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Contrast enhanced* T1 3D-imaging is used routinely in our
department in the pre-surgical planning of breast cancer.
Covering the whole breast with the 3D volume and fol lowing
its gadolinium uptake, gives a very sensitive imaging method
for detection of lesions. However, in order to impr ove its speci-
ficity, both high spatial and temporal resolution are needed.
Several tools have been used to obtain this. We routinely use
a rectangular FOV (recFOV), which requires fewer phase-
encoding steps to obtain the same resolution and hence
reduce measurement time. A major drawback of recFOV in
breast MRI is, however, that we need to acquire images in
the coronal plane. In the transverse plane the phase encod-

ing needs to be in the left-right direction to prevent heart
pulsation artifacts from passing through the breast and as 
a consequence, no reduction of the FOV can be used. 
When using the coronal orientation, we end up with an imag-
ing sequence of the breast with a temporal resolution of 
1:26 min, using 64 slices of 2 mm, resulting in a pixel size of
1.5 x 0.8 x 2 mm3 which has successfully been used for years
(TE = 4.8 ms, in phase condition at 1.5T). It leaves us with high
quality Multi Planar Reconstructions (MPR) or Maximum Inten-
sity Projections (MIP) of subtracted data, to look at morphol-
ogy, location and extension of the lesion. Time behavior gives
information on the vascularization of the lesion, de picted on

[ Figure 1 ]
T1_fl3d pre- and 
3 minutes post
contrast in coronal
direction using rec-
FOV 50%, subtrac-
tion and thin MIP
of an infiltrating
ductal carcinoma.
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the wash-in* and wash-out* maps which can be calculate d
automatically by the system (e.g. Inline Technology).
All the important criteria of the BIRADS scoring system can
be evaluated in this way: Morphologic information on fo rm
(round … oval … linear … branching), margins (well defined …
distinct) and enhancement (homogeneous … inhomoge-
neous … septated … ring enhancement). In addition, dynamic
information concerning the initial (<50%, >100%) and l ate
time behavior (continuous enhancement … step … wash-out)
is available. But can we do better than this? Yes, we can.

How iPAT can improve visualization of the
entire breast in the axial plane?
Since the introduction of integrated Parallel Acquisition Tech-
niques (iPAT), we have used GRAPPA in order to improve our
results. A prerequisite for using GRAPPA is the presence of
phased array coils which is fulfilled with the commercially
delivered bilateral breast coil. The improvement we see is the
possibility to return to the axial orientation, which is similar
to the cranio-caudal view of X-ray mammography. The axial
plane is better suited than the coronal plane to establish the
correlation between the region of enhancement and th e
conventional mammographic abnormalities found. The axial
plane is also a good anatomic plane to explore the breast and
the thoracic wall. The trajectory, inflammation, obs truction
of the galactic ducts, and lesions in the sub-areolar region
(Fig. 2) and the pectoral musculature is much better delin-

eated and evaluated in the axial (and sagittal) plane (Fig. 3).
An additional advantage is that we can acquire images
extending sufficiently deep into the axillary region to dep ict
the lymph nodes if sufficient RF coverage is present. Advan-
tages of the axial over the sagittal orientation are the possi-
bility to reduce the number of partitions, the capabili ty to
compare the left and right breast (as both are present in the
image), and the certainty that the identification of left or
right breast is correct, which is not straightforward in sagittal
datasets. Using rectangular FOV in the coronal plane is now
substituted by GRAPPA (iPAT2) imaging in the transverse plane.
We obtain a resolution of typically 1.0 x 1.1 x 1.5 mm3, TE = 4.8
ms (in phase), giving us MPR and MIP reconstructions which
reveal great detail. Temporal resolution with these parame-
ter settings is kept just under 1 min for 88 partitions (Fig. 4).

How iPAT can improve spatial resolution
in the 3 orientations? 
Suppression of fat can improve the in-plane resolution of
these data. Fat suppression or water excitation pulses give us
the chance of using a smaller TE. As the fat signal is no longer
present and cannot oppose the enhanced water signal any-
more, we can use the out of phase condition with TE<4.8 ms
and we can shorten TR, which shortens overall acquisition
time. This is what is being used in VIEWS (Volume Imaging
with Enhanced Water Signal) to obtain high isotropic resolu-
tion (160 partitions, spatial resolutions of 0.9 x 0.8 x 0.9 mm3,

[ Figure 2 ] Intraductal, retro-arealar 
papilloma in a woman with nipple discharge:
T2_tirm_trans, T1_fl3D_trans pre- and post-
gadolinium and subtraction.

[ Figure 3 ] Local recurrence of carcinoma with pectoral 
muscle invasion: T1_fl3D_trans pre- and post-gadolinium, sub-
traction and thin MIP.



[ Figure 4A ] Invasive ductal carcinoma:
T1_fl3D_trans pre- and post- gadolinium, subtraction
and thin MIP. 

[ Figure 4B ] Mean Curve evaluation on wash-in
and wash-out maps on the lesion and the fat.

Comparison of the measured dataset and the 
MIPs of the subtraction dataset of the same patient
imaged in 2003 before surgery, not using iPAT and
working in the coronal plane and on follow up after
surgery (2004), imaged in the transverse plane using
iPAT. Note the improved visualization of the pectoral
and axillary region.
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acquisition time of 4 min) (Fig. 5). When using iPAT, this high
resolution imaging can be used for dynamic scanning every
minute (0.9 x 0.6 x 1.2 mm 3) (Fig. 6C, D). A drawback of
VIEWS is the absence of fat signal. We are convinced that the
presence of fat signal in non fat-suppressed images gives us
very valuable information on morphology (intra-pector al
layers and lymph nodes). An additional disadvantage is that
sequences acquired with water excitation pulses result in
hyper-intense glandular tissue on pre-gadolinium images.
The result is less inherent contrast with the post-gadolinium
early enhancing lesions.

How can iPAT improve the temporal 
resolution? 
iPAT can help us improve the temporal resolution without los-
ing sensitivity of the MR exam, as we are still able to cover both
breasts simultaneously with an acceptable spatial resolution.

When using GRAPPA in combination with a rectangular FOV
in the coronal plane, we are able to image the entire breast
in a timeframe of 5 sec. We obtain a voxel size of 1.9 x 1.3 x
3.5 mm3 with a temporal resolution of 5 s using 3D VIBE. Early
wash-in of lesions is observed 15 to 30 s post-gadolinium
injection (Fig. 7). Gadolinium uptake is further follo wed and
documented during the first 2 minutes post injection .
We are aware that by using this technique, we lose all detail
in spatial resolution, earlier discussed. That is why we choose
to combine both methods. We use a pre-gadolinium high
spatial resolution scan, followed by the VIBE high temporal
resolution scan during injection. We follow signal enhance-
ment with VIBE for 2 minutes, immediately followed by the
high spatial resolution scans at later time points. Important is
that we catch the 3 minute signal in high spatial resolut ion
data, in order not to lose the information on morpholo gic
detail. For this purpose, we use a non-fatsat fl3D_trans of

4A 4B
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[ Figure 5A, B ] Pre- and 3 min post-gadolinium
scan with a resolution of 0.9 x 0.8 x 0.9 mm 3.

5A 5B

5C 5D

[ Figure 5C, D ] This high isotropic resolution is ideal for MIP and/or MPR reconstructions. 

[ Figure 6 ] Dynamic 
1 minute scans with and
without fat suppression. 
(Fig. A, B) Show the
fl3d_trans, using iPAT, 0.9 x
0.9 x 2.0 mm3 resolution, 
64 slices in 1:19 min. Fig. C, D:
Show the VIEWS sequence,
using iPAT, 0.9 x 0.6 x 1.2
mm3 resolution, 88 slices in 
1 min. We compared the pre-
gadolinium and the late
enhanced 6 minute scan on
the same patient. Note the
hyper-intense glandular tis-
sue in the fatsat scans (disad-
vantage of this technique).

6A 6B

6D6C
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[ Figure 7 ] Dynamic 5 s scans using VIBE. Pre-gadolin-
ium, 15 s post- and 30 s post-gadolinium scan plus thin
MIP on the lesion patient. In plane resolution of 1.9  x
1.3 x 3.5 mm3, coronal orientation, use of iPAT2 and 
recFOV 50%.

[ Figure 8 ] Mean Curve evaluation on the VIBE
dataset, following Gadolinium uptake with 25 scans
of 5 s, in total 2 min after Gadolinium injection. 
ROI is placed on the wash-in map.

[ Figure 9 ] Mean Curve evaluation on the high re-
solution FLASH 3D-scan, 1.0 x 0.8 x 3 mm3 resolution,
acquisition time 2:46 min, done at 3 minutes and 6 min-
utes post Gadolinium. ROI was placed on the subtrac-
tion (3 min post-pre) or can be set on the wash-out map.
A clear wash-out is detected in this patient at later
times. Absolute enhancement of 355 (arbitrary units)
reflects a 265% relative enhancement compared to 
the pre-gadolinium high resolution scan.

2:46 min with an in plane resolution of 1 mm x 0.8 mm and
64 slices of 2.5 to 3 mm. We measure in the coronal plane to
compare with the VIBE images. As a recFOV of 50% is used,
no iPAT is applied. The VIBE gives us information on early
wash-in, 3 minutes and later scans on the wash-out behav-
ior and morphologic detail is looked at in the high spatial
subtraction dataset.
The only disadvantage at this moment is that both datasets
cannot be plotted on the same time graph as they have dif-
ferent spatial and temporal resolution. Mean Curve evalua-
tion doesn•t accept the complete measured data in one plot. 
Results on the eventual improvement of specificity due to
the information provided by the contrast enhancement
behavior are still under study.

Conclusion
Use of iPAT largely improved the quality of our contrast
enhanced MR imaging of the breast. Datasets are now com-
bining the axial plane with the high spatial resolut ion VIEWS
technique, revealing high morphologic detail. Combinatio n
with the VIBE technique for evaluation of the time behavior
of contrast enhancement, with high temporal resolution,
and covering the entire breast, is feasible now. This results in
high diagnostic sensitivity … thanks to the high resolution …
and higher specificity thanks to the dynamic informat ion.

* This information about this product is preliminary . The product is under development and not commercially available in the US, and its future availability
cannot be ensured. This article discusses clinical uses which are not commercially available in the US.
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Combination of a Large Loop 
Flex Coil with the Breast Coil Improves 
Evaluation of the Lymph Nodes 
in the Axiliary and Pectoral Region*
A.P. Schillings M.D., M. Bilterijs M.D. 1, Greta Vandemaele, Ph.D. 2

1Clinique St Pierre, Ottignies, Belgium
2Siemens Medical Solutions, Belgium

Purpose
At present, we do not have efficient methods to detect the
infiltration of axillary lymph nodes in pre-surgery planni ng of
breast cancer. Consequently, even in the case of very small
breast tumors, it is necessary to explore the axilla during sur-
gery and to remove at least the sentinel lymph node i.e. the
first draining lymph node next to the tumor. Pre-opera tive
MR scans can give us interesting information on the status of
the lymph nodes. During MR exams we study the dimension
of the nodes, their morphology (looking for asymmetric cor-
tical thickening), we study the intensity of the Gadoli nium
uptake or calculate the ADC (Apparent Diffusion Coefficient)
in diffusion imaging. There is a lot to gain from the use of
more specific contrast agents too. Nevertheless, a prerequi-
site for evaluation is good image quality and sufficient sig-
nal-to-noise ratio (S/N) in the axillary region.  
In order to improve S/N in the axilla, we use 2 Large Loop
Flex coils (LLF) in combination with the Breast coil (Fig. 1A).
These exams were done on our MAGNETOM Harmony 1.0T …
Maestro Class platform. Putting the loop coils centric around
the 2 openings of the breast coil extends the useful RF-cov-
erage far beyond the axilla and improves the signal at the
border of the breast coil with at least 200% at 1.0T (Fig. 1B).
Although low field systems might benefit more from t his S/N
gain, high field exams also produce better image quality as
shown in Fig. 2 on MAGNETOM Avanto (left axilla with, right
axilla without LL Flex Coil).

