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The most important clinical application of Diffusio n-weighted

(DW) magnetic resonance imaging (MRI) is the detection
and characterization of cerebral ischemia (1). Receny, a few
studies were published to determine the value of DW MRI in
healthy parotid glands and systemic disorders affectng

parotid glands by measuring ADC values under physialgic
and pathologic conditions, or after irradiation (2...4).

In the Department of Otorhinolaryngology in Hamburg, Ger-

many between 80 and 120 patients with tumors are opera-
tively treated per year. Comparable to the literature,

between 60 to 80% of these patients suffer from pleomor-
phic adenoma or Warthin tumors. The missing twenty per-
cent show primary malignant tumors of the parotid gl and, or
prove to have metastatic disease within the parotid gland.
So, most patients are treated under the assumption of a
benign primary disease. The difficulty is not only that the

operative approach differs among benign and malignant
tumorous disease but also that pleomorphic adenoma has to
be treated more aggressively in comparison to Warthin
tumors, due to their higher recurrence rate (5).

All examinations were performed using a MAGNETOM
Symphony with a Quantum gradient system, with 30 mT/m
maximum gradient capability and a maximum slew rate of
125 mT/m/sec. The lower part of the circularly polarized (CP)
head coil and a standard two-element CP neck array colil
were used. The flexibility of the neck array coil allowed posi-
tioning the N1 element right next to the parotid gland . An
axial diffusion-weighted EPI (echo-planar imaging) sequence
(TR 1,500 ms / TE 77 ms) was obtained with a matrix of 119 x
128, a field of view of 250 x 250 mm (pixel size 210 x 1.95
mm), 6 excitations, and a section thickness of 5 mm with an
interslice gap of 1 mm. A parallel imaging technique (modi-
fied Sensitivity Encoding algorithm (mSENSE)) with an accel-
eration factor of two with twelve additional lines for self cal-
ibrating was applied. A bandwidth of 1502 Hz/pixel was used
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and 12 slices were acquired. The b factors used weg 0 s/mn?,
500 s/mm? and 1,000 s/mm?. Fat suppression was achieved
by placing the frequency-selective radio-frequency pulse
before the pulse sequence. The automatic 3D-shim raitine
of the magnet used the slice block as the shim volume.The
total acquisition time of this sequence was 1:14 mins.
Evaluation of the ADC maps were performed using the ara-
lyzing software MRIcro (Chris Rorden, University of Ntiing-
ham, Great Britain), which lists every pixel intensty of each
ADC slice in a single ROI output file per patient.

DW MR imaging seems to be a valuable tool to differentate
not only benign from malignant lesions, as shown in the two

patients above, but also to differentiate between mali gnant

and benign primary lesions of parotid glands (6). In our ENT
department it has become an obligatory second line imaging

tool prior to surgery for planning the operative strategy. Up
to now, 135 patients with primary lesions of parotid an d sub-
mandibular glands were examined with DW MR imaging,
with no failure to provide the diagnosis.
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46-year-old female patient with a palpable, painless mass of the right cheek.

The T1-weighted images (1) showed a tumor in the right parotid gland with muscle isointense appearance.
The T2-weighted images (A) showed an intraparotideal mass with higher signal intensity as the surrounding
parotid gland tissue and the muscles. Concerning the ADC images a fairly low value could be obtained
(1.28 x 10...3 mnt/s + 0.11 x 10...3 mr¥s). Images show a histologically proven salivary duct carcinoma.

76-year-old male patient with a palpable, painless mass of the right cheek.

The morphologic appearance of this tumor is very similar to the tumor presented in case 1. In both patients contrast

enhancement gave no additional information regarding the tumor. In contrast to case 1, the ADC images showedan

obvious higher diffusion within the tumor (2.06 x 1 0...3 mni/s + 0.15 x 10...3 mm¥s). Histology revealed a pleomorphic
adenoma.
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INTERVENTIONAL
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Introduction

Intraoperative MR (loMR) has gained acceptance overhe
last decades. IoMR during neurosurgical intervention has
allowed not only improvement of the precision of naviga -
tion, optimization of the surgical approach and maximal
preservation of normal brain tissue and function, but also an
assessment of the completeness of tumor resection and he
ability to exclude surgical complication (1). As IoMR has be@
evolving, many different system configurations ... with their
own advantages and disadvantages ... have been develepl
(1...3). The main disadvantage of low field scanners isow
SNR that affects not only the image quality and scan ime,
but also restricts the many new intraoperative applications

such as functional MR, MR Spectroscopy (MRS), and Diffu-

sion Tensor Imaging (DTI) Fiber Tractography. As thémage
quality is strictly related to the strength and homoge neity of
the static and gradient magnetic fields, we chose the state-
of-the-art 3T MR system for our dedicated neurosurgry hos-
pital to be able to perform newer MR applications. Due to
economic trade-offs (with our approach), instead of putting
the magnet in the operating room, we preferred the twi n
room concept with a floating table that allows the tr ansfer of
the patient from one room to another easily. Further more,
this configuration allows us to use every kind of surgical
equipment including the microscope out of the 5 Gauss line
without any compromise.

Method

Our 3T MRI site is built next to the operating thedre dedicated
to neurosurgical operations. The magnet room and the oper-
ating theatre, which are connected to each other by a door,
are both RF-shielded. In daily practice, we use the 3 MRI
(MAGNETOM Trio, Siemens, Erlangen) as a clinical scanne
Before the operation, the magnet and the console rooms are
disinfected. Whenever the neurosurgeon needs imaging
during the operation, the door between the magnet roo m
and the operating theatre is opened, and the patient is trans-
ferred from the operating table to the magnet cradle with a
floating table in a maximum of three minutes. All of t he
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equipment in the magnet room is compatible with 3T MR.
Since all of the surgical equipment including the microscope
is out of the 5 Gauss line, we can use all of it safelyInitially,
we used the body coil to transmit and receive signal in 25
patients because we did not have the head coil compaible
with the head holder. Over the last three months, we have
used a dedicated head holder with a specially desigrd 8-
channel head coil. Axial, sagittal and/or coronal TSEZ, SE T1
and 3D FLASH T1-weighted images (slice thickness 1..nfm,
gap 0...1 mm, matrix 192-256 x 256-512, FOV 200...260 mm)
are obtained according to the lesion. Total examination time
including the transfer of the patient, the analysis of the images
and the final decision is approximately 10 minutes. At the end
of the examination we decide to continue or terminate the
operation. If we decide to go on, the examination proc edure
is repeated. If the operation is terminated, the door between
the magnet room and the operating theatre is closed, and
routine outpatient examinations begin immediately.

Discussion

The image quality of the MR was acceptable and diagnostic
in the examinations using the body coil at the beginning. The
image quality and the spatial resolution of the MR exams
using the 8-channel head coil are excellent without any
compromise. Hemorrhage and susceptibility do not cause
any significant artifacts at the high 3T field strength. There
were no complications attributable to the procedure.

The main advantage of this setup is the shorter (10 min)
examination time. The 3T state-of-the-art scanner gves us an
opportunity to perform high resolution morphologic wo rk-
up in a reasonable time. Furthermore, the ability to perform
more sophisticated techniques preoperatively has now
become a reality.
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Casel

A 67-year-old female patient was admitted due to seizure.
Immediate preoperative MRI and functional MRI (left hand
finger tapping paradigm) showed that there was a mass in
the right frontal lobe including the eloquent motor cortex

(Figs. 1A and B). Intraoperative MRI with the body colil
demonstrated complete resection (Figs. 2A, B and C).One
day later the follow-up examination confirmed the c om-

[ Figure 1A ] Axial TSE T2-weighted (T2W) image.

[ Figure 2A' ] Axial TSE T2W image.
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[ Figure 2B | Coronal TSE T2W image. [ Figure 2C | Sagittal TSE T2W image.
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pleteness of resection (Figs. 3A and B). Fiber tracigraphy
showed that there was no difference between preoperative
(Figs. 4A and B) and postoperative (Figs. 5A and B)arti-
cospinal tracts. Pathological exam revealed the mass as
anaplastic astrocytoma. 6 months later, the patient was able
to walk without assistance.

[ Figure 1B | Color coded parametric map.
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[ Figure 3A ] Axial TSE T2W image. [ Figure 3B ] Axial SE T1W image without contrast.

[ Figure 4A ] Pre-operative DTI. [ Figure 4B] Pre-operative DTI showing cortico
spinal tracts.

[ Figure 5A ] Post-operative DTI. [ Figure 5B ] Post-operative DTI showing corticospinal
tracts showed no difference to the pre-operative ones.



Case 2

A 70-year-old male had had 3 operations in another center
due to non-functional macroadenoma of the pituitary gla nd.
Follow-up MR examination carried out at another center
revealed recurrence (Figs. 6A and B). During the opeation
the MR examination with the 8-channel head-coil (Figs. 7A

[ Figure 7A ]
Coronal TSE T2

[ Figure 7B ]
Sagittal TSE T2W image
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and B) showed residual tumor in the suprasellar cisten near
the stalk. The neurosurgeon decided to continue operating.
A 24-hour follow-up exam demonstrated total resection
(Figs. 8A and B).

[ Figure 6A ]
Sagittal SE T1W with
contrast

[ Figure 6B ]
Coronal SE T1W image
with contrast

[ Figure 8A ]
Sagittal TSE T2W image

[ Figure 8B ]
' Coronal TSE T2 image
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Case 3

A 37-year-old male was admitted to the hospital due to
seizure. He had undergone an operation 3 years previaisly
for low grade astrocytoma of the left temporal lobe. A fter
control MRI (Figs. 9A and B), which had revealed reurrent
left temporal mass, the patient was operated on. Intraopera-
tive MR (Fig. 10) showed incomplete resection of the tumor:
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the neurosurgeon decided to continue the operation. The
imaging after further resection showed no residual tumor.
(Fig. 11). Postoperative 24-hour follow-up examination with
contrast also confirmed total resection of the tumor ( Fig. 12).

[ Figure 9A ]
Axial T2W image

[ Figure 9B ] Axial TIW
image with contrast

[ Figure 10 ]
Axial T2W Image

[ Figure 11 ]
Axial T2W image

[ Figure 12 ]
Sagittal 3D MP-RAGE
with contrast

based fiber tracking in glioma surgery. Neurosurgery 2004; 56: 130...138.
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Detection of local and regional lymph node metastasesis

important for determining therapy and prognosis in patient s

with various primary malignancies. Currently crosssectional

imaging modalities like contrast enhanced* CT and MRIrely

solely on size criterion as the primary yardstick fordetection

of malignant lymph nodes. However nodal size is not an

accurate method, as not all malignant nodes are enlaged

and conversely not all large nodes are malignant [1]. Thus a
more robust and accurate technique is needed for staghg

lymph nodes which characterizes lymph nodes indeperdent

of their size. MRI enhancement with ultra-small super-para-

magnetic iron oxide particle (USPIO) has shown to be an
accurate and reliable imaging technique for detection of

minimal nodal metastatic disease independent of lymph

node size.

