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MR/PET – Advent of a new
hybrid imaging modality
These days we are eyewitnesses to an
exciting new hybrid imaging modality to
enter the clinical arena, namely simultaneous whole-body MR/PET imaging.
Envisioning the combination of the
excellent soft tissue contrast, high spatial and temporal resolution, and functional tissue parameters that MR provides with the high sensitivity of PET,
different technical approaches have
been pursued by researchers and by the
industry to work on the integration of
two formerly ‘non-integrable’ imaging
modalities. With the recent introduction
of the Biograph mMR, Siemens has
launched a 3.0 Tesla whole-body MR
hybrid system that hosts in its isocenter
a fully integrated PET detector and that
with its 60 cm patient bore enables
whole-body simultaneous MR/PET
imaging.
Researchers, radiologists, and nuclear
medicine physicians have been waiting
and actively been working on the advent
of this hybrid imaging modality for a
long time [1–3]. A detailed overview
about the pre-clinical developments, the

Technical integration of MR
and PET
rationale to combine MR and PET as
well as the steps which were necessary
for integrating these imaging modalities
to allow simultaneous scanning can
be found in the article by Beyer et al.
‘MR/PET – Hybrid Imaging for the Next
Decade’, published in the supplement
of issue 3/2010, RSNA edition of
MAGNETOM Flash. Now that whole-body
MR/PET has entered clinical practice,
we have a starting point to evaluate the
full clinical potential of the modality, to
research for and to validate new imaging
applications, and to ultimately establish
this imaging modality in early diagnosis
of oncologic, neurologic, cardiologic,
and many more diseases.
As more and more research and clinical
sites come on board during the months
and years ahead, let’s take a first look
into the technology and explore what
specifics such an integrated MR/PET
hybrid system brings with it. We will
then also explore the workflow of a
MR/PET whole-body hybrid exam and
present first image examples from
clinical findings.

The Biograph mMR hybrid imaging
system fully integrates the MR and the
PET imaging modality into one imaging
system. In order to ensure such a high
level of integration, we have to overcome numerous physical and technical
preconditions and challenges. The
potential physical interactions of both
modalities in both directions – PET on
MRI and MRI on PET – are manifold. Full
integration of a PET system into an MRI
environment requires technical solutions
for three groups of potential electromagnetic interaction:
1) the strong static magnetic B0-field for
spin alignment,
2) the electromagnetic changing fields
of the gradient system (Gxyz) for spatial signal encoding, and
3) the radiofrequency (RF) B1-field for
MR signal excitation and MR signal
readout.

k The QR code is your direct link to Thomas Beyer's article on
the history of combining PET with MRI, the rationale to do so
and challenges which had to be overcome. You will also find
the article at www.siemens.com/magnetom-world

88 MAGNETOM Flash 1/2011 · www.siemens.com/magnetom-world

Product News

1

LSO array

Crystals
Avalanche Photo
Diodes (APD)
3x3 APD array
Integrated
Cooling Channels

9-Channel preamplifier
ASIC board
9-Channel driver board

1 Pet detector assembly for mMR. 64 Lutetium Oxyorthosilicate (LSO) crystals form one block that transforms 511 keV gamma quanta into
light flashes. Light events in the LSO crystals are detected by a 3x3 array of avalanche photo diodes (ADP). 9-channel preamplifiers and driver
boards as well as integrated water cooling completes each detector block. This detector assembly is characterized by its small size, can be
designed free of magnetic components, and performs in strong magnetic fields. 56 such blocks form one detector ring, 8 rings form the PET
detector assembly in the Biograph mMR that spans a longitudinal field-of-view (FOV) of 25.8 cm.