Result
Use of the Large Loop Flex coils in combination with the
Breast coil improves S/N in the axillary region. Image quality
stays homogeneous over the whole breast. Flow artifacts
from the heart can increase. 
The morphology of the Gadolinium enhanced lymph nodes
can be evaluated better with thin MIPs as well as in the axil-

[ Figure 1B ] Phantom measurements without (left)
and with (right) a Large Loop Flex coil around the right
breast. We see a significant gain in signal and a homo-
geneous RF- distribution in the transverse plane. 

[ Figure 1A ] Coil setup
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[ Figure 2 ]
A Post-Gadolinium T1 fl3D_trans, showing deep RF 

penetration for the left axilla and the left breast whe re
the Large Loop Flex coil was used.

B Subtraction image, revealing a lymph node.
C MIP on the lymph node.
D Late enhanced (>7 min) T1fl3D fatsat in the coronal

plane.
(1.5T MAGNETOM Avanto. Courtesy of Dr. M.F. Billemont,
Cliniques d•Europe Uccle, Belgium.)

[ Figure 3 ] T1_fl3D_cor_fatsat 7 minutes 
after injection. (1.5T MAGNETOM Sonata. Courtesy 
of Dr. Kersschot, OLV Aalst, Belgium.)

[ Figure 4A ]   Pre- and 3 minute post-Gadolinium images plus thin MIP of the subtraction dataset
showing pathologic lymph nodes.

4A

A B

C D
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[ Figure 5 ] Subtraction image (3 min post … pre
Gadolinium), showing a benign fibroadenoma in the
right breast and a cancer in the left breast with great
detail.

[ Figure 6 ] Diffusion imaging in the same patient 
as Fig. 5. Both fibroadenoma and cancer appear hyper-
intense on b 1000 images. ADC <1.0 x 10-3 mm2/s for
the cancer (left breast), ADC >2.0 x 10-3 mm2/s for the
fibroadenoma (right breast). (MAGNETOM Harmony 1T.
Courtesy of Dr. Schillings, Ottignies, Belgium.)

4B

lary region as in the interpectoral Rotter space and in the
internal mammary chain.
A normal lymph node contains a fatty hilus, depicted as a
hyper-intense center in the pre-Gadolinium scan, differenti-
ating a lymph node from a small lesion (Fig. 4B). Detection of
this fat-containing part in a small lesion needs high resolu-
tion scans with sufficient S/N. Preservation of this zone after
Gadolinium administration is finally depicted as a hypo-
intense center in subtraction images. Note that preservation
of this center part does not exclude a partial affection of the
lymph node, it is just indicating we are looking at an intra-
mammary lymph node and not at a small lesion.  
Improved S/N makes it possible to start using diffusion imag-
ing in search of affected lymph nodes. Lymph nodes to be
examined more carefully are hyperintense on the diffusion

weighted images (b-value of 800 to 1000) and have a
reduced ADC coefficient (<1.0 x 10-3 mm2/s)
The use of Large Loop Flex coils in combination with the
breast coil improves the spatial resolution for exploring the
axilla. This improvement is also visible in the breast itself 
(Fig. 5), where due to higher S/N a higher resolution can be
used. The RF signal is homogeneously distributed through-
out the breast, although heart-related flow artifact s might
become more pronounced. 

Conclusion
Combination of breast coil and Large Loop Flex coils largely
improves S/N and consequently the use of high resolution
and diffusion imaging in the axilla and the pectoral r egion, as
well as in the breast. 

[ Figure 4B ] Thin MIP of a subtraction dataset 
showing normal lymph nodes. (1T MAGNETOM Harmony.
Courtesy of Dr. Schillings, Ottignies, Belgium.)

* This article discusses clinical uses which are not commercially available in the US.
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1H MR Spectroscopy* 
of the Breast at 1.5T and at 3T
Nouha Salibi, Ph.D. 1, Marianne Vorbuchner 2, Jan Ruff, Ph.D.2

1Siemens Medical Solutions, R&D Collaborations, Malvern, USA.
2Siemens Medical Solutions, MREA, Erlangen, Germany.

Introduction
Over the years numerous studies have evaluated the use of
MR in the characterization of breast lesions and in monitor-
ing tumor response to treatment. The results have shown
that although MR imaging and dynamic contrast-enhanced
MRI have high sensitivity and can be helpful in differentiating
benign from malignant tumors, they are not perfect p redic-
tors; and additional diagnostic criteria are needed to help
clarify equivocal MRI results [1…2]. Combining in vivo MR
spectroscopy (MRS) with contrast-enhanced MRI increases
the specificity of breast MRI due to the additional biochemi-
cal information obtained with MRS. MR spectroscopy has
been performed in the breast with 1H (proton) as well as
with other nuclei including phosphorus ( 31P), carbon (13C)
and fluorine ( 19F), which is used for studies of drug metabo-

lism namely 5-fluorouracil (5-FU). 1H MRS has practical
advantages over MRS with other nuclei: It has the highest
sensitivity and can be performed at the end of an imaging
exam without patient or coil repositioning. 1H MRS does not
require additional hardware and can be readily incorporated
into routine clinical breast MRI examinations.

1H MRS of the breast
A typical 1H spectrum of breast tissue consists of large lipid
and water signals (F. 1). Historically the Choline peak seen at
3.2 ppm was originally attributed to malignant tumors  (F. 2,
3, 5 and 6) in studies performed at 1.5T. However, small
choline signals have been detected in benign lesions and in
normal breast tissue at higher field strength. Choline has

[ Figure 1 ] Single voxel spectra from healthy breast tissue acquired on a 1.5T MAGNETOM Avanto with TR = 1500 ms,
TE= 135 ms, and a voxel size of 8 cm3. Spectrum A shows the non suppressed water and lipid signals acquired with 
8 averages in 12 s. Spectrum B was acquired with 128 averages in 3:12 min, with suppression of the lipid and water
signals. It shows a flat range between the residual water and lipid peaks. No choline peak is seen at 3.2 ppm. 
(Courtesy of Linda Moy, M.D. and Vivian Lee, M.D., Ph.D., New York University School of Medicine, New York, USA.)

A B
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[ Figure 2 ] SVS Spectra from a biopsy proven adenocarcinoma acquired on a MAGNETOM Trio, A Tim System, with
TR = 2000 ms, TE = 135 ms, 64 averages, 2:56 min and a voxel size of 6.8 cm3. They were measured with lipid sup-
pression and weak water suppression, which leaves a residual water peak for reference. Spectrum A displays part of
the residual water signal along with the choline peak . Spectrum B is an enlarged view of the choline peak seen in A.
(Courtesy of Linda Moy, M.D. and Vivian Lee, M.D., Ph.D., New York University School of Medicine New York, USA.)

[ Figure 3 ] SVS spectra showing the choline peak from a biopsy proven high grade malignant tumor acquired in 3:12
min on the MAGNETOM Symphony with lipid suppression and weak water suppression, which leaves a residual water
peak for reference. (TR =1500 ms, TE =135 ms, 128 averages, voxel size = 8 cm3). Spectrum A shows a suppressed lipid
signal, the residual water peak and the choline peak (arrow). Spectrum B displays the rescaled choline peak. 
(Courtesy of Linda Moy, M.D. and Vivian Lee, M.D., Ph.D., New York University School of Medicine, New York, USA.)

also been seen in lactating breast spectra along with the
characteristic lactose signal [3] (Fig. 4).
Detection of a small choline peak in the presence of large lipid
signals presents a technical challenge because lipid side-
bands may interfere with the choline peak at 3.2 ppm. Breast
1H MRS on the MAGNETOM systems uses a special single

voxel spectroscopy (SVS) spin echo sequence* with spectral
lipid suppression, which reduces the effect of lipid on the
choline signal. The weak water suppression option leaves a
residual water peak that serves as a reference. The sequence
also includes averaging of phase and frequency corrected
signals, which minimizes signal loss from breathing motion.

A B

A B
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[ Figure 4 ] Single voxel spectra from a healthy lactating breast. The spectrum in A was acquired on a 1.5T 
MAGNETOM Avanto from a 17 cm3 voxel with TE = 135 ms and TR = 1500 ms, in 3:12 min. The spectrum in B was
acquired on a 3T MAGNETOM Trio, A Tim System from a 10 cm3 voxel with TR = 1500 ms and TE = 135 ms in 1:16 min.
The multiple lactose peaks are better resolved in spectrum B. Both spectra were acquired with lipid and weak water
suppression. Peaks between 0 and 2.8 ppm are residual lipid signals. (Courtesy of Linda Moy, M.D. and Vivian Lee,
M.D., Ph.D., New York University School of Medicine, New York, USA.)
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[ Figure 5 ] Spectra from follow up examinations of an invasive breast 
carcinoma treated with chemotherapy. The spectra were measured following
each of the 6 cycle treatment. They were acquired on a 1.5 T MAGNETOM Sonata
with TR = 1500 ms, TE = 135 ms, in 3 to 5 minutes depending on the voxel size,
which was adjusted to the size of the tumor, and varied from (18 x 11 x 14) mm 3

to (10 x 10 x 10) mm 3. All spectra display a residual water peak at 4.7 ppm (green
arrow) and a choline peak at 3.2 ppm (yellow arrow). Sp ectrum A (on page 96)
shows the choline peak prior to chemotherapy. Spectra B, C, D, E, F and G were
measured following cycles 1, 2, 3, 4, 5 and 6 respectively. A reduction in choline 
is clearly seen following the second, third and fourth, fifth a nd sixth cycles. The
reduction in choline was accompanied by a reduction of the tumor size. 
(Courtesy of Professor T. J. Vogl, University of Frankfurt / Main, Germany.)

[ Figure 6 ] Selected spectra from the follow-up examinations described in Fig. 5, showing a reduced choline
peak after the second, fourth and sixth cycle.

Breast 1H MRS: Monitoring response 
to chemotherapy
Figures 5 and 6 illustrate the use of MR spectroscopy in mon-
itoring the effect of chemotherapy on a diagnosed invasive
breast carcinoma• . Spectra were acquired following each of
the 6 cycle treatment. They demonstrate a gradual reduction
in the choline peak, which is hardly visible after the sixth
cycle of chemotherapy. Using the Phoenix functionality of
the syngo software the same measurement protocol was
recalled for each follow-up examination. This insured that
the same parameters were used for all measurements
except for the voxel size, which was adjusted to the reduced
size of the tumor.
• Courtesy of Professor T. J. Vogl, University of Frankfurt/Main, Germany.

Conclusion
The results presented here show that the technical chal-
lenges that hindered applications of 1H MRS to breast tumor
characterization are now being overcome with improv ed
hardware and software. Developments that improve detec-
tion of small signals, such as choline in 1H MRS breast appli-

cations, include the availability of higher field stren gth scan-
ners and of special software that considerably reduces the
effect of large lipid signals on small neighboring peaks. With
these new developments and with the addition of fast and
reliable choline quantitation techniques, 1H MRS will im-
prove even further the specificity of MR in breast tumor clas-
sifications.

* This information about this product is preliminar y. The product is under
development and not commercially available in the US and its future avail-
ability cannot be ensured.
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Whether repeat-scanning the same patient for follow -up
in a clinical environment or performing comparison stud-
ies on different subjects, AutoAlign enables reprodu cible
prescription of slice positions and orientations in neur o-
imaging studies, without technologist intervention and,
in routine use, without retrieval of previously archived
datasets.
MRI examinations generally begin with the acquisition of a
rapid localizer scan, from which slices for subsequent scans
are manually prescribed. If a follow-up examination is per-
formed on the same subject some time later, exactly dupli-
cating the previous slice positions and orientations requires
identification of the same anatomical landmarks in the new
images. Since the subject is never identically positioned in
the scanner and RF coil from one scan session to the next,
these may be difficult to locate, especially if changing pathol-

Software Compensation for Patient 
Position Enabling Reproducible Slice 
Positioning … AutoAlign
Katherine T. Scott, Ph.D.

