician must evaluate the benefit of  
	 the MRI examination in comparison to other imaging procedures.

7A 7B

7C

6
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Dot Configuration with the Dot Cockpit
Bart Schraa, MSc., Senior MR Application Specialist

Siemens Canada Limited, Oakville, ON, Canada

Introduction
Traditionally, protocols for patient 
examinations were mostly based on 
the expected pathology, for example 
in the brain: standard, MS, trauma, 
tumor and so on. There was a similar 
approach to the other body parts. 
Hence the protocols for each pathol-
ogy were stored in a folder, in a more 
or less ‘tree-like’ structure. The image 
quality could be greatly hampered if 
patient movements were substantial, 
as with Parkinson’s patients, or those 
with claustrophobia. It was up to the 
user to find appropriate protocols,  
to adjust the protocol or to find alter-
natives. In 2009 Siemens introduced  
a whole new approach to scanning 
patients with the release of the 
syngo MR D11 software for the  
MAGNETOM Aera and Skyra systems. 
This was the 3rd generation of  
automation in scanning software 
(see Fig. 1).

This also introduced a new way of 
configuring patient examinations. 
Before the syngo MR D11 software 
release, the set of protocols (pro-
gram) used to examine a patient  
was solely based on the expected 
pathology, without taking into 
account the patient’s condition, like 
level of cooperation or claustropho-
bia. With the introduction of Dot 
engines, the examination could be 
customized (personalized) based  
also on, for example, the patient’s 
condition. With ‘the flick of a switch’ 
you could change, for example,  
from the standard to an uncoopera-
tive examination strategy. By using 
strategies within a Dot engine the 
exam could be easily tailored to  
the patient’s condition if required. 
Furthermore, additional functional-
ities were introduced, such as  
AutoAlign in several body regions,  
or Auto Bolus detection. The main 
goals shared by the Dot engines are 

standardization, consistency and  
efficiency. All tools included in  
the Dot engines are designed to 
streamline the workflow throughout 
an examination. 

DotGO
DotGO has been introduced in the  
latest release of the syngo MR E11 
software and is based on the experi-
ences of our customers with the Exam 
Explorer in the syngo MR software  
and in particular with the Dot engines 
in the previous software versions  
(D11 and D13). Standard now with  
the E11 software is the Dot Cockpit, 
which replaces the Exam Explorer.  
The Dot Cockpit overcomes the  
existing limitations of configuring 
patient examinations and Dot engines.

Because the initial release of the  
Dot engines was built on the existing 
Exam Explorer, there were some  
limitations/restrictions in the way we 

 Generations of automation in MR.21

2nd 3rd 4th

1

1st
Generation Generation Generation Generation

Manual  
functionality 
for all imaging

Automation 
functionally 
introduced

Dot engines  
to optimize  
workflows

Dot engines  
and the new  
Dot Cockpit  
become DotGo

How-I-do-it
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could configure Dot engines. For many 
users this meant that their configura-
tion was quite complicated and/or  
time consuming. Both the complexity 
and the time aspect have been 
addressed in the syngo MR E11 soft-
ware. This article describes the way  
we configure Dot engines in the  
new E11 software as compared to  
the D13 software.

Dot Cockpit
The new Dot Cockpit is your central 
interface for all protocol manage- 
ment tasks. This includes flexible 
configuration of all Dot engines, 
according to your standards of care. 
The Dot Cockpit replaces the Exam 
Explorer and enables you to config-
ure all of your MRI protocols – Dot or 

non-Dot protocols alike – and all of 
your Dot engines. You can create  
a Dot engine within minutes, with 
simple drag & drop. In the section 
headed “Dot configuration with 
syngo MR E11” we explain how to 
create a Dot engine step-by-step.  
But first let’s briefly discuss how  
Dot engines were created with the 
syngo MR D13 software.

Table 1

Standard Resolution Focus Speed Focus Motion-insensitive

AAHead_Scout AAHead_Scout AAHead_Scout AAHead_Scout

t1_se_sag_320 t1_space_sag_iso t1_fl2d_sag t1_blade_sag_dark-fluid

t2_tse_tra_p2 t2_spc_sag_p2_iso t2_haste_tra_p2 t2_blade_tra_p2

t2_tirm_tra_dark-fluid t2_spc_da-fl_sag_p2_iso t3_tirm_tra_dark-fluid_p3 t2_blade_tra_dark-fluid

ep2d_diff_3scan_trace_p2 ep2d_diff_3scan_trace_p2 ep2d_diff_3scan_trace_p2 ep2d_diff_3scan_trace_p2

t1_se_tra_320 Mpr planning for 3D t1_fl2d_tra t1_blade_tra_dark-fluid

contrast agent contrast agent contrast agent contrast agent

t1_se_tra_320 t1_space_sag_iso t1_fl2d_tra t1_blade_tra_dark-fluid

t1_se_cor_320 t1_fl2d_cor t1_blade_tra_dark-fluid

Overview protocols of the Dot engine.

Dot Configuration with  
syngo MR D13
The steps describe the creation of  
the standard Brain Dot Engine as came 
with the 1.5T MAGNETOM Aera and 3T 
MAGNETOM Skyra scanners on the 
syngo MR D13 software. This standard 
Brain Dot Engine uses four different 
strategies and one patient context 
decision for contrast. Table 1 shows 
the different protocols per strategy.

These are the steps required to create 
such a Dot engine from the start:

1.		 Insert a Neuro patient view (creates the four strategies and patient  
context decision as described in table 1) 

2.		 Add a Clinical Decision point called ‘MPR Planning’

3.		 Insert six strategy branches for each protocol pre contrast (protocol 1–6)

4.		 Insert a Patient Context Decision for contrast administration 

5.		 Insert a strategy branch for protocol 7–8

6.		 Insert a Clinical Decision called MPR Planning and attach the Dot AddIn 
‘MPR Planning’ to it for the 3D protocols in the Resolution Focus strategy

7.		 Now copy all the different protocols in the respective folders

8.		 Attach a Generic View AddIn to all the protocols and make sure they are 
configured properly

9.		 As for the 3D protocols, make sure the MPR planning is configured  
properly and then assign the MPR assignment to the 3D protocols select-
ing the correct orientations

10.	 Test all the protocols in the ‘simulation mode’

How-I-do-it
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Figure 2 shows how the configuration 
would look like in the syngo MR D13 
software.

Even for this relatively simple Dot 
engine it is difficult to present an  

Dot configuration with  
syngo MR E11
The new structogram view of the  
Dot Cockpit enables you to see the 
whole exam workflow. The different 
strategies, decisions, the branches  
and protocols are shown in a similar 
way as in table 1. Let’s create the  
same Dot engine with syngo MR E11 

as discussed in the previous section 
with syngo MR D13.

As a start we create four strategies 
by dragging a strategy into the pro-
gram (Fig. 3), and rename the strate-
gies ‘Standard’, ‘Resolution focus’, 
‘Speed focus’ and ‘Motion-insensitive 
(BLADE)’.

Overview Dot engine with 
syngo MR D13.

2

easy overview of the complete  
Dot engine. In the next section we 
describe the configuration using  
the Dot Cockpit of software 
syngo MR E11.

2

 Inserting strategies.23

3

 Using the Search functionality.24

4 We need to insert the AAHead_Scout 
protocol, which can be found easily 
by using the built-in search function-
ality (Fig. 4). You can type in any 
string for the protocol you are look-
ing for and it will show all protocols 
matching the keywords in the tree 
(SIEMENS) we are searching in. It will 
show also the program name where 
this protocol has been found. In this 
case it is AAHead for finding all the 
Auto Align scouts.

Now we can drag-and-drop this 
AAHead_Scout into the Standard 
strategy (Fig. 5).

 Drag-and-drop a protocol.25

5

How-I-do-it
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Since this is a protocol that we want  
to run in any of the strategies, we 
could use the Expand option (under 
the right mouse button) rather than 
copy the AAHead_Scout in each  
strategy (Fig. 6). This reduces  

the number of protocols in the  
Dot engine. The result is shown in 
figure 7. The AAHead_Scout is now  
a single protocol for all strategies. 
Now we can add all the other proto-
cols (prior to contrast) into the 

respective strategies. This is achieved 
very quickly using the search option 
on the right side. Just by typing a few 
keywords, we can find the protocols 
that we need (Fig. 8).

After we have added all of the proto-
cols the Dot engine looks like figure 9. 
Please note that the ep2d_diff_3scan_
tra_p2 is also expanded since this  
protocol is used in all strategies just 
like the AAHead_Scout. In the ‘Resolu-
tion focus’ strategy an MPR planning 
has also been added. The MPR plan-
ning can be found using the Search 
functionality as well.

The next step in configuring the  
Dot engine is to configure the contrast 
agent administration. In syngo MR E11 

we can also drag-and-drop decisions 
from another Dot engine by search-
ing for the keywords ‘head dot con’, 
see figure 10. This contrast decision 
is then added to all four strategies.

Expanding a protocol over all 
strategies.

6

6

 Searching for a decision.210

10

 An expanded protocol.27

7

 Dot engine configuration prior to contrast injection.29

9

 Dot engine with the contrast decision added.211

11

 Searching for protocols.28

8

After we have added the contrast 
decision in all four strategies, the Dot 
engine would look like what is shown 
in figure 11. 

How-I-do-it
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 Dot engine with all protocols added.212

12

 Simulation mode for the Speed focus strategy and no contrast selected.215

15

 Simulation mode for the Speed focus strategy and with contrast selected.16

16

 Configuration of the MPR planning step.213

13

 Configuration of the MPR assignment AddIn.214

14

Now that we have a contrast decision 
in all of the strategies, we put in the 
additional pre-contrast protocols,  
the ‘inject contrast agent’ pause and 
the post contrast protocols (Fig. 12). 
Please note that we leave empty 
‘cells’ where there is no equivalent 
for a protocol in certain strategies, 
like MPR planning in the Resolution 
focus, but not in any of the others. 
Or the pre contrast t1 is not available 
(needed) in the ‘Resolution focus’ 
strategy, whereas there is one in all 
other strategies. This enables us to 
keep a clear overview of the Dot 
engine and identify the differences 
between the strategies.

What’s left is to configure the MPR 
planning to have the presets that we 
normally want to have there, like 
FOV, slice thickness, spacing and the 
use of AutoAlign (Fig. 13).

Next, we need to select in the MPR 
Assignment of the 3D protocols the 
reconstruction that we require, in 
this case tra, cor or both (Fig. 14).

Now that we have configured every-
thing we can switch to the simulation 

mode and see how everything  
will work when we select different 
strategies, without or with contrast 
selected. This can be easily controlled 
and viewed on the right side of the 
window or by selecting the strategy 
in the structogram including the  
contrast agent decision. Figure 15 
shows the simulation mode for the 
Speed focus strategy and no contrast 
selected and figure 16 shows the 
same strategy (Speed focus) but now 
with the contrast selected. The struc-
togram shows the selected strategy 
and protocols in a slightly brighter 

color than the others, whereas the 
right side of the screen shows which 
protocols would be visible in the 
queue, including the total time for  
the program.

One other feature to point out is that 
the Dot Cockpit recognizes which pro-
tocols have exactly the same configu-
ration as the one we are editing. This 
is indicated by the “8 identical” in this 
case: Even if the name is different, 
identical protocols are found (Fig. 17). 
When we select this, a window on the 
right will appear with not only the 

How-I-do-it
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 Identical configurations.217

Dot engine overview in the 
syngo MR D13 software.

19

17

 Dot engine overview in the syngo MR E11 software.218

18

19

identical protocols (first column with 
checkboxes), but also the identical Dot 
AddIns (second column with check 
boxes). It could also be that whilst the 
protocol is identical, the Dot AddIn is 
not, or the protocol is different and 
the AddIn configuration is identical.  
By selecting the protocols or AddIns on 
the right, any changes that we make 
to either the protocol or the AddIn will 
also be applied to the selected proto-
cols. This makes protocol management 
much easier and faster. Here we need 
to change just one protocol in order 
for eight other protocols and eight 
AddIns to be changed automatically. 

Conclusion
In this article we have shown how 
the Dot Cockpit helps you to config-
ure Dot engines in a much easier  
and faster way than before. The new 
Dot Cockpit allows for the creation  
of Dot engines within minutes. This 
would even allow for the creation  
or adjustment of Dot engines in 
between patients. The new structure 
overview gives a comprehensive 
overview of the complete Dot engine. 
In figure 18 it is shown how easy it is 
to obtain an overview of the entire 
Dot engine in syngo MR E11 as com-
pared to syngo MR D13 (Fig. 19).

How-I-do-it
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fMRI Made Easy with an Integrated  
Siemens and NordicNeuroLab Solution
Marte Thuen, Ph.D.; Cathy Elsinger, Ph.D.

NordicNeuroLab, Bergen, Norway

BOLD fMRI is emerging as standard 
method of care for presurgical  
planning – mapping eloquent regions 
of the brain before brain surgery. 
What used to be a complicated setup 
available only to researchers is now 
available in the clinical radiology 
department. NordicNeuroLab  
provides a complete and easy-to-use 
fMRI solution – all necessary equip-
ment for fMRI and nordicAktiva  
stimulus presentation software  
seamlessly integrated with the  
Siemens Numaris platform. This 
allows the user to run the paradigms 
directly from the Siemens Numaris 
interface, enhancing workflow for 
the MR technologist.

What is BOLD fMRI?
BOLD fMRI is the study of neuronal 
activity using MRI (Fig. 1). When a 
particular part of the brain becomes 
active as a response to a stimulus  
or task, there is increased flow of 
oxygen-rich blood into this region. 
Because of the difference in MR  
signal properties between the blood 
cells that carry oxygen compared to 
those that do not, this increase in 

blood supply can be detected using 
MRI. However, due to the level of 
sensitivity required to detect this  
signal difference, a specialized pulse 
sequence is needed on the MR scan-
ner. This dynamic series measures 
the signal changes throughout the 
brain while a person is cued to  
perform a particular task. Task per-
formance alternates with cycles of 
rest (20-30 seconds cycles), allowing 
a comparison of signal change in the 
brain due to the task. The description 
and timing of the cueing task are 
referred to as the fMRI paradigm.

Typical brain regions that can be 
mapped using fMRI are the motor 
cortex (finger tapping, toe move-
ment, tongue movement), sensory 
regions (visual cortex, auditory  
cortex) and speech centers. 

Why is fMRI important?
One goal of pre-operative surgical 
planning is to differentiate eloquent 
areas in the brain from pathology – 
those regions of the cortex in which 
injury produces cognitive or motor 
deficit – and to understand the  

relationship between eloquent cortex 
and pathology. The goal is to accu-
rately delineate tissue pathology from 
surrounding eloquent cortex and vital 
connections between brain regions  
to aid in decision making that will 
maintain a balance between taking a 
more aggressive resection approach 
and reducing postoperative deficits. 
Furthermore, tumors and other pathol-
ogies can push brain activity regions 
out of their expected position, so map-
ping is critical to ensure maximum safe 
resection and for determining point of 
entry. This is of particular interest for 
determining language lateralization. 
Language representation can be inves-
tigated noninvasively using fMRI. This 
will reduce the risk of aphasia or other 
language deficits post surgery [1]. 

