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ABSTRACT

SUMMARY: The study aim was to compare the ratio of T1WI to T2WI signal intensity (T1/T2) with magnetization transfer ratio, a
marker of myelin integrity, in patients with multiple sclerosis. A moderate correlation (r ¼ 0.50, P¼ .034) was found between the
magnetization transfer ratio and T1/T2 in normal-appearing gray matter, and a strong correlation for normal-appearing white matter
(r ¼ 0.63, P¼ .005) and lesions (r ¼ 0.70, P¼ .001). Results suggest that besides myelin integrity, other factors may be playing a
role in T1/T2 measures.

ABBREVIATIONS: EDSS ¼ Expanded Disability Status Scale; MTR ¼ magnetization transfer ratio; NAGM ¼ normal-appearing gray matter; NAWM ¼ nor-
mal-appearing white matter; CSF ¼ cerebrospinal fluid

The ratio of T1WI to T2WI signal intensity (T1/T2) on MR
imaging has been recently proposed as a measure of myelin

integrity in the brain.1,2 T1/T2 has been investigated in multiple
sclerosis,3-5 though no conclusive validation of the T1/T2 patho-
logic substrate has been established. This method has the advant-
age of being easily obtained and available, a feature that enables
analysis of retrospective cohorts with considerable clinical value.
T1/T2 has been compared with the magnetization transfer ratio
(MTR),4 considered a measure of tissue integrity related to mye-
lin content,6 but only in specific portions of myelinated and
demyelinated cortex in postmortem tissue samples of patients with
MS. The aim of this study was to compare in vivo and regional T1/
T2 with MTR in a cohort of patients with MS. The comparison
involved 2 regions, normal-appearing gray (NAGM) and white
matter (NAWM) and the lesion mask derived from T2WI. An

additional lesion-by-lesion comparison between the 2 measures
was performed for each patient separately.

MATERIALS AND METHODS
Patients
Twenty-two patients with relapsing-remitting MS according to
the 2017 McDonald criteria were included in this exploratory
study. Clinical variables, the Expanded Disability Status Scale
(EDSS) score, and disease duration were obtained for each
patient. The study was approved by the Vall Hebron University
Hospital local ethics committee, and patients signed informed
consent.

MR Imaging Acquisition
Images were acquired on a 3T scanner (Tim Trio; Siemens,
Erlangen, Germany) with a 12-channel phased array head coil
and a whole-body transmit coil. The protocol included the fol-
lowing: 1) 3D T1WI MPRAGE (TR ¼ 2300 ms; TE ¼ 2.98ms;
FOV ¼ 256 � 256 mm; 192 sections; voxel size ¼ 1 � 1 � 1
mm); 2) 2D dual-echo T2WI (TR ¼ 2500ms; TE ¼ 16/91ms;
FOV ¼ 256 � 256; 46 sections; voxel size ¼ 0.78 � 0.78 �
3.0mm); and 3) 2D gradient-echo magnetization transfer per-
formed without (TR ¼ 1500 ms; TE ¼ 10 ms; FOV ¼ 250 � 250
mm; 50 sections; voxel size ¼ 1 � 1 � 3 mm; flip angle ¼ 20°)
and with magnetization transfer saturation (equivalent flip an-
gle¼ 500°; off-water resonance¼ 1.2 kHz; duration¼ 10 ms).

Image Analysis
Lesion masks were outlined semiautomatically with Jim soft-
ware (http://www.xinapse.com/home.php) on the proton-density
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T2WI, by a technician with.10 years’ experience (M.A.), super-
vised by an experienced neuroradiologist (A.R.). The T1/T2 was
generated after coregistering and reslicing the T2WI to the T1WI and
bias-correcting the T1WI and T2WI with Statistical Parametric
Mapping (SPM12; http://www.fil.ion.ucl.ac.uk/spm/software/spm12).
The NAGM, NAWM, and cerebrospinal fluid (CSF) compartment
masks were obtained after segmenting the T1WI with SPM12 and
thresholding (P. .75) and multiplying them by the inverse of the
lesion mask to remove any contributions due to lesion misclassifica-
tion. TheMTR image was calculated as follows: (MToff–MTon)/MToff,
and it was coregistered to T1/T2 with SPM12. Finally, for each patient,
mean values in NAGM, NAWM, the lesion mask, and each lesion
separately (after splitting the lesion mask) were computed from the
MTR and T1/T2 images.