Siemens Medical Solutions, Inc., Malvern, PA, USA

ogy is present. High precision is required to track small
changes in serial studies of e.g. lesion load. However since
in-plane resolution is typically higher than through-p lane
resolution, minor errors in slice positioning can greatly affect
resulting measurements. Several studies have shown that
less variability is introduced by multiple observers reading the
data than by errors due to repositioning in serial scanning
multiple sclerosis, brain atrophy, tumors, stroke etc. [1, 2].
For group comparison studies, natural anatomical variability
precludes acquisition of identical datasets, but consistent
slice prescription techniques are required to enable acquisi-
tion of images that can confidently be compared side-by-
side i.e. observed differences should reflect true anatomical
variation and not be due to variations in slice prescription.
At the heart of the technique is the AutoAlign Atlas, which
was created from segmented and co-registered MRI images

[ Figure 1 ] AutoAlign registers localizer images to the Atlas, enabling slice parameters saved in protocols or previ-
ously run on an individual subject, to be correctly positi oned and oriented, irrespective of the position of the head.
No additional manual adjustment by the technologist is requir ed … alignment is automatic and reproducible.
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[3, 4] of the brains of a group of 400 adult subjects, b oth nor-
mal and abnormal. This composite dataset, contains two
types of probabilistic information: the likelihood th at a par-
ticular type of tissue (white matter, gray matter, CSF, etc.)
will occur at any given location; and the intensitie s to be
expected from the different tissue types in MRI images
acquired with selected parameters specified at particular
field strengths. The probabilistic information rela ting to the
pathology and location are also inherent in the atlas, increas-
ing the robustness of the method in the presence of disease.
Each examination begins with the AutoAlign localizer, a 40 s
scan during which both proton density and T1-weighted vol-
umes of the brain are acquired and registered to the Atlas.
Registration is done using a rigid body alignment process
which incorporates the contrast and tissue classification infor-
mation. The series of rotations and translations required to
optimally align the images with the atlas is saved as a matrix,
which is applied to define slice positions and orientations in
subsequent scans. In-plane rotation of the imaging slab is a
feature that increases the accuracy of positioning as com-
pared to manual slice prescription, since this is often not rou-
tinely used in a clinical environment. No anatomical land-
marks are used in the process i.e. the whole brain is aligned
with the atlas, enabling rapid computation with accu rate
results as demonstrated in both intra and inter subject stud-
ies [2, 5].

AutoAlign in different cases
Once the AutoAlign localizer has been run, protocols are run
without operator intervention i.e. no •tweakingŽ of the slic e
positions or orientations is necessary … see Figures 1 and 3.
Using this method, the same subject can be scanned repeat-
edly on the same system, on different systems at different
field strengths and at different sites. In all cases, the same
slices will be prescribed without reference to any prior imag-
ing study. In the case of comparative studies of different sub-
jects, matching slice positions will automatically be selected.
AutoAlign is equally applicable in a number of different cases
… exactly how it would be used depends on the desired
application:
1. Existing protocols … The simplest and most universally

applicable method is to scan the subject(s) using existing
protocols as they have been saved on the scanner. In this
case, the protocols have been set up with predefined slice
orientations relative to the Atlas and registration o f the
brain to the Atlas ensures that the slice orientations are
always correct, irrespective of the orientation of the  head
and without retrieval of archived images. Subjects could
be scanned on different systems or at other sites without

[ Figure 2 ] The AutoAlign Atlas (left) contains prob-
abilistic information on the likelihood of certain t issues
appearing at a particular location in the brain, as well
as the signal intensities expected from different tissue
types. Intensity histograms from T1-weighted images
are shown for a variety of neuroanatomical structure s
(right) … white matter (WM), cortical gray matter (GM),
lateral ventrical (LV), Thalamus (Th), Caudate (Ca),
Putamen (Pu), Pallidum (Pa), Hippocampus (Hp) and
Amygdala (Am). Incorporation of spatial information
and the dual contrast provided by the AutoAlign local -
izer enables separation of the distributions that wo uld
not be possible using intensities alone. Figure repro-
duced with permission from Reference 3.

[ Figure 3 ] Repeat scanning of the same subject. 
On the left hand side are the 3-plane localizers showing
the position of the head for the two scan sessions. Auto-
Align registration of the images to the Atlas enables 
the slices on the right hand side to be acquired without
altering the scan prescription. Sagittal, axial and coro-
nal slices are shown for the two studies … each has the
same slice number as the corresponding slice in the 
previous study.

Putamen: 70%
Putamen: 15%
Caudate: 10%
WM: 5%
Hippocampus: 0%

WM: 98%
Cortex: 2%

Flash sagittal TSE axial TSE coronal

Atlas

Localizers
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[ Figure 5 ] Planning 
on the Atlas. Using the
AutoAlign patient enables
protocols to be planned
directly on the Atlas. Note
that this is a probabilistic
composite of 400 brains,
hence the •blurredŽ appear-
ance. Since anatomic land-
marks are not used in the
whole brain alignment,
their absence in these views
is not relevant in planning
site specific protocols. For
individualized protocols,
planning on the actual
patient images at the first
visit and saving the proto-
cols, will enable repro-
ducible slice scanning
(using anatomical land-
marks if required) on that
subject at a future visit.

[ Figure 4 ] Five different subjects scanned with the same protocol. Localizer images before automatic alignment 
are shown at the top; MPRAGE (Magnetization Prepared RApid Gradient Echo) images incorporating AutoAlign in the
row beneath. Good midline alignment and left-right symmetry a re observed in the aligned images as well as close 
slice selection across subjects. Reproduced with permission from Reference 5.
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further protocol management.
2. Site specific protocols … It is recognized that different

radiologists at different sites will have their own p referred
protocols that may differ from those delivered as standard
with the system. In this case, technologists can create pro-
tocols with the preferred parameters that will be st andard
for the site and save them. When the AutoAlign localizer is
run at a subsequent session (or on a different patient), the
slice positions and orientations will automatically be cor-
rectly applied to the subject without operator interv ention
or reference to archived images. If protocol uniformity
across scanners (or at other sites) is desired, it is necessary
to recreate the slice prescription on each scanner. This can
be carried out manually, by importing an electronic proto-
col exported from a scanner with the desired slice posi-
tions and orientations, or by using the Phoenix functional-
ity (i.e. image-based automatic protocol parameter retrieval)
and saving the protocols … see later.

3. Individual (patient specific) protocols … Finally, in some
cases it may be desirable to create a protocol for a specific
patient, rather than using a standard imaging protocol.
Cases where this might be applicable include adapting the
imaging volume to conform with patient pathology, per-
forming additional examinations not usually incorporated
in the standard protocol, or for an imaging study wher e a
particular feature or orientation is desired e.g. AC-PC line
exactly in the axial plane. This protocol could be saved and
used in the same manner as described previously, but this
would be one situation where retrieval of archived images
may be the preferred option. In this case, using AutoAlign
and Phoenix together, enables repetition of the study in the
same manner as previously performed on an individual

patient. Phoenix recreates the previous protocol and
AutoAlign ensures that slices are again correctly positioned
and oriented, irrespective of the position of the head.

Site specific or patient specific protocols that use AutoAlign
may be created in a number of different ways.
A: Planning directly on the Atlas (AutoAlign patient). This is

the most generic form and is useful for setting up rout ine
clinical protocols i.e. site specific protocols.

B: Planning on the current subject. Useful for a time series
on the same patient (patient specific protocols) or as an
alternative to planning site specific protocols directly on
the Atlas, if the subject is representative of the subse-
quent subjects.

C : Manually entering the offset, tilt and rotation param e-
ters. Most useful for the specification of study protocols
e.g. for clinical trials involving multi-center studies, to
ensure uniformity across sites.

D: Importing electronic protocols from another scanner
where protocols contain the correct offsets and orienta-
tions. Helpful in transferring sets of protocols between
scanners at one site or for studies at multiple centers.

E: Phoenix in images from another scanner or site, acquired
using protocols with the desired slice parameters. Of use
in keeping individual scanner protocols consistent across
systems and/or in multi center trials.

In each case, at the end of each step in the protocol creation
process, the protocol must be saved to the exam database.
All of the Siemens head sequences support AutoAlign and
may be saved with the desired slice orientations and posi-
tions during planning. Slice positions may be graphically dis-
played on a 3-plane localizer to monitor during the course of
the examination and it is always possible for the technologist

[ Figure 6 ] Same subject scanned in three different scanners and at two different field strengths - images from 
1.5T MAGNETOM Sonata (left), 1.5T MAGNETOM Symphony with Quantum gradient system (centre), 3T MAGNETOM
Trio (right). Note the consistent alignment of the brain, whil e the non-rigid anatomy, such as the spinal cord, varies
across the images. 
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[ Figure 7 ] Scan … rescan of the same patient with manual slice prescription (upper panel) and using AutoAlign
(lower panel) a total of four times with each method. Manually aligned TS E (Turbo Spin Echo) images (A…D) and 
AutoAligned images (H…K) are shown in the top half of each panel. Images after co-registration of the follow-up series
(E, F, G and L, M, N) to the initial series (A and H) are shown in the bottom half of each panel. Finally, a zoomed
section of the co-registered images is displayed in the lower left pane of each panel. Note the higher variati on in the
manually aligned slices (A-D) versus the automatically aligned slices (L…N), as well as the slight blurring caused by 
the co-registration procedure. Figure courtesy of Dr. Thomas Benner.
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subject will result in excellent alignment upon rescanning of
the same subject, but will not be consistent from this subject
to another. The latter is an example of where patient specific
protocols should be used.

Conclusion
AutoAlign enables rapid patient throughput with incr eased
reproducibility and reduced dependence on operator
expertise. Both serial scanning of the same patient and com-
parative studies of different subjects at different fi eld
strengths and/or at different sites are possible, without fidu-
cial markers or reference to previously archived images.
Brain imaging protocols benefit from the increased position-
ing reliability enabled by AutoAlign and only in the case of
patient specific protocols is it necessary to retrieve archived
images. In this case the use of AutoAlign and Phoenix
together enable the correct imaging slices and protocols to
be quickly defined and rescanned.

[ Figure 8 ] Comparison of manual alignment by the technologist (A, C) and AutoAlign (B, D) in TSE images for initial
and follow up visit of tumor patient. Midline rotatio n errors reflected in the images on the left were caused by failure 
to adjust rotation in the acquisition plane (axial), wher eas this was automatically corrected by AutoAlign. On systems
where in-plane rotation is not possible, this can onl y be achieved by repositioning the patient. 

to over-ride the prescribed slices if desired, but naturally this
overrides the benefits of the AutoAlign feature and should
only be carried out if absolutely necessary e.g. if major surgery
or large pathological changes cause the AutoAlign proce-
dure to fail. Manually aligning the slices will disable AutoAlign
for that scan only … subsequent ones will continue to use the
feature unless it is actively turned off or the patient  is closed,
a new patient is registered, the patient table is moved or the
scanner is rebooted.
The atlas is … as of today … not designed for pediatric patients
or those with large areas of resected anatomy (however, it is
possible to include your own Atlas). Gross changes in patient
position during the scan session will also cause errors in sub-
sequent scan positioning and the AutoAlign localizer can be
rerun at any time during the study to correct for thi s, but
should not usually be required. Since no landmarks are used
in the alignment process of the slices to the Atlas, prescrib-
ing slices relative to specific anatomical landmarks in a single

A B C D



TECHNOLOGY
CLOVERLEAF

104 www.siemens.com/magnetom-world MAGNETOM FLASH1/2006

Subject movement during MR brain imaging accounts for a
substantial number of unusable scans in clinical and research
imaging. In particular, morphometric imaging studies suff er
from patient motion during the required long high-r esolu-
tion structural scans. We demonstrate a method using
embedded •cloverleafŽ navigators in a 3D FLASH scan to cor-
rect for rotations and translations with respect to al l three
axes (rigid body motions) of the head in real-time during
imaging. The method minimally impacts imaging time, as
each navigator occupies approximately 4 ms of the repeti-
tion time (TR), which is typically 20 ms. The navigator is
placed after the imaging readout in the sequence so as not
to affect the echo time (TE), and requires no additional RF
pulses. A short preliminary mapping scan is required after
which one or more imaging scans can be collected using the
same slice prescription. The navigators in each imaging scan
are compared with the map at every TR and the gradients are
adjusted in real-time to track any detected changes in the
subject•s position and orientation from one TR to the next. In

this way the integrity of the acquired k-space data is main-
tained despite the motion. When the scan is complete, the
image volume can be reconstructed by Fourier transfor-
mation as usual, without any additional post-processing,
although additional post-processing may further improve
the images. If multiple imaging scans are collected after a
single mapping scan, they will automatically be aligned with
one another.