PET hardware and PET signals must not
be disturbed by any of these fields.
Equally, for full and unlimited MRI system performance, PET must not disturb
any of these electromagnetic MR fields
and signals.
Numerous technical solutions were thus
required for PET integration into an MRI
system. The most important key technology enabler was the development of
detectors and photo diodes that are able
to detect the 511 keV PET gamma
quanta following an annihilation event
inside of a strong magnetic field. What
worked well in established PET and in
hybrid PET/CT systems in the form of
scintillation crystal blocks read out by
photomultiplier tubes (PMT), had to be

replaced for the MR/PET integration
since the PMTs are very susceptible to
magnetic fields. The current detector
solution for simultaneous MR/PET is a
combination of Lutetium Oxyorthosilicate (LSO) crystals and Avalanche Photo
Diodes (APD) able to detect gamma
quanta even inside strong magnetic
fields and convert the detected events
from scintillation light to electrical signals (Fig. 1A) [4]. Another advantage of
the combination LSO crystal and APD
diodes compared to PMT is that they do
not require as much space and thus can
be integrated inside of an MRI bore. Siemens’ 70 cm magnet bore technology is
clearly another precondition to integrate
the PET detectors inside the limited
space of an MRI system and at the same
time to leave enough space to eventually end up with an inner whole-body
bore diameter of 60 cm – as has been
clinical standard for MRI magnet bore

diameter in the past. In the Biograph
mMR hybrid system, 56 LSO-APD detector blocks, each with a block area of
32 x 32 mm2, are aligned circumferentially to form one PET detector ring.
8 rings form the full PET detector unit,
spanning a length of 25.8 cm in z-direction (for comparison: conventional/
standard PET-CT systems have an axial
field-of-view (FOV) of less than 20 cm
and high-end PET-CT systems nowadays
have a FOV of approximately 22 cm).
Each LSO crystal, which are put together
to form than the LSO-APD block, has a
size of 4 x 4 x 20 mm3 which is the finest
crystal dimension in the market for
clinical PET systems; the crystal size has
a direct impact on the achievable PET
resolution.
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2 Schematic drawing and photograph showing the integration of the PET detectors in the MR hardware structure of the Biograph mMR. From the
inside to the outside: RF body coil, PET detector, gradient coil assembly, primary magnet coil, and magnet shielding coil. The latter two magnet coil
assemblies are contained in the helium filled magnet cryostat. The MR/PET integration as shown requires that the PET detector works within strong
static and dynamic magnetic fields, and does not disturb any of the associated electromagnetic MR fields. The PET detector must not disturb the static
B0-field, the gradient fields nor the RF transmission and reception. Additionally, in this configuration the RF body coil needs to be designed ‘PET transparent’ with little attenuation of gamma quanta.

How has the integration of the PET
detector unit into the MR environment
been performed technically? Seen from
the perspective of the signals emitting
patient, the hardware layer structure
of the hybrid system is as follows: The
innermost layer in the magnet bore is
formed by the signal transmitting and
receiving RF body coil with its RF shield,
shielding the RF coil towards the other
structures in the bore. The PET detector
rings are located behind the RF coil and
its RF shield. The layer behind the PET
detector unit is formed by the gradient
coil assembly encompassing gradient
coils for spatial MR signal encoding in all
three dimensions of the scanner coordinate system. The outer layer structure is
formed by the magnet cryostat containing the liquid helium for magnet cooling
as well as the superconducting magnet
winding producing the 3.0 Tesla static
magnetic B0-field (Fig. 2). The individual
hardware components as well as the
whole hardware assembly are optimized

