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Abstract

Purpose Considering the number of multiple sclerosis
(MS) patients referred for clinical spinal cord imaging,
the optimization of imaging protocols plays a crucial role.
We aimed to evaluate the use of proton density (PD) turbo
spin-echo (TSE) with spectral attenuated inversion recovery
(SPAIR) fat suppression and compare it with the currently
recommended T2-TSE-SPAIR in sagittal plane in cervical
spinal cord imaging.

Methods 1In this study 35 MS patients with clinically sus-
pected or known spinal cord lesions were scanned on a 3.0T
magnetic resonance imaging (MRI) system. In addition to
the routine protocol, PD-TSE-SPAIR sequences were ob-
tained to quantitatively and qualitatively evaluate lesion de-
tectability and image quality compared to T2-TSE-SPAIR
sequences. Quantitative analysis was based on measure-
ments of lesion-to-cord contrast ratio (LCCR), lesion con-
trast-to-noise ratio (LCNR) and lesion dimensions and the
qualitative analysis on ranking with a predetermined score
scale. The presence of lesions in these sequences was veri-
fied in axial T2 multi-echo gradient echo images.

Results In quantitative analysis, the lesions on PD-TSE-
SPAIR had statistically significantly higher contrast (p <
0.05), according to the statistical test of LCCR, LCNR cal-
culated contrast and measured lesion dimensions. Qualita-
tive analyses were congruent with quantitative results; the
median rank of PD-TSE-SPAIR was significantly higher
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than T2-TSE-SPAIR (p < 0.05). Of the 34 detected lesions
9 (26%) were not visualized in T2-TSE-SPAIR sequence.
Conclusion Considering its superiority in contrast ratios
and lesion dimensions when compared to T2-TSE-SPAIR
in both qualitative and quantitative analyses, we therefore
recommend PD-TSE-SPAIR as a pivotal sequence to eval-
uate demyelinating spinal cord lesions at 3T.

Keywords Multiple sclerosis - Cervical spinal cord -
Magnetic resonance

Introduction

Multiple sclerosis (MS) is a chronic inflammatory disease
that involves an attack on central nervous system (CNS).
The disease corresponds to damaged myelin, which leads
to the formation of scar tissue or sclerosis [1, 2]. Since
2001, magnetic resonance imaging (MRI) has been incor-
porated into the overall diagnostic scheme as proposed by
the McDonald International Panel criteria, which also be-
came the gold standard for MS diagnosis [3, 4]. The current
revised McDonald criteria increased sensitivity from 60%
to 72% compared to 2005 without optimizing specificity,
which was 87% compared to 88% in 2005 [5].

The published guidelines of the Consortium of MS
Centers aim to standardize brain and spinal cord MRI
protocols [6, 7]. The most recently revised guidelines for
spinal cord include sagittal T1 and proton density-weighted,
T2-weighted combined with short tau inversion recovery
(STIR) or spectral presaturation with inversion recovery
(SPIR) fat suppression, axial T2 or T2*-weighted imag-
ing for suspicious lesions and post-contrast gadolinium-
enhanced T1-weighted imaging in some cases [8]. Thus,
considering the number of MS patients referred for clinical
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spinal cord imaging in routine radiological practice, we
aimed to evaluate the use of proton density (PD) with spec-
tral attenuated inversion recovery (SPAIR) fat suppression
and compare it with the currently recommended T2 fat
suppression in the sagittal plane.

Material and Methods

All participants gave their informed consent to participate
in this study, which was conducted according to the Dec-
laration of Helsinki and was approved by the institutional
local ethical committee.

Subjects

A total of 35 patients who presented for assessment in our
institute between February 2016 and May 2016 with di-
agnosed MS, and clinically suspected or confirmed spinal
cord lesions were consecutively included in our study. Ex-
aminations with the presence of either motion artifacts due
to non-compliant subjects or with ghosting artifacts were
excluded from our sample.