Background
Various forms of motion correction during acquisition a re
available on the Siemens platform, and these are collectively
termed PACE (Prospective Acquisition CorrEction). 1D-PACE
uses a pencil-shaped volume that intersects the diaphragm
to track breathing and synchronize gating during cardiac
imaging. 2D-PACE is more robust as it uses a low-resolution
2D image rapidly acquired by means of a gradient echo
sequence, and this is most appropriately applied to abdomi-
nal imaging.

Structural MR Imaging with Real-Time
Prospective Rigid Body Motion Correction
using Cloverleaf Navigators
André van der Kouwe 1, Athinoula A. Martinos 1, Anders Dale 2

1Center for Biomedical Imaging,Massachusetts General Hospital and Harvard Medical School, Boston, USA
2Departments of Radiology and Neurosciences, University of California, San Diego, USA

[ Figure 1 ] Cloverleaf navigator path in k-space 
(the red path shows an example rotation used during
the mapping procedure). Axes correspond to phase,
readout and slice directions.

[ Figure 2 ] Gradients for cloverleaf navigator kernel
(total duration is 4.2 ms).



TECHNOLOGY
CLOVERLEAF

MAGNETOM FLASH1/2006 105

3D-PACE is a method for tracking head position in real-time
during functional imaging (fMRI) with echo planar imaging
(EPI) [1]. Since multiple volumes are collected in rapid suc-
cession, the first is selected as a reference and subsequent
volumes are registered with the reference in order to esti-
mate the position of the head in real-time. The detected
changes in position are fed back to the gradients so that the
position and orientation of each volume is adjusted during
acquisition to follow the head motion. This method use s the
EPI volumes already collected as part of the fMRI series, and
requires no additional navigators.
Researchers at the Mayo Clinic developed the concepts of
orbital and spherical navigators embedded in the sequence
to detect and correct for motion during imaging. Orbit al or
circular navigators can be used to detect rotations and trans-
lations within the plane of the navigator [2]. A combi nation
of three perpendicular circular navigators can be used to
detect rotations and translations in all three dimensions (rigid
body motion) [3]. An iterative correction process is neces-
sary for rotations in planes that do not coincide with  any of
the three circular navigators, and this may be time consum-
ing. Spherical navigators do not require this iterative process,
but each navigator takes relatively long to acquire [4].
A recently popularized approach to motion correction is
PROPELLER (Periodically Rotated Overlapping Parallel Lines
with Enhanced Reconstruction) [5], also called BLADE. In 2D
TSE with PROPELLER or BLADE, motion is only corrected with-
in the slice plane.
Methods to detect motion using external sensors have also
been proposed, including optical [7] and magnetic met hods
[8]. Since these methods require additional hardware to
track the motion and fiducials or other devices as reference
points, they are rarely used.

Materials and Methods
Our method combines the advantages of some of these
approaches by consolidating the navigator path into a single
continuous k-space trajectory that includes three perpendi-
cular arcs for estimating rotations and three perpendicular
traversals through the center of k-space for estimating trans-
lations. Combined with a short mapping sequence, this
enables a full 6 parameter rigid body position estimate to be
made every time the navigator is acquired, typically every
repetition time of 20 ms of a 3D FLASH sequence set up for
brain morphometry.
The navigator path in k-space is illustrated in Figure 1. The path
begins and ends at the center of k-space and is traversed in
approximately 4 ms. The gradients required to realize this
path are shown in Figure 2. The transition regions between
the arcs and straight lines are comprised of cubic and quartic
splines designed to be maximally gentle on the gradients.
The navigator building block is inserted in a 3D FLASH
sequence after every RF excitation, either before or after the
imaging readout and associated phase encoding gradients,
and before the spoiler gradient. Navigators inserted before
the readout are more reliable but increase TE for imaging,
whereas navigators after the readout result in noisier position
estimates but do not affect imaging TE. The sample data from
the navigator are analyzed by a process with real-time prior-
ity in order to feed back a rigid body correction that is applied
to the gradients in the next TR. The calculation itself is com-
pleted in a few milliseconds. Even though each navigator
may produce a slightly noisy motion estimate, the estimates
are made so frequently (for example at 50 Hz) that they can
be smoothed to provide robust tracking of motion. The user
has control over the feedback gain which is a parameter that
adjusts the compromise between smoothing high frequen cy
estimation noise and tracking rapid changes in position.

[ Figure 3 ] Plots generated
after mapping sequence showing
the measured error between
repeated navigators for two sepa-
rate maps. The plots and mean
square error (MSE) values indicate
the amount of subject motion 
that occurred during the 12 sec-
ond map. The 42 measurements
correspond with the 42 repeated
samples of the unrotated navi-
gator. Left: Plot for map with
motion. Right: Plot for map with-
out motion.
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correction during imaging, it is important that the subject
does not move during the map. To assist the scanner opera-
tor in determining whether there was motion during the
map, the mapping sequence generates a plot (see Figure 3)
that reflects the error between repeatedly sampled unrotated
navigators distributed throughout the map. This error should
be as low as possible, reflecting little subject motion.
During imaging, new navigators are compared with the map
to estimate translations and rotations and make corrections
to the gradients every TR. Translations are estimated from
the slope of the phase difference between the new naviga-
tor and the unrotated reference navigator measured across
the center of k-space in all three directions. Rotations are
estimated by finding the best fit between the new na vigator
and the rotated navigators in the map, interpolating if nec-
essary. These calculations can be completed in a few millisec-
onds. A display (Figure 4) is available on the scanner host
that shows the estimated head position in real-time during
scanning, and with a suitable projection setup this can be
displayed in the scanner to provide feedback to the subject.

Results and Discussion
We scanned two healthy volunteers on a Siemens 1.5T
MAGNETOM Sonata scanner. For each subject we collected
six high resolution 3D FLASH scans with cloverleaf navigators
(TR = 20 ms, 1.3 x 1 x 1.3 mm, Tacq = 7 min 45 s). The subjects
were instructed to move their heads deliberately and ran-
domly throughout all six scans. We activated motion correc-
tion during three of the scans, and left it uncorrecte d during
the remaining three scans. The scan order was randomized
and the subjects were blinded to the scan order. For each
subject, a single initial map was used for all three corrected

[ Figure 4 ] Online motion plot shows rigid body
motion (translations in and rotations about phase
encoding (P), readout (R) and slice encoding (S) direc-
tions) on a scrolling display during image acquisition.
The subject performed deliberate head movements
during this scan.

In order to reliably estimate motion, the algorithm req uires a
map of the region of k-space surrounding the cloverleaf nav-
igator on the surface of the sphere. This map is acquired dur-
ing a separate scan, lasting 12 s in the case of a typical 3D
FLASH protocol with TR of 20 ms. During this scan, the gradi-
ents are rotated through various angles about the prescribed
slab position to sample the k-space signature of the object in
various positions. Only a small range of angles need to be
tested, sufficient to cover the largest rotation that the sub-
ject might make in 20 ms, since the map is used to detect the
changes in position from one repetition to the next ra ther
than the absolute position of the subject. For reliable motion

[ Figure 5 ] Coronal
slices through six indi-
vidual volumes col-
lected motion without
motion correction (A,
B, C) and with motion
correction (D, E, F).

A B C

D E F
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[ Figure 6 ] Plot of estimated and corrected motion
performed by a volunteer during one of six test scans;
(top) translations, (bottom) rotations. •PŽ, •RŽ and •SŽ
denote phase, readout and slice encoding directions/
axes.

scans. The results were very similar for the two subjects. Fig-
ure 5 shows a coronal slice through each of the six volumes
acquired for the first subject. Figure 6 shows an estimate of
the motion during one of the corrected scans (the motion
was similar for the other scans).
The remaining motion artifacts can be reduced by averaging
the motion corrected scans. Figure 7 shows the average of the
three scans without motion correction, the average of the
three scans with motion correction and the k-space weighted
average of the three scans with motion correction. The
weighted average is calculated offline by weighting each line
of k-space in inverse proportion to the error between the
navigator acquired in the same TR and the reference naviga-
tor. This results in a sharper average image with almost no
remaining artifacts, but requires that raw k-space data be
stored during scanning and processed offline and is there-
fore not feasible for clinical use.

Conclusion
The cloverleaf navigator technique requires no external
hardware and corrects rotations and translations in all direc-
tions, rapidly and in real time. The method is fully imple-
mented as a prototype on the Siemens scanner in the 3D
FLASH sequence and produces corrected DICOM images
immediately after acquisition. Our results suggest that real-
time motion correction with cloverleaf navigators i s effective
in mitigating motion artifacts during MR imaging of su bjects
that move. The technique will be especially useful in mor-
phometric imaging of children, older subjects and patients
with movement disorders. In further work we intend to
incorporate cloverleaf navigators in other sequence types.

[ Figure 7 ] Average of 3 scans without motion cor-
rection (left), 3 scans with motion correction (middl e)
and 3 scans with motion correction and offline k-sp ace
weighting to improve sharpness (right).
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Introduction
Utilization of inhaled hyperpolarized helium ( 3He) as a phys-
iologically dynamic contrast agent has surmounted the tra-
ditional limitations of conventional proton MR ( 1HMR) in the
lungs. 3HeMR has expanded the field of pulmonary imaging
to include direct physiologic and anatomic informat ion, while
indirectly elucidating lung micro structural anatomy beyon d
the resolution of even high resolution CT (HRCT). Specifically,
this technique is uniquely sensitive to distal small airway dis-
ease, a pathology presently undetected by conventional clin-
ical evaluation (PFTs and HRCT). Importantly, this promising
new technique is capable of revealing both anatomic and
functional pulmonary information, on a regional basis.  

Current measures of lung disease 
and their limitations
In order to fully appreciate the potential of 3HeMR lung imag-
ing it is worthwhile to review the inadequacies of curre nt
clinical and imaging methodologies. Clinical assessment of
the patient with airway disease, and small airway disease in
particular, has relied on laboratory tests, such as Pulmonary
Function Tests (PFTs), HRCT, and physical findings, which are
often noncontributory. Ironically, perhaps the most relia ble
clinical metric is the patient•s symptomatology or activity lim-
itations, as the preceding tests are noteworthy for their nar-
row scope. 

Pulmonary Function Tests: Limitations
In spite of their limitations, PFTs remain the most commonly
used non-imaging method for assessing diffuse lung dis-
ease. Screening PFTs, supply only a global view of lung func-
tion, cannot localize regional abnormalities in what are of ten
•patchy• diseases, and may be relatively nonspecific in terms
of identifying an etiology for specific findings. Conventi onal
PFTs may not differentiate airflow obstruction due to loss of
elastic recoil, for example as may be seen with emphysema,
from destruction secondary to inflammatory thickening ,
mucus plugging, and scarring [1]. Despite these limitations,

PFTs are still considered the clinical •gold standard• for the
documentation of large airway dysfunction.
However, the relatively low sensitivity of PFTs in detecting
small airway disease is well recognized [2, 3]. Although a sig-
nificant source of symptomatology when diseased, small air-
ways contribute only a fraction of total airflow infor mation
revealed at standard PFTs; indeed, 75% of the airways are not
assessed with screening spirometry. The conducting airways
have a volume of approximately 150 ml, whereas the respi-
ratory zone of the lung, involved in gas transport and
exchange, has a total volume of approximately 3 liters [4].
Despite their small diameter, airflow resistance is less overall
in the small airways because of the summation effect of their
overwhelming number … only approximately 25% of overall
airway resistance is due to the small airways [5]. Most
importantly, the presence of large airway dysfunction obfus-
cates indicators of small airway disease at PFTs! Hence, PFTs
may miss significant physiologic and structural pathology, and
small airway disease may be masked, particularly if subtle or
heterogeneous in distribution. If small airway disease is sus-
pected, specialized studies, not in routine use, may be uti-
lized in an attempt to document these changes [2, 3, 6…13].
Those few specialized tests which may suggest the presence
of small airway dysfunction are of limited sensitivity and can
only be interpreted in the setting of normal spirometry.

