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ABSTRACT
BACKGROUND AND PURPOSE: The double inversion recovery sequence is known to be very sensitive and speciﬁc for MS-related
lesions. Our aim was to compare the sensitivity of pre- and postcontrast images of 3D double inversion recovery and conventional 3D
T1-weighted images for the detection of contrast-enhancing MS-related lesions in the brain to analyze whether double inversion recovery
could be as effective as T1WI.
MATERIALS AND METHODS: A postcontrast 3D double inversion recovery sequence was acquired in addition to the standard MR imaging
protocol at 3T, including pre- and postcontrast 3D T1WI sequences as well as precontrast double inversion recovery of 45 consecutive
patients with MS or clinically isolated syndrome between June and December 2013. Two neuroradiologists independently assessed
precontrast, postcontrast, and subtraction images of double inversion recovery as well as T1WI to count the number of contrast-enhancing
lesions. Afterward, a consensus reading was performed. Lin concordance was calculated between both radiologists, and differences in
lesion detectability were assessed with the Student t test. Additionally, the contrast-to-noise ratio was calculated.
RESULTS: Signiﬁcantly more contrast-enhancing lesions could be detected with double inversion recovery compared with T1WI (16%, 214
versus 185, P ⫽ .007). The concordance between both radiologists was almost perfect (c ⫽ 0.94 for T1WI and c ⫽ 0.98 for double
inversion recovery, respectively). The contrast-to-noise ratio was signiﬁcantly higher in double inversion recovery subtraction images
compared with T1-weighted subtraction images (double inversion recovery, 14.3 ⫾ 5.5; T1WI, 6.3 ⫾ 7.1; P ⬍ .001).
CONCLUSIONS: Pre- and postcontrast double inversion recovery enables better detection of contrast-enhancing lesions in MS in the
brain compared with T1WI and may be considered an alternative to the standard MR imaging protocol.
ABBREVIATIONS: DIR ⫽ double inversion recovery; GBCA ⫽ gadolinium-based contrast agent; CNR ⫽ contrast-to-noise ratio

S

ince the introduction of the double inversion recovery (DIR)
sequence in 1994 by Redpath and Smith,1,2 many studies have
investigated the usefulness of DIR for the detection of inflammatory lesions in the brain in multiple sclerosis. In this sequence, the
signals from both the CSF and normal white matter are suppressed simultaneously; thus, differentiation between gray matter
and white matter is facilitated. Additionally, inflammatory lesions
remain unsuppressed and appear hyperintense. The studies concluded that DIR is very sensitive and specific for MS lesions in the
brain,3-5 especially for intracortical lesions.6-8 One group could
also show that DIR provides the highest sensitivity in the detecReceived March 26, 2017; accepted after revision June 2.
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tion of MS lesions in the infratentorial region compared with
FLAIR and T2WI.4 A similar benefit was found for an adapted
DIR sequence in the spinal cord.9 Due to the high sensitivity and
specificity as well as the increasing availability of the DIR sequence, it
is more often included in routine MR imaging protocols.
The standard MR imaging protocol for the examination of
patients with MS commonly includes the intravenous administration of gadolinium-based contrast agents (GBCAs). The presence
of contrast-enhancing lesions is important for the diagnosis and
therapeutic strategies of MS and is listed in the revised McDonald
criteria from 201010 and the magnetic resonance imaging in multiple sclerosis consensus guidelines11 for the criteria of dissemination in time. Because the best sensitivity for enhancing lesions is
achieved about 5–10 minutes after injection of a GBCA,12 further
sequences, usually T2WI, are performed for bridging the waiting
time. However, these sequences should be carefully selected because the signal of contrast-enhancing lesions might be changed
in modified T2WI sequences such as FLAIR13,14 or DIR.15,16
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One group found that contrast-enhancing parts of tumors appear hypointense in postcontrast DIR.15 Furthermore, it has been
shown recently that there is an altered signal intensity of active
enhancing inflammatory MS lesions in postcontrast DIR of the
brain.16 This observation led to the recommendation to acquire
DIR sequences before GBCA administration.
Here, we test the hypothesis that the signal loss on DIR images
after GBCA administration can be used to detect active enhancing
lesions. In particular, the aim was to compare the sensitivity of
pre- and postcontrast images of 3D double inversion recovery and
conventional 3D T1WI for the detection of contrast-enhancing
MS-related lesions in the brain to analyze whether DIR could be as
effective as T1WI.

