
ORIGINAL RESEARCH
SPINE

Optimized T1-MPRAGE Sequence for Better Visualization of
Spinal CordMultiple Sclerosis Lesions at 3T
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ABSTRACT

BACKGROUND AND PURPOSE: Spinal cord lesions are highly prevalent in MS, and their visualization can help both in diagnosis and
patient follow-up. However, the sensitivity of MR imaging to spinal cord lesions remains poor, primarily because of suboptimal contrast
between lesions and a normal-appearing cord. Here, we propose an optimized 3DMPRAGE sequence for improveddetection ofMS lesions
in the spinal cord at 3T.

MATERIALS ANDMETHODS: Images were acquired by use of T2 FSE, STIR, T1-gradient recalled-echo (for T1 mapping), and T1-MPRAGE in
the sagittal plane, and T2*-weighted scans in the axial plane, on 40 patients with MS and 7 healthy volunteers. Two observers qualitatively
evaluated the images for lesion conspicuity. Lesions seen between the C1 and C4 segments in 10 randomly selected patients with MS were
further evaluated quantitatively for contrast-to-noise ratio between the lesion and normal-appearing cord, and for lesion burden.

RESULTS: Spinal cord lesions were more conspicuous on the optimized T1-MPRAGE sequence than on any other sequence tested.
Detailed analysis revealed that lesionswere almost 3 timesmore conspicuous (P� .01), and the total lesion volumewas 2 times greater (P�

.05, n�10), in the T1-MPRAGE sequence compared with the standard STIR sequence. Correlation of clinical disability (Expanded Disability
Status Score) with lesion load from each sequence also demonstrated the importance of the improved lesion conspicuity with
T1-MPRAGE.

CONCLUSIONS: The optimized T1-MPRAGE sequence described here improves the reliability of lesion visualization and estimation of
lesion burden, especially when used in conjunction with other well-established clinical sequences.

ABBREVIATIONS: CNR � contrast-to-noise ratio; EDSS � Expanded Disability Status Score; GRAPPA � generalized autocalibrating partially parallel acquisition;
MERGE� multi-echo recombined gradient-echo; NAC� normal-appearing cord; PSIR� phase-sensitive inversion recovery; GRE� gradient recalled-echo

MS is a disease of the central nervous system, and spinal cord

lesions are widely prevalent in patients with MS. It is

thought that, in the proper context, the presence of cord le-

sions is highly specific for the diagnosis of MS,1-3 and several

studies have shown spinal cord abnormalities in 75%–90% of

patients clinically diagnosed with MS.4-7 Visualization of spinal

cord lesions allows approximately 18% more patients to meet the

McDonald dissemination in space criteria for the diagnosis of

MS.8 Cord lesions are also believed to occur in isolation, further

highlighting the importance of visualizing lesions in the spinal

cord for the diagnosis of MS.8-10

MR imaging of the spinal cord is challenging not only because

of the small size of structures but also because of artifacts from

respiration, cardiac, and CSF pulsation, and cord movement dur-

ing the cardiac cycle. Although advances in MR imaging hardware

and pulse sequences have mitigated some of these challenges, sen-

sitivity to visualization of cord lesion remains poor.11,12 Several

studies have proposed specialized and optimized sequences for

improving lesion visualization in the spinal cord, especially the

cervical cord, including double-echo spin-echo,13 STIR,14-16

phase-sensitive inversion recovery (PSIR),17 and multi-echo re-

combined gradient-echo (MERGE on GE scanners, also called

Multi-Echo Data Image Combination or MEDIC on Siemens
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scanners and multi-echo Fast Field Gradient Echo or mFFE on