Imaging of Airway Disease: Limitations
Chest Radiography (CXR) is extremely insensitive to small
airway disease [14]; only up to fourth generation norm al
bronchi can be seen at CXR [4, 5]. Only advanced bronchiec-
tasis is detected radiographically [15], and then with a sensi-
tivity far below that of CT. Bronchitis may be recognized by
thickening of the airway walls, but CXR plays virtually no role
in the evaluation of the more subtle small airway diseases,
such as bronchiolitis obliterans.
HRCT is regarded as the primary means of imaging the
patient with interstitial or small airway disease [14, 15]. Limi-

Hyperpolarized Helium Magnetic 
Resonance Lung Imaging
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tations to HRCT partially reflect the boundaries of its optimal
spatial resolution, at approximately 300…500 �m (0.3…0.5
mm). This resolution allows imaging of airways to approxi-
mately 9th order bronchi, but peripheral or small airway s,
generally defined as less than 2 to 3 mm in diameter [5, 16]
are not usually visible when normal. The thickness of a nor-
mal terminal bronchiole wall is approximately 0.1 mm,
below the resolution of HRCT [16]; bronchi less than 2 mm in
diameter may be visible if the wall of the airway is thickened.
A significant further limitation is that HRCT provides mor-
phologic, but not physiologic, information. Inferred  •physio-
logic• HRCT information is based on the indirect but visible
effects of airway disease on subtended lung parenchyma,
assessed primarily through inspiratory and expiratory imag-
ing [17…23], which may confirm the presence of air trapping,
an inferential sign of small airway disease.

3HeMR 
The clinical advantages of 3HeMR are apparent; it is a safe,
non-invasive technique which does not expose the patient
to ionizing radiation. At the same time it expands the scope
of data to integrate both morphologic and functional data,
and is emerging as a robust technique, more readily able to
supply quantitative metrics.

3HeMR Technical Overview
There are several reasons for the very few practical applica-
tions of proton imaging of the lungs. First, the presence of air
reduces average water (and proton) content and hence sig-
nal-to-noise ratio (SNR). Second, susceptibility differences
between airspaces (with susceptibility ~0) and diamagnetic
tissue reduce both T2, through diffusion effects, and T2*.
Finally, the airspaces themselves cannot be visualized directly
since the concentration of water vapor in air is too low to
give sufficient signal. 
The alternative to 1HMR is to form images of inhaled noble
gases such as 3He and 129Xe [24]. Conventional MR of gases
would be unsuccessful since the concentration of nuclei is
far too low to provide sufficient signal. However, the se noble
gases can be •hyperpolarized• by optical pumping and spin
exchange [25]. Polarization measures the fraction of nuclei
that become aligned with the static field and are the refore
available to generate signal. In liquids, such as water, polar-
ization is only about 1 in 105 but can be as great as 50% in
hyperpolarized gases. This polarization increase more than
compensates for the low density of the gas. Moreover, polar-
ization can be maintained for several hours if the gas is
stored properly (i.e., T1 is hours long). Finally, T2* is about
36 ms for hyperpolarized gases [26], while T2* for 1H is around

1 ms [27]. In addition to providing high signal, hy perpolarized
noble gases are chemically inert and non-radioactive and
hence safely used as inhaled MR contrast agents to form
images of lung air spaces. Of the two gases that can be
hyperpolarized, 3He is preferable for imaging the lungs since
higher levels of polarization are possible, a higher SNR is pro-
duced due to its relatively higher gyromagnetic ratio [28],
and because 129Xe, when absorbed into blood, confounds
the clean depiction of airspaces, and acts as a central nerv-
ous system depressant.

3HeMR Technical Constraints 
Although hyperpolarized gas can provide superb SNR there
are several constraints imposed by the unique nature of
3HeMR. Because 3He does not exist in an equilibrium state,
unlike conventional MR where excited nuclei re-polarize
after excitation, hyperpolarization once lost, cannot be
restored. Each MR excitation thus depletes available magne-

[ Figure 1 ] Coronal 3HeMR ventilation and HRCT images
in a 34-year-old firefighter with dyspnea and cough. 
(A) 3HeMR shows large wedge shaped ventilation defects.
(B) Corresponding coronal HRCT is normal.
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tization irreversibly. Furthermore, although T1 is long in iso-
lation, it is much reduced when the gas comes into contact
with strongly paramagnetic oxygen. Thus, a limited time is
available for imaging once the gas has been inhaled. Low flip
angle gradient-echo sequences have been preferred since
these convert only a small fraction of the hyperpolarized
magnetization to signal at each excitation. But even in this
case increasing the number of excitations does not guaran-
tee SNR enhancement. Additional issues relate to the cost
and limited production of hyperpolarized 3He (a single polar-
izer can generate gas for 3 imaging series), and hardware
requirements including coil design and broadband modifica-
tion to the scanner.

3HeMR Clinical Applications
The range of available techniques include: 
1. static ventilation imaging demonstrating lung anatomy

and from which the volume of ventilated and non-vent i-
lated lung can be calculated; 

2. diffusion imaging which reveals small airway and airspace
size and configuration; 

3. dynamic ventilation imaging which depicts gas delivery to
the airways and lung parenchyma over the course of the
respiratory cycle; and 

4. oxygen partial pressure imaging which indirectly indicates
oxygen uptake by the pulmonary circulation, opening the
window further into gas exchange and lung physiology.

Ventilation Imaging
The simplest examination is a ventilation scan where the
subject inhales the gas and is imaged by a conventional gra-
dient echo sequence. In normal subjects, uniform distribu-
tion of 3He is found within the airspaces and airways; blood
vessels and interlobar fissures are visualized as linear signal
deficits [29, 30]. Signal voids occur within the lung
parenchyma due to airway diseases blocking passage of the
gas. Extensive parenchymal defects are seen in patients with
chronic obstructive pulmonary disease (COPD) and emphy-
sema [29, 31], but may occur whenever there is endo-
bronchial obstruction or extrinsic compression of the air-
ways {Kauczor, 1997 #68}.
Donnelly et al. {Donnelly, 1999 #45} found ventilation
defects due to airway disease in cystic fibrosis patients to
correlate well with PFT results. More recently Zaporozhan et
al. found 3HeMR to correlate closely to PFTs in assessing ven-
tilated lung volumes in emphysema, surpassing CT in this
regard. In fact, 3HeMR appears to be exquisitely sensitive to
disease of small and medium airways, based on the signal
inhomogeneities seen not only in asthmatics [32] but a lso in

asymptomatic smokers [33, 34]. Kauzor et al. further refined
the approach by analyzing defect morphology. These investi-
gators conclude that wedge-shaped defects reflect inspira-
tory bronchial obstruction, such as that seen in acute and
chronic bronchial infection, whereas a patchy pattern
reflects bronchiolar disease, including respiratory bronchioli-
tis [29]. Correlation has also been demonstrated between
the size of ventilation defects on 3HeMR scans and clinical
assessment of bronchiolitis obliterans syndrome in lung
transplantation rejection [35, 36]. Using this pattern analysis
3HeMR attempts to define a measure of pathophysiologic
specificity. Recently a comparison of 3HeMR and HRCT find-
ings in this setting reported that many ventilation defects
occur in regions without HRCT abnormalities. Over half of
these were seen in patients with a clinical diagnosis of chron-
ic graft rejection, suggesting that 3HeMR imaging may be
more sensitive than CT for early changes of bronchiolitis
obliterans and lung transplant rejection {Gast, 2002 #382}.
Quantitative methods of measuring the extent and severity
of disease are required both for mild disease, where changes
may be subtle, and for serial studies. Utilizing a combination
of proton spin-echo imaging to calculate the thoracic cavity
volume, and 3HeMR ventilation images to calculate the ven-
tilated and non-ventilated lung volumes, Woodhouse et al.
determined the percentage of ventilated lung [34]. Although
this requires manual segmentation of the lungs on the pro-
ton images, Woodhouse et al. found remarkably consistent
results with ventilated lung volumes of 90.0 ± 3.1 % (mean ±
SD) in non-smokers [34]. Zaporozhan et al. determined ven-
tilated lung split volume measures after single lung trans-
plantation, at 3HeMR, comparing them to PFTs as the gold
standard [37]. HRCT served as a reference modality for deter-
mining air filled lung volumes, and correlated well wi th total
lung capacity (TLC). However, 3HeMR was superior to CT in
its ability to demonstrate ventilated lung in patients with
emphysema, demonstrating a stronger correlation to vital
capacity (VC) [37]. 

Diffusion Imaging: Assessment of Lung Micromorpholo gy
Measurements of 3He diffusion offer unique insights into
lung micromorphology. Diffusion measurement was one  of
the earliest applications of NMR, used to investigate the self-
diffusion of water in colloids [38]. Similar technique s have
more recently been incorporated into MR imaging, most
notably in the 1HMR assessment of acute stroke [39]. Diffu-
sion weighting is incorporated into the sequence by adding
bipolar pulses [40]. Nuclei that move during the app lication
of these pulses lose coherence and signal decreases. By com-
paring images acquired both with and without diffusi on
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weighting, the diffusion coefficient can be calculated. Th ese
techniques may also be applied to measure diffusion of 3He
in the lungs. 
3He has a large diffusion coefficient, D (2 cm2 s-1) [41] and, if
unrestricted, would move several millimeters over the ~5 ms
echo time of a typical MR acquisition. Since this distance is
much greater than the dimensions of microscopic lung struc-
tures, diffusion is impeded by airway and alveolar walls. The
parameter measured is then called the apparent diffusion coef-
ficient (ADC) to distinguish it from the true diffusion coef fi-
cient measured in bulk fluids. The ADC reflects the size of the
airways and airspaces: when these are large, diffusion will be
relatively free and the ADC will be high; when small, diffu-
sion will be restricted and ADC will be low. ADC measure-
ments thus provide a non-invasive method of demonstrating
abnormalities in airway and airspace size. 3He ADC measure-
ments in a rat model of histologically confirmed emphy sema
have shown enlargements in alveoli of ~20 �m [42].
3He ADCs are relatively uniform in normal human subjects
[43]. However, histograms show that both the mean and
standard deviation of ADC values increase after age 55 to 60,
consistent with increases in alveolar size accompanying
gradual loss of interstitial tissue [43]. Smaller airspaces
detected in posterior lung regions of supine subjects are
attributed to transient dependent atelectasis, often seen in
the posterior lungs of patients at CT imaging [44]. The mean
and standard deviation of ADC histograms increases markedly
both in COPD [41] and emphysema [44], reflecting increased
alveolar size accompanying airspace wall destruction. A

recent report suggests that 3He diffusion imaging may be
sensitive to early, sub clinical changes of emphysema, even
in patients without evidence of emphysema at HRCT [45]. In
this study of 10 healthy smokers with normal HRCTs, mean
ADC values were increased compared to non-smokers,
though less than those of patients with proved emphysema.
In fact, ADC imaging may be more sensitive than spirometry;
9 of the 10 had normal or near normal spirometry [45]. Fe a-
tures of lung microstructure are further elucidated capitaliz-
ing on the anisotropic diffusion characteristics of helium in
distal airways [46]. A relationship between the distal airway
radius and the transverse diffusion rate can be determined.
In patients with severe emphysema transverse ADC is elevat-
ed compared to normal subjects, and is felt to be consistent
with an increase in the mean airway radius by these investi-
gators [46]. Preliminary data supports that ADC values are
reproducible. Morbach et al. compared ADC measures, both
global and in specific regions of interest (ROIs) in subjects
with and without emphysema [47], at two different po ints in
time and found ADC values to vary only 5% and 6%, respec-
tively. The larger ADC variation in emphysema patients was
attributed to inhomogenity of the ADC map in this patchy
disease.