MATERIALS AND METHODS
Patients
Patients were enrolled in a prospective study design, and data
were analyzed retrospectively. In 45 consecutive patients between
June and December 2013 (24 women, mean age, 38 ⫾ 11 years;
range, 19 – 62 years) with MS (n ⫽ 38; 37 relapsing-remitting, 1
secondary-progressive; median Expanded Disability Status Scale
score, 1.7 ⫾ 1.7, range, 0 – 6.5) or clinically isolated syndrome
(n ⫽ 7), a DIR sequence was acquired after IV injection of a GBCA
in addition to the standard in-house MR imaging protocol. The
study was Health Insurance Portability and Accountability Act–
compliant. The study protocol was approved by the local ethics
committee, and written informed consent was obtained from all
participants. All patients were examined due to a new clinical
attack or for routine follow-up.

MR Imaging Acquisition
Scans were obtained on a 3T scanner (Achieva; Philips Healthcare, Best, the Netherlands) with a 16-channel array head coil.
Our standard MR imaging protocol for patients with or suspicious for MS has a precontrast 3D DIR sequence and 3D T1WI
sequences pre- and postcontrast (6 minutes after IV injection).
For this study, an additional 3D DIR sequence was acquired following the postcontrast T1WI sequence, 12 minutes after GBCA
injection. A GBCA (0.5 mmol/mL, gadoterate meglumine; Dotarem;
Guerbet, Aulnay-sous-Bois, France) was injected intravenously at a
concentration of 0.1 mmol/kg. MR imaging acquisition parameters
of the 3D DIR sequence were as follows: acquired voxel size, 1.2 ⫻
1.2 ⫻ 1.3 mm3; acquisition matrix, 208 ⫻ 208; FOV, 250; TR, 5500
ms; TE, 328 ms; TI, 2550 ms; TSE factor, 173; number of sections,
300; acquisition time, 6 minutes; plane, sagittal. The parameters for
the 3D T1WI sequence were the following: acquired voxel size, 1 ⫻
1 ⫻ 1 mm3; acquisition matrix, 240 ⫻ 240; FOV, 240 mm; TR, 9 ms;
TE, 4 ms; number of sections, 170; acquisition time, 5 minutes and 55
seconds; plane, sagittal. Additionally, T2WI and FLAIR sequences
were acquired routinely. The T2WI sequence had a spatial resolution
of 1.0 ⫻ 1.0 ⫻ 1.5 mm3, TR of 4000 ms, and a TE of 35 ms; the 3D
FLAIR sequence had a spatial resolution of 1.0 ⫻ 1.0 ⫻ 1.5 mm3, a
TR of 10,000 ms, a TE of 140 ms, and a TI of 2750 ms.

MR Imaging Analysis
Data were analyzed retrospectively. DIR and T1WI scans were
resliced and coregistered with SPM12 (http://www.fil.ion.
1942
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ucl.ac.uk/spm/software/spm12) and subtracted by using a custom script written in Matlab (MathWorks, Natick, Massachusetts; R2015a, Version 8.5.0 197631). This script used the built-in
registration in SPM and reslice-algorithms to perform a rigid
body coregistration of the images with the precontrast image as
the reference file and the postcontrast image as the source file. The
coregistered images were subtracted (“precontrast-postcontrast”
for DIR and “postcontrast-precontrast” for T1WI) and analyzed
without further processing steps.
The sequences were reformatted with ITK-SNAP (www.
itksnap.org)17 in 1-mm axial sections. First, 2 neuroradiologists
with 2 and 5 years’ experience, respectively, assessed the images
regarding the appearance of contrast-enhancing lesions. In a second step, both readers, blinded to diagnoses and clinical symptoms, independently assessed the images regarding the number of
enhancing lesions by consulting precontrast, postcontrast, and
subtraction images of DIR and T1WI in pseudorandom order by
using ITK-SNAP. A contrast-enhancing lesion was defined as a
2-mm focal signal alteration in the brain tissue. A definite lesion
count was derived from an additional consensus reading by both
neuroradiologists by supplementary use of T2WI and FLAIR images. Additionally, lesions that were missed were classified with
regard to localization (cortical/juxtacortical, periventricular, deep
white matter, supra- or infratentorial).
Furthermore, the contrast-to-noise ratio (CNR) was calculated according to following formula:
CNR ⫽ (Slesion ⫺ Snonaffected surrounding tissue)/SDnonaffected surrounding tissue,