Philips scanners).18-20 Of these, the proton density and T2 (dou-

ble-echo) spin-echo or FSE21 and STIR14 sequences have been

accepted as a clinical standard for spinal cord imaging in MS,13

primarily because of the ease of implementation on a wide range

of scanners. However, lesions are demonstrably more conspicu-

ous in sequences such as PSIR17 and MERGE.18 Furthermore,

despite sequence improvements, the correlation between lesion

volume and clinical Expanded Disability Status Score (EDSS) re-

mains low.22,23 One contributing factor could be that MR imag-

ing sequences are insensitive to many lesions in the cord, and that

radiologic calculation of lesion burden is inaccurate.15

An optimized sequence for detection of cord lesions may im-

prove diagnostic efficiency and accuracy of CNS lesion load esti-

mation. The MPRAGE sequence offers a unique opportunity,

through optimization of T1-contrast and SNR. Here, we qualita-

tively evaluate a T1-weighted MPRAGE sequence for efficiency of

visualizing lesions in the cervical and thoracic spinal cord and

quantitatively compare its performance with other sequences in-

cluding STIR, T2-weighted, T2*-weighted, and noninversion-

prepared T1-weighted gradient-echo sequences in the upper cer-

vical spinal cord.

MATERIALS AND METHODS
Patients
MR imaging of the cervical and thoracic spinal cord was per-

formed on 40 patients and 7 healthy control participants. MR

images from 10 patients with MS were randomly selected for a

more detailed quantitative analysis of lesions in the upper cervical

cord. Written, informed consent was obtained from all partici-

pants, and the Institutional Review Board at the National Insti-

tutes of Health approved all protocols.

MR Imaging
MR imaging was performed on a 3T Skyra system (Siemens, Er-

langen, Germany) equipped with a 20-channel head-neck coil and

a 16-channel spine-array coil. Standard clinical sequences and

sequences optimized elsewhere that have been traditionally used

to visualize spinal cord lesions such as T2-weighted FSE, STIR,

T1-weighted gradient recalled-echo (GRE), and T2*-weighted

GRE sequences were compared with the optimized T1-MPRAGE

sequence in the cervical and thoracic regions separately.

In the cervical spine, T2-weighted images were acquired in the

sagittal plane by use of a 2D FSE sequence (T2-FSE) with TR, 3500

ms; TE, 102 ms; 0.7-mm nominal in-plane resolution; and 1-mm

section thickness (no intersection gap), with a scan time of 3 min-

utes 40 seconds. STIR images were acquired in the sagittal plane

with a 2D inversion-prepared FSE sequence with TR, 4000 ms;

TE, 68 ms; TI, 210 ms; parallel imaging with generalized autocali-

brating partially parallel acquisition (GRAPPA 2); 0.8-mm

nominal in-plane resolution; 2-mm section thickness; a 10% gap

between sections; and a scan time of 4 minutes 30 seconds. A

3D-MPRAGE sequence (T1-MPRAGE) was acquired in the sag-

ittal plane with TR, 3000 ms; TE, 4.5 ms; TI, 750 ms; flip angle, 8°;

parallel imaging (GRAPPA 2); 1-mm isotropic resolution; and a

scan time of 7 minutes 30 seconds. T1 mapping was done by use of

two 3D-gradient-echo sequences with TR, 7.8 ms; TE, 3 ms;

1-mm isotropic resolution; and flip angles of 3° and 16° (T1-

GRE), for a scan time of approximately 3 minutes per flip angle.

Finally, T2*-weighted images were acquired in the axial plane

with the 2D MEDIC sequence (T2*-GRE) with TR, 775 ms; TE, 11

ms; flip angle, 20°; parallel imaging (GRAPPA 2); nominal in-

plane resolution, 0.58 mm; section thickness, 5 mm (no intersec-

tion gap); and a scan time of 3 minutes 30 seconds. The protocols

were very similar for imaging of the thoracic spine, except that the

sequence was GRE, and field-of-view and acquisition matrix were

modified to cover the entire thoracic spinal cord. The T1-GRE

sequence was repeated postgadolinium (gadobutrol, 0.1 mmol/

kg) only if clinically indicated.