Commercial preparation of USPIOs like Ferumoxtran€ (Com-

bidex [Advanced Magnetics, Cambridge, Mass]; also known
as Sinerem, AMI-7227, AMI-227, and BMS 180549) target he

reticulo-endothelial system and have been specifically
developed for MR lymphangiography. These agents are&eom-

posed of an iron oxide crystalline core of 4.3...6.0 nm ov-

ered by low-molecular-weight dextran. Their T1 and T2 relax-
ations are 2.3 x 10* and 5.3 x 10* mol* sec* (20 MHz, 39°C),
respectively, in 0.5% agar.

Upon intravenous injection, these contrast agents are trans-

ported to the lymph nodes binding to specific receptors

within the nodal macrophages. If the lymph nodes are

benign, the macrophages function normally and phagocy-

tose the intravenously administered nanoparticles. Thus ror-

mal lymph nodes show a drop in signal intensity on MR

imaging after Ferumoxtran-10 administration due to the sus-

ceptibly from phagocytosed nanoparticles. In contrast, malig-

nant infiltration results in lack of macrophages and hence

these regions, due to the lack of iron oxide uptake, retain

their high signal intensity. This is the underlying principle

behind MR lymphangiography.
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Metastasis in normal-sized lymph nodes can be of the oder
of 4...9 mm [2], hence from the MR viewpoint it is very
essential that the maximum voxel dimension should not
exceed 2 mm for capturing even the least amount of metas-
tasis in a lymph node. While this restriction was routine in the
case of in-plane dimensions, through-plane dimensions were
restricted in the case of multi-echo gradient echo (MEGE)
sequences. MEGE sequences are very essential for MR lym-
phangiography as they facilitate the computation of T2*
which is an indicator of malignancy. This problem has been
alleviated with the development of the new works in
progress T2*-weighted Multi-Contrast Gradient Echo(MCGE)
sequence at Siemens Medical Solutions.

Currently the MCGE sequence supports a maximum of 12
contrasts with the facility to choose a bi-polar or mono-polar
readout. While bi-polar readouts are standard for Gradieri
Echo sequences, they suffer from chemical shift artifacts
that shift between echoes. This essentially destroysany in-
plane resolution advantage as they tend to spoil the compu-
tation of T2* in the regions that are chemically shifte d. The
mono-polar readout, however, maintains the chemical shift
by using a gradient rewinder between readouts so that all the
k-space lines are acquired in the same direction. Theavail-
ability of integrated Parallel Acquisition Techniques (iPAT in
these sequences further saves acquisition time.

Currently the protocol has been optimized for pelvic studies
and has been successfully tested on patients. Aparfrom the
MCGE sequence, a VIBE and T2-weighted spin echo sgences
are used for obtaining spatial and anatomical charecterization
of the nodes. The protocol is applied twice, once before the
administration of the contrast agent and 24 hours afte r the
administration of the contrast agent. The individual compo-
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nents of the protocol as currently tested on a1.5T MAGNETOM
Avanto are as follows:

A T1-weighted (T1W) 3D VIBE non breath-hold sequence
with TE 1.9 ms, Flip Angle =12°, TR 5 ms, BW 260 Hz/Px, FOV
340 x 340 mm and 1.3 x 1.3 mm and interpolated slice thick-
ness of 2.68 mm acquired coronally to cover around 100
slices acquired in 2 minutes. These images are requéd for a
MIP of the vasculature that will serve as a reference ér loca-
tion of the nodes.

A T2-weighted TSE non breath-hold sequence with TE
76 ms, Flip Angle 90°, TR 4000 ms, BW 160 Hz/Px, FOV 340 x
340 mm and slice thickness of 2.68 mm acquired axially to
cover around 30 slices acquired in roughly 3 minutes.
Though the T2-weighted images are not preferred for quan-
tification of the metastasis, they are excellent in terms of sig-
nal-to-noise ratio (SNR) and devoid of blooming artifacts
resulting from the susceptibility of iron, so node delineat ion
and identification is easier on these images.

The T2*-weighted MCGE non breath-hold sequence with
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TE 8.8 ms to 70 ms (12 contrasts), Flip Angle 75°, TR 1800 ms,
BW 130 Hz/Px, FOV 214 x 380 mm and slice thicknessf 2 mm
acquired axially to cover 45 slices in 6 minutes with iPAT fac-
tor of 2. All sequences use a 0 mm gap between slices.

After initially experimenting on an oil-water phanto m, the
protocol was tried on a patient. The T2* MCGE sequere was
also run in the bi-polar mode for comparison. In the case of
bi-polar mode the acquisition time was reduced roughly by a
factor of two due to the absence of the rewinder betwe en
echoes. The images from the first echo and the corespon-
ding T2* computed from the echoes are presented in Fg.1.
It can be seen very clearly that for the same echo tine and
windowing that the image from the monopolar sequence is
crisper and hence the computed T2* is more reliable.

Fig. 2 shows pre- and post-contrast T2-weighted images.
Note how the node is easy to discern, especially the parial
fatty infiltration. Fig. 3 is a VRT rendering of the vasculature

Images in top row are T2* maps and
bottom row are single echo images at same echo time. Images on the left are from the bi-polar sequence and
on the right are from the mono-polar sequence. Note h ow the images from the mono-polar sequence have

more detail than those from the bi-polar sequence. This is due to the averaging effect of the alternating phase
shifts in the bi-polar sequence.
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The image on the left is pre-contrast and on
the right is post-contrast. Note that on the post-cont rast image a
portion of the node still remains bright while the rest of the node has
become very dark. This is because the USPIO is not absorbed bie

fatty infiltration. To differentiate fatty infiltrat

infiltration.

with segmented nodal information from the T2 images
superimposed with color coded information from the T2*s.
This has been achieved by the use of a works in prgresssyngo
task card that has been optimized for the workflow of the
current protocol.

With the usage of a mono-polar multi-contrast GRE equence
it has been demonstrated that the estimation of T2* is vastly
improved, thereby improving the detection of metastat ic
lymph nodes.

With Tim (Total imaging matrix) technology, it is now possi-
ble to flexibly combine coils to increase the field of view for
metastatic evaluation beyond a localized region.
Implementation on 3T would offer interesting insights and
challenges. While there will be an improvement in SNR ad
reduction in acquisition time, susceptibility artifa cts will be
more pronounced.

Optimization with respect to echo times and number of
echoes is in progress. Reduction in number of echoes vih-
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ion from metastases,
the shape of the lymph node and the hypo intensity n eed to be taken
into account. A fat suppressed T1 can also give cluen the fatty

Information from segmented nodes is
coded with unique values that are then
combined with information from the
T1-weighted 3D VIBE images to obtain
the VRT rendering of the nodes on the
vasculature. Benign nodes are coded
green and malignant red.

out any increase in noise would greatly help reduce the
acquisition time, since with breath-holding in the c ase of
abdominal studies time will be a factor. Addition of naviga-
tors on the other hand would also help in the case of abdom-
inal studies.

We wish to acknowledge John Kirsch of Siemens Medical
Solutions whose expert advice was crucial to the optmiza-
tion of the protocols.

* 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.

References

[1] Harisinghani M.G., Weissleder R., Sensitive, Noninvasive Detection
of Lymph Node Metastases, PLOS 2004, Vol.1., (3):@...209.

[2] Deserno W.M.L.L.G., Harisinghani M.G., et. Al., Uringy Bladder Cancer:
Preoperative Nodal Staging with Ferumoxtran-10 enhanced MR Imaging,
Radiology 2004; 233: 449...456.

45



MOLECULAR IMAGING

Intravenous Cellular MR Contrast Agent*
with a Great Clinical Potential

Jelle Barentsz, M.D., Ph.D.

Department of Radiology, UMCN, Nijmegen, The Netherlancs

Introduction

Pelvic lymph node metastases have a significant impat on
the prognosis of patients with malignancies. In prostate can-
cer, for example, even micro metastases in a single nale rule
out surgical cure by the available treatment protocols. For
bladder cancer lymph node metastases are also signi€ant.
More than 5 lymph node metastases or extra capsular
growth precludes curative surgical treatment. Thus, the sta-
tus of the lymph nodes largely dictates the management of
the primary tumour.

Surgical open pelvic lymph node dissection (PLND), consid-
ered to be the only reliable method for assessing lynph
node status, is an invasive procedure associated withpoten-
tial complications and side effects. A noninvasive, reliabke
method for detecting and staging nodal metastasis would

reduce unnecessary surgery. Routine cross-sectionaimag-
ing modalities like CT and MRI lack the desired sensitity in
identifying metastases as they largely rely on size citeria
only, and small metastases in normal size nodes can be
missed. Moreover, differences in signal intensity on MR
images between normal and cancerous nodes as well as
gadolinium enhancement have also proven to be unreliable.
Although very promising in metastatic lung cancer, the role
of BFDG PET-scanning is limited in the urinary tract regin, as
BFluorodeoxyglucose accumulates in the urinary bladder
and kidneys. This makes an evaluation of metastases athis
site difficult. Also in various tumors like prostate and bladder
cancer this method is further limited by its low upta ke in
metastatic nodes. Although the sensitivity of ®*FDG PET is

[ Figure 1]

46 www.siemens.com/magnetom-world

Normal node and small positive node in 60-year-old mal
semi-sagittal plane shows normal size (6 mm) node (circle). | £ | Post ferumoxtran-10 T1-weighted TSE MR image
(which is insensitive to iron) shows 2 grey normal size nodes (circle, arrow). | C | On post ferumoxtran-10 T2*-
weighted MEDIC MR image (which is iron sensitive) onenode is black (arrow) and the other one is white (circle).
On histopathology the black node was normal and the whi te one was metastatic.

e with prostate cancer. | A | CT scan in
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slightly better (67%) compared to those of CT and wen-
hanced MR imaging, this value is, however, not highenough
to replace pelvic lymph node dissection.

Ultra small super paramagnetic iron oxide particles (feru-
moxtran-10) with a long plasma circulation time hav e been
shown to be suitable as an MR contrast agent for irira-
venous MR lymphangiography [1, 2]. After IV injection, the
ferumoxtran-10 particles are taken up by macrophages are
transported to the interstitial space and from ther e through
the lymph vessels to the lymph nodes (Figure 2). Ttus this
contrast agent is cell specific (for macrophages). Oncewith-
in normally functioning nodes, the intracellular fe rumoxtran-
10 within the macrophages reduces the signal intensity of
normal node tissue, because of the T1 and T2*- suscefibili-
ty effect of iron oxide, thus producing a signal drop or nega-
tive enhancement. In areas of lymph nodes that are nvolved
with malignant cells, macrophages are replaced by ancer
cells. Therefore, there is in these areas no uptake ofhe feru-
moxtran-10 particles. In addition, due to increased vascular
permeability and increased diffusion in cancer tissue, there is
minimal leakage of ferumoxtran-10 particles into the e xtra
cellular space of malignant metastatic areas, which poduces
a low local concentration and non-clustering of ferumox-
tran-10 particles at these sites [3]. Through their T1-relaxivity
this can induce an increase in signal intensity onT1-weighted
images, producing positive enhancement [4]. Thus the abili-
ty of post ferumoxtran-10 MRI exams to identify metastatic
areas in the lymph nodes depends primarily on the degree of
uptake of ferumoxtran-10 by the macrophages in normal
lymph node tissue and the leakage of ferumoxtran-10 parti-
cles in the metastatic area itself. Twenty-four hours after intra-
venous injection of ferumoxtran-10 normal lymph node and
malignant tissue have different signal intensity on MR
images. Therefore, this non-invasive technique may result in
the detection of metastatic deposits in normal-size nodes
(Figure 1).