Statistical Analysis
To assess the relationship between MTR and T1/T2, we ran par-
tial correlations for NAGM, NAWM, CSF, and the lesion mask,
with age and sex as covariates. In addition, a correlation for each
patient was obtained after comparing their individual lesions in
MTR and T1/T2. Partial correlations were also run to assess rela-
tionships between either MTR or T1/T2 and EDSS and disease
duration. Significance for the comparisons was set at P, .05, and
analyses were performed with the SPSS (IBM, Armonk, New
York).

RESULTS
A total of 22 patients were analyzed (68% women; mean age,
41.13 6 6.04 years; mean disease duration, 5.66 years; range,
0.08–20 years; mean EDSS score, 2.47; range, 0–6; and mean

lesion volume, 5.02 mL; range, 0.13–25.45 mL). For both meth-
ods, the differences within compartments were significant (P ,

.05) for all possible pairs (data not shown). Mean values and par-
tial correlations between MTR and T1/T2 measures are reported
in the Table. Lesion-by-lesion correlations were significant for
cases with lesion volumes of.1mL (17 cases of 22), with correla-
tions ranging from 0.42 to 0.99. An individual example can be
seen in the Figure. Both MTR (r ¼ –0.64, P¼ .004) and T1/T2 (r
¼ –0.66, P¼ .003) mean values in the lesion mask correlated
with the EDSS, whereas only the T1/T2 lesion mask values corre-
lated with disease duration (r¼ –0.52, P¼ .021).

DISCUSSION
This exploratory study compares the distribution in T1/T2 and
MTR in a relatively small group of patients with relapsing-remit-
ting MS. Healthy controls were not included in this study because
the main goal was to investigate the correspondence between
MTR and T1/T2 in damaged tissue. Comparisons were per-
formed across subjects for NAGM, NAWM, and lesion masks
and also across individual lesions in each subject. Several factors
may have affected the lesion-by-lesion correlations, such as small
coregistration errors between MTR and T1/T2, which may have
displaced the lesion masks, as well as patient movement during
acquisition.

The correlations ranged from moderate to strong, suggesting
that most probably, the 2 methods are not sensitive to the same
pathologic substrate. In addition, T1/T2 was associated with the
EDSS and disease duration, while MTR was only associated with
EDSS. The concept that T1/T2 is a proxy for myelin in gray mat-
ter has been derived from studies performed in healthy individu-
als,1,2 in whom neither myelin nor axonal loss nor inflammation
is present. In MS, T1/T2 in gray matter has been related to den-
drite density rather than myelin5 in a study performed ex vivo in
tissue blocks from brain donors; and, again in an ex vivo study,
T1/T2 has shown a moderate correlation with MTR in gray mat-
ter.4 However, it is expected that T1/T2 will also be affected by
edema and iron content, because T1WI and T2WI separately are
affected.3 MTR has been mainly related to both myelin and axo-
nal damage and, to a lesser degree, to inflammation and gliosis in

Mean values of MTR and T1/T2 in the different compartments
and partial correlationsa

Mean MTR (SD) Mean T1/T2 (SD) r (P Value)
NAWM 0.510 (0.032) 1.022 (0.102) 0.631 (.005)
Lesions 0.477 (0.054) 0.604 (0.074) 0.699 (.001)
NAGM 0.435 (0.030) 0.537 (0.043) 0.502 (.034)
CSF 0.267 (0.028) 0.110 (0.043) 0.631 (.040)

a Age and sex are covariates.

FIGURE. Representative MTR, T1/T2, and T2 with lesions outlined (left) and the corresponding scatterplot (r ¼ 0.630; P= .002; 22 lesions; total
volume= 3.39mL). Empty symbols refer to the individual lesions; filled symbols refer to the mean value in CSF, NAGM, and NAWM.
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MS.6 In this context, it is likely that compared with MTR, T1/T2
is more dependent on additional pathologic substrates and not
just on myelin integrity, though new studies in vivo are needed to
confirm the source of the signal in the T1/T2 approach. The
main advantage of T1/T2 is that it provides a wider range of val-
ues than those given by MTR, as was seen in postmortem stud-
ies.4 Thus, an intermediate degree of tissue destruction would
be more likely to be captured with T1/T2 than MTR.
Nevertheless, these results could not be extrapolated to any
T1WI, T2WI, or MTR sequence because T1/T2 and MTR con-
trast and, consequently, the correlation between them, depends
on the acquisition parameters.7 Further longitudinal studies
with larger sample sizes as well as further in-depth assessment
of lesional tissue (including black holes and new lesions) are
warranted to assess the validity of T1/T2 as a biomarker of tis-
sue damage and lesion recovery in MS.
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