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Pushing the Boundaries of MR with 
Siemens MAGNETOM 7T
John Grinstead, Ph.D.; Siemens Medical Solutions USA, Inc.

Introduction

There has been a continual push towards 
higher and higher magnetic field 
strengths in MR, motivated primarily by 
the approximately linear increase in sig-
nal-to-noise ratio (SNR) with magnetic 
field strength. In the 1990s, 3 Tesla re-
search systems were pushing the bound-
aries of the time. The engineering chal-
lenges at 3 Tesla led to technical 
improvements in areas such as RF tech-
nology. After considerable engineering 
efforts, 3 Tesla scanners made the transi-
tion to true clinical systems. Today, the 
technology is pushing forward again, this 
time to 7 Tesla. More challenges exist at 
7 Tesla. These challenges are also oppor-
tunities to push innovation in MR tech-
nology even further, which will benefit 
all field strengths.

The MAGNETOM 7T System

7 Tesla MR systems are investigational de-
vices and are not available for clinical use 
or diagnosis, but only for clinical research 
purposes. 
Siemens is taking its expertise in RF tech-
nology and high-quality gradients and 
applying it to 7T. The MAGNETOM 7T 
offers 32 independent RF channels, and 
uses the proven fast and reliable whole-
body MAGNETOM Avanto gradients. In 
addition, all Siemens 7T systems use the 
same advanced applications software 
platform as on our clinical systems.
The MAGNETOM 7T comes with a 
Siemens-approved CP transmit-receive 
head coil. The improvement in image 
quality due to a higher signal-to-noise ra-
tio at 7T compared to a comparable trans-
mit-receive coil on the 3T MAGNETOM 

Trio, A Tim System, is shown in Fig. 1. Of 
course, the Tim Trio is capable of much 
better SNR by using, for example, the 
12-element receive-only Head Matrix coil, 
which is standard on the Trio, A Tim Sys-
tem. Multi-channel RF coils with higher 
SNR are also available at 7T. We used the 
CP coils because it allows a fair direct 
comparison, as for both field strengths 
the coil geometry is similar.
Whole-body 7T magnets are large un-
shielded magnets with a 2.4 meter outer 
diameter and 3.4 meter length, compared 
to standard 1.5T systems that have a 
2 meter outer diameter and a 1.2 meter 
length. Because the magnets are un-
shielded, unlike modern clinical magnets, 
passive iron shielding is needed in the 
scanner room walls to minimize the floor 

1 Comparison using trans-
mit-receive volume coils 
at 7T (A) and 3T (B) for 
a T1-weighted MPRAGE 
sequence at 1 x 1 x 2 mm 
resolution. 

Courtesy of W. Rooney and C. 

Springer, Oregon Health and 

Science University, Portland, 

OR, USA.
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space footprint by restricting the 5 gauss 
line which is considered the safe bound-
ary for the general public, such as those 
with cardiac pacemakers. This can require 
between 200 and 400 metric tons of iron, 
and the associated construction costs are 
significant. 
Partly because of this, and also because 
the majority of 7T studies to date involve 
neuro applications, a head-only 7T sys-
tem is also available. The first such 7T 
system has already been installed at the 
Center for Imaging in Biomedicine in 
Lausanne, Switzerland. This is an actively 
shielded head-only magnet that does not 
require iron shielding. It also has head-
only gradients that are approximately 
twice as powerful and fast as whole-body 
gradients (80 mT/m, 400 T/m/s), which is 
possible because of the reduced size of 
the gradients for head-only applications.

7 Tesla RF Coil Technology 

Siemens is a proven leader in RF technol-
ogy with its Total imaging matrix (Tim) 
technology, currently offering 32 inde-
pendent RF channels with a scalable Open 
Architecture. This expertise, combined 
with strong collaborations with leading 
research institutions across the world, is 
an essential element for success to get the 
most out of the greater MR signal at 7T. 
Coil design is more challenging at ultra 
high field due to dielectric effects. Multi-
ple coil designs are being explored at sev-
eral institutions. A few examples of multi-
channel RF coils built by industrial and 
academic partners are shown in Fig. 2.

A few examples of RF coils built by industrial and academic partners:  
A: CP Transmit/receive (TX/RX) extremity coil, Invivo 
B: 8-channel RX array, Gachon Medical School, Seoul, Korea 
C: 8-channel TX/RX array, Rapid Medical 
D: 16-channel TX / 32 RX array, Center for MR Research, Minneapolis, MN, USA 
E: 32-channel RX array, MGH Martinos Center, Boston, MA, USA
F: Breast coil, New York University, New York City, NY, USA
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6 The plots show the increased 
BOLD (Blood Oxygen Level 
Dependent) signal change with 
field strength in a region of the 
occipital cortex throughout a 
series of fMRI measurements. 

Courtesy of H. Scheich, A. Brechmann, 

J. Stadler, Institute for Neuro-Biology, 

Magdeburg, Germany. 

5 Knee image acquired at 
0.35 x 0.35 x 4 mm resolution. 

Courtesy of M. Ladd, Erwin-Hahn-

Institute for Magnetic Resonance, 

Essen, Germany.

4 A coronal T1-weighted 
MPRAGE image with 0.45 x 
0.45 x 1 mm resolution, 
acquired with a 32-channel 
phased array coil. 

Courtesy of G. Wiggins, C. Wiggins, 

L. Wald et al., MGH Martinos Center, 

Boston, MA, USA. 