In addition to providing critical infor-
mation in advance of the surgery, 
BOLD fMRI maps can be used within 
surgical navigation systems during 
brain surgery to guide intra-operative 
decision-making. The use of BOLD 
fMRI results preoperatively or intraop-
eratively has the potential to reduce 
neurological deficits by influencing  
the surgical approach, allowing for  

When a particular part of the brain becomes active, there will be an increased local blood flow. This can be detected using MRI, 
and will lead to an increased signal in the activated area.
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more radical tumor resection while 
potentially reducing craniotomy size, 
reducing operating time and the  
need of awake surgery [1-4].

What equipment is needed 
for BOLD fMRI?
A high-quality fMRI study will require 
the patient to be cued to perform a 
particular cognitive or motor task 
while in the MR scanner. They can  
be presented with a visual stimulus 
(such as flickering checkerboard), be 
asked to read text (language study)  
or be cued to make finger movements 
using a response device. To present 
the stimuli, as well as inform the 
patient about whether they should 
perform a task or simply rest, a display 
needs to be available for the patient 
inside the MR bore. The patient can 
view the display via an MR compatible 
display attached to the head coil,  
NordicNeuroLab (NNL) VisualSystem, 
(Fig. 2A), or via a mirror mounted on 
top of the headcoil, which presents 
the image from an MR compatible 
monitor placed outside the MR  
scanner (NNL InroomViewingDevice, 
Fig. 2B). It is also possible to present 
stimuli to the patient via audio, using 
the NNL AudioSystem MR compatible 
headphones (Fig. 2A). These can also 
be used for patient communication. 
Patients can respond to language  
or motor tasks using the NNL Respon-
seGrip, which also provide a means  
of monitoring patient responses to 
various tasks (Fig. 2A). 

All equipment used in the MR room 
must be MR compatible, that is, it 
must be able to operate safely in a 
strong magnetic field without causing 
distortions or artefacts in the MR 
image. 

The NNL VisualSystem attached to the headcoil (2A), or the  
NNL InroomViewingDevice (2B) are displaying the paradigm  
during fMRI. The NNL AudioSystem and ResponseGrip (2A) are  
used to provide audio stimuli and to collect patient response. 
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The appropriate BOLD paradigm  
is presented using the nordicAktiva 
software, which contains a library of  
stimulus paradigms covering a wide 
range of cognitive, language and 
motor tasks. Enabling the BOLD Dot 
AddIn integration between the  
Siemens Numaris platform and  
nordicAktiva allows the paradigm to 
be selected and started from within 
the Numaris environment (Fig. 3).  
The MR acquisition must be synchro-
nized with the timing of the paradigm, 
and this is taken care of by the  
NNL SyncBox which correlates the 
scanner’s trigger pulse to the onset  
of the paradigm.

When enabling the BOLD Dot AddIn, the user can select the paradigm directly in Siemens Numaris (3A).  
The lower image (3B) shows that a visual stimulation paradigm has been selected.
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“We have been using the NNL fMRI equipment 
for about 10 years now in a clinical as well 
as a scientific setting. The efficiency using 
the products is very high, because of their 
easy usability and robustness. 

We are very satisfied with our decision to  
use NNL equipment.” 

Professor Dr. Bernd Weber  
Head of NeuroCognition, Imaging, Life&Brain Center, Bonn, Germany
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Contact

Marte Thuen, Ph.D.
Chief Technology Officer (CTO)
NordicNeuroLab AS
Møllendalsveien 65c
N-5009 Bergen
Norway
Phone +47 40 21 74 91
marte@nordicneurolab.com
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How to select the appropriate 
fMRI task?
The aim of presurgical fMRI is to map 
relevant regions surrounding pathol-
ogy, so the type of paradigm to be 
done will be specific to the cortical 
region of interest (e.g. motor cortex). 
Tasks are selected that target the 
regions of interest and are possible  
for the patient to perform easily.  
The patient should be trained on each 
task to ensure that they completely 
understand the instructions and are 
able to perform the tasks well. 

Task selection can be done directly 
from the Siemens Numaris workstation 
(Fig. 3). The paradigm will then be  

BOLD fMRI results of left (red) and right (blue) finger tapping  
from a healthy volunteer.

4

How to do fMRI: 
1.	Select paradigms based on 

location of pathology and 
functions to map.

2.	Train patient to ensure they 
understand and can perform 
the tasks.

3.	Select paradigm on Siemens 
Numaris.

4.	Run the fMRI using the  
NNL fMRI equipment for  
displaying the paradigm to 
the patient. 

5.	After fMRI: send data to 
workstation dedicated for 
fMRI postprocessing.

4

displayed visually on the device 
inside the MR scanner (NNL Visual-
System or NNL InroomViewingDevice), 
or aurally, via the headphones, 
depending on paradigm chosen. The 
NNL SyncBox will ensure that the  
paradigm presentation and MR image 
acquisition are synchronized pre-
cisely. A typical fMRI task alternates 
between a period of rest and activity 
(30 seconds, for approximately  
4 cycles, about 5 minutes in total). 

Once the fMRI session is complete, 
fMRI image data must be processed 
before the results can be sent to 
PACS or used for surgical planning 
(Fig. 4).

Different NNL packages may be available for different  
MR systems in the US. Please contact your local sales  
representative for details.
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Introduction
Moyamoya disease (MMD) is a 
chronic cerebrovascular disease  
characterized by progressive stenosis 
and end-stage occlusion of terminal  
internal carotid arteries [1]. While 
MMD patients commonly experience 
frequent transient ischemic attacks 
(TIA), in most cases no infarction/
ischemic lesions can be found on  
T1/T2/diffusion-weighted MR images. 
In these circumstances, dysfunctions 
of cerebral hemodynamics might pro-
vide unique information for diagno-
sis, surgery planning and outcome 
evaluation of MMD patients. 

Currently there is no well-established 
gold standard for evaluating the 
complex cerebral hemodynamic  
patterns in MMD. Methods such  
as positron emission tomography 
(PET) [2], single photon emission 
computed tomography (SPECT) [3],  
computed tomography perfusion [4], 
and dynamic susceptibility contrast 
MRI (DSC-MRI) [5] all have the ability 
to assess cerebral perfusion. How-
ever, due to radiation dose and/or  
the use of contrast agents, these 
methods are not suitable for studies 
involving repeated examinations or 
long term follow-up research studies. 

Arterial Spin Labeling (ASL) provides 
a non-invasive MRI alternative for 
measuring Cerebral Blood Flow 
(CBF), and has been applied for the 
study of a wide range of ischemic 
cerebrovascular diseases, such as 
acute ischemic stroke and MMD [6]. 
Commonly used ASL methods like 
PICORE Q2TIPS estimate CBF based 
on a single fixed delay/transit time, 

thus differences in time delay 
between the labeling of the feeding 
arteries and the arrival of labeled 
blood into brain tissue at different 
regions (as reflected e.g. by arterial 
transit time (ATT) or bolus arrival 
time (BAT)) introduce undesired  
variability to the measured signal  
and limit its interpretation in abso-
lute terms. Therefore, by measuring 
the full inflow curve at multiple dif-
ferent inversion time points, a more 
accurately quantified CBF and precise  
timing information of blood flow 
(BAT map) can be obtained [7, 8]. 

In the following case studies, multi-
delay ASL (MD-ASL) was used to 
measure CBF and BAT to evaluate the 
hemodynamic changes characteristic 
of MMD patients. The calculation of  
a CBF and BAT map for a multi-TI 
series is based on the original  
formulation of Buxton et al. [9] and 
is applying a voxel-wise fit. We then 
compared the performance of the 
technique with standard first-pass 
contrast-enhanced dynamic perfu-
sion (DSC MRI). 

Method
All patients were examined using a 
3T MR system (MAGNETOM Skyra, 
Siemens Healthcare, Erlangen,  
Germany) with a 20-channel head-
neck coil. The MD-ASL images were 
acquired using a prototype sequence 
‘Advanced 3D ASL’1 with the following 
parameters: 3D GRASE imaging with 
FAIR Q2TIPS labeling, TR 4600 ms,  
TE 22 ms, slice thickness 4 mm, bolus 
duration 700 ms, 16 inversion times 

ranging from 480 to 4080 ms, total 
acquisition time 5 min including an 
M0 scan. DSC-MR images were post-
processed though standard syngo.via 
pipeline using local AIF method.

Patient history  
and imaging findings
In these case studies, patterns of blood 
perfusion were bilaterally evaluated 
based on different blood circulation 
areas as shown in figure 1.

1 �Work in progress, the product is currently under development 
and is not for sale in the US and in other countries.  
Its future availability cannot be ensured. The product is not 
yet licensed for sale in Canada, in accordance with Canadian 
Law. Performance claims have not been reviewed by Health 
Canada, and are subject to change. Its future availability 
cannot be guaranteed.

A = 	 anterior circulation;  
P = 	 posterior circulation;  
M1 = 	 anterior middle cerebral 	
		  artery (MCA) cortex;  
M2 = 	 MCA cortex lateral to 
		  insular ribbon;  
M3 = 	 posterior MCA cortex.
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Case 1:
49-year-old male patient,  
suffered intermittent numbness 
and weakness of right hand one 
year ago, accompanied by recur-
rent headache and dizziness. 
From the MRA and DSA images, 
we could identify a bilateral  
MCA occlusion and abnormal 
vascularity. The results of DSC-
MRI showed long TTP (Fig. 2A) 
and MTT (Fig. 2C) in the bilateral 
hemispheric regions supplied by 
the MCA (M1, M2, M3) as well as 
in the right posterior circulation 
cortex (P), whereas CBV (Fig. 2D) 
was slightly increased and CBF 
(Fig. 2B) decreased bilaterally in 
M3. In the MD-ASL results, it can 
be observed that the topography 
of long BAT (Fig. 2E) matches 
TTP map very well, while the 
area with decreased CBF (Fig. 2F) 
is similar to DSC-MRI.

Case 2:
49-year-old female patient who 
suffered of intermittent weak-
ness of the right hand for the 
past four years. From the TOF-
MRA and DSA images, we could 
see the bilateral MCA and ACA 
occlusion, as well as abnormal 
vascular structure. The results of 
DSC-MRI show long TTP (Fig. 3A) 
and MTT (Fig. 3C) bilaterally in 
brain regions supplied by MCA 
and ACA (A, M1, M2, M3), while 
CBV (Fig. 3D) and CBF (Fig. 3B) 
partly decreased. The results  
of MD-ASL showed an increased 
BAT (Fig. 3E) matching those 
observed in TTP and MTT as 
obtained with DSC-MRI. ASL-CBF 
images (Fig. 3F) also showed 
decreased CBF in the same area 
(bilateral M3) to DSC-MRI.

The upper row shows the results obtained by DSC-MRI: time to peak (TTP) (2A), 
cerebral blood flow (CBF) (2B), mean transit time (MTT) (2C), cerebral blood  
volume (CBV) (2D). The lower row shows the MD-ASL results including bolus arrival 
time (BAT, 2E) and ASL-CBF (2F), as well as brain vascular images collected by MR  
angiography (TOF-MRA) (2G), and Digital Subtraction Angiography (DSA) (2H).

2
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3A 3B 3C 3D

3E 3F 3G 3H

TTP (3A), CBF (3B), MTT (3C), CBV (3D) obtained by DSC-MRI. BAT (3E), CBF (3F) 
obtained using MD-ASL. Brain angiographic images obtained with TOF-MRA (3G)  
and DSA (3H).
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Case 3: 
48-year-old female patient,  
suffered continuous weakness  
and numbness of left arm for the 
past seven years, and continuous 
weakness of left leg starting one 
year ago. From the MRA (Fig. 4G) 
and DSA (Fig. 4H) images, we 
could see the stenosis of bilateral 
MCA, ACA, left PCA and abnormal 
vascularity. The results of DSC- 
MRI show long TTP (Fig. 4A) and 
MTT (Fig. 4C) in areas A, M1, M2, 
M3, P of the left hemisphere, and 
areas A, M1, M2, M3 of the right 
hemisphere, while CBV (Fig. 4D) 
decreased in bilateral M3 and CBF 
(Fig. 4B)decreased in bilateral M1 
and M3. In MD-ASL images, long 
BAT (Fig. 4E) areas were matched 
with the TTP map very well, and 
CBF (Fig. 4F) decreased in the  
similar area compared to DSC-MRI.

Conclusion
Our preliminary results demonstrate 
that the multi-delay 3D ASL method 
is able to robustly deliver both the 
arterial transition time and cerebral 
blood flow. By incorporating BAT 
information during the blood flow 
calculation, multi-delay ASL is  
capable of providing more accurate 
and less biased CBF, showing an 
equivalent performance to DSC-MRI 
in patients with Moyamoya disease. 
Because ASL is a non-invasive  
technique, there is high potential  
in using it to frequently monitor  
cerebrovascular diseases over long 
periods, or as a contrast-free quanti-
tative measure of CBF in longitudinal 
studies.

TTP (4A), CBF (4B), MTT (4C), CBV (4D) obtained with DSC-MRI. BAT (4E), CBF (4F) 
obtained using MD-ASL. Brain angiographic images obtained with TOF-MRA (4G)  
and DSA (4H).
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Practical Considerations for  
the Evaluation of the Neuroforamina  
in Routine Spine Imaging at 3T. A Case Series
Thuy D. Do; Marc-André Weber

Clinic of Diagnostic and Interventional Radiology, University Hospital Heidelberg, Germany

Introduction
Pathologies of the neuroforamina are 
one of the most frequent indications 
for spine surgery. When imaging the 
neuroforamina usually sagittal and 
axial planes are acquired to delineate 
these pathologies. However, in a  
relatively small, but clinically not 
negligible, 29% of cases where  
root impingement was surgically  
confirmed, lateral root compression 
was underestimated in standard  
MRI with standard MR planes (axial/
sagittal). Moreover, Bartynski et al. 
estimated the rate of successful  
prediction of a root impingement 
with such a standard MRI at only  
72% [1]. Consequently there is a 
need to optimize the procedure for 
spine MRI to reliably evaluate nerve 
root impingement in a potential pre-
operative setting. By obtaining para-
sagittal sequences and by performing 
oblique image reconstructions, one 
can generate images that are strictly 
axial cuts through the neuroforam-
ina. This allows for a better evalua-
tion of the nerve enlargement, the 
disappearance of the nerve surround-
ing fat, and the provision of T2-neu-
ropathy signals. The application of 
multiplanar reconstructions, e.g.  
for sacral nerves, has already been 
postulated and practiced on CT scans 
in clinical routine [2]. However, in 
clinical reality, MRI protocols often 
still use strictly axial and sagittal 2D 
planes, resulting in the above-men-
tioned challenges. In the following 
cases we present some practical 
aspects on the imaging protocols 
used to improve visualization of  
neuroforaminal pathologies. 