Magnetic Resonance Imaging Protocol

Imaging data were acquired on a 3T Philips MRI scanner
(Achieva TX, Philips, Healthcare, Best, the Netherlands)
equipped with a 16-channel sensitivity-encoding head and
neck coil. The imaging protocol included:

1. sagittal T2-weighted turbo spin-echo (TSE),

2. sagittal T2-weighted TSE combined with SPAIR tech-
nique for fat suppression,

. sagittal T1-weighted TSE,

. sagittal PD weighted TSE-SPAIR,

. axial T2-weighted multi echo fast field echo (mFFE) and

. axial T1-weighted TSE.
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Table 1 Detailed imaging parameters of the used sequences

The T1-weighted sequences were repeated after gadolin-
ium injection with the exception of patients who had pre-
viously had cervical spine MRI. In these cases precontrast
T1-weighted images were not acquired. Detailed imaging
parameters of the sequences used are listed in Table 1.

Image quality control was assessed reviewing all images
by an MRI physicist in collaboration with one of the two
experienced neuroradiologists. Of the scans five were ex-
cluded due to the presence of artifacts, three due to the pres-
ence of motion artifacts and two due to ghosting artifacts in
both T2-TSE-SPAIR and PD-TSE-SPAIR sequences. Neu-
roradiologists reviewed all the images confirming the pres-
ence of a demyelinating plaque visualized at least in two
sequences. Lesions visualized only in one sequence were
re-evaluated to assess whether it could be retrospectively
identified in other sequences. Our study had two parts, the
quantitative and qualitative analysis of T2-TSE-SPAIR and
PD-TSE-SPAIR sequences.

Magnetic Resonance Imaging Analysis
Quantitative Analysis

Quantitative measurements of the lesions were obtained
using an EVORAD workstation. To maximize the visibil-
ity of spinal cord lesion we adjusted variation of window
widths and levels. To determine lesion-to-cord contrast ra-
tio (LCCR) and lesion contrast-to-noise (LCNR) we drew
three regions of interest (ROIs), as previously described in
the literature [9]:

a) within the spinal lesions (Sision) On the sequence in which
they were most readily identified,

b) in the normal appearing cervical cord (Scora) avoiding re-
gions of artifacts and

¢) to the air background near to the tissue.

These ROIs were superimposed on the remaining se-
quence using the copy-paste feature of EVORAD (Evo-
rad SA, Athens, Greece, www.evorad.com). Sets of values

Sequence TR TE Inversion ST Slices Matrix FOV Acquisition
(ms) (ms) delay (ms) (mm) (n) (pixels) (cm x cm) time
T2-TSE-SPAIR 3000 80 140 3 15 512 x 512 22.3%x22.3 4min 18s
PD-TSE-SPAIR 3000 30 140 3 15 512 x 512 22.3%x22.3 4min 18 s
T2-TSE 3040 75 - 3 15 528 x 528 23.3%x23.3 2min 19s
T1-TSE 429 8 - 3 15 480 x 480 23.3%x23.3 2min 31s
AxT2-mFFE 7000 6.44/14.44/ - 3 27 672 x 672 20.0 x 20.0 4 min 58 s
22.44/30.44/
38.44
AxT1-TSE 667 7.86 - 3 27 512 x 512 24.0 x 24.0 4min 18s

ST slice thickness, SPAIR spectral attenuated inversion recovery, PD proton density, Ax7T2 axial T2-weighted, AxT1 axial T1-weighted,
mFFE multi echo fast field echo, ms millisecond, cm centimeters, FOV field of view, TSE turbo spin echo
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were obtained for all lesions in the acquired two sequences.
The LCCR and LCNR were calculated for each sequence by
the measurements of the above ROIs using the equations 1
and 2, respectively.

S sion _Scr
LCCR = ( lesio; od) (1)

cord

(Slesion - Scord)
LCNR= ———= 2
SDair ( )

SD.; standard deviation of the pixel signal intensities within
the drawn ROI on the background
Additionally, the craniocaudal extension (CCE) and the
axial (anteroposterior) diameter (AD) of the lesions were
measured in both sequences as a criterion of the sensitivity
on lesion size, adjusting the optimal image contrast to better
clarify lesion edges.