Optimal evaluation of post ferumoxtran-10 images should
be done by comparing pre- with post-contrast MR images in
the same plane. On the pre-contrast images the shag, the
size, and the location of the nodes can be assessedOn the
post-contrast MRI the signal intensity change can ke evalu-
ated. However, this requires two MRI examinations, which
limits this technique. This problem can be solved by only
performing a post-ferumoxtran-10 MR exam, using both a
sequence which is insensitive for iron such as a T4or proton
weighted TSE sequence, and a sequence which is seitive to
iron. For the latter purpose a good sequence is a hid reso-

lution T2*-weighted MEDIC (TE ~18 ms). The T1I/PW TSE

sequences yield high resolution images without (susceptibil-
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IV injected particles slowly extravasate
from vascular to interstitial space (1) and then ar e
transported to lymph nodes via lymphatic vessels (2).
In lymph nodes, particles are internalized by
macrophages (3), and these intracellular iron-con-
taining particles cause normal nodal tissue to have
low signal intensity. Disturbances of lymph "ow or
nodal architecture by metastases lead to abnormal
accumulation patterns depicted by the lack of
decreased signal intensity (4).
Reprinted with permission of authors from Radiology.®

ity) artifacts, whereas the T2*-sequence gives information

about the iron content of the nodes. It is, therefo re, impor-
tant to apply both sequences w#ith the same resolubn and
slice positioning parameters. In pelvic tumors (prostate can-
cer), this can be best done in a plane parallel to tre psoas
muscles (obturator, or semi-sagittal plane, Figure 1), and the
axial plane, covering the para-aortic until the femoral region
(Figure 3). In the readingZ of the images, a one-byene com-
parison gives the best results (Figure 1). Incidentdly in this
way even a 2 mm metastatic node can be found (Figure 3).

When using high resolution MR-technique small metagases
can be prospectively recognized in small (3...10 mm) size
lymph nodes [5]. These small lymph nodes would be corsid-
ered to be benign in plain MRI or CT examinations. In addi-
tion, hyperplastic enlarged nodes can be correctly ecog-
nized as non metastatic, based on their low signalintensity.
This results in improved sensitivity (~ 90%), with remaining
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[ Figure 3]

equal high specificity (~ 95%) in various tumors (Figue 4)
[5...8]. In prostate cancer, contrast-enhanced CT andonven-
tional MRI have a low sensitivity (40%), which is improved to
100% on a patient level and to 90% on a nodal level p].

In urinary bladder cancer, 10/12 metastatic normal size lymph
nodes were detected with ferumoxtran-10 MRI only. This
resulted in an improved sensitivity (from 76% to 96%),
whereas the specificity did not change significantly (from
99% to 95%) [6]. When using ferumoxtran-10 MRI, patients
may be reliably selected for cystectomy, prostatectany or
radiotherapy without the need for invasive and costly proce-
dures such as open and laparoscopic PLND. Furthermer if
the node is > 5 mm the presence of malignancy can be con
firmed by image guided biopsy, and thus also avoid PND in
these patients. This was the case in 5/80 (6%) patientsn the
study of Harisinghani and Barentsz. All 5 nodes werecon-
firmed positive. Finally, with ferumoxtran-10 MRI all pelvic
nodes are visualized. Harisinghani and Barentsz showed that
in 11% of their patients thanks to ferumoxtran-10 MRI
metastatic nodes were detected, which were outside the
classical field of lymph node resection [5]. In patients with a
suspicion for a recurrence, e.g. in patients with a P3-relapse
after treatment, this techniqgue may show metastatic no des
when they still are small (Figure 3), thus allowing earlier ade-
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58-year-old patient treated for prostate cancer with

nodal recurrence. CT and MRI obtained 2 years
after lymphadenectomy, prostatectomy and hormonal the rapy. Now PSA increased from 0 to 1.8./ A | CT scan in axial
plane shows 3 normal size node (circle right 5 mm; circle left 2 mm). | & | Post ferumoxtran-10 T1-weighted TSE MR
image (which is insensitive to iron) shows the same 3 grey nodes (circles, arrow).| C | On post ferumoxtran-10 T2*-
weighted MEDIC MR image (which is iron sensitive) onenode is black (arrow) and the other 2 are white (circ les).

On histopathology the black node was normal and the wh ites were metastatic.

quate therapy. Finally, identifying small pathologic node s will
facilitate more appropriate use of sophisticated radiation
therapy. For example when positive nodes are accuraely
identified, precise intensity modulated radiotherap y can be
performed. This results in an increased dose on the malig-
nant nodes and a decreased dose, with reduced side-effcts,
on normal tissues.

In head and neck cancers, 25% lymph nodes are positi&
despite negative preoperative imaging (contrast CT and US
biopsy) as metastatic nodes are small (5...10 mm). In adtion
PET is nonspecific and does not provide anatomic locéon.
Therefore, extensive surgery -radical neck dissection- is er-
formed in virtually all patients. This results in cosmetic defor-
mity and a complication rate of 36-54%. Mack et al. reported
that ferumoxtran-10 MRI was accurate in 26/27 (96%) patients,
which resulted in reduction in surgery by 26% of patients [7].
Early results with ferumoxtran-10 MRI scans in breast ancer
show a sensitivity of 78%, a specificity of 96% and a negative
predictive value of 97% (Figure 5) [8]. The sentinel lymph
node procedure in breast cancer has a 3% to 10% falseega-
tive rate. Furthermore, positive internal mammary lym ph
nodes are missed in 17% of cases. Finally, the sentindymph
node is the only positive node in 61% lymph node positve
patients.
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These patients all undergo axillary dissection, witha subse-
quently high rate of clinically significant lymph edema.

Thanks to its high negative predictive value, potentially in
patients with a negative ferumoxtran-10 MR, the axillary dis-
section may be avoided. Further studies are underway o val-
idate this statement.

Finally, we believe that novel 3D reconstruction techniques
would be of particular help in displaying and analyzing the
massive amount of high resolution data. In this sense it
should be feasible to display both normal and abnormal
lymph nodes and their location with respect to impor tant
surgical landmarks like vessels, obturator nerves and uretrs
in 3D.

Summary

The combination of a macrophage (= cell) specific MR-con-
trast agent and high resolution MR imaging allows the
detection of small and otherwise undetectable lymph node
metastases in patients with pelvic cancer. This has an impor-
tant clinical impact, as the diagnosis will be more precise and
can be obtained in a less invasive maner. Subsequently this
will reduce morbidity and healthcare costs. However, thor-
ough knowledge of sequence parameters and planes, lymgh
node anatomy, appearance of normal and abnormal nodes,
and pitfalls is essential when using this technique. This
implies a very important role for education by expert radiol-
ogists, MR-manufacturers, and contrast agent companes.

*This article discusses clinical uses which are not ommercially
available in the US.

Sensitivity Specificity Accuracy
Prostate Bladder Head & Neck Breast
[ Figure 41 Results of ferumoxtran-10

of various tumors [5...8].
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[ Figure 5]
and positive lymph node.

55-year-old patient with breast cancer
Sagittal post ferumoxtran-
10 T2*-weighted MEDIC MR image shows one white
(circle) and 2 dark nodes (arrows). The white node
showed on histopathology metastases, the dark ones
were normal.
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Abstract

Segmented inversion recovery ratio imaging (SIRRIM) was
introduced in previous works to investigate selective neuro-
degeneration in idiopathic Parkinsones disease. Turbo GRAR
inversion recovery is now explored to assess neurodegene
ation in the substantia nigra.

Introduction

Idiopathic Parkinsones disease (IPD) is a progressivesuro-
logical disorder of unknown etiology that affects mainl y the
motor system in some 2% to 3% of the population at a late
stage in adult life. IPD is due to the loss of pigmenteddopa-
minergic neurons located in a small elongated nucleusin the
mesencephalon known as substantia nigra pars compacta
(SNC). An essay on paralysis agitans was first desbed by
James Parkinson as early as 1817 [1]. Though depression
seems to be the first symptom of the disease, the principal
symptoms of this initial phase are rigidity, bradykinesia,
tremor at rest in the extremities and shuffling gait acc ompa-
nied with balance problems. Secondary symptoms appear
inter alia as speech, dysphagia, sialorrhea, dystoniaweight
loss and gastrointestinal problems. Eventually patients &if-
fer from dementia at the end-stage of their lives. The socio-
economical cost of IPD is enormous and therefore has
received great attention in the medical community. A com-
prehensive overview of Parkinsones disease has beepub-
lished by Lang and Lozano with an extensive list of refer-
ences [2, 3].

The neural condition known as IPD is treatable as opposd to
other neurological disorders. It appears of great importance
to find diagnostic tools which allow better differential dia g-
nosis of IPD since 25% of the patients diagnosed witlPD fall
into the nearby category of Parkinsonism including progres-
sive supranuclear palsy (PSP), multi system atrophyMSA
which includes Shy Drager symptom, olivopontocerebellar
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atrophy and striatonigral degeneration), and cortical-basal
ganglionic degeneration (CBGD). Effective treatmentof IPD
delivers levodopa combined with carbidopa which supplies
the nigro striatal pathways with the missing dopamin e. Most
IPD patients respond to the administration of levodopa
which is the first indication of the disease. IPD devédops gen-
erally rather slowly and many patients respond many years
to the appropriate pharmacological treatment.

Patients and Methods

We have recently implemented an MRI technique to image
the midbrain using inversion recovery (IR) sequences and
confirmed that neurodegeneration follows defined pat terns
[4,5, 6, 7, 8]. Standard IR sequences were originallyused to
image the mesencephalon in a group of eleven IPD pagnts
and eleven age-matched control subjects (NYU School
of Medicine). Imaging was performed using a 15 Tesla
MAGNETOM Vision scanner. Two IR sequences have been
implemented: one was designed to suppress white matter
(WMS images) and the second sequence was used to gener-
ate gray matter suppressed images (GMS). Ratio images
(WMS / GMS) were then used to quantitate neurodegenea-
tion of the SNC in the cerebral peduncle. IR WMS images
were obtained with the following sequence: TE =20 ms, Tl =
250 ms and TR = 1450 ms while GMS images were obtained
with TE =20 ms, Tl =420 ms and TR = 2000 ms. The fieldf
view was 200 mm and the image matrix was set to 256 x 256
with Number of Acquisitions = 2. Four axial slices were
acquired above the pons perpendicular to the longitudinal
axis of the cerebral peduncle [7]. Total imaging time for both
sets of images was 45 minutes which was considered acept-
able during the initial research phase of the project.

The long scanning times are clearly unacceptable ira routine
clinical setting. Therefore modulus Turbo IR sequeres [9, 10]
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and modulus Turbo IR sequences combined with the reently
developed technique called GRAPPA (Generalized Auto cali-
brating Partially Parallel Acquisitions) were implementedin a
15 Tesla MAGNETOM Avanto system [11, 12] of the Uiersity
Hospital of the Catholic University, Santiago de Chile The
Turbo Factor was 3. The iPAT acceleration factor was 2. Acqui-
sition time for both IR sequences was reduced to 15 ninutes
which was considered acceptable though not yet optimal for
IPD patients. Inversion times were adjusted such thawhite
matter and gray matter were maximally suppressed by sca-
ning a neurologically normal volunteer. During this initial
phase, one neurological normal subject, one age-matched
subject (UR) and two early-stage hemiparkinsonian patents
were scanned using the GRAPPA Turbo IR sequencekeTage-
matched normal volunteer (UR) had also been imaged in he
past using the conventional IR sequences described atwve.