Data Analysis
By consensus, a neurologist (M.A., with 7 years of experience) and

a neuroradiologist (D.S.R., with 10 years of experience) rated each

lesion from the MS and healthy control groups in a blinded fash-

ion. Images obtained from all of the sequences were assessed si-

multaneously, and lesions that were conspicuous in any of the

pulse sequences were counted, and their vertebral levels noted for

each patient. For detailed quantitative analysis, scans from 10 pa-

tients were randomly selected from the MS group. 3D scans were

reformatted only in orthogonal (axial, coronal, and sagittal)

planes in OsiriX (http://www.osirix-viewer.com/)24 for qualita-

tive evaluation, and a lesion was labeled confirmed if it was pres-

ent in more than 1 sequence or if it had a characteristic appearance

on reformation. None of the quantitative analysis used curved

or oblique reformatting. The conspicuity of each lesion in the

various pulse sequences was scored as being absent or of poor,

good, or excellent conspicuity (scores from 0 –3). Lesion detec-

tion efficiency for each sequence was calculated as an average

percent of lesions detected with good or excellent conspicuity to

the total number of lesions seen in each patient. T1 maps were

calculated on a pixel-by-pixel basis in Matlab (MathWorks,

Natick, Massachusetts) by use of the variable flip-angle GRE

scans, described elsewhere.25 ROIs were drawn on visible lesions

(L) and normal-appearing brain stem or cord (NAC) at the C1

level in each sequence, and the contrast-to-noise ratios (CNRs)

were calculated with the formula (SL – SNAC)/(SL � SNAC), where

S is a signal in an ROI. Lesion volumes in the C1–C4 region were

determined from each patient on the basis of conspicuity (only

lesions of good or excellent conspicuity) in each imaging se-

quence, and the total lesion volume was normalized and com-

pared with that derived from a STIR sequence (paired t test). The

lesion volumes from each sequence were also correlated with

EDSS.

RESULTS
Of the 40 patients studied, 1 patient was diagnosed with neuro-

myelitis optica, and the data from this patient were not analyzed.

Detailed demographic information is shown in the accompanying

Table. In the blinded analysis, a total of 324 lesions were identified

in the spinal cords of 39 patients with MS; no lesions were iden-

tified in the healthy volunteer group. Typical lesions in the cervi-

cal cord from 2 different participants (top and bottom row) are

shown in Fig 1. Focal and diffuse lesions in the cervical spinal cord

could be clearly and consistently visualized in the T1-MPRAGE
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sequence (Fig 1C, -F, -I, -L). T2*-GRE images were consistently

good at visualizing lesions with some portion extending into the

cord (Fig 1E) but performed more poorly for lesions on the sur-

face of the cord (Fig 1K). Lesions were consistently less conspic-

uous on the STIR and T2-FSE images (Fig 1A, -B, -G).

Similar results were observed from the thoracic spine, with

most lesions being conspicuous on the T1-MPRAGE images fol-

lowed by T2*-GRE, STIR, and T2-FSE (Fig 2). T1-MPRAGE was

able to detect acute lesions as well (Fig 3A–C). Neither the T1-

MPRAGE nor the other scans from the healthy control partici-

pants showed any focal hypointense lesions (Fig 3D) such as those

seen in the patients with MS. Coronal and curved reformatted

(used only for visualization in this figure and not for quantitative

analysis) T1-MPRAGE of the cervical cord in patients with MS

(Fig 4A, -B) depicts the lesions mainly on the surface of the cord.

A plot of average incidence of lesions that were conspicuous in any

of the pulse sequences, as a function of vertebral body level, is

shown in Fig 4C. Forty percent of all lesions occurred in the

C1–C4 segments; therefore, these levels were chosen for detailed

quantitative analysis.