towards MR and PET signal detection
with no signal disturbances in either
direction. A technical precondition to
fulfill these requirements is that the RF
body coil should be ‘PET transparent’
such that gamma quanta emitted by the
patient are not attenuated by the RF
body hardware. An additional consequence is that the PET detectors need to
be non-magnetic and ‘gradient transparent’ in order to not distort the linearity
of the fast switching gradient fields.
The PET detectors require stable temperatures over time of around 20°C temperature, which has been achieved by
implementing water cooling into the
APDs (Fig. 1). Analog electrical signals
and water cooling are conducted from
the PET detector in the isocenter of the
magnet bore to the back end of the MR/
PET system. All PET detector electronics
are hermetically shielded by copper elements in order not to emit RF signals
that potentially could disturb the weak
MR RF signals or contribute to increased
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overall RF noise, leading to decreased
signal-to-noise-ratio (SNR) in MRI measurements. With regard to potential
interaction with the three groups of
electromagnetic fields in an MRI surrounding, all components of the PET
detector and electronics must be absolutely non-magnetic, must be absolutely
RF shielded and must be optimized to
eliminate susceptibility to eddy currents.
Eddy currents potentially interact with
the strong and fast switching magnetic
gradient fields for spatial MR signal
encoding. When switching gradient
fields, according to Lorentz’ induction
law, eddy currents are induced into
neighboring electrically conducting
structures. Unwanted eddy currents thus
counteract the effect of fast switching
linear gradient fields, potentially leading
to reduced rise times, reduced amplitudes, and reduced gradient linearities,
resulting in an overall reduced gradient
performance and non-linear geometrical
distortions in MR imaging.
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3 System integration testing: RF noise check. Images in (A) show results of an RF noise detection routine in MR imaging that was acquired while
the PET detector unit was simultaneously activated. In this noise check, the RF receivers of the MR system are stepped through a frequency range of
±250 kHz around the Larmor center frequency in intervals of 10 kHz. The panel in (A) shows a selection of 4x4 images, each representing a frequency
range of 10 kHz. The individual noise images here show neither increased noise nor any other discrete enhancement. Zoom-in (B). This result of the
RF noise check indicates uncompromised shielding of the electronic PET components over the whole receiver bandwidths of the MR system. Just to
demonstrate the effect of disturbing RF noise, image (C) shows a single measurement disturbed by a discrete RF signal (vertical stripe on the right
side of the image) that has been provoked by opening the two doors of the RF cabin during measurement.

System integration testing
Early system integration testing of the
Biograph mMR hybrid MR/PET system
has been performed at the Institute of
Medical Physics (IMP), University of
Erlangen, Germany, in close collaboration with Siemens Healthcare, Erlangen,
Germany. Successful system integration
needs to be explored and verified in
numerous systematic technical and
phantom testing experiments. This
requires testing in both directions to
answer the following questions: Is PET
performance influenced by the MR? Is
MR performance influenced by the PET?
MR testing encompasses testing for
potential interactions with RF, B0, and
Gxyz, and related artifacts. PET testing
encompasses testing for count rates,
detector performance, signal homogeneity, and artifacts [5].
Figure 3 shows RF noise testing – a routine system performance test in MRI. In
this test, the RF receiver chain is set to a
high receiver gain and then stepped in

steps of 10 kHz through a varying bandwidth ranging from -250 kHz to +250
kHz around the Larmor center frequency
of the 3.0 Tesla MR system. This is performed twice: Once with PET switched
off, and again with the PET hardware
switched on. Thus subtle differences in
the overall noise level or discrete RF
noise frequencies with/without PET can
be detected.
Static magnetic B0-field homogeneity
testing encompasses measurements of
the static magnetic field homogeneity
with/without PET detectors inside of the
system. The difference between both
measurements can be visualized and
evaluated in B0 difference field maps in
three spatial dimensions. Thus subtle
differences in the B0 static magnetic
field homogeneity can be detected and
displayed within ppm accuracy. In the
Biograph mMR system the magnetic field
homogeneity is specified with ≤6 ppm
standard deviation Vrms (volume root-