Results and discussion

Figure 1 shows the results for one normal volunteer (UR)
whose WMS and GMS images were obtained with both afre
mentioned techniques. Figures 1A (WMS image) and 1C
(GMS image) are the images obtained with the 1.5 Tesla
MAGNETOM Vision. Figures 1B (WMS image) and 1D (GMS
image) are the images acquired with the 15 Tesla
MAGNETOM Avanto unit. At a first glance, the images
obtained at the approximate same anatomical level with
conventional IR and Turbo GRAPPA look quite equivalén
including a better contrast in the cortex area of the WMS
image of the Turbo GRAPPA sequence. Nevertheless, com
paring the two WMS images (1A) and (1B) reveals a lower
signal-to-noise ratio in (1B) with loss of details in the center

[ Figure 2]

of the image. It strikes the viewer that this effect can be
observed when comparing (1C) and (1D). Both images (1B)
and (1D) show degraded central areas which are not
observed in (1A) and (1C). Note however that visually
assessed details and signal-to-noise look equivalent in the
cortex regions in (1A) and (1B) as well as (1C) and (1D) which
correspond to the WMS and GMS images acquired withtie
two techniques. A possible explanation of this finding could
be the use of GRAPPA, which would have to be confirmé in
the future.

Figure 2 confirms lower signal-to-noise ratio especally in the
region of the mesencephalon. Figures 2A and 2B show he IR
and Turbo GRAPPA IR results for the WMS images. Thybu
the contrast in image (2B) is superior to the contrast in (2A),
the signal-to-noise ratio of the red nucleus (green arrows)
and the SNC pointed out with red arrows is worse in (2B
than in (2A). In addition the substantia nigra pars reticulata
(SNR) pointed out with blue arrows in (2A) is barely visible if
not completely lost in (2B). Figures (2C) and (2D) show a
similar scenario: low signal-to-noise ratio in Figure (2D) with
bad definition of the SNC outline may seem surprisirg. A
possible explanation was given in the aforementioned dis-
cussion of Figure 1.

Figure 3 shows the results obtained with the Turbo GRAPPA
IR sequence for a young normal volunteer to assess the
potential of the presently used sequences. Figures B8A),
(3B), (3C) show the WMS peduncle, the GMS peduncle ath
the ratio image respectively. Image (3D) displays the seg-
mented SNC using the data fusion technique describedin
References [7, 8]. The lower row corresponds to thelower
slice through the midbrain showing the WMS (3E), GMS(3F)

The upper row shows the mesencephalon of the WMS inages (A and B) obtained with the two inversion

recovery sequences. The lower row displays the two @/S images (C and D). Red arrows point out the substatia
nigra pars compacta. Green arrows point out the red nucleus while the blue arrows indicate the substantia nigra

pars reticulata which is not identified in (B).
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[ Figure 3] The upper row shows WMS, GMS, ratio image (WMS/GMS)nal segmented fusion image of the substan-
tia pars compacta of the upper slice (A, B, C and D respectively) of a normal valinteer. The lower row displays the
WMS, GMS, Ratio and fusion images of the lower sliceE, F, G, and H respectively). Turbo IR GRAPPA was usedhist

case. The images were obtained with a normal volunteer.
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[ Figure 4 1 The same sequence of images for upper and lower slicesas displayed in Fig. 3 were obtained for a
hemiparkinsonian early stage IPD patient. The arrows in images (D) and (H) point out the loss of neural cells inthe
left lateral segments of the SNC. The red arrow in the GVIS image (B) points out an unknown artifact.
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[ Figure 5] The same sequence of images for upper and lower slicesas displayed in Fig. 4 were obtained for another
hemiparkinsonian early stage IPD patient. The red arows in the ratio image of the lower slice (G) and in the segmented
fusion image (H) point out neurodegeneration in the lower slice. The radiological right side of the patient (R) shows

slightly more neural cell loss than the left side (L).
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and ratio (3G) images respectively of cerebral pedunce. Fig-
ure (3H) again shows the results of image fusion simiar to
(3D) which remains difficult to interpret. The radiological
index Rl as defined in Refs. [5, 6] turned out to ke RI =2, which
is well within the normal range given approximately by -6 RI
6. This result is very encouraging and stimulated the inves-
tigation of early IPD stages with the described IR technique.
Figure 4 displays the same sequence of peduncular images
as in Fig. 3. The early IPD patient was hemiparkinsonia, i.e.
with unilateral symptoms. Indeed his Rl was equal to Rl =12
and indeed the red arrows in (4D) and (4H) point out neu-
rodegeneration in the lateral section of the left side of the
SNC. The lateral to medial neural cell loss corroborates the
pathological findings of Fearnley and Lees [13]. The matient
had slight symptoms (tremor) in his right lower limb when
off medication which agrees with the visual and quantitative
results of Fig. (4). The red arrow in (4B) points out some
unexplained artifact or real structure which resembles a
motion artifact.
Figure 5 shows the results for another early hemiparkinson-
ian IPD patient. Upper and lower rows follow the same
description as in Figures 3 and 4. Loss of neural cellssiclear-
ly visualized in (4H) showing lateral to medial neurodegen-
eration which is the pattern observed in neuropatholo gy
[13]. The black and white ratio image displayed in (5G) clearly
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reveals loss of neurons as well. The patient presentedsymp-
toms in his left extremity which is corroborated by the red
arrow (R) in (4H). Nevertheless the radiological left sde (L)
of the SNC shows lateral to medial neurodegeneration &
well, which possibly could indicate a presymptomatic phase
of the disease in this particular case. The radiologichindex RI
turned out to be RI =13 which corresponds to a value b be
expected in early IPD patients.

Itis clear that Turbo IR sequences and a fortiorfurbo GRAPPA
IR sequences will reduce the scanning time allowing pden-
tial routine clinical use when IPD has to be confirmed or ruled
out. It was expected nevertheless, that the standard
IR sequence could yield better results at the cost of pohibi-
tive imaging time. We are currently investigating improve-
ments of the promising sequence used with the 1.5 Teda
MAGNETOM Avanto scanner.
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The Neuro3D Task Card

Stuart H. Schmeets, BSRT (MR), Siemens Medical Solutions, USA

The Neuro3D task card is ayngo software application. It com- Unlike most accessory software applications, the Neuo3D
bines morphologic or structural imaging with functio nal MRl task card can be used interactively during the fMRI examina-
information in an easy-to-use platform offering the clinician tion to evaluate the progress of the experiment.

a more comprehensive view of the neural activation picture.

What is BOLD imaging?

Blood Oxygen Level Dependence imaging (BOLD), the mdscommon type of functional magnetic resonance imaging,
involves the exploitation of the decrease in magnetic susceptibility caused by small changes in the volume of oy-
genated blood to a specific region of the brain during and following increased neuronal activity [1]. | n other words, as
a certain portion of the brain becomes more active it uses more oxygen causing a reactive increase in blod flow to the
area. The increase in blood flow results in a localized changen magnetic susceptibility measurable with BOLD imaging.
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Why BOLD at 3T?

Magnetic susceptibility relates to the ability of a material if field strength is doubled (e.g. 1.5T to 3T), susceptibility

to become magnetized within an externally applied is increased by a factor of four. Since the BOLD phenore-
magnetic field and is measured by the magnetization of non is based on minute changes in susceptibility this our-
the material divided by the field strength. [1] Ther efore, fold increase leads to higher levels of visible activation.

Performing the examination

The first step in a successful fMRI experiment of the bain is to acquire the mor-
phologic or structural information. This is often T1- or T2-weighted 3D volumetric
datasets that will be used to overlay the functional activation information.

It is also important to collect a gradient field map that will be used later to interro-
gate the combined data for spatial differences caused by susceptibity-induced dis-
tortions that are often generated at air-tissue interf aces in EPl based measurements.
These protocols can be found within the Siemens probcol tree under the head
region and Bold-Imaging program. The protocols labekd Neuro3D_ Pace and Neuro-
3D_ Pace_ Filter have been designed to be used in conjuncin with the Neuro3D
task card.

Once acquired, the volumetric data is loaded into the Neuro3D task card by select-
ing the dataset in the browser and then selecting Applications Neuro3D. The task
card will open and the selected data will be loaded.
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Analysis mode vs. Inline mode

The Neuro3D task card has two processing modes. Various functional paradigms from simple finger
The analysis mode is off-line and designed for pro- tapping to complex visual and thought experiments
cessing data after the examination is completed. can be implemented based on the users level of
The Inline mode is an interactive application where experience and clinical or research objective. There
BOLD data is sent to the Neuro3D task card during are several computerized paradigm generation

the examination. This allows the user to follow the systems available on the market today that can be
progress of the examination in real-time fashion. integrated into the syngo environment.

If you are using the Neuo3D task card in offline or
analysis mode and have already acquired the func-
tional data, it can be loaded at this time for analysis.
However, if online mode is desired select the «Start
Online Modee button on the Neuro3D task card.

All data acquired will automatically be loaded into
the Neuro3D task card for interactive analysis.

Clip planes

Clip planes are an interactive method of navigating
the 3D volumetric data to better resolve the location
of BOLD activity within the anatomic volume. Orien-
tation possibilities are abundant and can be tailored
to the individual patient. A full description of clip
plane functionality is available in the syngo Neuro3D
user manual.
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Orthogonal localization

Selecting a specific area within
the anatomic volume will adjust
the three orthogonal images
within the task card to match
this location.

Gradient field map

EPI based sequences such as those used in BOLD, DTlgdan
Diffusion-weighted imaging are especially susceptible to
geometric distortions at air-tissue interfaces where magnetic
susceptibility changes dramatically. In some cases these go-
metric distortions can cause a mis-registration of the BOLD
activation information on the anatomic 3D volume.

The gradient field map is generated to display areas @ high
magnetic susceptibility and possible geometric distortion.

If acquired, the gradient field map will be automatica lly
loaded when BOLD activation data is added to the Neuro®
card or when the +Start On-line Modes button is seleted.

If a gradient field map is not acquired, an error messaye will
be displayed although normal analysis is still possible. 1t$
important to note that reducing the number of phase enc od-
ing steps in EPI measurements reduces the susceptibil/-
induced distortion.
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Signal time course

The analysis mode allows the user to draw regions of inerest (ROIs) around areas of activation. This in turn wil
generate a graph of signal changes within the region over time. This graph is referred to as a Signal Time Cours
Bilateral activation paradigms result in two, color-coded time course lines within the graph.

Future advancements Image examples from 3T

The next version of the Neuro3D task card will allow The images depict a bilateral finger tapping experiment.
the user to incorporate Diffusion Tensor Maps such as Strong activation is seen within the motor cortex and
Apparent Diffusion Coefficient (ADC), Fractional well as ipsilateral activation in the cerebellum.

Anisotropy (FA), and TRACE-weighted images.