Qualitative Analysis

In this study two experienced radiologists (raters), blinded
to the pathology of patient data, reviewed all images to
detect the cord lesions on calibrated, high-resolution mon-
itors provided by the institutional medical workstation, 1
month after scanning. Qualitative analysis was completed
in two stages (stage I and stage II). At the first (stage I),
raters detected and recorded the number and the location of
the lesions separately in each T2-TSE-SPAIR and PD-TSE-
SPAIR sequence, identified in sagittal T2-TSE and axial-
T2- mFFE sequences. Then, the individual set of images
was independently viewed side-by-side to rank the sensi-

tivity of lesion detection using a predetermined 4-point rat-
ing scale (stage II). Raters used the rating scale based on
the following assumptions: score 4 images where lesions
had high contrast (i. e. the lesion edges were well discrim-
inated), score 3 images where all lesions were detected but
with lower contrast (i.e. the lesion edges were not easily
visible), score 2 images with at least one missed lesion and
score 1 images with at least two missed lesions.

Statistical Analysis

Nonparametric Wilcoxon test was used to compare the
calculated quantitative ratios, the dimensions and the ob-
servers’ score between the two sequences. All analyses
were conducted using the IBM Statistical Package for So-
cial Sciences (SPSS) version 22.0 and the level of statistical
significance was set at p < 0.05.

Results

The mean age of the included patients was 39.88 = 11.03
years, and the female/male ratio was 17:9. In 26 out of the
35 patients (74%), 34 MS lesions were identified within the
cervical spinal cord.

Quantitative Measures

The lesions on PD-TSE-SPAIR had statistically signif-
icantly higher contrast (p < 0.05), estimated from non-

Table 2 Nonparametric statistical tests of the comparison of PD-TSE-SPAIR and T2-TSE-SPAIR sequences, using LCCR and LCNR contrast

ratios

Sequence/Contrast Descriptive statistics Percentiles Statistics
N Mean SD 25th 50th (median) 75th (p-value)
PD-TSE-SPAIR/LCNR 34 27.14 15.14 16.70 22.36 32.97 >0.05
T2-TSE-SPAIR/LCNR 34 12.91 16.07 4.02 7.14 14.24
PD-TSE-SPAIR/LCCR 34 0.30 0.14 0.20 0.28 0.36 >0.05
T2-TSE-SPAIR/LCCR 34 0.20 0.21 0.09 0.11 0.28

SPAIR spectral attenuated inversion recovery, PD proton density, LCCR lesion-to-cord contrast ratio, LCNR lesion contrast-to-noise, SD standard

deviation

Table 3 Nonparametric statistical tests on the comparison of PD-TSE-SPAIR and T2-TSE-SPAIR sequences, using CCE and AD lesion

dimensions

Sequence/contrast Descriptive statistics Percentiles Statistics
N Mean SD 25th 50th(median) 75th (p-value)

PD-TSE-SPAIR/AD 34 0.40 0.12 0.31 0.39 0.48 >0.05

T2-TSE-SPAIR/AD 34 0.25 0.18 0.00 0.29 0.39

PD-TSE-SPAIR/CCE 34 1.29 0.81 0.70 1.00 1.50 >0.05

T2-TSE-SPAIR/CCE 34 0.66 0.64 0.00 0.57 0.86

AD axial dimension, CCE craniocaudal extension, SD standard deviation, SPAIR spectral attenuated inversion recovery, PD proton density,

TSE turbo spin-echo
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parametric Wilcoxon statistical test of LCCR and LCNR
calculated contrasts, as shown in the box plots (Fig. 1).

The LCCR and LCNR median values of 34 detected le-
sions were 2.4 and 3.1 times higher on PD-TSE-SPAIR, re-
spectively, with the first and third quartile deviations keep-
ing the difference statistically high (Table 2).