mean square) over an elliptical volume
of 50 cm diameter in the x-y-plane
and 45 cm in z-direction. In system integration testing the measurements with/
without PET detector installed did not
reveal any influence of the PET detector
on the B0-field homogeneity of the MR
system.
Also the gradient system performance
with its parameters amplitude (mT/m),
slew rate (T/m/s) and overall linearity
has to be evaluated twice with/without
PET detectors to determine possible variations from the gradient systems specifications. Measurements have confirmed
that the gradient systems performance
in the Biograph mMR system is in the
specifications – 45 mT/m maximum
amplitude for all three gradient axes,
200 T/m/s maximum slew rate, and thus
compares well to a system without PET
integrated in the magnet bore. This is a
major precondition to take full advantage of numerous whole-body imaging
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sequences providing anatomical and
functional tissue information simultaneously with a combined data acquisition
with PET: Diffusion-weighted imaging
(DWI), diffusion tensor imaging (DTI),
arterial spin labeling (ASL), functional MRI
(fMRI), MR spectroscopy, time-of-flight
angiography (TOF-MRA), dynamic cardiac
acquisitions, etc., to name only a few.
Finally the PET systems performance has
also to be tested for the potential influences of the strong magnetic field by
gradient fields, or by RF interactions.
Such testing performed according to
NEMA standards [5] twice outside and
inside of the MRI system and during
system integration testing did not reveal
any deviations from the PET performance
without MRI surrounding.

4

Siting speciﬁcs

4 The Biograph mMR system installation at the Institute of Medical Physics, University of Erlangen.
Both imaging modalities – MR and PET – are fully integrated into one MR/PET hybrid system.

5

5 Schematic showing the compact siting of the Biograph mMR system and its hardware components. In comparison to an MR-only installation, the MR/PET installation adds only another filter
panel and one extra cabinet for the PET electronics to the installation site.
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With this new hybrid imaging systems
generation, combining the non-radiating imaging modality MRI with the
nuclear medicine imaging modality PET,
a couple of technical and logistical particularities have to be considered when
it comes to siting of such a hybrid system. The high degree of system integration in case of the Biograph mMR helps
to reduce the space that is required for
system installation. This holds true for
the scanner room as well as for the technical equipment room. The installation
only requires a minimum of 33 m2 of
installation space for the scanner, electronics and console room. Figure 4
shows the Biograph mMR installation at
the Institute of Medical Physics (IMP),
University of Erlangen, Germany. When
compared to the installation of a conventional standalone MR system, the
MR/PET hybrid system does not require
additional space in the scanner room
and only requires one additional cabinet
in the technical equipment room (Fig. 5).
Water cooling infrastructure is shared for
both the gradient system and for the PET
detectors. The additional cabinet in the
technical equipment room contains the
PET electronics and computers for signal
processing and image reconstruction,
respectively. Another requirement for
the MR/PET hybrid system installation is
a second filter panel in the RF cabin to
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feed the PET signals and associated
cables through the wall between the
system room and the technical equipment room. During the MR/PET systems
installation at the Institute of Medical
Physics, University of Erlangen, a second
RF shielded door was installed in the
RF cabin. Although not a necessity, this
installation at the IMP enables a patient
to be brought directly from the ‘active
waiting’ controlled area into the scanner
room which then becomes a temporal
control area and thus not affecting the
operator room with radiation at any
time. Thus personnel, researchers and
potential visitors can stay in the operator
room while switching patients in the
scanner room.

RF coils and associated attenuation correction
Like its MR-only siblings, the Biograph
mMR MR/PET hybrid system is equipped
with a full set of RF coils and associated
RF architecture – the well established

Tim technology (Tim, Total imaging
matrix, Siemens Healthcare). The Tim
RF system provides seamless coverage
of the patient’s body with integrated
surface coils from head to toe (Fig. 6).
The coils are each equipped with multiple RF coil channels providing a high coil
element density for high SNR gain as
well as parallel imaging capabilities with
high acceleration factors in three spatial
dimensions. While this integrated RF
surface coil concept today is well established in MRI, its use in a combined MR/
PET hybrid imaging system is a novelty
and prerequisite for seamless wholebody MR/PET acquisitions. The RF surface coils that cover the patient’s body
for optimal MR signal performance are
at the same time in the FOV of the PET
detectors. Thus all RF surface coils now
have to be also optimized towards
PET-transparency, i.e. such coils should
attenuate gamma quanta to only a
minor extent, for optimized PET performance. This also holds true for all other

