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Introduction
Multiple sclerosis (MS) is an inflam
matory disease in which the insulat
ing covers of nerve cells in the brain
and spinal cord are damaged. Mag
netic resonance imaging (MRI) was
first used to visualize multiple sclerosis
(MS) in the upper cervical spine in
late 1980 [1]. Spinal MS is often
associated with concomitant brain
lesions; however, as many as 20%
of patients with spinal lesions do not
have intracranial plaques [2]. This
article describes the experiences with
a T1-weighted phase sensitive inver
sion recovery sequence for the detec
tion of MS lesions in the cervical
spinal cord using the MAGNETOM
Skyra with syngo MR D13A software.

Inversion Recovery
Sequences used for imaging
Multiple Sclerosis
Several inversion recovery techniques
are used for imaging lesions in MS.
Among these are Fluid Attenuated
Inversion Recovery (FLAIR), Sampling
Perfection with Application optimized
Contrasts using different flip-angle
Evolutions Double Inversion Recovery
(SPACE-DIR), and T1-weighted Phase
Sensitive Inversion Recovery (PSIR).

Fluid Attenuated
Inversion Recovery
FLAIR is commonly used to assess
white matter lesions and in particular
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MS lesions in the brain. The FLAIR
technique is a T2-weighted sequence
with a long TR and TE and is used to
demonstrate the changes in T2 relax
ation times in lesions when compared
to normal tissue. As the name indi
cates, the signal of cerebro-spinal
fluid (CSF) is attenuated.
CSF has a long T1 relaxation times
compared to the other tissues in both
the brain and cervical spine. There
fore, a rather long inversion time is
needed to null the signal of CSF
(~ 2500 ms). Hence, the contrast in
T2-weighted FLAIR images allows
for easier assessment of (MS) lesions,
especially when the lesions are close
to CSF, as compared to normal
T2-weighted images. However, while
the FLAIR technique works well in
the brain, it is hampered by flow and
motion artifacts when used in the
cervical spine.

Double Inversion recovery
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Parameter Card for choosing magnitude or phase sensitive (real)
reconstruction method in an Inversion Recovery sequence.
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The Double Inversion Recovery tech
nique has been implemented in the
SPACE-DIR sequence in the Siemens
syngo MR D13 software. A protocol
optimized for brain imaging is also
provided. SPACE-DIR is a T2-weighted
technique which uses two inversion
pulses, combined with a fat satura
tion pulse, to null both the signal of
CSF and normal white matter. Similar
to the FLAIR technique, this sequence
is used to exploit the changes in T2
relaxation times in lesions when com
pared to normal tissue. In the brain,
SPACE-DIR improves visualization of
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the cortex and reveals cortical lesions
as hyperintense relative to normal
surrounding gray matter. It also pro
vides a high contrast between white
matter lesions and the surrounding
normal white matter. Initial studies
have investigated the applicability of
DIR for lesion imaging in the spinal
cord with positive results [3]. Never
theless, while SPACE-DIR provides a
high contrast and isotropic voxels, its
rather long acquisition time (~8 min)
may prove challenging within a clinical
setting.
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Contrast behavior in an inversion recovery sequence
using magnitude or phase sensitive (real) reconstruction.

T1-weighted phase sensitive
inversion recovery
A promising potential alternative for
imaging MS lesions in the cervical
spinal cord [4], is the T1-weighted
true or phase sensitive inversion
recovery (PSIR) sequence. This tech
nique has been used to detect MS
lesions both in white and cortical gray
matter in the brain [5, 6]. This
sequence exploits the differences in
T1 relaxation times of tissues rather
than the differences in T2 relaxation
times as for both FLAIR and SPACE-DIR.

4B
4
T1-weighted
PSIR images
using (4A)
magnitude and
(4B) phase
sensitive (real)
reconstruc
tions.

Since the inversion time used is
chosen such that it nulls the signal of
normal white matter (~350–400 ms
@ 3T), normal white matter is dis
played as intermediate gray. All other
tissues will have either lower or higher
signal intensity than normal white
matter depending on their T1 relax
ation time relative to normal white
matter. This provides a high contrast
between MS lesions and surrounding
tissue. Moreover, because PSIR uses
a short TE, it is less sensitive to flow
artifacts. High resolution imaging can
also be achieved within reasonable
scan times.
Based on these advantages,
T1-weighted PSIR is now being
explored for the detection of MS
lesions in the cervical spinal cord.