References [1] Runge VM, Nitz WR, Schmeets SH, Faulkner WH, De8#{. The physics of clinical MR taught through images. 2005; 61: 131.
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Functional High-Resolution
3D Examinations of the Cervical Spine
with MRI and the NeuroSwing Device*

K. E. W. Eberhardt*, R. Schindler?, J. Liebisch*
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2Inside, Functional Diagnostic Technology GmbH, Schweinfut, Germany

Introduction

Functional examinations of the cervical spine have been per-
formed since the mid-1990s. All of the mechanical sygems
implemented to date have specific disadvantages, such as
the lack of reproducibility, the often unphysiological pattern
of motions, the significantly poorer signal-to-noise ratio of
the measurements as compared to studies in the standard
position, and the general limitation to one plane of move-
ment. Moreover, the lack of a sequence specifically adpted
to the requirements of the neck region is another limit ing
factor that has prevented high-resolution examination s in
the past. Even open MRI systems are subject to theame lim-
iting factors in spite of their improved patient accessibility.
As a result, although several functional examinations of the
cervical spine have been published [1...6], they have nb
become a part of the clinical routine. The principal utility of
cervical spine examinations is the detection of primary
changes in the intervertebral disks and the bony spinal canad
as well as lesions of structures important for movement,
such as ligaments and vertebral joints. Certain pathdogies
can be imaged for the first time (such as lesions fom
whiplash injuries, displacement of vertebra during inclina-
tion and reclination, or lateroflexion as in spondylolisth esis
[1...6]). Decisions regarding therapy (conservative or stgi-
cal) can be adapted better to the individual anatomic condi-
tions of patients and surgical requirements, especialy for
extensive degenerative diseases. Surgical interventins have
lower risks, and the rehabilitation phase after surgery can be
shortened. For this purpose, the development of an auxiliary
device for functional MRI examinations of the cervical spire
has to address three primary requirements:
1. Enable reproducible high-resolution MRI examinatiors in
all desired functional positions.
2. Permit rapid functional survey (screening) in all functional
planes in less then 10 min as an aid for planning high-es-
olution examinations.
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3. Offer sufficient reliability to allow standardization for rou-
tine use.

This paper demonstrates the first results of a study tha

examines the use of a newly developed device as well as a

3D myelography sequence specifically adapted to the

requirements of the neck region.

Materials and Methods

All measurements were performed using a 1.5 Tesla wiole-
body MRI system (MAGNETOM Sonata, Siemens AG, Medical
Solutions, Erlangen). A combination of surface coils was
used to optimize the signal-to-noise ratio. The following
sequences were used:

HASTE-3D, this strongly Fweighted sequence has been
used previously for functional examinations with the Single
Shot technique to follow movements [8]. However, adapt-
ing it to susceptibility artifacts that occur more frequently in
the cervical spine required readjustment of the sequence
parameters to obtain sufficient resolution for 3D examina-
tions. The following combination of parameters was used for
the first time in functional cervical spine examinations: TR =
7200 ms; TE = 165 ms; slice thickness =1 mm; FoV = 2%
mm; matrix = 256 x 256. The bandwidth was reduced to 150
Hz to maintain an adequate signal-to-noise ratio. The fatty
tissue was suppressed via frequency-selective WateExcita-
tion. The measurement time is 3.30 min.

MEDIC-2D and TSETz- and Ti-weighted, as routine
sequences with modified parameters:

MEDIC-2D:TR =81 ms; TE =27 ms; flip angle = 14°;
slice thickness = 3 mm; FoV =200 mm;

matrix = 256 x 256 mm; bandwidth =130 Hz.

The measurement time for 30 slices was approx. 3.30min.
T2-weighted TSE: TR = 6400 ms; TE =165 ms;

slice thickness = 3 mm; FoV =250 mm;
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[ Figure 1]

matrix = 256 x 256; measurement time = 0.56 min.
Ti-weighted TSE: TR =500 ms; TE =27 ms;

slice thickness = 3 mm; FoV =250 mm;

matrix = 256 x 256; measurement time = 0.56 min.
TrueFISP (real time) with a TR of 200 ms.

The subjects were positioned in a newly developed, pnai-
matically operated, device that allowed for step-less, i. e.
smooth passive movement of the spine, NeuroSwing (hside,
Funktionelle Diagnosetechnik, Schweinfurt, Germany). Ths
device can be moved passively into any desired positin for
inclination and reclination by means of an externally con-
trolled pneumatic drive. Movement for lateroflexion a nd
rotation can be either active or passive.

Combining movements in all three axes easily providesany
desired position. A combination of three surface coils (CP small
flex, CP Neck Array and Spine Array) is integrated intdghe
device to obtain sufficient signal-to-noise ratio. Reproducibil-
ity of results is assured by inflation of the pneumatically
operated device by a predetermined air volume allowing for
comparable extents of inclination and reclination, and by the
use of measuring scales for lateroflexion and rotation.
Subject Information: 13 female and 12 male subjects were
examined. The average age of the subjects was 30.4 yess
(SDev: 8.6 years). The average height was 174.6 cm (Sév:
7.2 cm), and the average weight was 69.6 kg (SDev: 11.3 kg).
Measurements:

MAGNETOM FLASH/2006

Demonstrates the procedure of an X-ray myelography.

with T1 and Tz-weighting were performed for each of the 25
subjects in the standard position, inclination, reclination, lat-
eroflexion and rotation. The slices were performed sagittally
for inclination and reclination, and coronally or axi ally for lat-
eroflexion and rotation. The phase encoding direction was
craniocaudial except for the examination in rotation, when it
was directed right-left. Reproducibility tests were performed
with 5 subjects. These measurements were repeated 5 times
by three examiners, independently of each other.
Post-Processing: Post-processing, including image fusion,
segmentation, 3D visualization and volumetry, was performed
at a separate workstation (syngo MultiModality Workplace
a.k.a. Leonardo, Siemens AG, Medical Solutions, Erlaren).
Image fusion: An automatic, anatomically correct image
fusion was performed. 3D-HASTE data-sets andz2Fweighted
images were overlayed using the implemented fusion algo-
rithm. For this HASTE and TSE data-sets were defined as MPR,
before they were loaded into a workstation.

Segmentation: Because of the heavy T-weighting and the
frequency selective suppression of fatty tissue, a hreshold-
based (implicit) segmentation of the 3D data sets from the
HASTE sequence was adequate for visualization.
Visualization: Visualization was enabled via Volume Render-
ing (VR).

Endoscopy: Virtual endoscopy of the subarachnoidal space
enabled via Surface Shaded Display (SSD).

HASTE-3D, MEDIC-2D, TrueFISP and TSEVolumetry: Automatically volumetric measurement of 3D-
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HASTE data-sets was performed. For this transverse MPR pendicular. That was done in each case by superimposingtie

data-sets of a defined Region of Interest (ROI) underwet a
threshold based voxel count.

Determination of the Ranges of Movement:  The data from
the Ti-weighted TSE sequence was used for the measurements
as recommended by Penning [9]. The differences in he angles
in the functional positions indicated the range of mot ion.

To determine the mobility in lateroflexion, we measure d the
angle between the tangent to the bony basis of the partic-
ular vertebra and a fixed line, which was a perpendicular
through the bony basis of cervical vertebra 2 (Dens ax$) in
the standard position.

In rotation, a tangent to the rear edge of the part icular vertebra
was used to determine the angle. The reference linewas a hor-
izontal line through the hard palate in the standard p osition.
To determine the extent of sagittal motion (inclination -recli-
nation), we determined the angle of a straight line be tween
the rear edge of the Dens axis and the cranial end of tre rear
edge of thoracic vertebra 1 and a perpendicular.

To establish the extent of coronal motion, we defined a
straight line from the medial Dens surface to the vertical
through the middle of the cover plate of thoracic vertebra 1
and determined the angle.

The angle for the extent of movement in rotation was de ter-
mined by a straight line through the middle of the hard
palate and the rear edge of thoracic vertebra 1 to the per-

first and last image of the motion examination.

Evaluation: The examinations were evaluated centrally by
three experienced radiologists. The examiners were not
involved in the evaluations performed using the syngo Multi-
Modality Workplace (Leonardo). Graphic motion diagrams
were generated for the principal functional planes for each
subject by plotting the segment level against the segmental
angle.

Statistics: Mean values and standard deviations were calcu-
lated for all data and angular measurements using the pro-
gram SPSS 9 (SPSS Software, Munich, Germany).

Results

The HASTE-3D sequence visualized structures in the bu
arachnoid space with the highest spatial resolution and pro-
vided very good signal-to-noise ratio. The intradural resolu-
tion allowed good differentiation of the nerve fiber bundle
up to the axilla, where the nerve fibers leave the dura.
Extremely small extradural masses can be recognized very
well indirectly at recesses for cerebrospinal fluid. Suround-
ing structures, on the contrary, cannot be different iated ade-
quately. Therefore, this sequence is particularly suitalie for
implicit segmentation, defined by a fixed transfer f unction,
and subsequent visualization by Volume Rendering Teb-
nigue (VRT). Post-processing via VRT generates arée-

B

Retroflexion

Implemented transfer function
created 3D-Myelography.

Anteflexion

[ Figure 2 ]
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Retroflexion

Procedure for cinematography, 3D-Myelography and volumetric measurement of the CSF (cerebrospinal flud).
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dimensional image of the subarachnoid space (3D myelo-
graphy) from the slice images of the HASTE-3D sequece
[10]. Analogous to conventional myelography, the spinal
nerves are distinguished as low signal structures within the
subarachnoid space. Fig. 1 shows the complex procedureof
conventional myelography for a patient with bony cons tric-
tion of the spinal canal (spinal stenosis). After the puncture,
the patient must be positioned in reclination in the prone
position, so that the contrast agent applied in the subarach-
noid space can reach the cervical spine. Fig. 2 shows, for
comparison the procedure for functional 3D MR myelogra-
phy and volumetry. To obtain an assignment to an anatomic
segment, the MR myelographs were superimposed with -
weighted TSE sequences.

We did not observe signal attenuation due to flow (flo w void
artifacts) in the subjects with the HASTE-3D. Withthe isotropic
set of volume data, slice images could be producedn any arbi-
trary reconstruction plane without loss of resolution (MPR).
Angle Measurements: Fig. 3 shows Ti-weighted TSE image
of a healthy volunteer using the auxiliary system. The range
of movement is demonstrated. A reduced TSE matrix (meas
urement time 30 s) was used. The images show good motion
function and an adequate range of motion.

Table 1 presents the results for the segmental mobilty, i. e.,
the maximum range of movement between inclination and
reclination. The total range of movement was 106.16°, with a

NEUROLOGY

Segmental mobility

Segmenta Level Mean Standard deviation
co/1 1n72 6.79
C1/2 6.96 4.36
C2/3 6.28 317
C3/4 10.20 2.89
C4/5 14.64 452
C5/6 17.40 5.35
Cce6/7 18.52 5.32
C7/8 20.64 5.51
Total 106.16 4.90

[ Tab.1 ] Range of functional measurements

in ante- and retroflexion.

standard deviation of 4.96 °. The segmental mobility, in con-
trast, deviated substantially (SDev: 2.89-6.79°) and was dis-
tinctly greater in the cranial segments of the cervical spine
than in the cranial segments (C0/1: 6.79°; C7/8: 551°). The val-
ues were determined from 25 young and healthy subjects.
The functional mobility for lateroflexion was 25.3° o n the left
side and 22.5° on the right side, with small standard devia-
tions (left: 1.3°; right: 0.9°). In contrast with the s agittal

Only in anteflexion a lesion of the
C6 nerve root could be visualized.