hardware equipment – MR or PET related
– that potentially accompanies the
patient’s body when traveling through
the PET-FOV, e.g. RF surface coils, the
patient table, cables, connectors, patient
monitoring equipment, etc. [6]. Here
one can differentiate between ‘rigid and
stationary’ equipment such as the
patient table, the RF spine array coil as
well as the RF head coil, and between
‘flexible and non-stationary‘ equipment
such as the flexible RF Body Matrix array
coils. ‘Rigid’ here means stable in its
form and geometry. ‘Stationary’ in this
context means non-moving relative to
the patient table whose position is
known to the imaging coordinate system at any point in time when moving in
the scanner bore.
The PET signal attenuation and scatter
of rigid and stationary equipment can
be compensated for by straightforward
attenuation correction (AC) methods.
For example, the RF head coil (Fig. 7A) is
scanned in a CT (computed tomography)

6

6 The Biograph mMR is equipped with the Tim (Total imaging matrix) RF coil technology consisting of multiple integrated surface coils that cover the
patient’s body from head to toe with up to 102 RF coil elements connected to 32 RF receivers. This multi-channel phased array RF coil configuration
enables parallel imaging and whole-body MR data acquisition with optimized signal-to-noise (SNR) performance. In simultaneous MR/PET hybrid
imaging, the surface RF coils are located between the radioactivity emitting patient and the PET detectors. As a consequence, the RF coils should be
designed to be as PET-transparent as possible.
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coil that was designed
and optimized towards
PET-transparency for use
in simultaneous MR/PET
hybrid imaging. This RF
coil serves as an example of a rigid hardware
component that is stationary at its known
position with regard to
the patient table. (B) 3D
CT-scan of this rigid RF
coil. Such a CT-scan provides hardware attenuation values that can be
transformed from the
CT’s 100 keV energy
level to the 511 keV
energy level of PET in
order to derive a PETequivalent attenuation
map (μ-map), shown in
image (C). The μ -map
in (C) has been acquired
at level a–b as shown in
image (B).

system once and a 3-dimensional map
of attenuation values is thus generated
(Fig. 7B). X-ray based CT attenuation
values in general are in the energy range
of about 70–120 keV and thus have to
be converted to the 511 keV energy
level of the gamma quanta emitted in
PET. A 3D graphical representation of
the obtained attenuation values ‘μ-map’
with 511 keV attenuation values is then
generated (Fig. 7C). This CT-based registration of 3D attenuation values has to
be performed once for each rigid hardware component and then the according
μ-map becomes part of the PET image
reconstruction process. By linking the
RF spine – or RF head coils – position
relative to the patient’s table position,
the relevant AC μ-map for each table
position is automatically selected by the
system for PET image reconstruction.
The flexible and non-stationary Body
Matrix RF array coils covering the
patient’s body cannot be attenuationcorrected in the same manner. Here the
geometry and position of the coils attenuating structures depend on the
patient’s individual anatomy and on the
individual situation of the patient exam
and thus cannot be easily predicted by
MR imaging. Here the emphasis lies on
designing flexible and moving RF coils as
PET-transparent as possible. For the Biograph mMR system, the associated RF
coils have been further optimized in this
regard. Potential design parameters for
RF coil optimization are the choice of
materials, the geometry, and the overall
assembly. The ultimate goal of such an
RF coil design optimization process is to
maximize SNR and signal performance
for MR while not disturbing PET-imaging.