Imaging of neuroforaminal 
pathologies at 3T
At our institute we mainly apply  
3T MRI for evaluation of neurforami-
nal pathologies. The main advantage  
of imaging at 3T is the proportional 
increase of signal-to-noise ratio 
(SNR), enabling a clear reduction  
in slice thickness. Even in clinical 
realistic routine exams, the slice 
thickness can be reduced to even  
less than 3 mm for 2D T2-weighted 
MRI sequences. High SNR also  
provides better in-plane resolution  
as well as spatial resolution of the 
anatomical structures to be evaluated 
[5]. Although the disadvantages of 
MR imaging at 3T, such as dielectric 
shading effects, have to be taken  
into consideration, many of these 
limitations have been overcome,  
or are at least less pronounced,  
compared to the first clinical  
generation of 3T MR systems.  
Nevertheless, it should be empha-
sized that these dielectric shading 
effects do play a role in the applica-
tion of 3T for spine imaging and 
must be addressed alongside other 
issues such as increased specific 
absorption rates. Most of the practi-
cal considerations in this case series, 
however, also apply for spine imag-
ing at 1.5T. 

All examinations presented in  
this article were performed on a  
3T MRI scanner (MAGNETOM Verio, 
Siemens Healthcare, Erlangen,  
Germany) using the integrated  
multi-channel spine coil and –  
for imaging of the cervical spine – 
the head/neck coil.

Conclusion
Questions concerning pathologies  
of the neuroforamina, multiplanar 
reconstructions and/or additional 
angulated imaging sequences  
(at a 45° oblique view towards the 
standard sagittal plane) of the spine 
should particularly be included in  
routine examinations for improved 
delineation and depiction of neurofo-
raminal pathologies, especially if there 
is a need to evaluate surgical therapy. 
Whenever possible, a 3D sequence  
is preferred and thus post-imaging 
reconstructions can be compiled that 
not merely reduce examination time 
but also offers advantages for multiple 
planar reconstructions as well as  
simplifying the MR exam. In other 
cases, e.g. when dealing with metal 
instrumentation or motion artifacts 
due to pain, faster additional T2w 
sequences can be applied. Kinematic 
MRI might be beneficial for revealing 
disc bulges, which are not shown by 
traditional neutral views and should  
be considered also in a routine clinical 
setting for evaluation of the cervical 
spine.
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1C

1D 1E

TA 
[min]

Matrix FOV 
[mm]

Slices ST TR 
[ms]

TE 
[ms]

Cervical spine Parasagittal T2w TSE 2:13 384 260 11 2 2690 110

Table 1: Parasagittal T2-weighted TSE sequence used in this case for improved visualization of the neuroforamina.

Disc protrusion:  
Sagittal T2-weighted vs. 
parasagittal T2-weighted MRI.  
(1A) Sagittal T2w,  
(1B) sagittal T2w left,  
(1C) parasagittal T2w,  
(1D) axial T2w,  
(1E) parasagittal localizer.

1

Case 1: Parasagittal oriented 
T2-weighted sequences
An MRI exam of a 51-year-old male 
patient suffering pain within the  
cervical spine predominantly on the 
left side for the last four years. No 
focal neurologic symptoms were  
present. This case shows the value of 
parasagittal-oriented 2D MR sequences 
for improved confidence in diagnoses.  
In the parasagittal sequences, a focal 
mediolateral protrusion of the disc  
C3/C4-vertebra with compression of 

the left C3 spinal nerve can be easily 
delineated. 

The disc herniation is less obvious 
due to partial volume effects and 
could have been missed on the  
standard sagittal planes, whereas  
the oblique parasagittal sequence 
nicely depicts the left sided protru-
sion (arrows). The parasagittal  
planes were planned as a 45° oblique 
angulated plane to the median and 
perpendicular to the neuroforamina. 
This case illustrates that by relying 

only on standard sagittal and axial 
2D MRI for depicting the cervical 
spine and relatively thick slices  
(>3 mm), the diagnostic information 
may be limited for a proper evalua-
tion of the nerve roots. In addition  
to the said protrusion, an old fracture 
of the spinous process C7 and Th1 
was diagnosed.

1A 1B
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Case 2: 3D T2-weighted 
sequences and parasagittal 
image plane reconstructions
In contrast to oblique-oriented 2D MR 
sequences, 3D MR sequences allow 
in retrospect any necessary reforma-
tion and are less dependent on accu-
rate planning of the exam. Further-
more, there are obvious time benefits 
where multiple planes are needed. 
However, the differences in contrast 
and image impression (high resolu-
tion in-plane versus isotropic voxels 
resulting in thin slices with reduced 
in-plane resolution) compared with 
conventional 2D MRI sequences 
should be mentioned, even though 
they are not covered in this article.

In this case, MR images were made  
of a 52-year-old male who presented 
with pain in the lower back, radiating 
in the legs. Standard 2D MRI based  
on axial and (para-) sagittal planes 
showed disc protrusion of the L4-S1 
vertebra with the maximum of the 
herniation at the L4/L5 segment. 

There was a narrowing more of the 
right neuroforamen than of the left 
neuroforamen at the L4/L5 segment 
due to the disc protrusion as well as 
spondylarthritis.

In addition to the standard MRI  
protocol, we used a balanced steady-
state free precession sequence  
(TrueFISP), which provides a high  
signal intensity of the cerebrospinal 
fluid. As shown in figure 2B, the 
oblique reconstruction improves the 
confidence of the finding. With its 
short acquisition time, this TrueFISP 
sequence is also less sensitive to 
motion artifacts. To achieve a similar 
contrast of the cerebrospinal fluid 
other sequences can also be used, 
e.g. 3D CISS sequences. However,  
it should be pointed out that at  
3T we must also keep the flip angles 
under observation because of their 
effect on the specific absorption rate 
(SAR) [3].

One drawback of the TrueFISP 
sequence is the so-called dark band-

ing artifact which can be met by 
acquiring images at different phase 
offset angles. Another alternative 
would be the application of the SPACE 
sequence for T2w 3D imaging at 3T. 

By allowing multiplanar oblique  
reconstructions, the additional  
3D sequence reduces the risk of  
missing neuroforamen encroachment, 
without the need for further 
sequences and without increasing  
the complexity of the procedure for 
the MR scan. Although the lumbar 
neuroforamina have a nearly sagittal 
orientation to the lumbar spine and 
are in most cases well depicted with 
traditional location of planes, these 
additional images provided by the 
TrueFISP that depict the neuroforam-
ina en face facilitate the detection  
of even minor encroachments. In  
addition, the higher spatial resolution 
can improve the diagnostic confidence 
for the conventional planes e.g. as 
shown in this case, for a strictly axial 
orientation (Fig. 2C).

Disc protrusion:  
Sagittal T2-weighted 
sequence vs. parasagittal 
TrueFISP reconstructions 
and strictly axial recon-
structions along the disc.  
(2A) Sagittal T2w,  
(2B) parasagittal  
reconstruction,  
(2C) localizer,  
(2D) axial reconstruction.

2

2A 2B 2C 2D

TA 
[min]

Matrix FOV 
[mm]

Slices ST TR 
[ms]

TE 
[ms]

Sequence Cor TrueFISP 3D 4:26 256 220 80 0.9 4.86 2.43

Lumbar spine 
reconstructions

Axial 256 Variable 1 4.86 2.43

Parasagittal recon-
struction angulated 
towards the 
neuroforamina

256 Variable 
30

1 4.86 2.43

Table 2: TrueFISP sequence and parasagittal reconstructions.
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Case 3: Parasagittal  
and oblique oriented  
MR sequences in case  
of indwelling metal
In this case MRI images were made of 
a 76-year-old female who presented 
with a one-year history of back pain 
spreading more in her right than  
her left leg. Two years ago a spacer 
between the spinous processes  
L4/L5 had been implanted at another 
hospital.

In this case, a conventional para- 
sagittal plane represents a good option 
for postoperative imaging, since metal 
susceptibility artifacts are avoided.  
But depending on the implant used 
and its configuration, the usage of 
double oblique planes offers the 
opportunity that the artifact generated 
by the osteosynthesis instrumentation 
moves out of the field-of-view. We  
prefer conventional T2-weighted TSE 
sequences in patients with surgical 
hardware and in combination with  
different angulations: Often good, 
robust imaging is feasible even with 
the pronounced sensitivity of 3T 
towards artifacts introduced by these 
implants. Since 3D gradient echo 
sequences, like the MEDIC, are more 
prone to susceptibility artifacts, they 
do not represent the backbone of our 
protocol. However, for instance 3D 
SPACE sequences have the advantage 
of post-imaging reconstructions which 
may be required especially in very 
complex cases and instrumentation 
e.g. severe scoliosis and rotation of 
the spine. As demonstrated in figure 4, 
the instrumentation does not affect 
the diagnostic quality of the MR scan 
and the neuroforamina can be 
assessed adequately.

3A 3B

4A 4B

4C 4D

Sagittal vs. parasagittal oriented T2-weighted TSE sequences.  
(4A) Sagittal T2w, (4B) parasagittal T2w left,  
(4C) parasagittal T2w right, (4D) axial T2w.

4

X-rays of 
lumbar spine 
with osteo-
synthesis 
material 
between  
the spinous 
process  
L4/L5.

3
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69120 Heidelberg, Germany
MarcAndre.Weber@med.uni-heidelberg.deThuy D. Do

Marc-André  
Weber

TA 
[min]

Matrix FOV 
[mm]

Slices ST TR 
[ms]

TE 
[ms]

Cervical spine 
inclination

T2w HASTE sag 0:30 320 250 15 3 1000 249

reclination T2w HASTE sag 0:30 320 250 15 3 1000 249

Table 3: Dynamic sequences.

Conventional sagittal T2w vs. dynamic T2w MRI.  
(5A) Sagittal T2w, (5B) T2w HASTE inclination, (5C) T2w HASTE reclination.

5

Case 4: Additional value of 
dynamic MRI sequences
For the evaluation of pathologies  
of the cervical spine in particular, 
dynamic MRI sequences can add 
important clinical information, 
obtained within a routine clinical set-
ting. In this case, a 42-year-old man 
with persisting pain in the cervical 
spine presented for MR reevaluation 
after a car accident two years ago.  
He has no focal paresis, only pares-
thesia in his left thumb. The kine-
matic MRI comprised of ultrafast 
sequences (e.g. T2-weighted HASTE) 
at 30° inclination and reclination. At 
the neutral position a disc bulge and 
myelopathy signal are denoted at  
the C6/C7 level indicating the cause 
of the symptoms. The disc bulge was 
significantly increased in extension 
(reclination) position (Fig. 5C).  
This case illustrates well the valuable 
information obtained by adding a 
30-second sequence to the standard 
MRI protocol. Sometimes abnormali-
ties can only be depicted – or are bet-
ter depicted – by flexion or extension 

of the spine so that the symptoms 
are at their maximum. This method 
may be restricted, apart from contra-
indications, if there is severe pain 
that renders the patient unable to 
bear this position. Nevertheless,  
the application of a HASTE sequence 
represents a good approach that 
allows in most cases such a dynamic 

scan. Other sequences, like con-
ventional 2D TSE, or even 3D 
sequences like SPACE or TrueFISP 
do, of course, offer all the advan-
tages discussed above, but they are 
coupled with longer examination 
times and sequence-dependant 
challenges such as sensitivity to 
metal artifacts [4].
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Can MRI Estimate the Cortical Bone Quality? 
A Feasibility Study Employing Short-TE MRI
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2	Department of Medical Physics and Biomedical Engineering, School of Medicine, Tehran University of Medical Sciences, Iran 
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Background
Pore size and distribution in the  
cortical bone structure represent  
its mechanical competence and  
consequently its quality [1]. Through 
aging, several natural processes such 
as bone remodeling and trabecular-
ization will incur significant altera-
tions in the porosity of cortical bone, 
in the way that the size and number 
of pores increase with the concomi-
tant cortical thickness decrease. 
Therefore, a direct relationship 
between age and porosity is expected 
[2]; meaning that the older an indi-
vidual is, the more porous its cortical 
bone is. 

Pores of the cortical bone can be  
categorized into three types: Haver-
sian canals, lacunae, and canalicular 
network [3-8], in all of which there 
exists a significant amount of water. 
By the same token, to investigate the 
cortical bone porosity, quantification 
of the fluids, essentially water, which 

reside in these microscopic pores  
can be considered as a promising  
and growing strategy [2]. Magnetic 
Resonance Imaging (MRI), due to  
its sensitivity to the proton micro-
environments, has proved to be a 
good candidate for this quantifica-
tion purpose. As pores become larger 
during aging, their surface-to-volume 
ratio (S/V) and consequently the 
mobility of the residing water mole-
cules will increase [9]. As a result, 
the energy transfer mechanism 
between free water molecules and 
surrounding lattice will be prolonged, 
which will lead to an increase in their 
longitudinal relaxation time (T1). 
Hence, cortical bone free water T1 
can be probably a desired feature  
to extract the aforementioned  
relationship between cortical bone 
porosity (free water content) and  
age [10, 11].

MR pulse sequences employing  
Echo Time (TE) in the order of micro-
seconds, known as Ultra-short Echo 

Time (UTE) imaging, are capable of 
acquiring signal from cortical bone 
water molecules [12]. But due to its 
being time-consuming and lack of 
availability in daily clinics, it is not a 
suitable clinical method for cortical 
bone free water T1 measurement. 
Short Echo Time (STE) pulse sequence 
with TE in the range of 1-1.5 ms  
has been shown to be an applicable 
and clinical alternative for the  
quantification of cortical bone free 
water T1 [10, 11]. 

In this work as a first step, a cohort of 
subjects including 20 healthy normal 
volunteers (8 males and 12 females)  
in the age range of 20-70 years  
underwent STE-MR free water T1 
quantification procedure for the pur-
pose of establishing the aforesaid  
relationship between free water T1 
and age. In the next step, we consid-
ered the obtained regression line 
equation as a baseline on which a  
new insight into the cortical bone 
quality can be predicated. To pursue 

Image acquisition
Cortical bone 
segmentation

T1 Quantification

Free water T1 Apparent age

1

 Flow diagram for the whole procedure of case analysis for calculation of cortical bone apparent age.21

y =	 3,08x + 76,34 
r2 =	0,77
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this goal, we quantified the free water 
T1 of new individual and introduced it 
as an input to the extracted regression 
line equation. The output of these 
numerical calculations is a type of age 
differing from an individual’s actual 
age and would be named as the 
‘apparent age’ with the potential of 
giving information about cortical bone 
quality. In the sequel, the stepwise 
process of apparent age calculation  
is illustrated for two cases and six 
examples are discussed. 

Case analysis: cortical bone 
apparent age vs. actual age
Calculation of the cortical bone  
apparent age of each individual 
accomplishes by introducing cortical 
bone free water T1 as input to the 
regression line equation extracted 
from the cohort of subjects. The  

general steps towards apparent age 
calculation are illustrated as a flow  
diagram in figure 1. 