Anteflexion

MAGNETOM FLASH/2006

Automatic vol-
umetry of the
CSF is available.
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plane of motion, the mobility varies less among the individ-
ual segments (2.3° and 5.4°). The deviation is substatial
(1.3°...4.3°), as in the sagittal plane.

The total range of motion of the axial plane was 59.1° to the
right and 56.9° to the left. The standard deviation is some-
what higher than in the sagittal and coronal planes (right:
12.5°; left: 13.6°). The segmental mobility deviates less and
appears to be more uniform without great differences
between the sides.

In summary, our results show clearly that although the total
ranges of motion are comparable for the individual subjects,
there are different segmental ranges of motion.
Reproducibility: Reproducibility tests were done with 5 sub-
jects. Our results show that repeated examinations at
defined functional positions are possible with high r epetitive
accuracy. In inclination, the standard deviation was from
1.5% to 3% of the initial value. In reclination, deviations from
the expected value are between 3% and 8%. They arerbm
2.5% to 5% in lateroflexion and between 2% and 3% in roa-
tion. In summary, our results show high reliability fo r func-
tional examinations with the device used.

B

00

38° e

[ Figure 3]
(C) Lateroflexion (D, E) Rotation (F, G).
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Discussion

Numerous publications have appeared in recent years wlich
treat functional examinations of the cervical spine in various
conditions, especially degenerative, inflammatory, and post-
traumatic conditions [1...6]. In these cases, functional exam-
inations of the cervical spine are performed in the end posi-
tion, i.e., at the maximum for movement, or in firmly d efined
stages [5, 6, 11]. One group used a device, which wascon-
tinuously adjustable in the sagittal plane. To date, there have
been no studies regarding the extent to which functio nal
examinations of the cervical spine are reproducible; a at
least they have not been reported in the applicable litera-
ture. Although body coils were required in the past for meas-
urement, it is now possible to use surface coils with better
signal-to-noise ratio.

One group has reported on the related possibility of improved
spatial resolution [12]. In that case, however, gradient echo
sequences were used (with all the associated disadvatages
including high susceptibility to artifacts) to attain su fficiently
high spatial resolution. Our group selected a sequerce in
(turbo) spin-echo technique for a high-resolution e xamina-

29° 60°

70° 68°

Functional range of movement of a volunteer. Neurtral pos ition (A) Anteflexion (B) Retroflexion
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tion, and utilized parameters optimized for the examination.

The spatial resolution obtained by other groups [12] using
the gradient echo technique is limited, especially in the slice-
selection direction. Multiplanar reconstructions have just as
many limitations in application, because of voxel anisotropy,

as do the more sophisticated visualization techniques such
as VRT [12]. Until now, it has not yet been possible b estab-
lish a method comparable to the visualization aspectof con-
ventional myelography. The same group presented 2D eal-
uations (diameter of subarachnoid space, myelon and
neuroforamen) in functional studies [12]. Limitation to one

plane, usually the sagittal plane, has been another limitation

of functional MR examinations. Examinations in rotation

have indeed been reported [ 12 ], but they are limited to a

few stages of motion. Reports on reproducibility of the
examinations are lacking.

Isolated examinations in lateroflexion have been attempted

using open systems. Step-less, i. e. smooth movemets which

can be combined arbitrarily have not been describedto date
[11]. In the present study, a newly developed device called
NeuroSwing was utilized. The NeuroSwing device allovs
both passive (sagittal plane) and active (lateroflexion and
rotation) movements which can be freely combined in all

three planes. A sequence adapted to the specific rquirements
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[ Figure 41 Former whiplash

injury of a young male volunteer with
a cryptic lesion. Real time imaging
(TrueFISP) detects pathological move-
ment in anteflexion (marked). A:
anteflexion. B: retroflexion. 2D-FLASH
(C, D) visualized a subluxation and

a anterolisthesis (red lines mark an
increasing angle between the supe-
rior and inferior process of the facet
joints, D). 2D-MEDIC demonstrates

a lesion of the flavum ligament (E).

of the cervical spinal region was modified for the examina-
tions, i. e. a TSE sequence with half-Fourier spaceampling was
selected instead of 3D gradient echo sequences. A MBIC-2D
sequence with modified parameters was also used to evalu-
ate the myelon, so that the entire cervical spine could be

S

[ Figure 51 Former whiplash injury and disc hernia-
tion. Retrolisthesis (marked) could be detected only n
retroflexion (TSE).
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[ Figure 6]

Degeneration of the left facet joint. Only in lateroflexion to the | eft side (A) a compression of the CSF

space and the posterior radix (E, marked with red arrow) caused by a hypertrophy of the facet joint (C) could be
detected. Endoscopy of the CSF (VESAS) visualizeah @xtradural mass (marked with yellow arrows) with co ntact
to the posterior radix (G, marked with red arrow). TSE (A, B). 2D-MEDIC (C, D). 3D-HASTE (E), VESAS (F, G).

examined axially with adequate resolution and good signal-
to-noise ratio in a measurement time of approx. 4 min. The
results from the subjects examined show that the range of
motion in the sagittal plane agrees with the values from pre-
viously published conventional functional examinati ons [13].

Here it is interesting that the total range of motion i n healthy
subjects shows little variation (SDev: 4.96°), but the seg-
mental mobility shows substantial fluctuations even in cli ni-
cally healthy subjects (SDev: 2.89° to 6.79°). This appés not
only to sagittal movement but similarly also for coronal

movement (SDev: 0.9° to 1.2° for the total range of motion,

and 1.3° to 4.3° for the segmental range of motion) and to
the axial plane (SDev: 12.5° to 13.6° for the total range of
motion and 1.5° to 10.4° for the segmental range of mo tion).

Comparative reports on the axial range of motion are
derived from functional CT examinations [13]. We do not yet
have information about the segmental range of motion in
the coronal plane, i. e., in lateroflexion. Our examinations
are reproducible, as is clearly shown by a series of Subjects
(SDev: 0.5° to 0.8° in inclination, 0.6° to 1.4° in reclination,
0.5° to 1.2° in lateroflexion, and 1.5° to 2.2° in rotation). In
reproducibility examinations, defined functional pos itions
were carried out 5 times by each of the three independent
examiners, with the patient repositioned each time. The

68 www.siemens.com/magnetom-world

evaluation was performed independently by three experi-
enced radiologists. Because of the good repetitive accuracy
of the NeuroSwing device and the described procedure, it
was possible to save time by repeating arbitrary pogtioning
without a new topogram.

If the examination needed to be interrupted briefly b ecause
of disturbances, for instance, it could be repeated easily after
a brief pause. This is an especially important aspect irthe
case of time-consuming high-resolution examinations. The
visualization results with VRT as 3D MR myelography show
that high-resolution examinations are possible with a modi-
fied 3D-HASTE sequence. In this case, an isotropic matrix is
possible down to a spatial resolution of 0.5 x 0.5 x 0.5 mm in
the cervical spinal region. The signal-to-noise ratioof the 3D-
HASTE sequence used is very good. The intradural nerve
roots can be differentiated well from the CSF and dua. The
transition to the extradural segment, i.e. the true axilla sec-
tion, can be visualized without artifacts. Our results show
that it is entirely comparable with a high-resolution M EDIC-
2D sequence. Due to the isotropic matrix, multiplanar recon-
structions (MPR) are quite possible in all reconstrution
planes as an alternative to 3D visualization. No artifacts due
to CSF pulsation or vessel movement appeared. Despitéhe
low bandwidth of the HASTE sequence, no chemical shif
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artifacts appeared, because of the frequency-selectie pre-
saturation of the fatty tissue surrounding the dura. In the
present study, to save time, we considered a voxel sze of 1 x
1 x 1 mm adequate for functional examinations. In 7 of 25
volunteers cryptic lesions (3 former whiplash injuries) could
be detected only using functional imaging. Real time imag-
ing using TrueFISP gives sufficient information about disc,

subarachnoidal space and vertebrae. TrueFISP (200 ms /

image) can be used for fast screening. Spondylolisthesis
could be detected and measured using TSE. Ligamental
lesion could be visualized best using 3D-MEDIC. 3D-HNE
data-sets allow high-resolution 3D-visualization of the CSF
within the nerve roots in an endoscopic view. Critical care
patients can be examined in less than a minute. High-resolu-
tion MR-Myelography can be performed in all functional
positions in 3...4 minutes. Reproducible high-resolutn
investigations in arbitrary functional positions could be per-
formed [3].

Summary and Prospect

Our study shows that high-resolution MRI examinations are
functionally possible by means of the NeuroSwing auxiliary
device and the sequences specially modified for theparticu-
lar area of examination. Since the individual segmental
mobilities are quite different, in our opinion it is be st to per-
form a rapid survey first so that the course of the subsequent
examination can be planned better. Due to the high repro-
ducibility of our method, a high-resolution, patient- friendly
diagnostic imaging examination can then be planned with
confidence. If necessary, the examination may be irterrupted
briefly at any time, without requiring a new topogra m to

Literature

[1] Pfirrmann CW, Binkert CA, Zanetti M, Boos N, HodleFunctional MR
imaging of the craniocervical junction. Correlation with alar ligaments and
occipito-atlantoaxial joint morphology: a study in 5 0 asymptomatic sub-
jects. Schweiz Med Wochenschr 2000; 130(18): 645...51.

[2] Chiavassa H, Sans N, Galy-Fourcade D, Giobbini K, Ngfe C, Raihac
J. HASTE sequence and and cine-MRI evaluation ofétcervical spinal canal:
evaluation in 11 healthy subjects. J Radiol 2000; 816):611...17.

[3] Muhle C, Metzner J, Weinert D, Falliner A, BringmanrG, Mehdorn MH,
Heller M, Resnick D. Classification system based okinematic MR imaging

in cervical spondylitic myelopathy. AJNR 1998; 19(9:1763...71.

[4] Van Goethem JW, Biltjes IG, Van den Hauwe L, ParizeM, De Schepper
AM. Whiplash injuries: is there a role for imaging. Eur J Radiol 1996; 22(1): 30...7.
[5] Muhle C, Wiskirchen J, Brinkmann G, Falliner A, Weert D, Reuter M,
Heller M. Kinematic MRI in degenerative cervical chnges. R6Fo Fortschr
Rontgenstr 1995; 163(2): 148...54.

[6]1 Schnarkowski P, Weidenmaier W, Heuck A, Reiser MMR functional
diagnosis of the cervical spine after strain injury. R6Fo Fortschr Réntgenstr
1995; 162(4): 319...24.

[7] Eberhardt KEW, Tomandl BF, Rezk-Salama C, SchindierHuk W, Lell
M. Funktionelle hochauflésende 3D-Untersuchungen der Lendenwirbel-

MAGNETOM FLASH/2006

NEUROLOGY

plan the examination. Since the clinical utility of fun ctional
examinations has been proven adequately, the functional
examination method should become increasingly available
for routine use. The positioning aid used can quickly and eas-
ily be integrated into the examination table. This would per-
haps enable future cervical examinations to be performed
exclusively using a variable positioning device. The coil con-
binations commonly used in the cervical spine region and
other vertebral regions are integrated into the auxiliary
device, enabling supplemental examination of the segments
of the vertebral column caudally adjacent to the cervical
spine without having to interrupt the examination.