Attenuation correction for
tissue
A necessity in PET-based imaging is the
correction for attenuation and scatter
resulting not just from the hardware in
the PET FOV (e.g. patient table, and RF
coils as described above) but also from
the patient’s body, i.e. the anatomic distribution of soft tissues, air, and bones
in the individual patient. Such tissue AC
in PET-only systems traditionally has
been performed by rotation of radioac94 MAGNETOM Flash 1/2011 · www.siemens.com/magnetom-world
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8 Soft-tissue attenuation correction (AC) based on MR imaging. (A) Uncorrected whole-body PET scan showing relative activity enhancement in
the lungs and on the outer contours of the patient. (B and C) Dixon MR sequence providing separate water/fat ‘in-phase’ and ‘opposed phase’
images that serve as basis for soft-tissue segmentation. (D) Segmented tissue groups (air, fat, muscle, lungs) that can be assigned to 511 keV
attenuation maps. (E) Resulting attenuation corrected whole-body PET scan of the initial data set (A).

tive 68Ge 511 keV sources around the
patient and detection of the attenuated
transmission signals ‘behind’ the patient.
From a number of projections, a topography of attenuation values (μ-map)
could be reconstructed. This was a relatively time-consuming process, since the
68
Ge-source needed to be rotated at a
relatively slow speed in order to achieve
a significant count rate for each projection angle.
In modern PET/CT hybrid systems, the
hardware (e.g. patient table) and the
patient tissue μ-map are generated
straightforwardly from a fast (potentially
low-dose) 3D CT scan provided by the
build-in CT scanner. Attenuation values
are converted from the 70–120 keV
energy level to 511 keV and thus a fast
individual and reliably AC μ-map of the
patient and any hardware accessories in
the PET FOV is obtained.
In a combined MR/PET hybrid system
tissue attenuation has to be obtained in
a completely different way. Since no CTlike attenuation information is available
in such a hybrid system, tissue AC necessary for PET image reconstruction needs

to be based on MR images. The problem
is the non-irradiative nature of MR imaging, based on proton densities and T1
and T2 relaxation parameters, rather
than on the attenuation of radiation in
tissue. MR-based AC of tissues also leads
to the problem that air and bone are
depicted in black the vast majority of MR
imaging sequences turning air and bone
hardly distinguishable, in CT and PET
imaging on the other hand air and bone
show minimal and maximal attenuation
values, respectively. Different methods
have been described in the recent literature, that deal with MR-based AC for tissue [7–9]. Those methods can be separated in atlas-based or atlas-supported
methods and in image segmentation
based efforts. In the latter, the gray values provided by selected sequences are
registered to different tissue classes
resulting in tissue segmentation.
Depending on the sequence type used,
air, lung, fat, muscle, and bones might
be segmented and provided with according PET correction values. In the current
implementation of the Biograph mMR
system, tissue attenuation and scatter
correction is performed twice. The head/
neck region is attenuation-corrected
with the help of a UTE (ultrashort echo

time) sequence [10, 11] providing
segmentation also of the bone which in
this region takes a large percentage of
the imaged volume. All other body parts
are attenuation-corrected by a Dixon
technique providing two images where
water and fat are ‘in phase’ and in
‘opposed phase’. This allows for reconstruction of fat-only, water-only and of
fat-water images and results in tissue
segmentation of air, fat, muscle, and
lungs (Fig. 8) [8]. Bone is not accounted
for in this approach. Initial results in
patient imaging have shown that this
approach works reliably and provides
results that are comparable to corrected
images form PET/CT in the same individual. The ultimate impact of this and
other MR-based AC methods on PETquantification and determination of
standard uptake values (SUV) has not
yet been determined and is subject
to current investigations and further
research efforts.
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9 Screenshot of the syngo user interface during planning of a MR/PET examination. The image panel shows multi-station MR localizers in sagittal
(left and right) and coronal (middle) orientation. Displayed with a yellow frame is the FOV of the AC MR sequence for tissue attenuation correction.
Green and blue frames show graphical planning of the individual bed positions of the MR and PET data acquisition. In the lower half the planning of
the MR/PET acquisition is currently ongoing.