3HeMR Clinical Application: Inhalational Injury in F irefight-
ers Post 9…11
The World Trade Center (WTC) destruction on 9/11/01 result-
ed in unprecedented pulmonary injuries to those 10,993 Fire
Department of New York (FDNY) firefighters (FFs) that sur-
vived the heroic efforts to save lives and recover remains at
this brutal act of terrorism.
The collapse pulverized the concrete, steel, plumbing,
wiring, and other building materials from each 110 s tory tow-
er, as well as furniture, carpeting, computers, and personal
items. The smoke/dust burden was so high at and after the
collapse of the WTC towers that the sheer airborne mass
concentration of small particles alone (below the 2.5  �m
diameter range conventionally considered •respirable•) at the
WTC was likely sufficient to injure the tracheobronchial tree;
in this unique exposure an unnaturally large percentage of
highly alkaline and irritating larger particles were also
inhaled. Additionally, the arduous rescue and recovery activ-
ities performed by the FFs strongly favored strenuous mouth
breathing, overwhelming or impairing the natural clearance
mechanism of nasal breathing. This allowed deep particle
matter (PM) penetration into the lungs of FFs performing
heavy labor on site [48], as confirmed by their recovery at
bronchoalveolar lavage and sputum induction [49]. Except
for limited use of self-contained breathing apparatuses, which

[ Figure 2 ] Mean ADC = 0.1951 Std, Dev = 0.0533
(Normal ADC = 0.2284 Std, Dev = 0.0853). Isolated
Small Airway Disease Occult to PFTs, 37-year-old male
with normal PFTs and persistent symptoms of dyspnea,
as well as hyperreacitve airways. Mean ADC is
decreased (compare to normal values provided). This 
is indicative of small airway constriction, beyond the
sensitivity of spirometric assessment.
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[ Figure 3 ] Volumetric 3D reconstruction from inspiratory CT (A) and (B) 3HeMR Ventilation scan in a 33-year-old
firefighter with pain, cough and dyspnea. Pulmonary f unction tests indicate mildly increased airway resistance and
heterogeneity of ventilation, suggesting obstructive d ysfunction, primarily due to peripheral airway abnormality. (A)
CT demonstrates normal lung parenchyma while (B) 3HeMR demonstrates small peripheral ventilation defects
(arrows). The mean ADC was decreased in this firefighter consistent with small airway narrowing.
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supply only 8…15 minutes of air, respiratory protection was
generally not used during the period of the attack and col-
lapse of the WTC [50…52]. 
Respiratory exposure was mainly due, therefore, to the
unusually intense inhalation and deposition of airborne PM
in both central and peripheral (distal) airways. It is accepted
that the size, mechanical, and chemical properties [53] of
the PM could damage both the large and small airways in FFs.
Over the past 4 years two prevailing and debilitating chronic
injuries have emerged in exposed firefighters (FFs): (1) air-
way hyperreactivity (new onset asthma or reactive airway
dysfunction syndrome (RADS), and (2) an accelerated decline
in pulmonary function tests (PFTs) suggesting chronic airway
remodeling with obstruction. The injury is rampant in t he
FDNY; approximately 450 FFs have been forced to take early
disability retirement because of persistent respiratory condi-
tions, and additional 50…100 FFs are projected to be put on
disability retirement because of post-9/11 respiratory disease.
We are currently engaged in a study to assess the long-term
consequences of this inhalational exposure using 3HeMR.
Importantly, HRCT scans in these subjects, including routine
inspiratory/expiratory scans, (obtained as part of the Center
for Disease Control (CDC) sponsored Medical Monitoring for
NYC Fire Personnel Engaged in Emergency Response to 9/11)
for have been insensitive to this injury (Figures 3A and 4A).

State of the Art: Pushing 
the 3HeMR Envelope
Several issues have impeded the widespread exploitation of
the capabilities of 3HeMR in lung imaging, including: (1) the
quantity of gas necessary for each examination; (2) the

[ Figure 4 ] 3D reconstruction (A) and axial image (B) from inspiratory CT. 3D reconstruction (C) and axial (D) 
from the original and follow-up (E) and (F) coronal 3HeMR ventilation scans in a firefighter with dyspnea and cough. 
(He was 34 years old originally, age 37 at follow up) PFTs indicate severe large airway obstructive dysfunction, air
trapping, and heterogeneous ventilation. (A and B) CT demonstrates normal lung parenchyma. (C and D) 3HeMR
demonstrates large segmental ventilation defects. (E and F) follow-up scans 2.5 years after the initial study demon-
strate persistent ventilatory defects which appear dimin ished in size. 

4E 4F

speed of the examination; and (3) the lack of metrics to
define abnormalities. 
The creation and application of a multi-channel 3He coil (Fig.
5) at our institution [54, 55] has enabled implementat ion of
Parallel Imaging for the first time in 3HeMR. Multiple channel
coils have particular advantages for hyperpolarized gas
imaging. First is the inherent advantage of phased array coils
in improving SNR. This is particularly important since hyper-
polarized gases provide only a finite source of signal so that
averaging does not improve SNR. Second, lung images must
be acquired in a single breath-hold (or, in the case of dynamic
imaging, during a single inspiration/exhalation cycle). Parallel
Imaging with a multi-channel coil therefore increas es the spa-
tial resolution that can be obtained within this limite d time. 
The most important limitation of Parallel Imaging … loss of
SNR … does not apply in hyperpolarized gas imaging. In all
imaging, each phase encoding step acts as a kind of average.
Parallel Imaging, by reducing the number of phase encoding
steps, reduces SNR in conventional, thermally polarized
imaging. In nonequilibrium systems such as 3He, optimizing
the flip angle can preserve the SNR without a time penalty. 
On the other hand, hyperpolarized gas imaging draws signal
from a fixed pool of polarization that does not recov er. If the
number of phase encoding steps is decreased, flip angles can
be increased commensurately to make full use of that fixed
pool. In addition, because the polarization decays with a T1
of tens of seconds, reducing imaging time by Parallel Imag-
ing actually increases SNR. 
Human images confirmed that there is no loss in SNR in Par-
allel Imaging of hyperpolarized 3HeMR. Each image in Fig. 6
was acquired from a human volunteer after inhalatio n of 1
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New Paradigms in MR
Dr. Elizabeth Hecht, New York University (NYU), USA stressed
the importance of iPAT (integrated Parallel Acquisition Tech-
nique) and its use particularly in abdominal imaging. With the
help of the parallel imaging techniques and the MAGNETOM
Avanto, the protocols with 256 matrix have changed to 512
matrix and this within a shorter breath-hold time. Fast imaging
with iPAT results for VIBE and 2D FLASH were impressive. A
new approach to fast liver imaging was introduced with three-
phase arterial imaging including early arterial, mid-arterial and
late arterial phase (Figure 1) which is believed to help diagnose
early enhancing lesions more easily. Homogenous and con-
sistent fat saturation improved the image quality o f TSE fat sat
imaging and now NYU prefers to use T2 fat sat instead of Tur-
boSTIR imaging in the abdomen. Dr. Hecht also mentioned the
improvements in evaluation of organ function like live r and
kidney. Another topic was the use of diffusion imaging in eval-
uation of liver malignancies. Improved MR Cholangiopancre-
atography (MRCP) was also a significant help in routine abdom-
inal scanning. Pelvic imaging has also seen a significant
improvement thanks to the iPATx2. Peripheral MRA examina-
tions have been easier to perform with better diagnostic
quality due to less venous contamination. A recent approach
is also the non-contrast ECG triggered HASTE MR angiogra-
phy (MRA) which looks promising as it also provides the abil-
ity to perform MRA without any intravenous contrast infu-

sion. Whole body imaging with Tim (Total imaging matrix) has
also opened the possibility of staging tumors on a reliable basis.
VIBE Volume Interpolated Breathhold Examination
FLASH Fast Low Angle Shot

Dr. Schlemmer, Eberhard-Karls-University in Tübingen, Ger-
many talked about new protocols and methods with the  1.5T
MAGNETOM Avanto. He also focused on the tremendous
increase of speed in MR examinations with the help of iPAT
parallel imaging techniques and also the use of SPACE imag-
ing in routine scanning. An interesting perspective from 
Dr. Schlemmer was on disease-specific imaging techniques
rather than organ imaging. An example is the MRI of the rec-
tal cancer which includes abdomen-pelvic imaging, MRCP,
colonography and liver imaging in addition to rectal imagin g.
Lung imaging is also showing strong advancements with the
new imaging techniques and today nodules of 5…7 mm can
be detected with the help of MRI. Furthermore, MRI has the
advantage of showing the bone marrow, soft tissue and
lymph nodes (Figure 2). Diffusion imaging in the body is also
a new possibility in imaging of the malignancies. 
Screening for cardiovascular pathologies, neuro and tumor
are becoming quite popular using the MAGNETOM Avanto
and Tim at Tübingen University.

SPACE Sampling Perfection with Application optimized Contrasts using 
different flip angle Evolutions

A Glimpse of the Wide Range of 
Presentations Given at the 4 th MAGNETOM
World Summit
A. Nejat Bengi, M.D.

Siemens Medical Solutions, Erlangen, Germany

[ Figure 1 ] VIBE with iPATx2 showing multiple arterial phases in liver imaging.
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One of the greatest advantages of parallel imaging tech-
niques is the improvement it has brought to MR angiography
(MRA) techniques. Dr. Schönberg, Ludwig-Maximilians-Uni-
versity Großhadern, Germany, a worldwide known expert in
this area, summarized the advantages of paradigm shift
brought about by iPAT (integrated Parallel Acquisition Tech-
nique) as follows. First and foremost, the arrival of isotropic
imaging rather than the previously used anisotropic tech-
niques. In evaluation of stenosis of vessels it is now possible
to evaluate the 2 dimensions and give area stenosis informa-
tion rather than the one dimensional diameter stenos is
measured in the past. Static MRA has already become
dynamic MRA thanks to faster imaging. Now you can obtain
morphology and functional information in one exam and o f
course local examinations are changing into whole body
exams.
Margaret King, Wake Radiology, Raleigh MRI Center, USA
classified the advantages and the new examination tech-
niques of MAGNETOM Avanto under three categories: Inline
technologies, workflow improvements and software/ha rd-
ware improvements. Her personal favorite technique is
Phoenix which allows protocol exchange by use of images. 
The Asian perspective of MAGNETOM Trio was presented by
Mr. Wong, Siemens Medical Solutions application specialist.
His talk started with the physical limitations of t he three Tesla
systems and completed by the solutions provided by Siemens
in making 3T a completely clinical system. He showed vari-
ous examples including whole-body imaging. The prostate
examination results were extremely striking in terms of
image quality and clinical usefulness.
Dr. Schlemmer•s second talk in the MAGNETOM World Sum-
mit referred to the improvements with 3T systems. Having
the opportunity to be able to use both a MAGNETOM Avanto
and a MAGNETOM Trio, A Tim System, he first of all high-
lighted the maximum speed factor of 16 with MAGNETOM
Trio compared to MAGNETOM Avanto. His talk included
many examples of improved spatial and temporal resolution
in imaging with large Fields of View (Figure 3). This has natu-
rally resulted in improved image quality in every part of the
body. Improved contrast-to-noise ratio (CNR) affected the
MRA examinations the most. Another practical advantage of
the MAGNETOM Trio, A Tim System is that it helps increase the
patient throughput which is a direct result of decr eased exam-
ination time with better temporal resolution due to hi gh field
strength and parallel imaging techniques combination.
Dr. Andrew Litt, New York University began his talk by men-
tioning the natural outcome of 3T and the way it comp en-
sates the loss of signal with parallel imaging techniques.
There again, the use of parallel imaging techniques helps

[ Figure 2 ] Lung imaging with MRI has shown
significant improvements and is comparable to CT
(A) in lesions ranging in size from 5 to 7 mm.