Quantitative analysis from 10 patients with MS showed that

the CNR between the lesion and NAC was 0.5 � 0.12 for T1-

MPRAGE, 0.15 � 0.07 for STIR, 0.13 � 0.07 for T2-FSE, and

0.08 � 0.03 for T2*-GRE (Fig 5A, **P � .01, unpaired t test). The

T1 maps calculated from the 2-flip angle method yielded a T1 of

1749 � 260 ms (mean � SD) in the lesions compared with 1027 �

193 ms in the NAC, yielding a CNR of 0.25 � 0.08, which was

significantly lower than that of the T1-MPRAGE sequence.

In the C1–C4 segments, the T1-MPRAGE sequence detected

59 of the 60 observed lesions that were judged to have good or

excellent conspicuity by the 2 expert observers, resulting in a le-

sion detection efficiency of 98% per patient (Fig 5B; n�10 pa-

Demographic data for participant groups
Group No. of Patients (Sex) Age (y) Diagnosis (MS Subtype) Disease Duration (y) EDSS (Range)

Healthy volunteers 7 (5 F) 44� 7 � � �
All patients with MS 39 (21 F)a 49� 12 Relapsing-remitting (n� 14) 13� 11 1.0–7.0

Secondary-progressive (n� 10)
Primary-progressive (n� 15)

MS subgroup for quantitative analysis 10 (9 F) 47� 12 Relapsing-remitting (n� 4) 17� 14 1.0–6.5
Secondary-progressive (n� 5)
Primary-progressive (n� 1)

aOne of 40 patients recruited was dropped from the analysis when clinically diagnosed with neuromyelitis optica.

FIG 1. A comparison of imaging techniques for visualization of cervical cord lesions in a 45-year-old woman (A–F) and a 43-year-old man (G–L),
both with relapsing-remitting MS. T1-weighted MPRAGE (C and I) performed better than routine clinical T2-weighted FSE (A and G), STIR
(B and H), and quantitative T1 maps of the cervical cord (D and J), generated by use of a multiple flip angle gradient-echo sequence. The
lesions were also visible on axially reformatted T1-MPRAGE images (F and L) and in these cases were also well visualized on axial T2*-GRE
(E and K).
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tients). Forty-five of the 60 lesions were conspicuous in the axial

T2* sequences (75% of the lesions; lesions detected in 82% of the

patients with cord lesions). The average length of lesions judged to

have excellent conspicuity was 7.2 � 0.6 mm in the inferior-su-

perior direction, compared with 5.2 � 0.6 mm for lesions judged

to be less conspicuous (P � .02; lengths calculated on the T1-

MPRAGE sequence). Only 26 of the 60 lesions were conspicuous

on the STIR (43% of the lesions; lesions detected in 51% of the

patients with cord lesions), and only 15 were conspicuous on the

T2-FSE sequences (25% of the lesions; lesions detected in 32% of

the patients with cord lesions).

Average lesion volume from the T1-MPRAGE sequence was

more than twice that calculated from the clinical standard STIR

sequence and was significantly higher than that determined from

FIG 2. Acomparisonof imaging techniques for visualization of thoracic cord lesions in a 45-year-oldwomanwith relapsing-remittingMS. Just as in the
cervical cord, T1-weightedMPRAGE (C) performedbetter than routine clinical T2-weighted FSE (A), STIR (B), and T2*-GRE (D) for visualizationof lesions.
The lesion denoted by an arrow has a typical appearance and could be confirmed on axially reformatted T1-MPRAGE images (E).