For further clarification, the exact  
steps can be recapitulated as follows:

•	Image acquisition: 	 Acquiring two STE-MR images with  
	 identical imaging parameters except for TR  
	 (TR1 = 20 ms / TR2 = 60 ms).

•	Segmentation: 	 Placing region-of-interest (ROI) on the  
	 whole cortical bone area drawn manually  
	 using polygon tool in ImageJ software  
	 (http://imagej.net). 

•	T1 Quantification: 	 Solving a non-linear equation obtained  
	 by dividing two gradient echo signal  
	 equations using MATLAB (The Mathworks,  
	 Natick, MA, USA).

•	Apparent Age Calculation: 	 Using cortical bone free water T1 as input  
	 to the obtained regression line equation.

Two STE-MR images acquired from a 34-year-old female subject 
with two different TRs. (2A) TR = 20 ms, (2B) TR = 60 ms.  

In order to enhance the accuracy of the proposed method  
10 slices were acquired resulted in a stack of 20 STE images.

2

Manually segmented cortical bone drawn out of two STE-MR 
images shown in figure 2. (3A) TR = 20 ms, (3B) TR = 60 ms.

3

Actual age: 	 34 years  
Apparent age: 	 46.77 years

Case analysis 1 

Step 1: Image acquisition

Step 2: Cortical bone segmentation

Step 3: T1 quantification

This individual was a female with 
actual age of 34 years, whose  
apparent age was calculated to  

be 46.77 years, meaning that her 
cortical bone porosity status is similar 
to that of a 46-year-old female. 

TR 	= 20 ms 
SI	 = 160.22

TR 	= 60 ms 
SI	 = 286.93

T1 	= 220.37 ms

2A

3A

2B

3B

286.93 
160.22

1 − exp(−60/T1) 
1 − 0.88exp(−60/T1)

1 − exp(−20/T1) 
1 − 0.88exp(−20/T1)

=

Step 4: Apparent age calculation
Apparent age =

(220.37 – 76.33) 
(3.08) 

= 46.77 years
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Method
Subjects

In order to establish the postulated 
relationship between free water  
T1 and actual age of individuals,  
we have performed cortical bone free 
water T1 quantification method on  
a cohort of normal subjects including 
20 healthy (12 females and 8 males) 
volunteers covering the age range of 
20–70 years. For subject recruitment, 
health criteria were defined as BMI  
< 30 kg/m2, lacking any medical  
histories that indicate disorders,  
surgery, or treatments (e.g. glucocor-
ticoid therapy or antiepileptic drugs).

Imaging protocol

The imaging site was selected to be 
at 38% of the tibia length measured 
from the medial malleolus. The  
rationale for considering this site was 

Two STE-MR images acquired from a 67-year-old male subject 
with two different TRs. (4A) TR = 20 ms, (4B) TR = 60 ms. 
 
In order to enhance the accuracy of the proposed method  
10 slices were acquired resulted in a stack of 20 STE images.

4

Manually segmented cortical bone drawn out of two STE-MR 
images shown in figure 4. (5A) TR = 20 ms, (5B) TR = 60 ms. 

5

Actual age: 	 67 years 
Apparent age: 	 59.28 years

Case analysis 2 

Step 1: Image acquisition

Step 2: Cortical bone segmentation

Step 3: T1 quantification

This individual was a male with 
actual age of 67 years whose 
apparent age was calculated to  

be 59.28 years, meaning that his  
cortical bone porosity status is similar 
to that of a 59-year-old male.

TR 	= 20 ms 
SI	 = 122.34

TR 	= 60 ms 
SI	 = 237.04

T1 	= 258.92 ms

5A 5B

the fact that cortical bone has the 
maximum thickness in this site and 
hence is more straightforward for the 
analysis procedure. Each subject’s leg 
was kept fixed as much as possible  
in order to avoid any motion during 
imaging. Subjects were placed in the 
MR magnet for the total scan time of 
about twenty minutes to acquire a 
stack of 20 STE-MR images (10 slices 
with TR = 20 ms, and 10 slices with  
TR = 60 ms) using dual-TR gradient 
echo imaging strategy. Image acqui-
sition was performed on a 1.5 Tesla 
MR scanner (MAGNETOM Avanto, 
Siemens Healthcare, Erlangen, Ger-
many) using an 8-channel knee coil. 
Since capturing signal from cortical 
bone microscopic pores occupied by 
water molecules is challenging due 
to their very short T2*~ (µs) [13-16], 
selecting the echo time of imaging 
protocol is highly crucial. With 

respect to such small T2*, it seems 
that the TE values in the range of 
1–1.5 ms would be satisfying for  
the ultimate goal of cortical bone free 
water quantification. Regarding the 
trade-off between TE value, SNR,  
and spatial resolution, 1.29 ms was 
determined to be the optimal value. 
Summary of imaging parameters is 
listed in table 1.

Image analysis and  
T1 quantification

Whole cortical bone was segmented 
manually in each slice from the 
obtained STE images using polygon 
tool in ImageJ software based on 
visual discrimination of cortical  
bone from marrow and muscle. The 
quantification process was done by 
dividing the two gradient echo signal 
equations, which yield a ratio by which 
the T1 values of cortical bone free 

Step 4: Apparent age calculation
Apparent age =

(258.92 – 76.33) 
(3.08) 

= 59.28 years

4A 4B

237.04 
122.34

1 − exp(−60/T1) 
1 − 0.88exp(−60/T1)

1 − exp(−20/T1) 
1 − 0.88exp(−20/T1)

=
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water were calculated. They were  
computed in all ten slices and were 
pooled for statistical validity.

Establishment of baseline  
equation from a cohort of  
healthy subjects

In order to compute cortical bone 
apparent age as a potential marker  
for bone quality, a baseline equation 
(regression line equation) was needed, 
which can be extracted by probing a 
relationship between cortical bone 
free water T1 values and actual age  
in a cohort of healthy subjects with  
an acceptable diversity of age. The  
r2 value was calculated as a measure of 
accuracy of the computed baseline.

Apparent age calculation

To calculate the apparent age of an 
individual the cortical bone free water 
T1 value was simply used as an input 

Table 1

Repetition 
Time

Echo Time Field-of-View 
(FOV)

Spatial 
Resolution

Slice 
Thickness

Flip Angle Total Scan Time

TR1 = 20 ms  
TR2 = 60 ms

1.29 ms 267× 267 mm2 0.8 x 0.8 mm2 5 mm 20° 20 minutes

STE-MR imaging parameters.

Subject 
Recruitment

Image  
Acquisition

T1  
quantification

Image  
Analysis

Baseline 
establishment

Apparent age 
calculation

6

to the regression line equation 
obtained in the previous step.  
The observed discrepancy between  
actual and apparent ages would be  
a probable representative of cortical 
bone quality of individual. 

The summary of all steps is shown  
as a flow diagram in figure 6.

Result and discussion
Cortical bone free water T1 values 
which were quantified among  
twenty normal healthy volunteers 
were proved to have a direct  
relationship with actual age plotted 
in figure 7. In the sense that by aging 

Correlation between cortical  
bone free water longitudinal  
relaxation time (T1) and  
‘actual age’ in twenty healthy 
volunteers covering the  
age range of 20-70 years  
(r2 = 0.77, p < 0.0001). 

7

7

Free water T1 (ms)

Real age (years)

the volume of cortical bone pores 
increases which ensues a concomi-
tant increase in the mobility of free 
water molecules. These alterations 
are simultaneous with the increase of  
T1 values of cortical bone free water.

The linear regression line obtained 
from this study provides us with the 
relationship between cortical bone 
free water and apparent age which 
can be considered as an indicator  
for cortical bone quality. Equation 1  
is the foundation for apparent age  
calculation in the way that by  
considering the cortical bone free 
water T1 as input, the output would 
be the apparent age.

Free water T1 = 3.08 * (Apparent age) + 76.33Equation 1

2510 40 55 70

150

200

250

300

350

100

y =	 3,08x + 76,34

r2 =	 0,77
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During aging, size and number of 
cortical bone pores increase as the 
result of several natural processes 
such as bone remodeling and trabec-
ularization (i.e. changes caused by 
actual aging), while other factors 
(e.g. lifestyle, genetics, etc.) may 
accelerate or decelerate the process 
of cortical bone micro-architectural 
degradation (i.e. changes caused by 
apparent aging). The cortical bone 
apparent age of six different subjects 
are reported in figure 8 and 
described in the sequel.

For three subjects (8A, 8B, and 8C) 
their apparent ages were reported  
to be lower than their actual ages.  
In other words, the trend in the  
architectural changes of cortical  
bone has been progressed in a way 
that the bone quality is better than 
what would have been expected 
from their actual age.

For three subjects (8D, 8E, and 8F), 
their apparent ages were reported  

to be higher than their actual ages. 
This difference indicates that pore 
structure deterioration has developed 
faster than the normal rate of cortical 
bone pore architectural alterations.  
As is visible from six different sub-
jects shown in figure 8, cortical bone  
trabecularization has occurred with 
higher speed in the first three cases 
(8A, 8B, and 8C) than in the second 
three (8D, 8E, and 8F), which in turn  
is a proof of the concept for apparent 
age definition. It should be noted 

Actual versus apparent age of six healthy volunteers.  
Three subjects (8A: male, 8B: male, 8C: female) had apparent ages lower than their actual ages and  
three subjects (8D: female, 8E: female, 8F: male) had apparent ages higher than their actual ages.

8

Actual age 
67

Actual age 
29

Actual age 
54

Actual age 
34

Actual age 
47

Actual age 
57

Apparent age 
59

Apparent age 
34

Apparent age 
49

Apparent age 
46

Apparent age 
42

Apparent age 
69

8A

8D

8B

8E

8C

8F

The concepts and information presented in this article are 
based on research and are not commercially available. Its 
future availability cannot be ensured.

that in order to augment the authen-
ticity of proposed concept, other  
variables (e.g. gender, genetics, etc.) 
besides the age must be taken into 
account, while in this pilot study we 
have only considered the alterations  
of cortical bone pores by aging.
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Introduction
Head and Neck cancers are relatively 
common: squamous cell carcinoma 
of the head and neck (SCCHN) has  
a worldwide incidence of approxi-
mately 500,000 cases per annum [1]. 
Treatment is a combination of sur-
gery, chemotherapy and radiotherapy 
(RT), devised to maximize the proba-
bility of eradicating the disease while 
retaining organ function [2-5]. 
Recent technical advances in RT 
include high-precision conformal 
techniques such as intensity-modu-
lated RT (IMRT) and volumetric  
intensity modulated arc therapy 
(VMAT), which enable dose escala-
tion to lesions without exceeding  
recommended exposure levels for 
organs at risk (OAR). However, these 

techniques require accurate anatomi-
cal information to contribute towards 
improving disease control.

High-resolution Magnetic Resonance 
Imaging (MRI) has increasingly been 
used to plan Head and Neck RT 
[6-10]. MRI and CT images are regis-
tered, combining the advantageous 
soft tissue contrast of MRI examina-
tions and the required CT-based  
electron density. However, MR 
images are often distorted due to 
magnetic field inhomogeneity and 
non-uniform gradients [11-13], and 
the use of CT-MR fusion requires  
geometrically accurate MRI datasets. 
This article describes the equipment, 
protocols and techniques used in 
Head and Neck MRI at the Royal 
Marsden NHS Foundation Trust to 

ensure that the MRI examinations 
undertaken for RT planning purposes 
achieve the required geometric 
accuracy. 

High resolution anatomical 
imaging in the radiotherapy 
planning position
At the Royal Marsden NHS Foundation 
Trust clinical Head and Neck MRI  
examinations for RT planning are 
undertaken at 1.5T in the 70 cm bore 
MAGNETOM Aera (Siemens Health-
care, Erlangen, Germany). Patients are 
scanned in the RT position using an 
appropriate head rest and thermoplas-
tic shell immobilisation attached to an 
MR-compatible headboard, modified 
to remain accurately positioned on the 
Aera patient couch. In addition to the 
elements of the posterior spine coil 
selected at the level of the lesion, a 
large flex-coil is also placed anteriorly, 
in line with the tumor, employing a 
custom-built plastic device to keep  
the coil curved, following the neck 
anatomy. This arrangement achieves  
a high signal-to-noise ratio, allows 
effective use of parallel imaging and 
keeps patient comfort in the RT plan-
ning position (Fig. 1).

The MRI protocol covers the primary 
tumor and neck lymph nodes with 
approximately isotropic T1-weighted 
sagittal 3D acquisition (TE 1.8 ms,  
TR 880 ms, 160 x 1 mm slices,  
250 mm x 250 mm FOV, 256 x 256 
image matrix). Images are acquired 
post contrast-agent injection (single 
dose). This dataset is subsequently 
registered with the RT planning CT 
examination, and for this reason its 
geometric integrity is checked periodi-
cally with a large linear test object, 
previously described [14], consisting 
of sets of straight tubes in three 

1

Receiver coil arrangement used at the Royal Marsden NHS Foundation Trust  
to perform Head and Neck MRI for RT planning. A standard MR-compatible 
baseboard is employed, enabling the use of a thermoplastic mask. The large 
flex-coil is positioned above the neck and used in conjunction with elements  
of the spine array.

1

Clinical Radiation Therapy

64  MAGNETOM Flash | 2/2015 | www.siemens.com/magnetom-world



orthogonal directions. Figure 2 shows 
images of the test object without and 
with post processing to correct image 
distortion. The 3D distortion correction 
built into the scanner software is 
essential for RT planning, and always 
used. The maximum displacement 
found within the volume encompassed 
by head and neck examinations is less 
than 1 mm. In addition, the imaging 
protocol employs a 500 Hz/pixel band-
width, ensuring chemical shift related 
displacements in the readout direction 
remain under 0.5 mm. 

Having characterized the geometric 
integrity of the protocol employed,  
it is also essential to characterize any 
further distortion associated with the 
distribution of magnetic susceptibility 
values within the subjects. In Head 
and Neck a large number of air-tissue 
interfaces in the vicinity of the tumors 
gives rise to localized magnetic field 
inhomogeneity, detrimental to the 
geometric integrity of the images. For 
this purpose, the field inhomogeneity 
in this region was estimated in five 
Head and Neck subjects. Transaxial 
gradient-echo images were acquired 
with fat and water in phase (TE values 
4.76 and 9.53 ms), and the phase 

images were subtracted. The local 
field inhomogeneity was measured 
after phase unwrapping. Displace-
ments associated with the airways 
were mostly under 0.5 mm with  
this sequence. Displacements only 
reach 1 mm in the vicinity of dental 
implants, and only very few pixels  
are affected. 

Functional imaging 

In addition to the clinical service pro-
viding anatomical images for RT plan-
ning, functional MRI is also employed 
to characterize lesions pre and post 
treatment and to investigate predic-
tion of treatment response both at 
1.5T (MAGNETOM Aera) and 3T 
(MAGNETOM Skyra). In RT planning, 
the ultimate aim of functional imag-
ing techniques is to identify radio-
resistant disease and thus provide  
a biological target volume for dose 
boosting. Geometric accuracy is 
therefore essential to allow correct 
registration of functional MR images 
with anatomical MRI and CT datasets. 
In Head and Neck cancers, both diffu-
sion-weighted imaging (DWI) and 
Dynamic Contrast-Enhanced (DCE) 
MRI have been explored [15-21]. 