Imaging workﬂow
From a procedural point-of-view the
imaging workflow of a whole-body MR/
PET examination on the Biograph mMR
is very similar to a whole-body MRI
examination. First the patient is prepared on the patient table. For that purpose the earlier described dedicated
mMR Tim RF coils (head and neck coil,
spine coil, and up to four body matrix
coils) are positioned underneath, on and
around the patient’s body, respectively.
In this context the Tim RF coil technology is a prerequisite for seamless wholebody imaging without RF coil replacement and patient repositioning.
Following patient preparation a localizer
MR scan is performed covering the

region to be examined. Making use of
the syngo software functionality the
localizer scan, as well as any further MR
scan can be loaded per drag and drop
from a predefined list of protocols and
can also be adjusted according the user’s
specific needs and saved afterwards as
individualized protocols, similar to customization of MR protocols. Based on
the localizer scan the combined MR/PET
scan then is planned.
Figure 9 shows the user interface for
examination planning. The yellow boxes
in the graphical slice positioning section
indicate the acquisition volume for the
MR sequences used in the attenuation
and scatter correction. The green and
blue boxes indicate the acquisition vol-
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ume of the respective PET bed positions.
The overlap between the bed positions
is variable. When the planning for the
AC sequence is finished and the scan is
started, automatically the simultaneous
acquisition of the PET starts as well and
– bed position per bed position – the
simultaneous acquisition of PET, MR AC
scan, and any further MR scan for anatomy and function is performed (Fig. 10).
Additional MR sequences (beyond the
AC scans) for assessment of anatomy
and function can be chosen individually
for each bed position. For a typical MR/
PET scan using 18F-FDG for tumor staging, the overall scan time is defined not
necessarily only by the PET acquisition
time per bed and number of required
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10 MR/PET simultaneous imaging workflow. MR and PET data acquisition is performed simultaneously during a multi-step examination with 6–7 bed
positions for whole-body coverage. Depending on the selection of MR imaging sequences, such a whole-body MR/PET hybrid imaging study is regularly completed in about 20–30 minutes.

bed postitions to cover the region-ofinterest; in contrast to PET/CT, the acquisition time necessary for MR imaging
can be the limiting factor with respect to
the total scan time of a mMR exam.
However, the additional MR scan time is
not lost: Further MR sequences may add
to the acquisition time of a specific bed
position. This additional time can then
directly be used for longer PET data
acquisition, translating not only into
improved PET image quality but allowing
the collection of dynamic PET data (this
includes also gating / triggering of PET
data). The acquisition of single bed positions for simultaneous MRI and PET, e.g.
for dynamic MR/PET studies of the brain,
is clinically possible and it should be

emphasized that this possibility is also a
direct consequence of the large z-axis
coverage by the PET detectors, allowing
to scan the whole brain or the liver
without the need of repositioning over
a longer time-period.
Combining PET data and multiple MR
sequences will increase the amount
of images and complexity of reading,
not only for whole-body applications.
Therefore an intuitive and powerful tool
for evaluating mMR examinations was
developed in parallel to the scanner
hardware. After the acquisition of the
MR/PET data the dedicated mMR Reader
based on syngo.via and delivered with
the Biograph mMR system can be used
for image reading and diagnosis. It has

been developed for efficient and seamless integration of the new modality into
clinical workflow; this includes automatically loading and displaying images for
the whole body and specific anatomical
regions in MR only, PET only and MR/PET
fusion. The client-server-based software
supports reading and diagnosing by an
MRI and a PET expert (also on different
days and in different rooms) in several
regards including advanced findings
navigation and also by automatically
merging these individual findings into
one joint report.
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11 Patient with
lymph node filiae
following a history
of a penis carcinoma. Images (A–C)
show whole-body
T1-weighted MR
image (A), attenuation corrected PET
(B), and MR/PET
hybrid images (C) in
a coronal orientation, that were all
simultaneously
acquired in a multistation/multi-bed
acquisition mode.
MRI in this wholebody study (A) displays anatomical
structures with
exquisite detail and
excellent soft-tissue
contrast. PET (B)
and the combined
MR/PET hybrid
image (C) in this
coronal overview
show enhanced
tracer activity in one
lymph node on the
right side of the
patient. The axial
and sagittal reformates of the MR/PET
hybrid data (D, wE)
reveal two additional lymph nodes
with focal tracer
activity on the right
side.

