Q&A PATRICK SCHUENKE AND MORITZ ZAISS

A spin-lock approach for glucose
enhanced MRI: from medical physics

to patient examination

INTERVIEW BY BRIAN CHUNG

, This week we ventured across continents to speak with Drs. Patrick Schiinke and Moritz Zaiss, two prima-
EDITOR'S PICK FOR JULY ry authors of a recent paper from the German Cancer Research Center (DKFZ) in Heidelberg, Germany

entitled, “Adiabatically prepared spin-lock approach for T;,-based dynamic glucose enhanced MRI at ultrahigh
fields” For this paper, the authors developed an NMR method for imaging glucose using an ultra-high field MR
scanner and a spin-lock approach to gain sensitivity to chemical exchange. At ultra-high field strengths, distinct
artifacts appear predominantly resulting from RF field inhomogeneities. Thus, adiabatic pulses were implement-
ed to enable the application of spin-lock MRI at fields such as 7T. This adiabatic spin-lock approach is explained,

‘ its feasibility for application in vivo at 7T is verified, the technique’s sensitivity to glucose is investigated, and a first
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MRMH: Patrick, as Moritz was asked in a previous
Q&A, can you speak briefly about your background
and how it brought you to MR?

Patrick: I wrote my bachelor’s thesis in medical phys-

Schuenke, P, Koehler, C., Korzowski, A., Windschuh, J., Bachert, P, Ladd, M. E.,
Mundiyanapurath, S., Paech, D., Bickelhaupt, S., Bonekamp, D., Schlemmer, H.-P,
Radbruch, A. and Zaiss, M. Adiabatically prepared spin-lock approach for T,,-based

dynamic glucose enhanced MRI at ultrahigh fields. Magn Reson Med. 2017;78: 215-225.
doi:10.1002/mrm.26370

http://onlinelibrary.wiley.com/doi/10.1002/mrm.26370/abstract

proof of concept of spin-lock based glucose imaging for the detection of cancer in humans is presented.

Moritz Zaiss

ics about X-ray detectors and started my master’s the-
sis about MR afterwards. After a few months, Moritz
convinced me to switch from my project at the time to
study the CEST effects of glucose, and that’s what I've
been doing for about 5 years now.

Moritz: I started right after my undergrad with CEST
imaging and B, correction. When Patrick joined the
group, I asked if he wanted to try glucose imaging with
MRI instead of PET.

MRMH: I know other researchers are curious to learn
more about a parameter they may be unfamiliar with -
T,,. How would you define it? And what makes it useful?
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Patrick: T), is the longitudinal relaxation time in the ro-
tating frame. A more precise notation would maybe be
the longitudinal relaxation time in the presence of an ex-
ternal RF field. Very simply, it’s a tunable, slowed-down
T, relaxation method. The benefit of its use is the sensi-
tivity we gain to relatively slow motional processes, such
as the chemical exchange between water and glucose.
Moritz: T, and T, are the generalizations of T, and T, in
the presence of RF irradiation. In the rotating frame of
an irradiation pulse (where the p comes from), the be-
havior is very similar to the FID experiment: you have a
new transverse magnetization that oscillates and decays
with T,,, and longitudinal magnetization that recovers
with T\,. The only thing that is different is the new tilted
coordinate system, and that T,, and T,, are mixed vari-
ables depending on T, and T, but also exchange terms.
MRMH: And how would you explain spin-lock?
Patrick: In a spin-lock experiment, you first excite the
water magnetization into the transverse plane, and then
you apply an additional RF field in the same direction
as the magnetization to “lock” it. This is known as the
spin-lock state during which the magnetization relax-
es with T,,. After a certain relaxation time, the water
magnetization is flipped back to the z-axis, and you can
read out the prepared signal using a conventional MR
sequence, resulting in a glucose weighted signal.
Moritz: The big issue at ultra-high fields is the need to
have a perfect 90 degree pulse. This is very difficult
when you have RF inhomogeneities of up to 50%, so
we tried to use adiabatic pulses for the flipping of the
magnetization in the spin-lock experiment. Its a sim-
ple approach - a high powered hyperbolic secant pulse
tilts magnetization onto the transverse plane, then a
conventional rectangular locking pulse is applied, and
afterwards we adiabatically flip the magnetization back
to the z-axis again.

MRMH: There is only one piece missing! What part of your
experiment sensitizes your measurement to glucose?
Patrick: The inverse of the T, relaxation time (the Ry,
relaxation rate) depends linearly on the glucose con-
centration because of the additional contribution to the

relaxation rate due to the chemical exchange between

water protons and glucose hydroxyl protons. Therefore,
we obtain an indirect detection of the glucose signal by
measuring the relaxation affected water signal.

MRMH: Is there a personal contribution or achieve-
ment from this work you are particularly proud of or
excited for?

Patrick: The basic idea behind glucose imaging for can-
cer detection is quite old, as it’s known for decades that
tumors have higher glucose uptake than normal cells.
Peter van Zijl's group showed the first glucose images
in humans using the CEST technique, and we were the
first to prove the feasibility of glucose enhanced imag-
ing in humans using the spin-lock technique.

Moritz: The first Eureka moments were the first patients
we measured. In healthy volunteers not much uptake is
expected, so we didn’t know if our experiment would
work until we measured the first brain tumor patients.
The very first patient examination and evaluation was
especially exciting.

MRMH: On that note, what motivates you to push the
scientific boundaries of medical imaging?

Patrick: What I like most about medical imaging is that
it is (essentially) basic research, for example studying
the spin dynamics during adiabatic pulses or spin-lock
experiments, but then you can apply your methods di-
rectly to patients and see the results. That’s a great feel-
ing and probably a unique feature of medical physics.
And the biggest motivation for me is of course the hope
that our technique finds its way into the clinical routine
at some point in the future.

Moritz: Well, MRI is such a nice method being intrinsically
noninvasive. I like the idea of keeping the softness of the
method by only using natural sugar as a contrast agent.
MRMH: Finally, what types of cross-collaborative re-
search efforts would you most like to see increased?
Moritz: I think new perspectives for extracting valu-
able information from raw data could be extremely
helpful. I would love to see more radiologists who
like to program in MATLAB to quickly test their own
new hypotheses. B

NMR spectroscopy and
CEST imaging group

at the German Cancer
Research Center, Division
of Medical Physics in
Radiology, Heidelberg,
Germany.

6

The benefit of
its use is the
sensitivity we
gain to relatively
slow motional
processes, such
as the chemical
exchange
between water

and glucose.

—Patrick Schuenke

Y

ISMRM.ORG/MRM

MAGNETIC RESONANCE IN MEDICINE HIGHLIGHTS | APRIL 2018 | VOLUME THREE 39


http://ismrm.org/mrm