Diffusion-weighted imaging with 
readout segmentation of long  
variable echo-trains (RESOLVE):  
EPI-based DWI is sensitive to the 
mobility of water molecules and  
to their environment. In cancer, cell 
proliferation is often associated with 
an increase in cell density and in 
extracellular space tortuosity. This 
leads to lower values of the Apparent 
Diffusion Coefficient (ADC), com-
pared to healthy tissues [22-23]. ADC 
values have thus been used for tumor 
detection, prediction and assessment 
of treatment response. 

EPI in regions adjacent to air-tissue 
interfaces is known to suffer from 
poor geometric integrity [24]. 
Because this affects Head and Neck 
studies, strategies to reduce the 
echo-train length were sought. In 
addition to parallel imaging, the 
RESOLVE technique was also 
employed to acquire multi-shot DWI 
using a navigator signal to enable 
accurate multi-echo combinations.  
In Head and Neck studies, DWI with 
RESOLVE was employed, covering  
the volume of interest to identify 
restricted diffusion within primary 
lesions and affected lymph nodes.

Images of the Linear Test Object (described by Doran et al. [14]) acquired using a 3D T1-weighted sequence with 
bandwidth 500 Hz/pixel, without distortion correction (2A) and with 3D distortion correction (2B). Each picture shows 
three maximum intensity projections (sagittal, coronal and transaxial) and a 3D view of the test object. 

2

2A 2B
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4B

Figure 3 compares DWI acquired 
without and with the RESOLVE  
technique for a Head subject, in a 
slice comprising air spaces. The clear 
improvement in geometric integrity 
achieved with RESOLVE DWI allows 
the registration of anatomical and 
functional images, thus allowing  
the use of DWI in RT planning for 
Head and Neck cancers (Fig. 4).

Dynamic contrast-enhanced MRI 
with CAIPIRINHA-VIBE and TWIST 
view-sharing:  
In dynamic contrast-enhanced  
(DCE)-MRI a series of 3D T1-weighted 
images is acquired to monitor  
contrast-agent uptake following an 
intravenous injection of contrast-
agent. Using reference images, this 

technique can be quantitative and 
provide a dynamic calculation of T1 
for each voxel. This enables pharma-
cokinetic modelling, providing infor-
mation on tumor microcirculation, 
vascularity, blood volume and vessel 
permeability [25, 26]. This quantita-
tive approach to DCE requires high 
temporal resolution to maintain 
accuracy. However, this conflicts  
with the need for high spatial resolu-
tion in RT planning applications. 

The combination of flex-coil and 
spine coil elements has been used  
for DCE employing TWIST view-shar-
ing and CAIPIRINHA reconstruction  
to produce high resolution images 
(voxel size 2 mm isotropic x 44 slices, 
CAIPIRINHA parameters: 2x2) with 

A comparison of conventional single shot DWI (3A) and RESOLVE DWI (3B) in a head examination. The ADC calculated with  
the RESOLVE DWI (3C) retains the geometric integrity. Standard DWI parameters: TE 98 ms, TR 7000 ms, receiver bandwidth 
1040 Hz/pixel, matrix 192 x 192, FOV 230 mm x 230 mm, 3 averages, slice thickness 4 mm. RESOLVE DWI parameters:  
TE 58 ms, TR 5700 ms, receiver bandwidth 950 Hz/pixel, matrix 128 x 128, FOV 240 mm x 240 mm, slice thickness 4 mm.

3

2.5 s temporal resolution (TWIST 
parameters: A = 33% B = 33%). An 
example of TWIST/CAIPIRINHA DCE 
with a generous superior/inferior  
coverage to include both primary site 
and local involved lymph nodes is 
shown in figure 5. Isotropic voxels 
allow for a good 3D delineation of a 
biological target volume. In addition, 
Dixon reconstruction of fat and water 
images also provides information on 
fat content within the imaged volume, 
which might be important in the con-
text of tumor response to treatment. 
Figure 6 shows T1-weighted water-
Dixon signal change after Gd injection 
for a given representative slice con-
taining a primary tumor. Last frame 
shows Ktrans map within the region of 
interest.

Standard DWI (b=0) RESOLVE DWI (b=0) RESOLVE ADC

3A 3B 3C

4A
Head and Neck T2-weighted image 
(4A) with co-registered RESOLVE 
diffusion-weighted image (4B). 
Restricted diffusion (high intensity) 
can be observed in nodes, spinal 
cord, tonsils and submandibular 
glands with no apparent geomet-
rical distortion. 

4
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5A 5C

5D

5E

5B

6

Post-contrast water (5A) and fat (5B) Dixon images of patient with squamous 
cell cancer of the head and neck. Isotropic voxels allow for a good assessment 
of primary (P) and nodal (LN) tumor site (5C–E; coronal and sagittal image 
reconstruction). DCE protocol: Flip angle 4/24 degrees, TR 7.2 ms, TE1 2.4 ms, 
TE2 4.8 ms, 2 mm isotropic resolution in 44 slices, temporal resolution 2.5 s 
(TWIST: A = 33%, B = 33%, CAIPI: 2 x 2).

5

T1-weighted Dixon/water signal change after contrast agent injection, showing progressive enhancement and  
washout of Head and Neck cancer lesion. Last frame shows Ktrans for a region of interest over a primary tumor site. 

6
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Conclusion
Geometrically accurate anatomical 
and functional imaging for RT plan-
ning of Head and Neck cancers were 
acquired in the RT planning position 
in standard clinical scanners; this  
service was developed to meet  
the clinical and research needs of  
the users, using custom built coil 
positioning devices and test objects. 
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Introduction
The department of Radiation Oncol-
ogy at Calvary Mater Newcastle, 
treats approximately 1,800 new 
patients per year. When it comes to 
prostate treatments, MR scans are 
used in addition to CT for treatment 
planning. Having to undergo two 
scans however is a burden both to 
patients as well as the health system. 
We have looked into addressing this 
by replacing the CT by an MR-only1 
workflow when treating patients 
with prostate cancer.

Description of the current 
treatment process
In the conventional CT based work-
flow the patient undergoes two 
imaging sessions, an MR imaging  
session and a CT imaging session. 
The MR dataset with its high soft  

tissue contrast enables precise visual-
ization of the prostate target and 
adjacent rectum and bladder organs 
at risk, while the CT dataset provides 
electron density information for  
dose calculations. The two image 
sets are registered in the Varian 
Eclipse™ treatment planning system 
(TPS) and the anatomical target and 
normal tissue contours delineated  
on the MR scan are transferred to  
the CT scan. Dose calculation and 
beam definition are then performed 
on the CT scan. Virtual or digitally 
reconstructed radiographs (DRRs)  
are also generated from the CT  
scan which shows the location of 
implanted fiducial gold markers in 
the prostate relative to the beam iso-
center. These are used as reference 
images to align the patient using 
orthogonal X-rays before treatment  
in one of our five Varian (Trilogy™  
and TrueBeam™) linear accelerators. 

MR-only workflow1 

The MR-only workflow differs in that 
the only imaging session is the MR  
and a synthetic CT scan is produced  
for dose calculations and DRR genera-
tion [1]. This workflow reduces the 
patient and health system burden  
and reduces systematic errors in treat-
ment planning introduced by image 
registration uncertainties. This project 
is a collaboration between the clinical/
academic site the Department of  
Radiation Oncology, Calvary Mater 
Newcastle and the Biomedical Imaging 
Research Group of the Commonwealth 

1A

1B

Conventional treatment process:

MR-alone treatment process:

MR

Image 
registration

Synthetic CT 
generation

Dose plan on  
synthetic CT

Plan sent to 
treatment

Dose plan  
on CT

Plan sent to 
treatment

MR

CT

Flowchart contrasting (1A) the conventional CT-MR based treatment process and (1B) the MR-only treatment process.1

1	 Radiotherapy Planning where MR data is	 
	 the only imaging information is ongoing  
	 research. The concepts and information  
	 presented in this article are based on  
	 research and are not commercially  
	 available. Its future availability cannot  
	 be ensured. 
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Scientific and Industrial Research 
Organisation (CSIRO).

The major technical steps in the treat-
ment process are setup and imaging  
of the patient in the 3T MAGNETOM 
Skyra suite, production of synthetic  
CT scans; contouring of relevant 
organs; beam definition and dose  
calculation in Eclipse; setup, image-
guided positioning and treatment at 
the Linac. 

To date 40 men with ages ranging 
from 58 to 78, undergoing prostate 
cancer radiation therapy treatment 
have been scanned under a research 
protocol. All prostate patients under-
going long fractionation treatment 
were eligible except that patients  
with hip prostheses were excluded  
due to distortions induced by metallic 
implants. Synthetic CT scans were  
produced for treatment planning  
comparisons to conventional CT based 
dose calculations. 

Conventional MR scanning sequences 
are currently used for the MR-only 
workflow. Three sequences are used. 
The planning MR is a 3D, T2-weighted 
1.6 mm isotropic voxel SPACE 
sequence with field-of-view (FOV)  
to cover the entire pelvis (ranging 
from 380-450 mm2). The prostate 
delineation sequence is a 2D axial 
T2-weighted sequence with FOV 
approximately 200 × 200 mm2. A  
further T1-weighted gradient echo 
sequence with flip angle 80 degrees  
is used to image the implanted pros-

tate fiducial markers (gold seeds  
1 × 3 mm). These sequences were 
acquired in 12-15 minutes total with 
340 s for the planning MR, 235 s  
for the small FOV T2 scan and 186 s 
for the T1 flip 80 scan. Patients were  
MR imaged prior to treatment as 
close as possible to the acquisition  
of the conventional planning CT  
scan so that dose comparisons on 
synthetic CT and conventional CT 
could be made. Although not neces-
sary for treatment planning a further 
set of weekly MR scans was obtained 
for each patient to examine patient 
anatomical and dose variations. 
Therefore the data set consists of  
one MR session of three sequences 
for RT planning and seven MR scan-
ning sessions of three sequences 
throughout the duration of 
treatment. 

Seven field intensity modulated  
treatment delivery is used at our  
Center for prostate treatments.  
The treatments are delivered in  
39 fractions of 2 Gy per fraction.  
Typical margins are 7 mm with 5 mm 
posteriorly.

Simulation at the MR
The patient is positioned at MR  
in the treatment position. This is 
achieved with an MR compatible 
laser bridge for patient rotation align-
ment, a radiation therapy specific 
couch top and coil mounts (CIVCO, 
Rotterdam, The Netherlands) which 

hold the coils away from the patient 
surface so they do not disturb the 
patient position. The 3T images are 
utilized for both delineation of the 
target and normal tissues using the 
MR patient model and for the  
production of the synthetic CT for 
dose calculation and DRRs for image-
guidance at treatment.

The synthetic CT scans are created 
using an enhancement of our previ-
ous single atlas method [2] that  
combines multi-atlas deformable  
registration to the patient MR scan 
and local weighted voting to assign  
a CT value to each voxel of the MR 
planning scan. Firstly an atlas data-
base is created in two steps: 

1. A set of matching patient MR and 
CT planning scans are acquired; 

2. The patient CT scan is deformably 
registered to the corresponding 
patient MR scan to form conjugate 
MR-CT pairs with matching 
geometry. 

Then to create synthetic CT scans 
from a subsequent patient planning 
MR scan the following steps are used: 

1. Each atlas MR scan is deformably 
registered to the patient planning 
MR scan; 

2. For each small region of the 
patient planning MR, the intensity 
is compared to the same region in 
all the registered atlas MR scans; 

3. Each atlas scan is assigned a 
weighting according to the similar-
ity of the region values with the 
most similar having the highest 
weighting (all assigned weights 
sum to 1); 

4. The CT values from the corre-
sponding region of the conjugate 
CT atlas scans are added together 
using the previously determined 
weightings to provide the CT inten-
sity value of that region of the  
synthetic CT scan. Methods to 
automatically segment both pros-
tate and normal tissues are also 
being developed which will further 
increase treatment planning effi-
ciency [3, 4]. The bone contours 
on the MR scans can be segmented 
very accurately with the deform-
able image registration method.

2

Patient positioning for MR scanning showing the coil bridges.12
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Treatment planning
The synthetic CT and MR images are 
imported to the Eclipse TPS with the 
AAA algorithm. The synthetic CT is 
first written to DICOM format with 
the header details written so that 
Eclipse interprets this as a CT scan  
for the patient. As the synthetic CT  
is created from the MR image data 
the scans are inherently registered. 
Target and normal tissue anatomy  
are delineated by the radiation oncol-
ogist on the MR scans. A treatment 
plan and dose calculation is then 
developed by the radiation therapist 
using the synthetic CT scan. The dose 
is then displayed for the radiation 
oncologist on the MR scan. The 
image guidance is performed using 
the Varian On-Board-Imager® and  
the treatment plan is delivered using  
the Varian Trilogy Linac.

Doses calculated on the synthetic CT 
scans were compared to gold standard 
doses calculated on the conventional 
CT scan with an average difference of 
0.3% on average. A major advantage 
of the technique is that it does not 
require specialized sequences such  
as ultra-short echo time sequences. 
Only the single 3D SPACE sequence is 
required for synthetic CT generation 
which reduces the potential for patient 
motion compared with multi-sequence 

methods of generating synthetic CT 
that have been proposed [5, 6].

Conclusion
This study has shown that synthetic 
CT scans can be generated from  
MR scans using conventional 
T2-weighted sequences and that 
dose calculations are comparable  
to conventional CT scan dose calcula-
tions. Investigations of MR image  
distortion were also performed using 
test phantoms. Distortions in the 

Shows axial, coronal and sagittal views from an original MR image of a 67-year-old study participant. The second column shows 
the automatically generated synthetic CT (sCT) with the original patient CT shown in the third column. The final column shows 
the difference between the synthetic and actual CT. 

3

Anterior-posterior (AP) (left) and lateral (right) Digitally Reconstructed Radio-
graphs (DRRs) generated from the MRI derived synthetic CT volume (top row)  
and actual planning CT (bottom row) for the same patient as in figure 3. 

4

region of the prostate were found  
to be sub-mm and distortions at the 
periphery were a maximum of 1.7 mm 
with the MAGNETOM Skyra 3D distor-
tion correction applied. The MR-only 
workflow is efficient and only requires 
one imaging session for the patient. 
The next stage of our work is a pro-
spective study where treatment will  
be performed using the MR-based 
treatment plan for a group of patients. 
MR-only prostate treatment planning 
is feasible and represents an improved 
process in radiation therapy planning. 