[ Figure 3 ] Isotropic high-resolution whole spine
imaging with MAGNETOM Trio, A Tim System.

A B

BA
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[ Figure 4 ] Eradication of susceptibility artifacts
by increased PAT factor. 

[ Figure 5 ] MAGNETOM Espree with its large bore 
of 70 cm allows the examination of obese patients. 
T2-weighted cervical spine imaging of an obese patient
around 210 kg (463 pounds). 

[ Figure 6 ] Cervical
spine examination with
MAGNETOM C! 0.35T 
is comparable to 1.5T in
image quality.
(A) 1,5T
(B) 0,35T

[ Figure 8 ] One of 
the great advantages of 
the upgraded MAGNETOM 
Symphony, A Tim System 
is the improved image 
quality of EPI imaging.
(A) Before the upgrade.
1.7 x 1.7 x 6.0 mm3

(B) After the upgrade 
1.1 x 1.1 x 6.0 mm3

A B

A B
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reduce the susceptibility artifacts seen in 3T (Figure 4). So it
is a perfect combination. His team has tried different tech-
niques to compensate for the T1 contrast challenge with 3T.
Recently the T1 FLAIR, a dark fluid technique seemed to be
providing good answers to this requirement. Like other
speakers he stressed on the use of 3T and its great advan-
tages in MRA.   
With regard to advanced techniques, he mentioned that MR
spectroscopy (MRS) of the spinal cord and spinal cord tractog-
raphy were new possible techniques with the MAGNETOM
Avanto.

New Dimensions in MR
After Dr. Cécile Mohr (Siemens Medical Solutions, Head of
MR Market Segment Management, Erlangen, Germany)
introduced the new MAGNETOM Espree and MAGNETOM C!
systems, Dr. Lentschig from MR Zentrum Bremen Mitte, Ger-
many talked about his experiences with the MAGNETOM
Espree and showed clinical results from head to toe, proving
that MAGNETOM Espree is an excellent 1.5T system. This
Open Bore system - a combination of a large CT-like 70 cm
bore diameter and very short system length of 125 cm … is a
perfect choice for claustrophobic and very large patients
(Figure 5) showing excellent clinical performance. The 1.5T
field strength allows advanced applications such as MR spec-
troscopy, functional imaging, cardiac imaging, whole-bod y
imaging and other advanced applications.  
Dr. Chip Kyle, Cleveland Community Hospital, USA gave a
detailed presentation showing the surprisingly advanced
clinical imaging results from the mid-field MAGNETOM C!
(0.35T) which were comparable to high-field (1.5T) image
results (Figure 6). 
New dimensions in productivity went one stage further with
the results that Dr. Cortes Domingues from Multi-Imagem
Clinic, Ipanema, Brazil showed from his routine schedule in
Rio de Janeiro. With his MAGNETOM Symphony with Quan-
tum gradient system in 2004 he performed a total of 13,624
examinations with a record number of patients of 1,298 in
the month of July. His private imaging center is open from
6:30 A.M. to 11:30 P.M. every day of the week except Sun-
days. He has preferred examining difficult cases which
require advanced applications with the new MAGNETOM
Avanto. His maximum number of patients per day has been
49 and in August 2005 he was able to examine a total num-
ber of 905 patients in a single month (Figure 7).
Dr. Fellner, Allgemeines Krankenhaus in Linz, Austria showed
the new dimension of MAGNETOM Symphony, A Tim System
which is the upgraded version with Tim (Total imaging
matrix) capabilities. He said that he had seen an overall

increase in image quality and also overall decreased exami-
nation times. Referring specifically to the coil system, e.g.
the Matrix Coils, he mentioned the reduction in measure-
ment times, improved quality of the Echo Planar Imaging
(EPI) sequences (Figure 8) and higher spatial resolution with
the new 12 channel Head Matrix coil. He also said that the
body examinations with the new Matrix coils and the knee
examination with the 8 channel knee coil had shown dra-
matic improvements. Contrast enhanced MR Angiography
(ceMRA) examinations especially showed remarkable im-
provement with the new upgrade.

New Horizons in MR
Dr. Walter, Johann-Wolfgang-Goethe University, Frankfurt/
Main, Germany, was the first speaker in the session titled
•New horizons in MRŽ and gave a highly interesting talk
about neuroeconomics and the use of functional MR imag-
ing (fMRI) in this area. At the beginning of his talk he cited
Vernon Smith, Nobel Prize winner of economics in 2002,
who said •The new brain imaging technologies have moti-
vated neuroeconomic studies of the internal order of t he
mindƒWe are only at the beginning of this enterprise but  it
promises a fundamental change in how we think, observe
and model decision in all its contextŽ. He gave examples of
the use of fMRI in defining the neural correlates of behav-
ioral preference for culturally familiar drinks like the  choice of
Pepsi or Coke or between different coffee brands. Another
topic he mentioned was the use of fMRI to analyze the reward
magnitude. 

[ Figure 7 ] Using the MAGNETOM Avanto, Dr. Cortes
Domingues had the possibility to examine 905 patient s 
in one month. 3 other magnets are available in his 
clinic and MAGNETOM Avanto is only used for the most
advanced examinations. 
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[ Figure 9 ] MAGNETOM Trio, A Tim System allows 
3D acquisitions with speed enhancements of factor 
16 thanks to GRAPPA.

[ Figure 10 ]  Neuro3D task card will allow the fused
display of structural, DTI and fmRI data.

[ Figure 11 ] Whole-body MRI screening including angiography of a 70-year-old patient with type 2 diabetes since
15 years shows enhanced white matter lesions, silent inferior wall infarct. There were no signs of osteomyel itis. 
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Dr. Berthold Kiefer, MR Development of Clinical Applications
(Erlangen, Germany), talked about the recent developments
and future perspectives of the development group in Erlan-
gen. His clear message was the paradigm change from 2D to
3D and he explained the strategies behind to speed up the
acquisition times of 3D volumes (Figure 9) 
Dr. Krüger, MR Development of Advanced Neuro Applica-
tions (Erlangen, Germany) showed the future development
directions in functional MRI. Improved fMRI statistics with
inline GLM (General Linear Model) calculations is one such
direction. Another development will be the enhanced vi sual-
ization with the Neuro3D task card, such as fMRI cine mode
analysis. In diffusion-weighted imaging, diffusion is dir ected
in more than 12 directions and the capability to define these
directions by the user will be the major improvements. Inline
reconstruction of diffusion tensor data will be a workflow
oriented development. Diffusion tensor visualization in a
Neuro3D task card will allow fusion of anatomical informa-
tion and DTI and also fMRI and DTI (Figure 10). There will also
be improvements in the segmented EPI sequence. From the
anatomical imaging side 3D isotropic sequences and SWI
(Susceptibility-weighted imaging) will be the major near
future developments.
Dr. Jeff Bundy, director of the US Research and Development
group, showed the clinical developments• future from his
perspective. He presented a wide range of topics varying
from 7T to Molecular Imaging. The IMRIS solution for intra-
operative MR with a scanner mounted to the ceiling and
moving around according to the requirements of the ope ra-
tion room and the imaging clinic was an interesting concept.
Dr. Cécile Mohr, head of MR Market Segment Management
in Erlangen, Germany presented the application leadership
of Siemens MR with impressive image examples for integrat-
ed Parallel Imaging Technique, SPACE, SWI, motion insensi-
tive techniques like BLADE and PACE (Prospective Acquisition
CorrEction), integration for more efficient workflow , the
move of MRI from organ imaging to disease imaging and
also recent developments in molecular imaging.
Dr. Schönberg, Ludwig-Maximilians University, Großhadern,
Germany, made an excellent presentation showing the use
of MR in diabetics where there is a substantially higher inci-
dence of macro- and microvascular diseases. Early diagnosis
of the disease and the complications at an early phase will
open the way for prevention of complications. He stated that
MAGNETOM Avanto and MAGNETOM Trio, A Tim System
allow disease specific whole-body protocols with no com-
promises in spatial or temporal resolution (Figure 11). 
Mark Lourensz, St. Vincent•s Hospital Melbourne, Australia

showed clinical examples of the use of Tim (Total imaging
matrix) for whole-body imaging. He said that the indications
for whole-body imaging were metastasis screening (Figure
12), diagnosis of vascular malformations, sarcoma staging,
muscle injuries or myopathy and systemic diseases. The cost

[ Figure 12 ] Whole-body MRI shows lesions in the
knee of a patient with metastatic melanoma. More
detailed examination of other slices showed other
lesions in the pelvis and hips.
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[ Figure 13 ]  MRS can be used for follow-up of chemotherapy. The changes in choline 
signal after each treatment showed the effectiveness of the used chemotherapy.

13A 13B

13C 13D

13E 13F

[ 13A ] 43-year-old
patient. Palpation of a
suspect node. Mammo-
graphy, ultrasound and
biopsy were performed.
The spectrum shows an
elevated choline peak
(integral 17.1).

[ 13B ] MRS scan 
after the first cycle of
chemotherapy: The spec-
trum shows no changes
of choline (integral 17.0).

[ 13C ] MRS follow-up
scan after the 2nd cycle 
of chemotherapy. The
choline signal decreased
to an integral of 11.3.

[ 13D ] MRS follow-up
scan after the 3rd cycle 
of chemotherapy. The
choline signal is still ele-
vated (integral 9.03).

[ 13E ] MRS follow-up
scan after the 4th cycle 
of chemotherapy. The
choline signal still shows
an integral of 5.79.

[ 13F ] MRS follow-up
scan after the 5th cycle 
of chemotherapy. 
The choline signal is
decreased to an integral 
of 5.32.

Before chemotherapy After 1 st chemotherapy

After 2 nd chemotherapy After 3 rd chemotherapy

After 4 th chemotherapy After 5 th chemotherapy
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effective combination of Tim and iPAT (integrated Parallel
Acquistion Technique) proved to be more sensitive than
nuclear medicine. 
Dr. Porter, First Hill Imaging, Seattle, USA, gave a detailed
explanation of the indications for breast MR and provided
clinical examples showing the use of VIEWS technique. He
said that bilateral examination is extremely important  and
should always be the method of choice so that contralateral
tumor can be excluded. He also gave examples of the post-
processing technique showing slices pivoting around the
nipple which he refers to as •RADIANTŽ. He also stressed the
use of computer aided diagnosis (CAD) in breast MR which
will help workflow and also a more reliable diagnosis of
lesions combining various parameters. He concluded by say-
ing that MR is a powerful tool for breast diagnosis and a nec-
essary adjunct to mammography, ultrasound and breast
exam. His current equipment MAGNETOM Avanto allows
assessment of morphology and kinetics. MR is also having an
increasing impact in diagnosis, staging and management of
breast cancer. 
Dr. Vogl, Johann-Wolfgang-Goethe-University Frankfurt/Main,
Germany, showed the use of MR spectroscopy in diagnosis
of breast diseases. He presented clinical examples of the use
of single voxel WIP sequence he uses in his clinic. He added
that MR spectroscopy could be an extremely useful tool in
predicting response to chemotherapy (Figure 13). Dr. Ichiba,
Jikei University School of Medicine, Tokyo, Japan, is one of
the leaders in Japan in the use of whole-body diffusion-
weighted imaging (DWI). He showed his recent experience
of DWI combined with PACE (Prospective Acquisition CorrEc-
tion) in diagnosis of abdominal pathologies where respira-

[ Figure 14 ] DWI with PACE is affected less 
by respiratory artifacts which allows diagnosis of 
more lesions in the abdomen.
A = Free Breathing, B = Respiratory Triggered, C = PACE

13G tion artifacts can be problematic. The image quality of diffu-
sion-weighted imaging has been dramatically improved with
the use of iPAT and PACE (Figure 14) according to Dr. Ichiba.
Another important remark was that the use of •body diffu-
sionŽ is useful both in detection of malignant tumor and
characterization of mass lesion.
Dr. Lichy, Eberhard-Karls-University Tübingen, Germany,
talked about whole-body MRI in patients with advanced
malignant melanoma. He said that whole-body MRI is feasi-
ble in clinical routine and even in lung imaging it is reaching
the standards of high-resolution CT.
Dr. Bruce Porter's second talk at the Summit was whole-body
breast cancer staging. According to his experience whole-
body MR can less invasively improve staging of breast cancer,
thereby saving cost and reducing morbidity. He also added
that MR can be used for follow-up of chemotherapy. He said
that he was certain that the future of cancer staging was
whole-body MR.
Dr. Trost, St. Vincent•s Hospital, Melbourne, Australia, pre-
sented his results using the SPACE sequence for different
contrasts like T2, Dark Fluid and T1. The SPACE sequence
(Sampling Perfection with Application optimized Contrasts

[ 13G ] MRS follow-up scan after the 6th cycle of
chemotherapy. There is still a choline signal visible
(integral 0.46).