where Slesion and Snonaffected surrounding tissue represent the mean
signal in an ROI in the lesion and normal-appearing surrounding
brain tissue, respectively. SDnonaffected surrounding tissue is the SD of
the normal-appearing surrounding brain tissue. Calculation and
measurement of the mean values were performed with standard
tools of ITK-SNAP.17 The CNR was calculated in the largest lesion
of each patient that was visible in all sequences.

Statistical Analysis
Differences in lesion number were calculated with the Wilcoxon
signed rank test, and differences in the contrast-to-noise ratio
were analyzed with a 2-sided Student t test for paired samples. The
interobserver agreement was calculated with the Lin concordance
(concordance correlation coefficient) by using the service of
National Institute of Water and Atmospheric Research (http://
services.niwa.co.nz/services/statistical/concordance). Significant
differences were defined by P ⬍ .05 for the whole study.

RESULTS
In conformity with previous studies, active contrast-enhancing
lesions appeared hypointense on postcontrast DIR,15,16 and, consequently, hyperintense in subtraction images (precontrast minus
postcontrast, Fig 1). Contrary to T1-weighted subtraction images,
DIR subtraction images demonstrate only little or no contrast
enhancement of blood vessels; thus, differentiation between a
contrast-enhancing lesion and surrounding enhancing vessels
is more difficult in T1WI, and lesion-to-background contrast appears higher in DIR subtraction images (Fig 2).

FIG 1. A 32-year-old male patient with relapsing-remitting MS with several lesions, including 2
contrast-enhancing juxta-/intracortical lesions in the left frontal and right parietal areas. Upper
row (A–C): T1WI; lower row (D–F): DIR images with A and D being precontrast; B and E, postcontrast; and C and F, subtraction images. Enhancing lesions appear hypointense on postcontrast DIR
and are visible in subtraction images. Note the high contrast of the lesions in the DIR subtraction
image (F) compared with T1WI subtraction image (C).

detectable in DIR compared with 4 lesions per patient on conventional T1WI
(range: 0 – 42 [DIR], 0 –34 [T1WI];
mean: 4.8 ⫾ 9.9 [DIR], 4.1 ⫾ 8.9
[T1WI]). No lesion detected on T1WI
was missed on DIR.
Of the 29 lesions missed on T1WI, 15
lesions were located juxtacortically; 5,
periventricularly; 4, in the deep white
matter supratentorially; and 5, infratentorially (2 cortically and 3 in the white
matter). In Figs 2 and 3, examples of
small juxtacortical lesions that can easily
be missed in T1WI are shown.
In T1WI, 4 hyperintense signals in
the brain tissue had been counted as lesions, though they had been classified
as pulse artifacts after consulting the
other available sequences in the context of
the consensus reading (Fig 4). None of the
hyperintense signal alterations in the DIR
images were misdiagnosed.
The concordance between both radiologists was almost perfect, with slightly
higher concordance for the DIR images
(concordance correlation coefficient, c ⫽
0.94 for T1WI and c ⫽ 0.98 for DIR).

Contrast-to-Noise Ratio
The contrast-to-noise ratio was significantly higher for DIR subtraction images (14.3 ⫾ 5.5) compared with T1weighted subtraction images (6.3 ⫾
7.1), postcontrast T1WI (1.7 ⫾ 0.9), and
postcontrast DIR (0.2 ⫾ 0.5), respectively (P ⬍ .001).