Reconstruction methods
The T1-weighted PSIR images can
be reconstructed as a magnitude or a
phase sensitive (real) image (Fig. 1).
Magnitude reconstruction
The magnitude reconstruction does
not consider the sign of the signal.
Therefore, the tissue which is nulled
by the inversion time will have a
signal intensity of zero and all other
tissues will have higher signal inten
sity (ranging from 0 to +4096), regard
less of whether they have shorter or
longer T1 relaxation time than the
nulled tissue (Fig. 2). However, there
is a range of inversion times where
the contrast between two different
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T2- (6A), PD- (6B) and T1-weighted (6C) PSIR images of a patient with a
known MS lesion at the level of C6 (Case 1).
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tissues, e.g., lesion and normal tissue,
can be decreased or even disappear.
This range depends on T1 relaxation
times of the two tissues and range
between the two inversion times that
would null one or the other tissue.
In the example shown in figure 3, it
ranges from approximately 390 to
430 ms. An example of the magnitude
image is shown in figure 4A.
Phase sensitive reconstruction
In the phase sensitive reconstruction,
the sign of the signal is taken in
account for the reconstruction of the
image (Fig. 5). As opposed to the
magnitude reconstruction where the
signal intensity in the image ranges
from 0 to +4096, for the phase sensi
tive reconstruction it ranges from
-4096 to +4096. This results in an
image where the tissue which is nulled
by the inversion time will be dis
played as intermediate gray and all
other tissues will have a lower or
higher signal intensity depending on
their T1 relaxation times relative to
the T1 relaxation time of the nulled
tissue. Tissues with a shorter T1 relax
ation time will have a higher signal
(e.g. fat), whereas tissues with a lon
ger T1 relaxation time will have lower
signal (e.g. CSF). Unlike the magni
tude reconstruction, the contrast
between tissues remains largely pre
served independent of the chosen
inversion time. Since the T1 relaxation
time of lesions might vary from
patient to patient and even from
lesion to lesion, the phase sensitive
reconstruction should be used to
reconstruct the images. An example
of the phase sensitive reconstruction
is shown in figure 4B.

Clinical Cases
Case 1
Patient with a MS lesion at the level
of C6 (Fig. 6). The lesion is difficult
to see on the T2- and PD-weighted
images. However, the MS lesion can
be clearly seen in the T1-weighted
PSIR image.
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T2- (7A), PD- (7B) and T1-weighted PSIR (7C) images of a patient with known
diffuse MS lesions at the level of C3–C6 (Case 2).

MAGNETOM Flash | 5/2013 | www.siemens.com/magnetom-world

Case 2
Patient with diffuse MS lesions in the
spinal cord from level C3 to C6 (Fig. 7).
The lesions are hardly visible on the
T2- and PD-weighted images, whereas
the T1-weighted PSIR shows the
lesions more clearly.
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Case 3
Patient with a known MS lesion at
the level of C3-C4 (Figs. 8 A–C) and
C7-T1 (Figs. 8 D–F). The lesion at
the level of C3-C4 can hardly be seen
on the T2-weighted image. Both the
PD- and the T1-weighted PSIR show
this lesion clearly. While the lesion at
the level of C7-T1 is poorly visible
on the T2- and PD-weighted images,
the T1-weighted PSIR shows it very
clearly.
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Imaging Parameters
The parameters for the sequences
used in the clinical cases are listed in
table 1.
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Conclusion
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T2- (8A, D), PD- (8B, E) and T1-weighted PSIR (8C, F) images of a patient with
known MS lesions at the level of C3–C4 (top row) and C7-T1 (bottom row)
(Case 3).

The T1-weighted PSIR shows great
potential in revealing MS lesions in
the cervical spinal cord. While using
this technique it is important to use
the phase sensitive reconstruction
to preserve the contrast between MS
lesions and normal appearing tissue.
Due of the nature of the reconstruc
tion, and because T1 values of lesions
can vary from patient to patient, for
reliable depiction of lesions, the phase
sensitive reconstruction is recom
mended. This is as, unlike the magni
tude reconstruction, the phase sensi
tive reconstruction provides a contrast
between different tissues that is
largely independent of the chosen
inversion time.
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Table 1: Imaging parameters for the sequences
used in the clinical cases.
t2_tse_sag_384

pd_tse_sag_p2

t1_tir_sag_ms

TR

3500.0 ms

2500.0 ms

2400.0 ms

TE

106.0 ms

23 ms

9.4 ms

TI
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400 ms

Slices

15

15

15

Slice thickness

3.0 mm

3.0 mm

3.0 mm

FOV Read

220 mm

220 mm

220 mm

FOV Phase

100.0%

100.0%

100.0%

Magn. preparation

None

None

Slice-sel. IR

Base resolution

384

320

320
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