The PD-TSE-SPAIR sequence showed a significantly
higher sensitivity on lesion size compared with T2-TSE-
SPAIR sequences (Fig. 1). Both CCE and AD lesion di-
mensions differed significantly (p < 0.05) (Table 3).
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Qualitative Measures

The results of qualitative analyses were congruent with
quantitative results; all lesions on the PD-TSE-SPAIR, in
contrast to T2-TSE-SPAIR, were statistically significantly
different from background spinal cord and were also all
readily visible. The median rank of PD-TSE-SPAIR was
significantly higher than T2-TSE-SPAIR (p < 0.05), as
shown in box plot diagram (Fig. 1). Of the 34 detected
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Fig. 2 aPD-TSE-SPAIR sagittal, b T2-TSE-SPAIR sagittal, ¢ T2-mFFE axial images. The lesion at C2-C3 level is better visualized on PD-SPAIR
(empty arrow, a) compared with T2-TSE-SPAIR (empty arrow, b). The lesion visualized at C4 level on PD-TSE-SPAIR (solid arrow, a) verified on
axial T2-mFFE (solid arrow, ¢), is not visible on T2-TSE-SPAIR (b) (SPAIR spectral attenuated inversion recovery, PD proton density, mFFE multi

echo fast field echo)

lesions 9 (26%) were not visualized in T2-TSE-SPAIR
sequence (Fig. 2).

Discussion

This article highlights the advantage of PD-SPAIR in de-
tecting both the number and the size of MS spinal cord le-
sions compared to T2-TSE-SPAIR sequence. Specifically,
the PD-TSE-SPAIR technique identified significantly more
lesions combined with improved quality in qualitative as-
sessment, and statistically significantly higher contrast ra-
tios (LCCR, LCNR) and lesion size measurements in quan-
titative assessment. The changes in longitudinal dimension
of lesions demonstrate the capability of PD-TSE-SPAIR
imaging to depict long lesions, which appeared as multiple
small lesions in T2-TSE-SPAIR.

Spinal cord MRI can establish an early diagnosis in MS
and recognize clinical subtypes of MS. Due to this advan-
tage, there are an increasing number of research projects
trying to improve lesion detectability by comparing differ-
ent techniques of imaging [9-15]. According to guidelines,
PD imaging is proposed to be included in the core imag-
ing protocol of MS cervical cord imaging [6—8]. Moreover,
MRI findings of PD imaging showed significant correlation
with histopathological results of MS plaques [16]. A recent
study demonstrated the diagnostic benefit of PD-TSE imag-
ing comparing to T2-TSE imaging using a large cohort of
MS patients. Chong et al. found statistically significant dif-
ferences in CNR (PD:82 vs T2:64) between the two imaging
contrasts, with 19% more detectable lesions in PD imaging
[9]. The T2-weighted to short tau inversion recovery (STIR)
comparisons show high sensitivity to detect demyelinating
lesions [10-12]. The increase of sensitivity was quantified
as up to 10% more detected lesions [13]. Fluid attenuation
inversion recovery (FLAIR) sequences lack sufficient sen-

sitivity and specificity in spinal cord imaging because it is
influenced by cerebrospinal fluid (CSF) pulsation artifacts
in spite of its superiority at brain lesion detectability. The
FLAIR has the lowest CNR set against T2-weighted and
SPIR results (13.87 vs. 7.43 vs. 4.69) [12]. Based on these
published results, we assumed that adding pre-pulse in PD-
TSE sequence to suppress the signal of fat we would im-
prove the image contrast. The image contrast is defined by
the signal of the neighboring tissues and by suppressing
fat signals, all the tissues, such as bones, fluids and cord
lesions are brightened, thus the total contrast of the image
is increased.

The strength of our study includes the application of two
comparative approaches (i.e. qualitative and quantitative
analyses) with their results being in agreement. Apart from
the relatively small sample size, the major limitation of our
study is the absence of T2-STIR weighted images, which
would be compared with T2 and PD-TSE-SPAIR images;
however, the T2-TSE-SPAIR sequence is relatively inde-
pendent of the T1 longitudinal relaxation time compared to
T2-STIR sequences [17]. The T1 relaxation time of some
tissues is shortened due to the paramagnetic contrast agent,
which increases the possibility of signal suppression of non-
fatty tissues [18]. To increase the sensitivity of active MS
lesion detection in post-gadolinium T1 images due to T1-
weighted late enhancement imaging [19] it is our institu-
tional practice to inject gadolinium contrast agent immedi-
ately after T1 sequences following by T2 and PD-weighted
sequences. Considering the abovementioned STIR disad-
vantages and lower signal-to-noise ratio compared to T2-
TSE-SPAIR due to non-selective inversion 180° pulse, we
did not include T2-STIR sequences in our imaging protocol.
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