FIG 3. An acute spinal cord lesion in the C4 region (arrow, 31-year-old man) as seen in T1-MPRAGE (A), precontrast (B), and postcontrast (C)
T1-weighted gradient-echo (C) images. (D) T1-MPRAGE from a healthy control participant (38-year-old man) for comparison.
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all other sequences (P � .05; n�10 patients). Lesion volume, cal-

culated relative to the STIR sequence, was 1.95 for T1-MPRAGE,

1.67 for T2*-GRE, and 0.6 for T2-FSE (P � .05 by paired t test; Fig

5C). The smallest conspicuous lesion was 11.8 mm3 in the T1-

MPRAGE sequence, 16.6 mm3 in the T2*-GRE, 21.3 mm3 in the

T2-FSE, and 24.8 mm3 in the STIR. Pearson correlation coeffi-

cient, determined between EDSS and lesion volume, approached

significant levels only in the T1-MPRAGE (Pearson r � 0.52;

1-tailed P � .06; Fig 5D), and the correlation coefficients were

larger in sequences that had better lesion conspicuity (T1-

MPRAGE and T2*-GRE).

DISCUSSION
The optimized T1-MPRAGE sequence was better at lesion visualiza-

tion in both the cervical and thoracic spinal cord than the STIR,

T2-FSE, T1-GRE, and T2*-GRE sequences tested herein. The opti-

mized T1-MPRAGE sequence was able to reliably and distinctly de-

tect both acute and chronic lesions in the cord. The high CNR of the

optimized T1-MPRAGE played an important role in lesion detec-

tion. Reformatting the images in the axial and coronal planes proved

to be useful in identification of the lesions, which was made easier

because of the high isotropic resolution of the T1-MPRAGE.

It should also be noted that the central canal of the spinal cord

was hypointense compared with the NAC in the T1-MPRAGE,

and there was subtle hypointensity in the areas surrounding the

central canal. Such signal changes are commonly seen in other

high-resolution sequences, as well as in the healthy control par-

ticipants (Fig 3D). However, the signal in the confirmed lesions

was distinctly more hypointense and focal than these other signal

changes and could easily be character-

ized as such (Figs 1 and 2). Only 1 of 60

confirmed lesions was of poor conspicu-

ity on the T1-MPRAGE sequence.

Comparison of Sequences
Most lesions (45/60, or 75%) were also

conspicuous on the T2*-GRE images.

The lesions that were conspicuous on

the T2*-GRE had a significantly larger

extent in the superior-inferior direction

than those that were inconspicuous on

the T2*-GRE, emphasizing the role of

partial volume averaging and image res-

olution in the detection of lesions. How-

ever, it must be noted that 7 of the 15

lesions that were inconspicuous on the

T2*-GRE were larger than 5 mm in the

superior-inferior direction, indicating

that other factors, such as proximity to

CSF (eg, Fig 1K) and motion or pulsa-

tion artifacts, can be detrimental to le-

sion visualization on T2*-GRE. Several

improvements have been suggested to

the T2*-GRE sequence, including higher

resolution, 3D acquisition, and magne-

tization transfer preparation, all of

which could improve the conspicuity of

MS lesions; these were not explored

herein.20 Indeed, not every lesion was better seen on the T1-

MPRAGE, and a few were even better depicted in the T2*-GRE-

sequences, as can be seen in Fig 1 (top row). Nevertheless, more

lesions with typical MS configuration were appreciated on the

T1-MPRAGE overall. The T1-MPRAGE sequence may therefore

be used in conjunction with other well-established clinical se-

quences, such as T2*-GRE, to improve diagnostic confidence.

The T2-FSE sequence was optimized for T2 contrast and res-

olution but proved to be inadequate for visualization of lesions.

As many as 45 (75%) of the 60 lesions were invisible or were of

poor conspicuity on the T2-FSE sequence. It is conceivable that

the TE used herein is suboptimal for lesion detection in the spinal

cord, and that lesions may be more conspicuous in proton attenu-

ation–weighted conventional spin-echo images such as those de-

scribed elsewhere for diffuse lesions.14,16 However, such se-

quences were not explored herein because of potential motion

artifacts, low resolution, and total scan time considerations. The

STIR sequence has long been known to be useful for lesion detec-

tion,15,16,26,27 and a standard clinical fast-STIR sequence with an

inversion time of 200 ms was used here. The STIR sequence did

indeed perform better than T2-FSE in both CNR and lesion visu-

alization, as expected, despite the larger section thickness and a

gap between sections.