3

4

T2w MRI sCT from MRI Planning CT Difference
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4D-MRI: Future of Radiotherapy  
of Moving Targets?
Kinga Barbara Bernatowicz; Rosalind Lucy Perrin; Marta Peroni; Damien Charles Weber; Antony John Lomax

Center for Proton Therapy (CPT), Paul Scherrer Institut, Villigen PSI, Switzerland	

Background
4D-CT imaging is widely used in 
radiotherapy planning of moving 
tumors to account for motion, and  
to provide the physical properties  
of tissue for dose calculations, e.g. 
electron density for conventional 
radiation therapy or proton stopping 
power for proton therapy. However,  
it is limited to representing only a 
single, averaged breathing cycle, 
often contains imaging artifacts,  
and contributes a substantial dose 
exposure for the patient. To over-

come these issues, a 4D-MRI imaging 
protocol applied to evaluating respi-
ratory motion of the liver was pro-
posed by von Siebenthal et al. [1]. 

This approach is capable of resolving 
irregular respiratory motion, with  
the added benefit of delivering  
no imaging dose to the patient. 
Unfortunately, whilst being a promis-
ing technique, MR imaging alone 
does not provide the physical proper-
ties of tissue required for accurate 
dose calculations. However, by com-
bining the motion information pro-

vided by 4D-MRI, with the density data 
provided by single phase CT data, the 
advantages of motion imaging with 
4D-MRI can now be applied to radio-
therapy applications. 

4D-MRI acquisition
The 4D-MRI protocol relies on the 
interleaved acquisition of a ’navigator‘ 
and different image slices in the sagit-
tal plane (Fig. 1). The navigator is 
fixed at a single position throughout 
the acquisition time, and describes the 
motion state of the volume of interest 
at any instant during the acquisition. 
The actual 2D image slice is then 
scanned through the planned field- 
of-view (FOV).

This experimental sequence* does  
not make any assumptions about the 
breathing amplitude, its regularity, or 
the number of reconstructed phases. 
In contrast, commonly used methods 
for 4D imaging use a one-dimensional 
respiratory signal for sorting the 2D 
images, whereas 4D-MRI images can 
be retrospectively sorted based directly 
on the acquired navigator frames. The 
correspondence of the imaging slices 
is then established by comparing the 
two temporally embracing navigator 
frames (see Fig. 2). If these navigator 
frames are similar, the image slices 
can be stacked into a (3D) volume with 
the same time stamp and therefore, a 
complete 4D image data set with the 
same temporal resolution as the navi-
gator frames can be reconstructed.

This approach has now been imple-
mented on a 1.5T MAGNETOM Aera 
MR system (Siemens Healthcare, Erlan-

1A

1D

1B

1E

1C

1F

Sagittal slices through the thorax and upper abdomen, showing image slices (1A–C) 
and navigator slices (1D–F) acquired with the experimental 4D-MRI protocol*.

1

* �Work in progress, the product is currently under development 
and is not for sale in the US and in other countries.  
Its future availability cannot be ensured. The product is not 
yet licensed for sale in Canada, in accordance with Canadian 
Law. Performance claims have not been reviewed by Health 
Canada, and are subject to change. Its future availability 
cannot be guaranteed.
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Acquisition of slices (white boxes) and embracing navigator frames (blue boxes). Slices associated with the same volume 
are matched by comparing navigator pairs (green arrows) [2].
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3gen, Germany) using an experimental 
version of the balanced steady state 
free precession sequence (TrueFISP)*. 
Images are acquired in batches of  
3-5 minute duration, with up to one 
hour of total acquisition time and with 
image slice thicknesses of 4 to 6 mm. 
Recent advances in the field are now 
looking at the simultaneous acquisi-
tion of navigator and data slices,  
with use of other advanced sequences, 
for example CAIPIRINHA [3].

Applications 
•	Intra- and inter-fraction  

motion studies  
Since MRI involves no radiation dose 
to patients or volunteers, 4D-MRI 
protocols allow for repeated studies 
on the same subject and/or for  
longer time period acquisitions in 
order to capture breathing variability 
(Fig. 3). Motion deformation fields 
can also be extracted using deform-
able image registration.

•	Mapping motion from MRI-CT  
The 4D-CT (MRI) method has now 
been developed within our group  
for simulating many 4D-CT data sets 

from a single, static reference CT 
and a data-base of motion deforma-
tion fields extracted from 4D-MRI 
studies [4]. The mapping of motion  
information from 4D-MRI onto CT 
images is thereby achieved using 
subject-specific or population-based 
models, based on the establishment 
of mechanical correspondences 
between structures of interest (e.g. 
the liver). The resulting 4D-CT (MRI) 
images are of good quality when 
compared to 4D-CT (Fig. 4), and 
now represent the tissue properties 
necessary for dose calculations, 

whilst incorporating the motion 
information provided by 4D-MRI.

•	4D dose calculations  
in radiotherapy  
Including the realistic, variable 
respiratory motion in provided by 
4D-CT (MRI) data into 4D dose  
calculations, opens the door to 
novel future applications. Based on 
such data sets, advanced imaging 
and delivery methods, such as  
beam tracking (Fig. 5), can now be 
evaluated and comprehensive 4D 
planning studies and robustness 
evaluations performed.

* �Work in progress, the product is currently under development 
and is not for sale in the US and in other countries.  
Its future availability cannot be ensured. The product is not 
yet licensed for sale in Canada, in accordance with Canadian 
Law. Performance claims have not been reviewed by Health 
Canada, and are subject to change. Its future availability 
cannot be guaranteed.
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Summary
4D-MRI, combined with CT data to  
produce 4D-CT (MRI) data sets, is a 
powerful new technique for imaging 
and modeling motion for radiother-
apy applications. It allows for accu-
rate modeling of motion variability, 
an important limitation of current  
4D-CT techniques, and will allow  
in the future for the acquisition  
of patient specific motion libraries  
for advanced motion mitigation  
techniques such as tracking and  
re-tracking [5, 6].

5A 5B 5C
4D dose calcu-
lation results for 
different scanned 
proton tracking 
techniques based 
on 4D-CT (MRI)  
[5, 6].

5

4A

4E

4B

4F

4C

4G

4D

4H

Comparison of 
different breathing 
phases of 4D-CT 
(4A–D) and 4D-CT 
(MRI) image sets 
(4E–H) simulated 
from the 4D-MRI 
motion library and  
a reference CT [4].
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One out of six men will develop  
prostate cancer during their lifetime.1 
Conventional diagnosis via trans  
rectal ultrasound-guided biopsy is not 
only a painful invasive procedure,  
it is also “blind” and misses cancer in  
up to 20% of all cases.2 

In contrast, MRI can exclude life-
threatening cancer with more than 
89% certainty and help reduce the 
need for biopsy in patients with  
suspected prostate cancer by up to 
51%.3 This makes MRI currently the  
most sensitive technique to diagnose 
prostate cancer.

Answers for life.

www.siemens.com/prostate-mri

SEEit4 was designed to increase clinical 
and financial performance. 

It allows for accelerated non-invasive 
Prostate MRI in 10 minutes. To further 
increase process efficiency, Siemens  
offers standardized reporting tools to 
communicate the findings in an easy 
and standardized manner.

SEEit – accelerate accuracy
New certainty in prostate cancer assessment.
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1 �http://seer.cancer.gov/statfacts/html/prost.html 
2�http://www.nhs.uk/Conditions/Cancer-of-the-
prostate/Pages/Diagnosis.aspx 

3�Pokorny et al. EUR UROL 2014:66:22–29;  
Abd-Alazeez Nature PCAN 2014:17:40–46

4�The product is still under development and not 
commercially available yet. Its future availability 
cannot be ensured.



Technical Aspects of MR-only Radiotherapy
Tufve Nyholm, Joakim Jonsson

Umeå University, Sweden

Introduction
Magnetic resonance imaging (MRI) 
has emerged as a key component in 
modern radiotherapy. The superior 
soft tissue contrast compared to 
computed tomography (CT) allows 
for increased accuracy in the defini-
tion of both target and organs at risk 
[7] using commonplace sequences 
[29]. Functional imaging techniques, 
primarily diffusion-weighted imaging 
and dynamic contrast enhanced 
imaging, are currently studied as  
a means of identifying areas within  
a tumor that require a higher dose  
in dose-painting trials [41]. Several  
current studies also aim to evaluate 
the possibilities of early treatment 
response assessment using MRI  
[25], which could enable treatment  
adaptation. At present, the main 
rationale of integrating MRI into  
the radiotherapy workflow is the  
gain in accuracy in target volume 
definitions. For several major patient 
groups, MR imaging is preferable 
from a medical point of view, i.e.  
for tumor definition [5, 27, 30].  
CT or CT equivalent information  
is still, however, required for the 
technical aspects of treatment  
planning such as:

•	accurate dose calculations,  
which depend on knowledge of  
the attenuation properties of the 
tissue measured in a CT exam and 

•	generation of reference images 
which are used for patient  
positioning based on in-room  
X-ray imaging.

Therefore, it is common practice  
to acquire both CT and MR data and 
align these image series in the same 
coordinate system, or frame of refer-
ence, through image registration. 

The MR data is used to define the  
target volume and the CT data to 
plan the treatment and serve as a  
reference for patient positioning. 
This workflow is, however, not opti-
mal for several reasons. Besides the 
increase in cost and workload when 
using multiple imaging modalities, 
there is also an introduction of  
additional geometrical uncertainty 
due to the image registration. 

Image registration is commonly  
performed at many clinics in order  
to align two image sets within  
a common frame of reference. 
Depending on the purpose of the 
image registration and the properties 
of the available image data, the  
registration can be performed in  
several ways. Mutual information 
rigid registration, based either on  
the full image volume or a smaller 
sub-volume, is available in most  
clinical treatment planning systems. 
For prostate cancer cases, where gold 
fiducial markers are commonly used, 
landmark registration methods can 
be employed in order to co-register 
MRI data to the planning CT. Manual 
registration, which is a robust but 
time-consuming method, is also an 
option. Regardless of method, image 
registration is a tricky business for 
several reasons. First off, for clinical 
cases we never know the correct 
alignment of two images, which 
makes it difficult to assess the  
uncertainties of a specific method. 
Phantom studies and purely digital 
experiments are unlikely to reflect 
the full complexity of the clinical 
case. Secondly, and related to the 
aforementioned problem, is the lack 
of robust quality measures for indi-
vidual registrations. Finally, the task 
may actually be close to impossible, 

regardless of registration method.  
An example could be a prostate case 
without implanted fiducial markers. 
MRI is the imaging modality of choice 
for target definition, due to the greater 
soft tissue contrast. The prostate 
behaves much in the same way as 
other soft tissue tumors, i.e. its posi-
tion in the body is not fixed and the 
spatial relation to surrounding bony 
anatomy may vary. This implies that  
a sub-volume based registration  
algorithm would be suitable in order 
to avoid any negative influence the 
surrounding anatomy may have on  
the registration. Although there are 
limited references regarding the mat-
ter, it is reasonable to assume that the  
limited soft tissue contrast in, and in 
close proximity to, the prostate gland 
in the CT image set would degrade the 
quality of a multi-modal sub-volume 

Top 40 Hz/pixel, mid 100 Hz/
pixel, bottom 400 Hz/pixel. 
Notice differences in signal-to-
noise but especially geometrical 
differences.

1

1
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registration. In other words, the  
reason that soft tissue registrations 
between MR and CT images will be 
associated with substantial uncertain-
ties is exactly the same reason why  
we need MR image data to begin  
with; we lack sufficient anatomical 
information on soft tissue in the CT 
images. For the sake of balance, it 
should be said that for some indica-
tions, such as intracranial lesions, 
including larger volumes in the  
registration is not associated with  
any added uncertainty since the soft 
tissue is relatively fixed with respect  
to the bony anatomy. Even in those 
cases, however, image registration 
uncertainty is still a factor to consider. 
Ulin et al. [42] investigated the clinical 
variability of MR-CT registrations for 
one patient with an intracranial lesion 
for 45 clinics. The analysis revealed a 
standard deviation of 2.2 mm, which 
only accounts for the variability among 
the observers. There may still be a sys-
tematic component on top of this.

In summary, MR imaging has been 
shown to increase the geometrical 
accuracy in the definition of target  
volume. The challenge today is to 
make sure that we can radiate this  
target volume in an accurate and  
precise manner. This problem can  
be reduced into several sub-problems, 
e.g. control over geometrical distor-
tions in the MR images; differences  
in the patient setup in the MR scanner 
compared to treatment; and registra-
tion uncertainties introduced when 
MR and CT data is placed in the same 
coordinate system. In this article we 
provide a brief overview of the current 
knowledge regarding geometrical  
distortions and patient setup in the 
radiotherapy context and describe  
the problems and proposed solutions 
for MR only radiotherapy. 

MR image distortions
Geometric distortions in MR images 
can be caused by the system itself, 
from nonlinearities in the magnetic 
gradients or inhomogeneities in the 
static magnetic field. Nonlinearities  
in the gradients can be characterized 

and corrected using spherical har-
monics expansions of the fields gen-
erated by the gradient coils and can 
be accurately corrected using soft-
ware supplied by the MR vendors. 

Distortions can also be caused by  
the imaged object in the form of 
chemical shift or magnetic suscepti-
bility artefacts. Image distortions due 
to susceptibility effects and chemical 
shift in conventional MR imaging are 
inversely proportional to the gradient 
field strength, so that stronger gradi-
ents will minimize such distortions at 
a cost of more image noise. Phantom 
studies have shown the residual  
distortion for clinical sequences  
to be within 1 mm [18, 31]. Object-
induced distortion effects have also 
been investigated in clinical data  
and the effect proved to be small  
for internal structures relevant for 
prostate treatments [28]. In general,  
anatomical imaging sequences using 
relatively high bandwidths reduce 
distortions caused by susceptibility 
effects and chemical shift to an 
acceptable level for radiotherapy  
[26, 40]. Methods using post-pro-
cessing corrections [35] or special 
modes of acquisition [6] have also 
been studied.

Some MR protocols are more sensi-
tive to geometric distortions, echo 
planar imaging being one example. 
Such sequences can display signifi-
cant geometric distortions due to 
susceptibility effects, and must be 
handled with care when used for 
radiotherapy purposes.

MR imaging using  
immobilization equipment
Planning CT scans are normally 
acquired using flat table tops  
to match the flat treatment couch 
used at the accelerator. The standard 
patient support is concave in most 
MRI scanners, although some have 
flat couches. The problem of  
concave patient supports is easily 
surmounted, either by manufactur-
ing a flat table top insert at the  
hospital or by purchasing a commer-
cial solution. Flat table tops are  

necessary if patient immobilization  
is to be used at the MRI scanner. 

A more intricate problem is MRI  
compatibility of the immobilization 
equipment, both in material proper-
ties and size. MR safe materials must 
be used for base-plates, nuts, bolts 
and other fittings. A traditional  
plastic face mask for head and  
neck immobilization is normally  
constructed in MR safe materials;  
however, a standard MRI head coil 
will not be able to accommodate it. 
By using surface coils (i.e. flex coils) 
instead, imaging of the immobilized 
head and neck is possible, although  
a dedicated head coil still provides 
higher quality images [10]. When 
using surface coils for radiotherapy 
planning, care must be taken not to 
place the coils directly on the skin  
of the patient since the external 
anatomy may be distorted. Instead, 
the coils should be placed either 
hanging from a frame or on top  
of a holder close to the patient  
surface, without touching it. Nowa-
days, MRI compatible immobilization 
equipment and coil holders are  
commercially available.