DISCUSSION
In our study, we could show that preand postcontrast 3D DIR enables the detection of contrast-enhancing lesions in
MS in the brain with higher sensitivity
compared with pre- and postcontrast
3D T1WI. The total number of contrastenhancing lesions found on DIR was significantly higher than those found on
conventional T1WI, especially for small
lesions in juxtacortical/intracortical loFIG 2. A 32-year-old male patient with relapsing-remitting MS. Upper row (A–C): T1WI; lower row
(D–F): DIR images with A and D being precontrast; B and E, postcontrast; and C and F, subtraction calizations. Hence, our results suggest
images. Note the small juxtacortical lesion that is substantially more detectable in the DIR sub- that DIR is not only superior to conventraction image (F) compared with the T1WI subtraction image (C). Contrary to DIR subtraction (F), tional T2-weighted sequences with rein T1WI subtraction images (C), some contrast-enhancing vessels are visible near the lesion; thus,
differentiation between an active contrast-enhancing lesion and surrounding enhancing vessels is gard to detection of cortical and WM
difﬁcult.
lesions but may also constitute an alternative for T1-weighted contrast-enhanced
sequences.
Lesion Count
Several studies could show that the postcontrast fluid-attenuAltogether, 16% more contrast-enhancing lesions could be deated inversion recovery sequence was useful for the detection
tected in DIR images compared with T1WI (214 versus 185, P ⫽
.007). On average, 5 contrast-enhancing lesions per patient were
of subtle enhancement due to blood-brain barrier dysfuncAJNR Am J Neuroradiol 38:1941– 45
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tion.13,14,18 Because FLAIR and DIR differ only in an additional
inversion recovery pulse in DIR—for the suppression of normal
white matter—it is supposed that DIR is useful for the detection
of contrast enhancement of MS lesions as well.
In fact, because it was discussed in a previous study that a
single DIR sequence may be considered appropriate for MS monitoring,19 the approach presented in this study could contribute to

a minimally time-consuming MR imaging protocol, including the
acquisition of postgadolinium images, with only DIR pre- and
postcontrast (approximately a 12-minute protocol). On the other
hand, such short protocols could have limited sensitivity for treatment-associated complications such as progressive multifocal
leukoencephalopathy; therefore, further studies are necessary to
analyze the sensitivity of DIR regarding opportunistic diseases.
Furthermore, the T1WI sequence enables the quantification of brain atrophy
that might occur in advanced stages of
MS; however, this is actually not recommended in clinical routine because small
changes might contribute to strong errors with a sensitivity of 67% and a specificity of 80%.20 Still, because DIR sequences are more often included in
routine MR imaging protocols for the
assessment of MS, adding another DIR
sequence after administration of a GBCA
would be a notable time benefit if one decides to omit pre- and postcontrast T1WI.
We acknowledge limitations of our
study. Most important, postcontrast
DIR was always acquired after the acquisition of the T1WI sequence and thus
delayed (6 minutes). It is well-known
that the sensitivity of postcontrast images increases with the length of delay
after administration of GBCAs.12 ThereFIG 3. A 46-year-old female patient with relapsing-remitting MS. Upper row (A–C): T1WI; lower fore, this increase might contribute to a
row (D–F): DIR images with A and D being precontrast; B and E, postcontrast; and C and F, bias toward a higher lesion count and
subtraction images. Note that the small juxtacortical lesion is more detectable on the DIR sub- contrast in DIR. However, the study of
traction image (F) compared with the T1-weighted subtraction image (C).

FIG 4. Pulsation artifacts detected in T1WI postcontrast. Images of a 52-year-old male patient with relapsing-remitting MS. Upper row: A, 3
consecutive postcontrast T1-weighted images; lower row: B, T1-weighted precontrast image. C, DIR precontrast image. D, DIR postcontrast
image; E, T2WI; F, FLAIR. Note the small hyperintense signal alterations in the middle of the pons that are only visible on 3 consecutive
T1-weighted postcontrast images and not on the other images.
1944
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Uysal et al12 concluded that a delay of ⬎5 minutes leads to only a
minor additional benefit; they found no significant difference in
lesion numbers with T1WI after 5 or 10 minutes, comparable with
the timing of our study (6 and 12 minutes). A second limitation is
that subtraction images have motion artifacts; thus, interpretation could be difficult if not impossible, in particular with the
standard software of the main MR imaging vendors.

CONCLUSIONS
This study demonstrates that the DIR sequence, which has been
shown to improve the visibility of MS-typical lesions in the brain
compared with T2WI or FLAIR sequences, also enables detectability and visibility of MS-typical contrast-enhancing lesions in
pre- and postcontrast DIR images at least equal to the detection
with standard 3D T1WI in the brain. Further studies are necessary
to evaluate whether subtraction DIR could be an alternative to
T1WI or even reduce the protocol to only pre- and postcontrast
DIR.
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