Others have calculated the lesion-to-cord CNR from vari-

ous sequences as a normalized difference in signal intensity

from the lesion to cord. Hittmair et al14 demonstrated a 187%

increase in lesion-to-cord CNR with the STIR sequence com-

pared with routine T2-FSE, by using a 1.5T scanner with lower

FIG 4. Coronal (A) and curved-reformatted (B) images from the T1-weighted MPRAGE sequence
in the cervical cord of 2 patients, showing lesionsmainly on the surface of the cord (white arrows)
and a lesion that appears to be completely within the cord (gray arrow). C, Incidence of lesions
per vertebral body segment derived from all scans acquired in the MS population studied herein
(Table, 39 patients with MS).
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spatial resolution. The CNR from the T2*-MERGE sequence

was reported to be approximately 200% higher than the T2-

FSE sequence in the study by White et al,18 and Poonawalla et

al17 demonstrated an approximately 200% increase in the CNR

in STIR compared with T2-FSE at 3T. This result is similar to

the observation herein of increased lesion conspicuity in the

T2*-GRE and STIR images compared with the T2-FSE images.

The formula for the CNR used herein normalized its value

between 0 and 1, with 1 being the best contrast. Repeating the

calculation by using formulas similar to the prior reports, on

the data presented herein, shows a 190% increase in the CNR in

STIR compared with T2-FSE, and a further 180% increase in

CNR in T1-MPRAGE compared with STIR. However, the dif-

ference in CNR between T2*-GRE and T2-FSE was far lower

than reported elsewhere,18 probably because of differences in

the pulse sequence parameters such as image resolution and

the axial vs sagittal section plane. Furthermore, the T2*-GRE

sequence herein used a section thickness of 5 mm for adequate

whole-spine coverage in a reasonably short scan time, as op-

posed to 3 mm in prior reports. This larger section thickness,

which engenders more partial volume averaging, may contrib-

ute to the reduced CNR seen here; reducing the section thick-

ness could potentially increase the lesion detection rate at the

cost of reduced SNR and increased scan time. As noted previ-

ously, the thick sections used in the T2*-GRE sequence made it

difficult to pick up small lesions, especially on the surface of the

cord (because of proximity to bright CSF). Despite these short-

comings, the availability of both the axially acquired T2*-GRE

scans, with high in-plane resolution, as well as the isotropic

T1-MPRAGE scans that can be reformatted in any plane, acts

to substantially improve confidence in lesion detection and

discrimination.

In a technique known as PSIR, reconstruction of real images

(rather than magnitude images) in an inversion-prepared 2D gra-

dient-echo sequence has been shown to be useful in the detection

of cord lesions.17 We did not observe any immediate advantage of

reconstructing the real component with the optimized T1-

MPRAGE sequence, mainly because the signal from the lesion was

close to null. This modification is very easily implemented on

most MR imaging scanners if needed.

Technical Considerations
The T1-MPRAGE pulse sequence has been well described and

is now commonly used in clinical imaging of the brain.28 As

FIG 5. CNR (A), percentage of lesions detected per patient (B), lesion volume (in mm3) between the C1 and C4 vertebral body segments (C), and
Pearson correlation coefficient between lesion load and EDSS from 10 participants obtained by use of various pulse sequences for imaging cord
lesions. The CNR and lesion volume calculated from the T1-MPRAGE sequence were significantly higher than other sequences tested (*P� .05,
**P� .01, paired t test).
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demonstrated here, this sequence offers a unique opportunity

to visualize lesions in the cord, as it offers ways to optimize the

imaging contrast by using inversion pulses. However, the 3D

acquisition technique is more susceptible to motion artifacts.