*This information about this product is preliminary . The product is under
development and not commercially available in the USand its future avail-
ability cannot be ensured.
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Susceptibility-Weighted
Imaging (SWI) Case Reports

Karen A. Tong, M.D.

Dept. of Neuroradiology, Loma Linda University Medical Center, CA, USA

Casel

A 14-year-old female who was ejected 20 feet from an auto-

mobile in a motor vehicle accident. She had an initial Glasgow
Coma Score (GCS) of 3. She was in a coma for 8 days, atil
hospital for 93 days. MRI was obtained 11 days after injury.
SWI images showed numerous small hemorrhages through

A

Case 2
A 12-year-old female who was a passenger in an automaile

that struck a pole. Her initial GCS was 6. She was in a coma

for 6 days and in the hospital for 29 days. MRI was olained
3 days after injury. SWI images showed multiple small hem-
orrhages throughout the deep brain, consistent with di ffluse

g
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out the deep brain, consistent with diffuse axonal injury. In
these images, the small hemorrhages in the corpus callesum
and thalami are better seen on the SWI image than onthe
conventional GRE (Gradient Echo) image. On long-ternfol-
low-up she had severe disability.

Traumatic Brain Injury: deep
shearing injuries in corpus cal-
losum and thalami. A:Conven-
tional GRE, B: SWI

axonal injury. In these images, the small hemorrhages in the
temporal lobes and occipital horns are better seen a the
SWI image than on the conventional GRE image. On long-
term follow-up she had moderate disability.

Traumatic Brain Injury:
contusions and intraven-
tricular hemorrhage. A:
Conventional GRE, B: SWI
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Case 3

An 1l-year-old male who was riding a motorcycle when
struck by an automobile. His initial GCS was 6. He wai a
coma for 26 days, and was in hospital for 105 days. MRwas
obtained 8 days after injury. SWI images showed mutiple
small hemorrhages throughout the deep brain, consistent

g

Case 4

A 60-year-old male who was involved in a rollover mator
vehicle accident and was trapped under a semi-tractor tail-
er. SWI shows extensive dark signal outlining the suface of
the brain, consistent with subarachnoid hemorrhage. A dark

B
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with diffuse axonal injury. In these images, the small hemor-
rhages in frontal and temporal lobes, and midbrain, are bet-
ter seen on the SWI image than the conventional GREnage.
On long-term follow-up he had moderate disability.

Traumatic Brain Injury: con-
tusions & shearing Injuries.
A: Conventional GRE, B: SWI

fluid or FLAIR image shows bright signal in the parietal sulci,
confirming recent bleeding. Hyperdense subarachnoid hem-
orrhage was also seen on computed tomography images
(not shown).

Traumatic Brain Injury:
subarachnoid hemorrhage
A: CT examination,

B: T2 weighted image,

C: Dark Fluid,

D: SwWiI
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Case 5

A 57-year-old female with chronic headaches. An inctlental venous angioma was found in the right hemisphere. This is best
seen on the SWI images, and is barely visible on th&SE (Turbo Spin Echo) T2 image.
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Case 6

NEUROLOGY

A 7-year-old male who presented with visual disturbance. He was found to have multiple cavernomas in the bran on MRI, best
seen on the SWI images, compared to the GRE and TSR images.

Multiple Cavernomas, A: T2, B: T2*, C: SWI.

Sequence Details

Scanner Conventional 1L.5T system

Susceptibility-weighted
imaging ... SWI [3D FLASH]

slice thickness 64 partitions
2mm

TRITE 57140

Tl

TA 9:46 min

Matrix 256 x 512

Fov 5/8 FoV 240

Bandwidth 78

MAGNETOM FLASH/2006

MAGNETOM Avanto 1.5T

56 slices,
2mm

48/40

2:58 min PATx2**
256 x 512

173 x 230

80

* post-processing
**almost three times faster than
a conventional 1.5T system
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WHOLE-BODY MRI

Whole-Body MRI: Faster with Tim

Richard C. Semelka, M.D.*
Brian M. Dale, Ph.D.?

'Department of Radiology, University of North Carolina, Chapel Hill, NC, USA

2Siemens Medical Solutions, Cary, NC, USA

Introduction

The use of breath-hold techniques and intravenous adminis-
tration of contrast agents allows MRI to demonstrate a full

range of upper abdominal diseases [1...4]. One advantag of
the wide variety of MR sequences currently availableis that
comprehensive examination of disease processes is fesible
[1]. The main disadvantage of this variety is that general
agreement on MR imaging strategies is difficult to achieve
and thus there is a tendency to add new sequences to gro-
tocol rather than replace older sequences [5]. This tendency
serves to decrease patient throughput, increase study cost
and increase the likelihood of patient motion.

Directly opposing this trend, the idea of whole-body MR
screening exams is rapidly gaining popularity [6...8]. Tis
could be particularly useful in the examination of metastatic
cancer and other diseases that can occur simultaneosly in a
variety of organs and anatomical locations [8, 9]. Additionally,

[ Figure 1] Coronal HASTE (A) and axial In-Phase (B)
pre-contrast, and axial VIBE (C) post-contrast abdomiral
images. A small liver lesion is visualized (arrows) and
clearly characterized as a cyst.

MAGNETOM FLASH/2006

and although such views are vividly being discussed i the
medical community, it can be considered ethical to do whole-
body MR screening of healthy individuals because MRloes
not use ionizing energy, uses relatively safe contras agents,
and is more effective than CT at detecting most disease
processes except in the lungs [10...13].

Whole-body MR screening requires a series of very rapid
exams and an easy transition from one anatomical location
to another. As a result there is a need to replace longer
breathing-averaged sequences with shorter breath-hold or
breathing-independent sequences, to eliminate redundant
sequences and to otherwise reduce the total time of MR
examinations. The term sbreathing independentZ refects that
sequences are less than 2 seconds in duration, are mimally
sensitive to artifacts from patient breathing and mo tion, and
therefore do not require that patients breathe in a re gular
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fashion or suspend respiration. In addition to rapid sequence

software, the hardware must also support the rapid imaging

of each anatomical location as well as the rapid transition from

one location to another. Siemens has addressed theseneeds

with the following 5 technological advances [2, 14...16]:

1 Remote movement of the patient table

2 Up to 32 independent RF receive channels

3 Tim (Total imaging matrix) Matrix coils covering the whole
body with high signal-to-noise ratio (SNR)

4 Hardware and software allowing iPAT (integrated Paallel
Acquisition Technique) in all directions

5 High quality 3D T1-weighted VIBE (Volume Interpolated
Breathhold Examination)
The following sections describe how these elements may
be combined into an effective screening protocol.

10-minute whole-body protocol

The patient is prepared by using the Head Matrix cd, the Neck
coil, and two or four Body Matrix coils covering the entire torso.
An intravenous line is established for contrast injection.

This protocol is designed to screen for systemic metastases
in the majority of patients. Specific needs of individuals may
be addressed by adding sequences to this basic screening
protocol, but the focus on keeping the overall proto col short
must be maintained. One common example is to add a basc
cardiac exam as part of the optional sequences. The T-SENSE
sequence has a true temporal resolution of 50 ms and can
therefore be used to generate CINE-like image sets wihout
requiring cardiac gating or even breath-holding.

Table 1: Whole body screening protocol

Name TA (m:s)| TR (ms) | TE (ms)| Flip (°) | Fat Sat.| Base Res. Slices| Thick. thm) |PAT |BW (Hz)
Abdominal Localizer 2 2,57 1.28 60 no 128 9 6 977
Coronal HASTE 47 1500 99 180 no 256 30 6 2 651
Axial In-Out Phase 19 200 @ 2.4/4.8 70 no 256 25 8 2 380/530
Axial GRE Pre 19 200 4.4 70 no 256 29 8 2 490
Contrast injection

Axial GRE Post 19 200 4.4 70 no 256 29 8 2 490
Axial VIBE Dynamic 53 4.3 1.68 10 yes 320 64 Bi5 2 350
Chest Localizer 2 2.57 1.28 60 no 128 9 6 977
Axial VIBE 19 4.3 1.68 10 yes 320 80 S5 2 350
Coronal VIBE 21 4.3 1.68 10 yes 320 80 35 2 350
Coronal HASTE 47 1500 99 180 no 256 30 6 2 651
Axial HASTE 54 1500 91 180 yes 256 85 8 2 651
Pelvis Localizer 2 2.57 128 60 no 128 9 6 977
Axial VIBE 19 4.3 168 10 yes 320 80 85 2 350
Sagittal VIBE 19 4.3 168 10 yes 320 80 35 2 350
Axial HASTE 54 1500 91 180 no 256 35 8 2 651
Sagittal HASTE 44 1500 91 180 no 256 28 8 2 651
Heart Localizer* 2 2.57 1.28 60 no 128 9 6 977
Axial VIBE* 15 4.3 176 10 yes 320 56 B85 2 350
Short-axis tSENSE* 13 54.25 0.94 55) 128 8 7 1302
Head Localizer 3 2.67 134 60 no 128 9 6 977
Axial VIBE 47 4.3 1.83 10 yes 320 88 3 2 350
Axial HASTE 47 1500 98 180 no 256 30 5 651
Sagittal HASTE 47 1500 98 180 yes 256 30 5 651
* indicates an optional sequence. Total scan time B 9:44 min without the optional sequences or 10:14 min with the optional cardiac sequences.
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Figures 1 through 5 show a selection of typical images
obtained using this protocol. Note the generally high image
quality of all sequences used. Note in Figure 1 that the small
liver lesions are easily visualized and accurately charaetr-
ized as cysts. Note also the visualization of the small renal
cancer in Figure 2. In particular, note the clear depidion of

the small pulmonary metastases as seen in Figure 3, despite
the fact that they are considered a challenge for MRI Figures
4 and 5 do not demonstrate any pathology, but do demon-
strate the high image quality of the screening protocol in the
pelvis and head.

Sagittal HASTE (A), axial HASTE (B), sagittal VIBE (@hd axial VIBE (D) post-contrast pelvic images.
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[ Figure 5]

Summary

This screening protocol fully utilizes the new Tim technology
in order to effectively cover the whole body in less than 10
minutes. Key features include the use of the high-SN\R array
coils, the Matrix coils, and multiple receiver channels that
allow iPAT accelerated sequences. The coils themseés are
physically compatible so they may all be placed on tre
patient and plugged in to the table simultaneously at the
beginning of the exam, eliminating the need for coil or
patient repositioning. Automatic table motion combi ned with
the physical compatibility allows for rapid transit ion between
anatomical regions.
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Sagittal HASTE (A), axial HASTE (B), and axial VIBE)(@ost contrast cranial images.