11D
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First clinical examples
An early study was initiated in 2010 at
the Institute of Medical Physics (IMP),
University of Erlangen, in cooperation
with Siemens AG Healthcare Sector,
Erlangen. This study aimed at system
integration testing and at showing system performance and full operationality
by scanning first patients. For acquiring
these images, the study was setup as
follows: Patients referred to PET/CT scanning were recruited from the Nuclear
Medicine Department of the nearby University Hospital Erlangen. Patients had
been injected the radioactive tracer
18
F-Fluordesoxyglucose (FDG) and had
already undergone their PET/CT examination immediately before participating
in the MR/PET hybrid imaging examination. This study design thus also had the

12A

12B

benefit that the preceding PET/CT examination could serve as a ‘gold standard’
comparison for subsequent MR/PET
imaging. No additional FDG injection or
increased radiation dose was necessary.
Due to the scanning PET/CT first, however, patients involved in this study had
their MR/PET examination on average
about 120 min after the injection of
FDG. This is about 60 min later than the
PET scan would usually have been performed after 18F-FDG-injection. With the
given half life time of 108 min for 18FFDG, this has the effect that activity and
thus count rate have already decreased
since the PET/CT examination and additionally, FDG has been metabolized
during a longer time window than usual.
In our study, the effect of decreased
activity has been compensated for by
longer PET measurement times per
bed position (i.e. 6 minutes instead of
2–3 minutes per bed position).

12C

Figure 11 shows a whole-body MR/PET
study of a patient with a history of a
penis carcinoma with R0 resection of the
tumor and now suspicion of tumor recurrence (lymph node metastases). The MR/
PET study in this case revealed multiple
lymph node filiae inguinal and iliacal,
which can be displayed in fine detail in
PET and in MRI. These findings correlate
well with the findings of the preceding
PET/CT examination (not shown).
Figure 12 shows a brain MR/PET study of
a lung cancer patient for therapy effectivness control with a history of 2
resected brain metastases. No increased
activity or any other signs of recurrence
or malignancy could be observed –
neither in the PET nor in the MR images.
This also correlates with the findings
of the associated PET/CT examination
(not shown).

12 Case of a patient
with successfully
treated lung carcinoma
and with two resected
brain metastasis (both
right side). The axial
slices show MR (A) and
PET (B) images simultaneously acquired at
each position of the
resected brain metastasis. The T2-weighted
and inverted MR data
set (A) shows the anatomical structures in
fine detail and with
excellent soft tissue
contrast. The PET
images (B) and the
resulting MR/PET data
set (C) does not show
any signs of recurrence.
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Product News

Status and outlook
The long-awaited hybrid imaging modality enabling simultaneous whole-body
MR/PET imaging has entered the clinical
arena. On the physics and hardware
level, this opens up completely new
options for clinical imaging research.
MR-based hardware and tissue attenuation correction (AC) and MR-based
motion correction (MC) for PET imaging
are only two examples of current
active fields of research. The development of RF coils intended not only for
their intended diagnostic application
and MR imaging performance but also
for their PET-transparency is another
research field. On the clinical imaging
level, this new hybrid imaging modality
demands clinical evaluation especially
given the wealth of new diagnostic
information generated by the integration of both imaging modalities. Here a
special area of interest will focus on the
streamlining and optimization of the
imaging workflow of simultaneous MR
and PET imaging. The ultimate goal is
the maximization of multi-modal diagnostic information within a minimum of
acquisition time.
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