Use of a spine array coil and parallel imaging enabled improved

SNR while reducing artifacts, particularly in the cervical re-

gion. Sagittal acquisition, rather than coronal or axial sections,

allowed coverage of the spinal cord in the least amount of time

without having to change the acquisition matrix in a subject-

size– dependent manner. SNR of the T1-MPRAGE was

boosted by increasing the TR as well as the flip angle, while at

the same time maintaining the contrast between lesions and

the normal-appearing spinal cord.

3D acquisition allowed for high isotropic resolution and more

accurate calculation of lesion load. Isotropic high-resolution im-

ages can also be reformatted in different planes for better visual-

ization of lesions, especially those on the surface of the cord.6

However, 3D acquisition also makes the images more susceptible

to movement artifacts, which is especially relevant for the spinal

cord. Spinal cord MR imaging is plagued with artifacts from res-

piration, swallowing, and cardiac movement, as well as from

movement of the cord during a cardiac cycle. Placing a saturation

pulse anterior to the vertebral bodies can be considered to elimi-

nate most of the movement artifacts from outside the cord. Move-

ment of the cord itself was not found to be a major source of

artifacts, however. Finally, a large acquisition matrix and small

bandwidth helped mitigate truncation artifacts in the spinal cord.

Study Limitations
The major limitation of this study was the lack of a reference

standard for lesion presence, because such data would require

postmortem pathologic examination. In the absence of a patho-

logic reference standard, we used consensus between experienced

observers as a radiologic reference standard, and we compared

our results from T1-MPRAGE with STIR, which is the accepted

standard for sagittal imaging. An additional limitation was that we

only performed detailed, quantitative, volumetric analysis in a

fraction of the cases; however, the qualitative analysis in the larger

cohort suggests that the results from those cases would have gen-

eralized. A further limitation was that the quantitative analysis

focused only on the upper cervical cord, rather than the whole

cord; this region was chosen because prior studies6,7 have dem-

onstrated that roughly 60% of spinal cord lesions occur in the

cervical cord. Indeed, in the patient population studied herein,

the C1–C4 segments accounted for 40% of all lesions seen in the

spinal cord. Moreover, lesions in the WM of the upper cervical

cord can affect both the upper and lower limbs, potentially im-

proving correlations with disability scores, which were moderate

in the analysis reported here. Further analysis could entail corre-

lation of lesion burden along specific tracts from the entire cord

with individual functional systems scores, including sensory, mo-

tor, and bowel/bladder.5 Such studies would require a larger pa-

tient cohort. Finally, the protocol parameters used for the T1-

MPRAGE could not differentiate between the GM and WM in the

cord, thereby necessitating the use of additional sequences for

complete characterization of lesion location.

CONCLUSIONS
The optimized T1-MPRAGE sequence was more efficient in

the visualization of spinal cord lesions compared with other

standard clinical sequences. EDSS correlated better with cord

lesion volumes calculated from the T1-MPRAGE sequence

than from the other sequences, suggesting that a substantial

proportion of the lesion burden in the spinal cord has been

missed in prior studies. Therefore, T1-MPRAGE can help in a

more accurate estimation of the lesion load and, when used in

conjunction with other sequences such as T2*-GRE and STIR,

can increase diagnostic confidence through better visualiza-

tion of these lesions.

ACKNOWLEDGMENTS
This study was supported by the Intramural Research Program of

the National Institute of Neurologic Disorders and Stroke

(NINDS), National Institutes of Health. We also thank the Na-

tional Institute of Mental Health (NIMH)/NINDS Functional

Magnetic Resonance Facility, John Ostuni (NINDS), Souheil

Inati (NIMH), and the Neuroimmunology Branch clinical group

for their help.

REFERENCES
1. Bot JC, Barkhof F, Lycklama a Nijeholt G, et al. Differentiation of

multiple sclerosis from other inflammatory disorders and cerebro-
vascular disease: value of spinal MR imaging. Radiology 2002;223:
46 –56
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