After 6 th chemotherapy

A

B

C
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[ Figure 15 ] Isotropic images from SPACE 3D allows reformats in any orientation without any loss of information.
T2 SPACE sagittal acquisition with voxel size of 0.9 x 0.9 x 0.9 mm3 and axial (B) and coronal (A) reformats.

[ Figure 16 ] Tag persistence
improves with longer T1 values 
and lower flip angles. Tissue 
T1 is longer at 3T compared 
to 1.5T as a result tag persist-
ence improves with 3T.

[ Figure 17 ] Single breath-hold multi-slice
late enhancement at 3T showing a posterior
infarct. PSIR single shot TrueFISP without TI 
optimization.

[ Figure 18 ] Prototype
of MR PET system devel-
oped by Siemens Med-
ical Solutions, Erlangen,
Germany.

using different flip angle Evolutions) is clinically relevant
today thanks to the increased speed with iPAT. His examples
with isotropic T2 and Dark Fluid SPACE showed excellent
reformat results in different orientations which will possibly
in the future allow acquisition of only one 3D dataset  and use
different reformats in clinical routine rather than scanni ng
for different orientations (Figure 15). SPACE also showed
smaller lesions better than 2D imaging techniques. 3D imag-
ing also relies less on slice positioning so for tumor cases
where follow-up is extremely important, 3D imaging is more
appropriate. 
Dr. Ruehm, University of California at Los Angeles, USA,
showed the advanced capabilities of MAGNETOM Trio, A Tim
System. Especially the combination of iPAT and 3T allows
very fast scanning of the heart, a good example would be
evaluation of the function of the heart within only 5 h eart-
beats. Myocardial tagging has also shown significant improve-
ments as tag persistence improves with longer T1 values
(Figure 16). Also due to higher signal, one can go to smaller

voxel sizes with 3T. Also MR angiography (MRA) has shown
extensive improvements in spatial and temporal resolution. 
Dr. Schönberg showed the paradigm changes in cardiac MRI
with 3T. With 3T multi breath-hold became single breath-hold
(Figure 17), 128 matrix became 256, gated cine breath-hold
became free-breathing realtime, 2D cine became 3D cine. He
presented clinical comparisons for each paradigm change. 
Dr. Hengerer, Siemens Medical Solutions, Erlangen, Ger-
many, gave a detailed presentation showing the status of
Molecular Diagnostics today and the future developments
foreseen by Siemens Medical Solutions. He said that molec-
ular diagnostics is based on three pillars: In Vitro Diagnostics,
Molecular Imaging and Knowledge driven Healthcare. Talk-
ing about the imaging side, the new developments in the
area of MR-PET were mentioned (Figure 18). He said that
there were numerous advantages of MR-PET over PET CT,
such as better soft tissue contrast and lower radiation.

A B

This article discusses clinical uses which are not commercially available in the US.
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Looking back at the 4 th

MAGNETOM World Summit Singapore,
September 17…20, 2005
Antje Hellwich

Siemens Medical Solutions, Erlangen, Germany

Last year•s Summit took place in Singapore. Located just
south of Peninsular Malaysia, the Republic of Singapore is an
island approximately 618 square kilometres (239 square
miles) in area. Founded by Sir Stamford Raffles in 1819, Singa-
pore has long been a shipping and commercial centre of the
region. 

Built in 1928, the neoclassical Fullerton Building has housed
the General Post Office, the Exchange, the Chamber of Com-
merce and the Inland Revenue Authority of Singapore in its
time. Beautifully restored and reopened in 2001 as the Fuller-
ton Hotel, this epitome of Palladian architecture in Singapore
was the perfect location for the MAGNETOM World Summit.



LIFE
SINGAPORE

126 www.siemens.com/magnetom-world MAGNETOM FLASH1/2006

Saturday evening
To unwind after the long flights we had the Welcome Recep-
tion at LASH, one of the hip and cool clubs in Singapore
located by the bay, right next to the Merlion.
Half lion, half fish, the Merlion sculpture has been Singa-
pore•s national icon since 1972. After all, the city•s name is
derived from the Sanskrit words •singaŽ and •puraŽ which
together mean •lion cityŽ. The Merlion is located right in front
of the Fullerton and is overlooking Marina Bay.

optimal clinical value. It provides the support you need to
maximize productivity and it assures that as technology
changes, you will always be at the cutting edge. 
Life. You can count on it.

MAGNETOM World Summit … a part of Life
The MAGNETOM World Summit is part of Life, Siemens•
unique customer care solution that helps you get the most
from your investment in a MAGNETOM system. With its pro-
grams and services Life sharpens your skills so you can see
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Sunday 
Right after breakfast presentations on new paradigms, new
dimensions and new horizons in MR captured our audience.
P.D. Dr. Schlemmer from the Eberhard-Karls-University in
Tübingen, Germany summed it up: •The mixture of clinicians
and researchers is perfect. Presentations are trendsetting yet

practical. Discussions are open and prolific.Ž
Not only during the coffee breaks is the MAGNETOM World
Summit an ideal opportunity to network. Meet your peers,
exchange valuable information or check out what is new on
the syngo workplaces.
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Sunday night
In traditional Chinese bumboats we ventured on a relaxing
river cruise down the historic Singapore river. Juxtaposed
with Singapore•s modern skyscrapers are historic buildings
that speak for her colourful beginnings as a colonial outpost
and early commercial centre.

The river cruise took us to The Forbidden City … a resplendent
club and restaurant noted for its interpretation of tr aditional
Chinese interior design, food and entertainment. Our guests
disembarked to be welcomed by a traditional lion dance and
proceeded to meet a calligrapher, a mask maker, and all sorts
of Chinese entertainment. Oh, and the food was exquisite.
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Monday 
All day Monday we had break out sessions on 
� Best clinical practice at 1.5T
� Open and interventional MR imaging
� Cardiovascular MR imaging and 
� 3T MRI
There was a lot to learn and to take back home or as Mark
Lourensz from St. Vincent•s Hospital in Melbourne, Australia
put it: •Thank you for a great conference! I enjoyed talking to
many of the participants and product specialists, and have
many new things to try at our site.Ž 
To share with you the essence of what the MAGNETOM
World Summit is all about, we have captured 29 talks on top-
ics such as diverse as •Body Diffusion ImagingŽ, •Whole-body

You did not have the chance to come to Singapore? Well
maybe you can make it to San Diego. The 5th MAGNETOM
World Summit is again presenting a very interesting agenda,
with exciting new clinical results and new applicati ons.
This year we will also be providing various forums targeted at
helping you maximize your system and application skills. 
The •Study MarketplaceŽ provides the forum for your ideas.
Present YOUR studies and projects, find collaborators and
get input from your peers.

Besides Panel Discussions at the end of each session, an •Ask
the ExpertsŽ session will provide answers on system and
application questions.
Hands on … at the Summit you will find syngo Workplaces
and syngoMulitModality Workplaces (Leonardo) to try out the
latest applications, see case studies and gather information.
For details and to register for the event please visit us at
www.siemens.com/magnetom-world.

5th MAGNETOM World Summit, June 8…11, 2006, San Diego, California, USA

Monday night
Not all of us changed into beach wear, but we all were ready
to party at one of the grooviest beach clubs on Sentosa
Island. The feast of hawker delights prepared us for the jiving
to live band music and fire-dances by the sea.
Whilst in other countries the term •hawkerŽ may refer to any-
one who sells goods, in Singapore it means only one thing:

breast cancer stagingŽ, •SPACEŽ, •Upcoming MR applicationsŽ
and many more.
Please visit us at www.siemens.com/magnetom-word to
order your free copy of the e-proceedings.

Food. Hawkers sell food at various points around the island
and just as Singapore has a mixture of Chinese (77%), Malay
(14%) and Indian (7%) peoples, so the food reflects this mix.
Many stall-holding families have cooked the same kind of
food for 10, 15 or even 20 years and the chances are, they are
good at what they do when they are around as long as that.
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MAGNETOM World Summit … 
listen, discuss, present
Every year, we at Siemens offer the MAGNETOM World Sum-
mit, an international meeting for you, our MAGNETOM users.
After a successful MAGNETOM World Summit in Singapore,
the Summit is now coming to San Diego, California.
With about 350 expected participants from all over the world,
the Summit is an excellent platform to establish personal

contacts, exchange valuable information, learn from the expe-
rience of other users and to share your own expertise.
Lectures and presentations from experts in the field will
expose you to new ideas and clinical approaches.
All participants will receive a set of conference CDs for which
CME credits will be applied for.

You are cordially invited to the
5th MAGNETOM World Summit
San Diego, California, June 8…11, 2006

Some of the presentations
on this CD discuss clinical
uses which are not commer-
cially available in the US.



LIFE
INVITATION

MAGNETOM World Summit … 
designed to keep you networked
This year we will also be providing various forums targeted at
helping you maximize your clinical system and application
skills. These include:

Study Marketplace
Present your studies and projects, find collaborations and get
input from your peers. In San Diego, the MAGNETOM World
•Study MarketplaceŽ provides a forum for your ideas.

Ask the Experts
Besides Panel Discussions at the end of each session, an •Ask
the ExpertsŽ session will enable you to get answers on sys-
tem and application questions.

Hands on
At the Summit you will find syngo Workstations and syngo
MultiModality Workplaces (Leonardo) to try out the latest
applications, see case studies and to gather information. In
addition, Schering and Invivo will be available with product
information. For a closer look at the agenda, please visit us at

www.siemens.com/magnetom-world�

MAGNETOM World Summit … a part of Life
The MAGNETOM World Summit is part of Life, Siemens'
unique customer care solution that helps you get the most
from your investment. With its programs and services Life
sharpens your skills so you can see optimal clinical value. It
provides the support you need to maximize productivity and
it assures that as technology changes, you will always be at
the cutting edge. Life. You can count on it.

MAGNETOM World Summit … 
Hotel Information
Hotel Del Coronado
1500 Orange Avenue 
Coronado, CA 92118
USA
http://www.hoteldel.com

Rising from water•s edge on the charming island of Corona-
do in San Diego, the Hotel del Coronado is considered one of
America•s most beautiful beach resorts. A classic historic hotel,
The Del was built in 1888. Today, it offers travellers contem-
porary luxury in an enchanting Victorian atmosphere. Add to
this, the resort's beachfront location, the magical architec-
ture and island setting and it's no wonder that The Del The
Del is considered the ultimate seaside destination. 
To register go to 

www.siemens.com/magnetom-world�
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Siemens reserves the right to modify the design and

specifications contained herein without prior notic e.

Please contact your local Siemens sales representative

for the most current information.

Original images always lose a certain amount of detail

when reproduced.

This brochure refers to both standard and optional 

features. Availability and packaging of options varies by

country and is subject to change without notice.

Some of the features described are not available for

commercial distribution in the US.

The information in this document contains general

descriptions of the technical options available, which do

not always have to be present in individual cases.

The required features should therefore be specified in

each individual case at the time of closing the contract.
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