3 Ex vivo images of the temporal 
lobe with 100 μm isotropic 
resolution, visualizing the en-
torhinal cortex islands related 
to the development of Al-
zheimer‘s disease. 

Courtesy of B. Fischl, L. Wald 

et al., MGH Martinos Center, Boston, 

MA, USA. 

Signal and Contrast 
Improvements at 7 Tesla

As already mentioned, the primary rea-
son to go up to 7 Tesla is to get more MR 
signal. The extra signal can be traded for 
a reduced imaging time by either reduced 
averaging or the use of integrated Parallel 
Imaging (iPAT) with high PAT factors. The 
extra signal can also be used to acquire 
exceptionally high resolution images in 
a scan time not possible at lower field 

strengths. Fig. 3 shows extremely high 
resolution ex vivo imaging of the tempo-
ral lobe (100 μm isotropic voxels), visual-
izing the entorhinal cortex islands related 
to the development of Alzheimer‘s disease. 
Fig. 4 is an in vivo coronal T1-weighted 
MPRAGE acquisition with 0.45 x 0.45 x 
1 mm resolution, acquired with a 32-
channel phased array coil, showing fine 

anatomical detail. Orthopedic imaging 
can also benefit from increased resolution 
and is being actively developed at 7T. Fig. 
5 shows an image of the knee acquired 
with 0.35 x 0.35 x 4 mm voxels. The basis 
of the functional MRI (fMRI) signal is 
blood-oxygenation level dependent (BOLD) 
contrast, which generally increases qua-
dratically with the magnetic field. This 
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7 Depiction of the veins 
in the corpus callosum 
and white matter. 

Courtesy of Z. Cho, Gachon 

Medical School, Seoul, Korea. 

(A) Microvascular changes 
in the initial stage of Multi-
ple Sclerosis lesion devel-
opment. (B) The small 
veins around which the 
lesions develop are visible. 

Courtesy of Y. Ge, R. Grossman, 

New York University, School of 

Medicine, New York City, USA.

109 High-resolution T2*-
weighted gradient echo 
image with 0.22 x 0.22 x 1 
mm voxels at two different 
zoom levels, showing 
many tiny blood vessels 
penetrating the cortex. 

Courtesy of G. Wiggins, C. Wig-

gins, L. Wald et al., MGH Marti-

nos Center, Boston, MA, USA.

8 Lower venous anomaly 
and cavernoma. 

Courtesy of M. Ladd, R. Forst-

ing, Erwin-Hahn-Institute for 

Magnetic Resonance, Essen, 

Germany.

means the BOLD related signal change at 
7T can be more than 5 times as much as 
3T. Fig. 6 compares BOLD signal plots for 
a region of interest in the occipital cortex 
for optimized protocols at 1.5, 3, and 
7 Tesla, showing a strong increase in 
the BOLD response with field strength.
The higher magnetic susceptibility differ-
ences between venous blood and tissue 

can also be used for venous anatomical 
imaging. Fig. 7 depicts small veins in the 
corpus callosum and white matter; Fig. 8 
shows a lower venous anomaly and cav-
ernoma. Figure 9 is an extremely high 
resolution T2*-weighted gradient echo 
image with 0.22 x 0.22 x 1 mm voxels at 
two different zoom levels, showing a very 
high level of detail and many tiny blood 

vessels penetrating the cortex. This 
amount of resolution and venous sensi-
tivity makes it possible to use gradient 
echo imaging to see microvascular 
changes in the initial stage of Multiple 
Sclerosis lesion development in vivo, which 
has not been seen at lower field strengths 
(Fig. 10). One can now see the small 
veins around which these lesions develop.
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Fig. 11 is a T2-weighted image using an 
8-channel coil demonstrating excellent 
contrast and resolution in examining 
 glioblastoma. Fig. 12 contains several 
slices from a high resolution T2-weighted 
turbo spin echo using a 32-channel head 
coil with PAT factor of 2, 1024 x 1024 
matrix, and 0.18 x 0.18 x 2 mm voxels. 
The zoomed section shows the high 
 contrast of deep brain structures having 
relatively high iron content caused by 
the increased iron susceptibility effects 
at 7T. 

Contrast agents have stronger effects at 
higher field due to both increased mag-
netic susceptibility and increased T1. This 
allows the use of smaller contrast doses 
or potentially can increase the lesion con-
spicuity post-injection. Fig. 13 shows ini-
tial results in the breast with good tumor 
contrast in the glandular tissues.

Conclusion

Development on 7 Tesla systems is pro-
gressing rapidly, and the user base is 

 constantly growing with more than 10 
MAGNETOM 7T systems already in opera-
tion. Although the siting, magnet size, 
engineering challenges, and associated 
costs are significant, the benefits of high-
er MR signal and contrast are allowing us 
to begin to see things not seen before. 
Technical advances at 7 Tesla should also 
benefit lower field strengths, and keep 
them at the forefront of MR research, 
making it worth the investment in appli-
cations and hardware development. 

T2-weighted image of glioblastoma using an 8-channel coil. 

Courtesy of M. Ladd, Erwin-Hahn-Institute for Magnetic Resonance, Essen, Germany.

(A) Several slices from a T2-weighted turbo spin echo sequence. The zoomed section 
(B) shows high contrast between deep brain structures that have high iron content. 

Courtesy of E. Auerbach, C. Snyder, Gözübüyük, G. Adriany, T. Vaughan, K. Ugurbil, Center 

for MR Research, Minneapolis, MN, USA.

Breast lesion post-contrast. 

Courtesy of R. Lee, L. Moy, New York University, School of Medicine, New York City, USA.
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