MR-only radiotherapy1

In this article, we define MR-only 
radiotherapy as external beam radio-
therapy where MR data is the only 
imaging information that is used for 
the planning and preparation of the 
treatment. Arguments for an MR-only 
workflow commonly include the 
avoidance of image registration in 
the planning stage of the treatment 
[1, 4, 8, 15, 18, 19, 20, 23, 31, 33, 
39], reduced costs due to less imag-
ing or a simplified workflow [1, 4,  
8, 24, 39], and reduced exposure  
to unspecifically aimed radiation  
[4, 18, 39].

1	 Radiotherapy Planning where MR data is	 
	 the only imaging information is ongoing  
	 research. The concepts and information  
	 presented in this article are based on  
	 research and are not commercially  
	 available. Its future availability cannot  
	 be ensured. 
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Current methods of accurate dose 
calculations rely heavily on CT  
(or CT equivalent) information due to 
the relationship between Hounsfield 
units and electron density, and will 
probably continue to do so for the 
foreseeable future. Therefore, a  
reliable conversion method from  
MR information to CT equivalent 
information will be necessary for  
an MR-only workflow in radiotherapy. 
Several methods have been investi-
gated by multiple research teams.

Manual bulk density 
assignment
A method that has been researched 
extensively is segmentation, i.e. 
dividing the image into classes with 
different attenuation properties.  
The simplest form of segmentation  
is to only use one tissue class and 
assign a bulk density to the entire 
patient, typically that of water  
or a mixture of adipose tissue and  
muscle. Even though this is an 
extremely simplified version of  
reality, it yields acceptable dosimetric 
results. Typical dosimetric differences 
from inhomogeneity corrected CT 
based dose calculations using this 
approach have been reported to  

be within 2-3% for prostate and  
intracranial target volumes [9, 17, 
22, 23, 32, 33, 38]. A significant 
problem with this approach is that 
the traditional method of patient 
positioning at treatment depends  
on anatomical reference images that 
visualize bony anatomy. To overcome 
this issue, the number of tissue 
classes can be increased to include 
e.g. bone, soft tissue, lung tissue  
and air, and assign each tissue  
class an appropriate bulk density.  
In addition to making the creation  
of anatomical reference images  
possible, this also increases the  
dosimetric accuracy to around  
1% for intracranial targets volumes  
[17, 22, 38] and between 1-2%  
for prostate treatments [17, 23].

Although the dosimetric results  
are relatively accurate, the method  
of manual density assignment has 
problems – the method relies on  
the precision of the operator that 
defines the anatomy in the MR 
images. This is of limited importance 
in the dosimetric aspect, but may 
have substantial impact on the  
subsequently generated positioning  
references. Also, the method is  
so labor intensive and time consum-

ing that it is not feasible for wide-
spread clinical implementation.  
In order to accomplish such a develop-
ment, automated conversion methods  
from MR to s-CT data are needed.

Atlas methods
One method for automatically  
generating s-CT data is the combined 
MR-label image atlas. By deformably 
registering the atlas MR image to a 
new patient MR image and applying 
the resulting deformation field to  
the corresponding label image, a  
new image can be created based  
on the data in the label image. The 
label image can contain any informa-
tion, e.g. CT or attenuation data.  
This approach has been used for  
attenuation correction applications  
in PET/MRI [37] as well as for dose  
calculation purposes in radiotherapy 
[8]. Atlas methods do not normally 
rely on tissue segmentation; instead, 
the full complexity atlas label image  
is warped onto the patient shape. 
Dosimetric results indicate accuracy 
comparable to bulk density assign-
ment; for the radiotherapy application, 
Dowling et al. [8] reported point dose 
differences between atlas label image 
and CT based calculations of about  

2

Simple schematic displaying the MR-only radiotherapy workflow. The difference from the traditional radiotherapy workflow  
is mainly the exclusion of CT imaging and registration and the addition of the conversion step.

2
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2%. Atlas based methods are normally  
sensitive to atypical anatomy; e.g. in 
the study by Dowling et al., 2 out of 
39 patients had to be excluded for  
this reason. Although atlas based 
methods are fairly robust and auto-
matic, an argument can be made that 
the deformable image registration is  
associated with a considerable geo-
metric uncertainty. This uncertainty  
is introduced into the treatment if  
the deformed label image is used to 
create the positing reference image 
and not solely for dose calculations.

Direct conversion
With the advent of ultra-short echo 
time imaging (UTE), interest has 
increased for direct conversion of  
MR image intensities to Hounsfield 
units. Since cortical bone appears  
as a signal void in traditional MR  
imaging, it has been impossible to  
distinguish it from air. UTE imaging 
samples the signal during the free 
induction decay, before the signal 
from cortical bone and other tissues 
with short T2 relaxation times has  
vanished [36], making it possible  
to discriminate such tissues from  
air. Even though UTE images renders 
signal from bone, it is not presently 
possible to find any single MR 
sequence which is directly convertible 
to Hounsfield units – more informa-
tion is necessary. Several researchers 
have suggested using UTE sequences 
with several different echo-times  
to segment soft-tissue, air and bone  
[2, 3, 21]. This technique is fully auto-
matic and preserves the geometric 
integrity of the input image. UTE 
images suffer from the same system 
related distortions as traditional MR 
sequences; however, the fast radial 
sampling makes it less sensitive to 
common object related distortions 
such as chemical shift and susceptibil-
ity effects. An alternative to the  
previously mentioned segmentation 
approach is to build a statistical  
model that relates MR voxel intensities 
to Hounsfield units [12, 34]. Such an 
approach yields an s-CT image with  
a continuous Hounsfield unit distribu-
tion, as well as making it possible  
to estimate the uncertainties in the 
conversion [13]. Recent studies  

compared dose calculations on  
s-CT data with CT data, and found 
statistically insignificant dose  
differences of less than ±0.5% for 
intracranial targets [14, 16].

It is also possible to combine  
segmentation methods with direct 
conversion. A recent study [19] 
investigated the accuracy of a  
conversion method were the pelvic 
bone structures were first delineated 
manually. These delineations then 
served as input for a direct conver-
sion method which could success-
fully convert the image intensities  
from standard MRI sequences to 
Hounsfield units. When the entire 
remaining anatomy was set to a  
bulk density, all points within the 
prostate PTV were within ±1.3% of 

the dose calculated on the standard 
CT input data.

The atlas registration approach  
can also produce segmentations  
that can serve as input for a later 
stage direct conversion. Hoffman  
et al. [11], which employed this 
approach for attenuation correction 
of PET/MR images, demonstrated  
that the method could accurately 
predict the attenuation map of a 
patient from MR input data. No  
systematic differences were found 
between PET images corrected with 
s-CT data and actual CT data. These 
combined methods ease the demand 
on the local accuracy of the segmen-
tation, since the final conversion  
is performed using direct voxel  
wise conversion.

Comparison between s-CT and CT (3A). (3B) shows the planned dose distribution 
together with the percentage difference in dose when calculated on s-CT and CT.

3

3A

S-CT CT

3B

Dose distribution Difference in dose S-CT/CT

3%

2%

1%
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syngo.via RT Image Suite: Empower  
Radiation Therapy with MRI Information
Elena Nioutsikou

Siemens Healthcare, Imaging & Therapy Division, Forchheim, Germany

What if you could bring  
your clinical capabilities  
to a higher level?
With cancer incidents expected to 
rise by as much as 45% by 2030, 
oncologists are under pressure to 
perform more efficiently [1]. This 
global healthcare trend affects, 
amongst others, Radiation Therapy 
(RT) providers who treat approxi-
mately one in every two patients  
presenting with cancer.

The last decade has seen a rapid 
growth in the utilization of MR 

images in treatment planning of  
radiation therapy. This is partially 
owing to the fact that MR informa-
tion brings additional clarity to the 
clinical image, enabling more confi-
dent treatment decisions. But even 
when clinics have access to the latest 
imaging devices, making the most of 
imaging data remains cumbersome 
and time-consuming with current 
software solutions. Consequently, 
healthcare institutions could  
expand their clinical capabilities by 
introducing solutions that maximize 
RT imaging intelligence.

1

Exploiting all imaging information at hand to its full potential: A CT image of a brain tumor that will later be used for dose calcu-
lation, shown side-by-side with two MR contrasts. The contours were drawn on MR and are shown on all images.

1

syngo.via RT Image Suite has been 
developed by Siemens to fulfill this 
need. It helps oncologists to devise 
and assess routine and complex  
treatment strategies. And by providing 
a comprehensive view of the patient, 
its flexible, intuitive design supports 
even the very complex cases. Efficient 
3D and 4D image assessment, precise 
contouring and streamlined collabora-
tion among physicians will help to 
advance the quality and efficiency  
of radiation therapy treatments. 

Product News Radiation Therapy
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1	Requires Advanced Visualization option 
2	Optional 
3	Requires Deformable Registration option

What if you could drive 
improved outcomes with  
a comprehensive view of  
your patient?
See clearly 
Your institution is striving to provide 
high-quality, tailor-made treatments. 
You have at your disposal a wide  
spectrum of images from 3D or  
4D CT, to PET and MRI, which can  
form a basis for treatment decisions. 
And their optimal use will help meet 
the ultimate goal of optimizing out-
comes for each patient. 

With syngo.via RT Image Suite you  
can visualize a wide range of clinical 
images including anatomical and  
physiological images, for example 
through multiparametric MRI. A  
concurrent display of up to eight 
image series1 (four single or four  
fused series) is possible on up to two 
monitors2. Rigid and state-of-the-art 
Deformable3 Registration supports a 
confident inclusion of images, even if 
those were not acquired in treatment 
position. These powerful capabilities 
enable a comprehensive clinical view 
of the patient, for example when pre-
paring initial consultations for a tumor 
board, during the course of consulting 
Radiotherapy on how to optimally plan 
their treatment strategy, or even when 
evaluating the progress of a particular 
patient.

By providing the complete picture  
at great clarity, you have a solution 
that enables easier and more intuitive 
clinical decision making.

What if you could streamline 
your contouring tasks with  
an elegant and easy-to-use 
solution?
Contour efficiently 
Your institution is required to meet 
increasing quality demands and 
increasing patient numbers, despite 
budgetary and staffing constraints. 
Achieving these objectives requires 
you to adopt processes that are more 
efficient, a difficult challenge given 
the essential task of contouring. 

Although contouring on CT images  
has been a task of Radiation Oncolo-
gists for over a decade, contouring  
on MRI is still an evolving field where 
cross-department collaboration is 
highly desirable.

syngo.via RT Image Suite is an  
intuitive and easy-to-use software 
solution that enables this collabora-
tion, by facilitating the contouring  
of both routine as well as advanced 
cases efficiently. It can be deployed 
in a variety of ways, for instance  
as a server-based solution with one 
or more clients installed in Radiology. 
Simple import from CDs and DVDs, 
pre-fetching from PACS, and easy 
patient data reconciliation allow  
you to get started quickly. A set of 
modern tools including Deformable 
Registration3 or 3D Smart Freehand 
Segmentation in any orientation, 
support fast 3D and 4D CT, MR  
and PET delineation. In particular, 
contour changes performed on any 
image are immediately reflected  
on all other images: this parallel  
contouring capability significantly 
accelerates the segmentation in 
multi-modality cases while letting 
you use all available information  
to their full extent. In cases where  
a multitude of images is available, 
the ability to simultaneously display 
on the screen up to eight1 image 
series eases the otherwise cumber-
some and time-consuming process  
of switching panes and exchanging 
data between applications.

Contouring for treatments that rely 
heavily on MRI information, such as 
radiosurgery and brachytherapy, is 
also supported. Figure 2 illustrates 
this with a clinical case of vaginal 
high-dose brachytherapy (explained 
in detail in MAGNETOM Flash #59, 
4/2014, p14-19). Finally, the ability 
to configure for automatic send to 
TPS (Treatment Planning System) 
saves valuable time in completing 
cases.

From start to finish, syngo.via RT 
Image Suite supports you in achiev-
ing high-quality results, efficiently.

What if you could strengthen 
your clinical practice by 
enabling image-based 
cancer care pathways?
Advance your clinical practice 
Your team constantly strives to 
advance its clinical capabilities.  
Imaging is frequently the critical  
factor, whether investigating the 
optimal treatment for a recurrence, 
adapting a strategy during the  
course of treatment, monitoring  
the progress of therapies, or simply 
exploring the added value of func-
tional imaging in treatment planning. 
However, providing image-based care 
pathways seems impractical partially 
owing to the lack of adequate tools.

syngo.via RT Image Suite enables  
you to make imaging part of the  
daily clinical and research practice. 
To assess the need for re-contouring, 
you can visualize previously drawn 
structures on your current image 
series, supporting clear decision 
making. And when adaptation is 
needed, contour warping using 
Deformable Registration3 supports 
new segmentation and further 
re-planning. 

The application also aids in preparing 
the treatment of patients presenting 
with tumor recurrences. In this case, 
the ability to display images and visu-
alize structure sets used during prior 
treatment on the current dataset 
guide new contouring smoothly.

All these cases profit greatly from  
the Advanced Visualization1 function-
ality allowing you to compare and 
contour a variety of images such as 
diffusion-weighted and contrast-
enhanced MRI, Dual Energy CT,  
‘Cone Beam CT-of the-day’ or PET 
images acquired with different trac-
ers. Additional syngo.via applica-
tions2 support you in tasks such as 
quantification, aiding therapy  
prognosis and monitoring treatment 
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response. Whether you are a Radiolo-
gist contouring for the Radiation 
Therapy department or a Radiation 
Oncologist with a dedicated MRI,  
the client-server architecture greatly 
facilitates efficient communication 
and teamwork.

From adaptive therapy, to treating 
recurrences and performing imaging 
in Radiation Therapy research,  
syngo.via RT Image Suite supports 
you and your team in advancing your 
clinical practice.

Clinical Example: Adding 
MRI soft tissue clarity to  
CT images of the prostate  
for reducing normal tissue 
toxicity in whole gland 
radiotherapy
Radiotherapy treatment to prostate 
tumors has traditionally targeted  
the whole prostatic gland, even 
when the extent of the disease  
was suspected to be confined to a 
smaller region. Today, state-of-the-
art treatment planning is based on 
CT images, which are considered 

essential due to their capability to 
provide both the electron density 
information needed for dose calcula-
tion and the geometric accuracy that 
is expected for planning a precise 
treatment.