The sequences used have been demonstrated to be higly
effective at detecting systemic metastases as well as avide
variety of other disease processes. In addition, tle 3D VIBE can
be reformatted in other orientations, particularly wh en the
resolution is near-isotropic. This allows one breath-told se-
quence to replace up to three without any loss of information.
The short duration of this screening exam makes it a reason-
able replacement for similar whole-body screening exams
performed under CT. In addition this approach offers hoth
improved safety (radiation and contrast agents) and diagnostic
image quality in all regions except possibly in the lungs.
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High-Resolution Dynamic*
Breast MRI Current Capabillities of
syngo MR MAGNETOM Systems

Helmuth Schultze-Haakh, Ph.D.

MR R&D Collaborations Manager, Siemens Medical Solubins Inc., USA

Introduction

A number of recent journal publications show that MR imag-
ing is increasingly used for breast lesion visualizatbn and
breast cancer management. To increase the specificity of
breast MR, dynamic exams have become an integral part of
standard breast MR examinations. During a dynamic* exam-
ination both breasts are imaged multiple times over approx-
imately five minutes as the bolus of contrast* mate rial passes
through the breast tissues. Malignant lesions enhance more
abruptly and more intensely than normal structures and are
thus detected by this exam. Benign lesions can be diferenti-
ated from malignant lesions using a combination of morphol-
ogy and dynamic contrast enhancement characteristics.

MAGNETOM FLASH/2006

MR is acknowledged to be very sensitive, and, as experigce
levels rise and more sophisticated post-processing tods be-
come available, the accuracy of breast MR is improing as well.
It is increasingly evident that breast evaluation for known or
suspected cancer lesions should also include the contra-l&
eral breast to detect subtle, often clinically occult contra-lat-
eral tumors.

Ideally, this exam would not only visualize and evaluate
lesions in the breasts, but also detect abnormal lymph nodes
in the axillae and surrounding chest. This information can be
used to stage the disease process and for treatmentdeci-
sions.

[ Figure 1] Mean Curve evaluation: A por-
tion of a malignant lesion is marked with a

red region of interest (ROI). The corresponding
curve has a rapid rise followed by a decrease
in intensity (wash-out). Characteristically, the
maximum value is reached quickly and shows
typically an increase of more than 100% com-
pared to the pre-contrast intensity. In compar-
ison normal breast parenchyma enhances, if
at all, very little (yellow ROI with correspon-
ding yellow curve). (Courtesy of Ceders-Sinai
Medical Center, Los Angeles, CA, USA).

[ Figure 2 ] Full Maximum Intensity Projection
(MIP) image of an unsuspected contra-lateral
lesion (bright spot in right breast) of lobular
cancer. (Courtesy of First Hill Diagnostic Imag-
ing, Seattle, WA, USA).
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Bilateral isotropic dynamic data sets

The controversy over acquisition techniques for breast MRI
is subsiding. In the past, there have been disagreemetts on
technique: 2D non-fat saturated vs. fat-suppressed D,
dynamic vs. high resolution, and bilateral vs. unilateral exam-
inations. The speed of current MR systems and an increase in
clinical experience has caused the discussion to diminish ¢
primarily the selection of slice orientation.

The traditional filming orientation in mammography h as
always focused on medial lateral oblique (MLO) or near
sagittal views. This image orientation was adopted ealy in
MR largely due to the similarity with the customary mammo-
graphic norm. Even though breast examinations can be
done in any orientation, to quickly acquire data in the most
anatomically and physiologically appropriate manner
Siemens advocates bilateral axial acquisitions with near

[ Figure 4 ]
acquisition lasts 60 seconds. After the pre-contrastrun the contrast medium is injected. 5 uninterrupted i dentical scans
follow. (Courtesy of Ceders-Sinai Medical Center, LoAngeles, CA, USA).
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pre-contrast
5min

DynaVIEWS: High resolution 3D dynamic acquisitions withfat saturation using iPAT factor of 2. Each

[ Figure 3] Coronal STIR
in the body coil. Short Tl
Inversion Recovery (STIR)
suppresses fat and shows
high sensitivity to fluid.
Abnormal lymph nodes

can easily be seen: axillary
node on left images, internal
mammary node next to the
sternum on the right images.
Patient had invasive ductal
cancer in the right breast.
(Courtesy of First Hill Diag-
nostic Imaging, Seattle,

WA, USA).

isotropic voxels. This technique enables the contralateral

side to be viewed simultaneously with the suspicious or

affected breast.

Most current breast MR techniques use bilateral 3D acquisi-
tions with a method for fat suppression, either spectral selec-

tive fat-saturation or water-excitation. Modern pro cessors and
computer systems can handle the vast amount of image data

being produced with dynamic 3D acquisitions, often exceed-

ing 1000 images for a complete dynamic data set.

A 3-dimensional, bilateral, high spatial resolution data set

can be acquired with isotropic, or nearly isotropic, sub-mil-

limeter voxels in about 60 seconds. Siemens unique
sequence, which produces axial images of both breass, is

called dynaVIEWS ... dynamic Volume Imaging with Enhaed

Water Signal.
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DynaVIEWS protocols

Maestro Class: VA25 MAGNETOM Avanto: VB11 VB11

Parameter Ultra Sprint Quantum Sonata Q QS MAGNETOM

gradients | gradients | gradients | gradients Espree
TR/TE (ms) 5.09/1.87 « 4.74/1.71 | 4.64/1.74 | 4.30/1.47 4.64/165 4.22/1 48 @ 4.62/1.67
partitions 160 160 160 160 160 160 160
Sice thickness (mm) 0.9 0.9 0.9 0.9 0.9 0.9 0.9
FoV (mm) 340 320 320 320 320 320 320
Matrix: pe x rd 309x448 | 331x448 | 341x448 @ 349x448 @ 349x448 | 354x448 323 x448
Resolution (mm 2) 10x0.7 | 1L0x0.7 0.9x0.7 0.9x0.7 09x0.7 0.9x0.7 1.0x0.7
Bandwidth (Hz/pxl) 340 320 320 320 320 320 320
Flip angle (degree) 12 12 12 12 10 10 12
iPAT 2GR 2GR 2GR 2GR 2GR 2GR 2GR
Grad. mode norm fast fast fast fast fast fast
Slice Resolution (%) 61 61 61 64 63 65 60
Phase Resolution (%) 69 74 76 78 78 79 72
Slice Partial Fourier 6/8 6/8 6/8 6/8 6/8 6/8 6/8
Phase Partial Fourier 6/8 6/8 6/8 6/8 6/8 6/8 6/8
Filter Elliptical Elliptical Elliptical Elliptical Elliptical Hliptical Elliptical
Phase Oversampling (%) 7 7 7 7 7 7 14
Slice Oversampling (%) 0 0 0 0 0 0 0
Rec FoV (%) 100 100 100 100 100 100 100
Fat-saturation yes yes yes yes yes yes yes
Orientation TRA TRA TRA TRA TRA TRA TRA
Phase direction R>L R>L R>L R>L R>L R>L R>L
Acquisition time (s) 60 60 60 60 60 60 60
Siemens Bilateral Breast Array Coil: BRL, BRR

It allows both breasts to be visualized simultaneously at the
same anatomical level and within the same time point of
contrast enhancement. Bilateral assessment and symmety
are important for identifying lesions. The combination of

excellent gradients and parallel imaging (integrated Parallel
Acquisition Techniques ... iPAT) yield the fast, neasotropic
scans. Due to the isotropy of the voxels, there is noimitation

in how the data are viewed. Instead of interpreting th e data
in the acquisition plane, one can take advantage of the full

3D capability of MR to rotate and reconstruct in any plane or
produce MIP (maximum intensity projections) views to easily
visualize lesions and their extent.
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Traditionally, clinicians have preferred the sagittal orienta-
tion. Even though more restrictive in its clinical usefulness,
bilateral sagittal image data sets can also be acquired on a
Tim (Total Imaging Matrix) based system with high spatial
resolution in less than 1.5 minutes (see Fig. 7).

The MAGNETOM Avanto, the first Tim system, the MAGNE
TOM Espree, the first Open Bore MRI with Tim at L.5&nd the
3T MAGNETOM Trio, A Tim System can produce such rdts
The need for sagittal acquisitions is reduced due to the capa-
bility of multi-planar reconstructions (MPR) of the dynamic
VIEWS data.
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[ Figure 5] 3D processing allows the 3D image

data to be presented in any orientation: here a full MI P
in a medial lateral oblique view similar to a common
mammographic view. (Courtesy of First Hill Diagnostic

Imaging, Seattle, WA, USA). [ Figure 6 1 (A) Full MIP; (B) Coronal thin MIP
from an axially acquired subtracted series (Courtesy

of First Hill Diagnostic Imaging, Seattle, WA, USA).

[ Figure 7] Dynamic [ Figure 8] sagit-
bilateral sagittal scan: tal reconstruction
(A) right breast; (MPR) from an axial-

ly acquired delayed
VIEWS series. (Cour-
tesy of Ceders-Sinai
Medical Center, Los
Angeles, CA, USA).

E (B) left breast iPAT
factor of 2 applied
in the slice (3D) direc-
tion. (Courtesy of
University of Califor-
nia at Los Angles).
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Advanced techiques for DCIS diagnosis

A centrically reordered k-space 3D scan with even highereso-
lution can follow the dynamic scans to better portray anatom-
ical detail. Whether acquired sagittally or axially, this delayed
bilateral high-resolution 3D data set, called delayed VIEWS,
may allow the depiction of ductal pathways in their tr ue
oblique-radial orientation. Ductal carcinoma in situ (DCIS is
often considered a precursor to breast cancer, and, theefore
its early identification may be of substantial clinical impor-
tance. During the dynamic acquisition, DCIS, which often lacks
the high levels of angiogenesis of invasive cancers, wi thus

less commonly show the enhancement characteristics assci- [ Figure 9] RADIANT MIP (Radial MIP imaging around

ated with malignant tissue. Therefore, the delayed VIEWS nipple or tumor): Only the high resolution 3D data fro m

series, with high spatial resolution in all directions, when run a Siemens MAGNETOM allows the uncompromised
immediately after the dynamic study, can be used to perform reconstruction of thin MIPs, a subsection of the volume,
double oblique reconstructions along the ductal pathways to be presented in a double oblique orientation.

demonstrating in an anatomically appropriate way, the exte nt
of DCIS lesions, which may not be seen on regular ortlegonal
planes.

Conclusion

Siemens MAGNETOM systems and software have made hast

MR imaging and evaluation, comprehensive, easy-to-se, fast
and reliable. Siemens provides an iPAT-compatible otularly

polarized (CP or quadrature) breast array coil. Most bthe

fore mentioned techniques such as DynaVIEWS or deled

VIEWS for bilateral 3D acquisitions with fat suppresion incor-

porate and take advantage of iPAT. The workflow is stream-
lined by providing immediate subtractions and Maximum

Intensity Projections (MIPs) with Inline Processingusing fast

computers that can handle the large, 3D, isotropic data vol-

umes generated. Color coded tissue intensity maps and
dynamic intensity curve evaluations facilitate lesion interpre-

tation.

As the number of breast imaging exams continues toincrease,

Siemens MR enables you to stay at the forefront of MRech-

nology. But even more important is that Siemens MR sinpli-

fies breast imaging so that it seamlessly fits into your exam
mix and daily workflow.

[ Figure 10 ] Colorized enhancement intensity map
from the contrast enhanced dynamic data sets: positive
enhancement integral (PEI).

* 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 clinicalises which are not commercially available in the US.
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