A number of clinical studies [2, 3, 4] 
have shown that adding the soft  
tissue information that MRI brings to 
the picture can help reduce the tar-
get volume which is often overesti-
mated by CT alone. Furthermore, Vil-
leirs et al. [5] have shown that the 
use of MRI in combination with CT 
improves the accuracy of prostate 
gland as well as organ-at-risk (OAR) 
delineation, with decreased inter-
observer variability. It is anticipated 
that this will make an impact on the 
regions of the surrounding anatomy 
that would otherwise be exposed to 
the high-dose region. Reducing, for 
example, dose to healthy/functional 
tissue will have a direct effect on any 
treatment complications experienced 
by the patient, whether they are 
manifested as acute or late effects. 
Alternatively, a dose escalation of  
2-7 Gy can be achieved for the same 
rectal wall dose when MRI is used in 
organ definition [6].

In the example illustrated below,  
(Fig. 3) the MR image was acquired  
in a radiology setting; the patient  
was not lying on a flat table-top4 in  
the ‘treatment position’. As a conse-
quence, in order for MRI information 
to enhance that provided by CT, a 
Deformable Registration of the MR 
images was necessary. In figure 3A, 
the images prior to registration can  
be seen, while figure 3B shows the 
results of the registration. 

Contouring of all ROI can then proceed 
on the image that carries the relevant 
information (e.g. femoral heads on CT, 
prostate, rectum and bladder on MRI) 
and those contours can be associated 
to the CT and sent to a treatment  
planning system (TPS) for further  
dosimetric planning. 

Deformable registration is also often 
needed when the CT and MRI were 
acquired with a significant time differ-
ence between the two scans, without 
following the same protocols; this 
could give rise to diverse organ filling, 
making rigid registration lead to odd 
results.

2

Contouring a vaginal cylinder in preparation for brachytherapy treatment planning. Left: 3D T2w SPACE, Right: 3D T1w MPRAGE. 
Images courtesy of Dr. Prisciandaro, University of Michigan, Ann Arbor, MI, USA.

2

4	See [7] for further information.
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The product syngo.via RT Image Suite is based on syngo.via VB10. It is still under development 
and not yet commercially available. Its future availability cannot be ensured.

CT and MRI of the same patient acquired in different positions and therefore 
requiring Deformable Registration before proceeding to contouring.  
(3A) Landmarks selected to guide the registration and (3B) result of the  
registration with the MR overlaid on the planning CT.

3

3A

3B

Conclusion
syngo.via RT Image Suite helps  
to leverage MRI and other multi-
modality information in Radiation 
Therapy. syngo.via RT Image Suite 
improves decision-making with a  
clear and comprehensive view of  
your patients, efficient and precise 
contouring, as well as treatment  
monitoring and adaptation capa-
bilities that enable personalized 
therapy.
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Further Reading
For further articles, application tips and clinical talks from experts  
focusing on the role of MRI in Radiation Therapy, please visit us at:
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Case Series: 3T Prostate MRI With and  
Without the Use of an Endorectal Coil
Josephin Otto, M.D.; Harald Busse, Ph.D. 

Department of Diagnostic and Interventional Radiology, Leipzig University Hospital, Leipzig, Germany	

Introduction
Magnetic resonance imaging (MRI) 
has become a reliable technique for 
the detection, localization and local 
staging of prostate cancer [1]. Over 
the last decade, prostate MRI has 
clearly benefitted from advances  
in MRI hardware, most notably the 
introduction of 3 Tesla systems, and 
from the increased use of comple-
mentary functional imaging tech-
niques in a multiparametric approach 
[2]. The use of endorectal coils will 
clearly improve the signal-to-noise 
ratio in the prostate, but the poten-
tial diagnostic gain is still open to 
debate [3]. Other factors that have  

to be considered are the extra time 
and effort needed, overall patient 
comfort, and reimbursement issues.

It is generally agreed that surface 
coils alone are sufficient for the 
detection and localization of signifi-
cant prostate cancer [4], while local 
staging should ideally be performed 
with an endorectal coil or at a 3 Tesla 
system [5]. In an attempt to shed 
some light on that issue, the  
following three cases show axial, 
T2-weighted turbo spin-echo and  
diffusion-weighted images of the 
prostate at 3T (MAGNETOM Trio,  
A Tim System, Siemens Healthcare, 
Erlangen, Germany) that were 

acquired within the same patients, 
both with and without the use of an 
endorectal coil (eCoil, Medrad, Pitts-
burgh, PA, USA). Acquisition parame-
ters were not adjusted between scans 
to facilitate comparison.
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3T prostate MRI (MAGNETOM Trio, A Tim System). Images were 
acquired with surface coils only (1A–C) and in combination with  
an endorectal coil (1D–F). (1A, D) Axial, T2-weighted fast spin-echo 
sequences with repetition time TR 4,400 – 4,600 ms, echo time TE 
126 ms and flip angle FA 120 – 135°. (1B, E) Axial diffusion-weighted 
imaging (DWI) was performed with a single-shot echo planar imaging 
sequence with TR 3,000 ms, TE 85 ms, FA 90° and b-values of 50, 
500, 800 and 1,500 s/mm2. (1C, F) ADC maps were calculated from 
DWI images at b-values 50, 500 and 800 s/mm2.

1

59-year-old patient with prostate- 
specific antigen (PSA) level of 13 ng/ml 
and Gleason score (GS) 7 (3+4) prostate 
cancer in the apex with a diameter  
of about 1 cm. T2-weighted images 
acquired with surface coils only  
(Figs. 1A-C), combining a 6-channel 
body matrix coil placed ventrally at the 
pelvic level and selected elements of a 
24-channel spine matrix coil integrated 
into the MR table, and with the addition 
of an endorectal coil (Figs. 1D-F) show 
focal hypointense MRI signals at the 
level of the apex. Diffusion-weighted 
images acquired with a b-value of  
800 s/mm2 reveal hyperintense focal 
areas (Figs. 1B, E) with a corresponding 
reduction of the apparent diffusion 
coefficient (ADC) (Figs. 1C, F).

Case 1 1A

1D

1B

1E

1C

1F

Clinical Men’s Health
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3T prostate MRI using axial, T2-weighted fast spin-echo and diffusion-
weighted imaging (see figure 1 for MR imaging parameters). 

2

3T prostate MRI using axial, T2-weighted fast spin-echo and diffusion-
weighted imaging (see figure 1 for MRI parameters).

3

65-year-old patient with PSA level of  
56 ng/ml and GS 7 (3+4) prostate cancer 
with a diameter larger than 1.5 cm, 
mainly located in the right peripheral 
zone. The whole-mount histopathological 
section analysis revealed stage pT3b  
disease. The tumor is visible as a hypo-
intense mass on T2-weighted images  
(Figs. 2A, D). The prostate capsule of the 
dorsolateral mid-gland shows an irregular  
bulging (Fig. 2D). Features on diffusion-
weighted images (Figs. 2B, E) are less 
pronounced while ADC maps indicate  
a small corresponding region with 
restricted diffusion independent of the 
choice of imaging coils (Figs. 2C, F). 

71-year-old patient with PSA level of  
8.2 ng/ml and GS 7 (3+4) prostate cancer 
in the left transitional zone, ventrolateral. 
The tumor is visible as an irregular 
hypointense mass on (Figs. 3A, D) 
T2-weighted images with (Figs. 3B, E) 
focal signal increase on DWI with b-value 
of 800 s/mm2 and (Figs. 3C, F) corre-
sponding low values on ADC maps.  
The prostate capsule shows an irregular 
bulging ventrolaterally and the length  
of the tumor contact is larger than 1 cm, 
suggesting extracapsular tumor growth, 
which was confirmed by histopathology 
(stage pT3a).

Case 2

Case 3

2A

3A

2D

3D

2B

3B

2E

3E

2C

3C

2F

3F
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60-Channel Body Coil for 1.5T and 3T
Gregor Thörmer, Ph.D.

Global Segment Manager Men’s and Women’s Health, Siemens Healthcare, Magnetic Resonance Imaging, Erlangen, Germany

1	510(k) pending 
2	Coverage in combination with the standard 
	 20-channel Head coil 

3	Data on file

The Body 60 coil is designed to serve a broad range of clinical applications. (1A) ‘Sandwich’ mode, i.e. for pelvic, abdominal or 
lung exams. (1B) Individual operation as a single Body 30 coil, also possible with 48-channel systems. (1C) Whole-body setup,  
in combination with the integrated 32ch Spine coil and a 20ch Head coil (not shown here). 

1

1A 1B 1C

Introduction
The development of head (and neck) 
coils with large numbers of indepen-
dent coil elements and channels  
(e.g. the 64-channel Head & Neck 
coil) has proven that both substantial 
signal-to-noise ratio (SNR) improve-
ments and significant improvements 
in the quality of accelerated imaging 
techniques are possible. 

Consequently, the new Body 60 coil1 
design extends these capabilities  
to the emerging field of abdominal 
and pelvic MRI.

Technical specifications
The Body 60 coil consists of a 
30-channel anterior and a 30-chan-
nel posterior part, which are typically 
used in a sandwich mode (Fig. 1A). 
The anterior part, Body 30 coil, can 
be used separately and in flexible 
combination with coils like the  
integrated Spine coil (Fig. 1B).  
Furthermore, the two 30-channel 
coils can be positioned consecutively 
on the chest and pelvis in order to 
perform whole-body examinations 
with maximum coil coverage of 
approximately 130 cm2 (Fig. 1C).

The coils are made of a novel visco-
elastic foam material and are each 
equipped with 5 rows of 6 elements. 

Compared to a conventional coil setup 
on a Tim 4G system with 48 channels, 
this represents a 78% increase in coil 
element density along the z-direction 
and at least a two-fold increase  
compared to competitive systems3.  
The Body 60 allows a max. coverage  
of 46 cm in z-direction. As shown in  
figure 2, the SNR gain for abdominal 
applications in the ‘sandwich’ mode  
is 38% on average and still 20% at  
the center of the phantom. 

SNR maps of (2A) the combination of the Body 18 and Spine 32 coil and (2B) the Body 60 coil. Within a ROI (green line)  
corresponding to whole abdominal coverage the SNR is increased by 38% with the 60 channel coil. The respective SNR profiles 
(blue = Body 18 & Spine 32; red = Body 60) vertically through the center of the phantom are shown in (2C).

2

2A 2B 2C

Intensity [a.u.]

Distance along profile

B

A
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90  MAGNETOM Flash | 2/2015 | www.siemens.com/magnetom-world



5

Whole-body examination at 
1.5T in 4 stations. Imaging 
parameters per station: 384 
matrix, slice thickness 5 mm, 
35 slices, FOV 309 x 450 mm, 
total TA 17:11 min.

5

Prostate MRI at 3T with 0.5 x 0.5 
mm inplane resolution in 3:11 min. 
Imaging parameters: 2D T2 TSE, 
320 matrix, FOV 160 x 160 mm, 
slice thickness 3 mm, 26 slices. 

4

4

Download .edx-files at  
www.siemens.com/ 
magnetom-world 

Go to: Clinical Corner >  
Protocols >  
SEEit Prostate Protocols 

Liver imaging at 1.5T with 3D VIBE Dixon water, GRAPPA 8, 320 matrix, slice thickness 3 mm, 72 slices, TA 4.86 s, TR 4.0 ms,  
TE 1.3 ms. Under extreme iPAT conditions the standard combination of the Body 18 and Spine 32 (3A) shows the typical pattern 
of a central iPAT artifact. By combining Body 30 and Spine 32 (3B) the artifact is substantially reduced and not present at all with 
the Body 60 setup (3C). Also note the very homogeneous image appearance in 3C.

3

3A 3B 3C

Image examples
An enclosed set of pads allows for 
comfortable patient positioning in  
different clinical situations. In addition 
the Body 60 features the DirectConnect 
Interface for optimized cable handling. 
One of the major applications is in 
abdominal imaging. As shown in  
figure 3, the unique iPAT performance 
of the Body 60 coil allows for routine 
scans with a PAT factor of 8 whilst 
maintaining excellent diagnostic image 
quality. In the case of prostate MRI, the 
coil can be used to either go for very 
efficient examinations (10-min proto-
col) or to increase the spatial resolu-
tion as shown in figure 4. Respective 
scan protocols may be found on the 
MAGNETOM World webpage. Figure 5 
shows a whole-body scan performed 
with the Body 60 coil.

Contact

Gregor Thörmer, Ph.D.
Global Segment Manager  
Men’s and Women’s Health
Siemens Healthcare
Postbox 32 60
91050 Erlangen 
Germany
gregor.thoermer@siemens.com
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The forthcoming ISMRM will be a 
special one, because Siemens will 
publish its future plans for 7T. So I 
am very thankful for the opportunity 
to share my views on the 7T MRI  
segment here with MAGNETOM 
Flash readers and to talk a little bit 
about this segment which, for the 
time being, remains basically non 
clinical.

Over the last two decades the 7T 
MRI system has developed from a 
unique prototype technology, usable 
only by highly specialized experts, 
towards a serial product. It is true 
that in comparison with a high-end 
3T clinical scanner there are still a 
number of challenges to overcome 
before one gets to see the amazing 

Dear MAGNETOM Flash reader,

Michael Schaaf has been Head of the Technology and Research 
Department of the business unit MR within Siemens Healthcare 
since November 2013. He is responsible for every MRI System 
with a field strength higher than 3T, and for all non-clinical MR 
projects.

Michael has worked in MR since 1996 in different functions. 
After several years working in the gradient development team, 
he spent four years in Shenzhen, China, helping to set up the 
Siemens MR factory there.

Back at MR headquarters, Michael is now working with his  
team on the next generation of 7T MRI systems from Siemens 
Healthcare.

results unlocked by the fieldstrength 
of 7T. However, its increased signal-
to-noise ratio leads to an increase in 
spatial resolution, enabling you to 
see structures that have never been 
seen before. A 7T system supplies 
additional information on functional 
images, which enables, for example, 
work with low-sensitivity nuclei.

Sometimes I am asked whether all 
the effort is justified. It is my strong 
belief that it is. I have no doubt that 
7T will find its place in the clinical 
research arena. And whilst the num-
ber of installations of 7T systems 
may not rival those of the 3T – at 
least not in the foreseeable future – 
the effort and commitment of an 
extremely active ultra-high-field 
community is helping to demon-
strate that even today diagnoses and 
treatment strategies may change 
thanks entirely to the additional 
information offered by the 7T. The 
enthusiasm and motivation of our 
7T users encourages us to develop 
7T further. To explain this in more 
detail, I would like to look a little bit 

back in the history and describe the 
origins of this ultra-high-field 
segment.

The first systems were brought to the 
field part by part even before the turn 
of the century. This required research 
centers to buy the equipment they 
needed directly from the different 
component suppliers. For example, 
the 7T magnet came from Magnex; 
the gradient system from either  
Magnex or Varian; and the RF-System 
– including the amplifier – from CPC 
or Analogic. The first systems were 
therefore built from separate compo-
nents not specifically developed to be 
integrated with each other, with the 
result that interfaces sometimes did 
not match. These research institutes 
faced a big challenge in integrating 
all these different components to  
create a running 7T MRI system.  
Nevertheless, mechanical and electri-
cal challenges were met, a working 
software (SW) developed, and  
necessary surface coils designed and 
built by highly motivated teams.

“�Nothing is  
accepted until  
you prove it.”
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