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and a comparison with conventional double
inversion recovery and fluid-attenuated
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Abstract

Background and purpose: Synthetic MR imaging (SyMRI) allows the reconstruction of various contrast images,
including double inversion recovery (DIR), from a single scan. This study aimed to investigate the advantages of SyMRI
by comparing synthetic DIR images with synthetic T2-weighted fluid-attenuated inversion recovery (T2W-FLAIR) and
conventional DIR images.

Materials and methods: \We retrospectively reviewed the imaging data of 100 consecutive patients who underwent
brain MRI between December 2018 and March 2019. Synthetic DIR, T2W-FLAIR, T1-weighted, and phase-sensitive
inversion recovery (PSIR) images were generated from SyMRI data. For synthetic DIR, the two inversion times required
to suppress white matter and cerebrospinal fluid (CSF) were manually determined by two radiologists. Quantitative
analysis was performed by manually tracing the region of interest (ROI) at the sites of the lesion, white matter, and
CSF. Synthetic DIR, synthetic T2W-FLAIR, and conventional DIR images were compared on the basis of using the gray
matter-to-white matter, lesion-to-white matter, and lesion-to-CSF contrast-to-noise ratios.

Results: The two radiologists showed no differences in setting inversion time (Tl) values, and their evaluations
showed excellent interobserver agreement. The mean signal intensities obtained with synthetic DIR were significantly
higher than those obtained with synthetic T2W-FLAIR and conventional DIR.

Conclusion: Synthetic DIR images showed a higher contrast than synthetic T2WFLAIR and conventional DIR images.

Keywords: Magnetic resonance imaging, Synthetic magnetic resonance imaging, Double inversion recovery,
Inversion recovery

Introduction
MRI is widely used to evaluate intracranial pathology
because of its excellent soft-tissue contrast. To clearly
depict lesions in the brain, inversion recovery sequences,
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clinical practice. Redpath et al. reported that the DIR
sequence improved the contrast between the lesion and
background areas by suppressing signals from the cere-
brospinal fluid (CSF) and normal white matter (WM) [1].
DIR has been used to evaluate various lesions in multiple
sclerosis, ischemic diseases, epilepsy, tumors, and degen-
erative diseases [2—6].

Nevertheless, the addition of DIR sequences to rou-
tine clinical practice remains challenging because of the
increased examination time. Moreover, adjustment of the
dual inversion time (TI; and TI,) parameters to suit vari-
ous patient conditions to selectively suppress WM and
CSF may be challenging in routine clinical practice.

Synthetic magnetic resonance imaging (SyMRI) tech-
niques can solve the problems of increased examination
times and selection of appropriate TI values by allowing
manual changes to the appropriate TI values after image
acquisition. The image data from SyMRI examinations
can be used to generate multiple contrasts from a sin-
gle scan based on a quantitative approach that includes
absolute physical properties, such as the longitudinal
T1-relaxation time, transverse T2-relaxation time, and
proton density [7]. Thus, acquisition parameters such
as repetition time (TR), echo time (TE), and inversion
time (TI) can be generated using mathematical reasoning
rather than predetermined methods [8].

Synthetic DIR images have been generated from SyMRI
image data to set null points in two different brain struc-
tures: the WM and CSE. Although appropriate TI values
can be determined by drawing manual regions of interest
(ROIs) in these structures, qualitative and quantitative
evaluation of the generated images is essential. Therefore,
this study aimed to evaluate the feasibility of SyMRI in
clinical practice and investigate the advantages of SyMRI
by comparing it with synthetic T2-weighted (T2W)-
FLAIR and conventional DIR images.

Materials and methods

Patients

The Institutional Review Committee of the Fujioka Gen-
eral Hospital approved the study as well as the informed
consent waiver (FJ-152, see Additional file 1). All meth-
ods were carried out in accordance with relevant guide-
lines and regulations.

One hundred consecutive patients who underwent
MRI between December 2018 and March 2019 were
considered for evaluation. Those ninety-nine patients’
data was used in the quantitative evaluation of synthetic
MRI. One patient was excluded because of a diffuse
WM lesion. Eleven patients underwent both synthetic
and conventional DIR imaging. Therefore, comparison
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Total patients
(n=101; male 62, female 39)

Exclusion criteria
Diffuse white matter (n = 1)

Final study population
(n=99; male 61, female 38)

Synthetic DIR (n = 99)
with lesion = 44
without lesion = 55

Conventional DIR (n=11)
with lesion =7
without lesion = 4

Fig. 1 Flowchart for patient selection

Table 1 The parameters used for synthetic MR sequences

TR (ms) TE (ms) Tl (ms)
Synthetic DIR 4500 100 -
Synthetic T2W-FLAIR 15,000 100 3000
Synthetic PSIR 6000 10 500
Synthetic TTW 500 10 -

TR repetition time, TE echo time, T/ inversion time, DIR double inversion recovery,
T2W-FLAIR T2-weighted fluid-attenuated inversion recovery, PSIR phase-sensitive
inversion recovery, TTWT1-weighted

between synthetic DIR and conventional DIR were based
only on cases in which both were imaged (Fig. 1).

Image acquisition

MRI was performed using a GE Healthcare 1.5 T sys-
tem with a 32-channel sensitivity encoding head coil.
The routine clinical MRI protocol consisted of axial
DIR and FLAIR sections. SyMRI was performed using
a magnetic resonance image compilation sequence
(MAGIC; GE Healthcare Japan, Tokyo, Japan), and to
generate TW2-FLAIR, Phase-sensitive inversion recov-
ery (PSIR), and T1WI, parameters such as TR, TE,
and TI were determined as shown in Table 1. Imag-
ing parameters were as follows: field of view (FOV),
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220 x 220 mm; matrix, 512 x 512; receiver bandwidth,
495 kHz; slice thickness/gap, 5.0 mm/2.4 mm; and
slices, 22.

Reconstructed synthetic DIR image

Circular ROIs were set to 5-10 mm by two radiologists
(K.Y and J. A. with 18 and 15 years of experience, respec-
tively). The MAGiC workstation is installed in the MR
operation console. We use this software to draw ROIs
and get values in each ROIL TI; and TI, were chosen to
suppress both tissues concurrently. For TI;, ROIs were
placed in the frontal WM, and for T1I,, ROIs were placed
in the CSF within the frontal horn of the lateral ventricle
as shown in Fig. 2. ROIs were drawn on two slices at the
corona radiata and corpus callosum levels.

Quantitative image analysis

For quantitative image analysis of synMRI, ROIs with a
diameter of 5 mm were placed in three constructions in
the same places on different contrast images on synMRI:
normal-appearing WM (genu), normal-appearing gray
matter (frontal cortex), and lesions. Mean signal inten-
sities in the ROIs were calculated using the following
formula:

¢« Slem/Slyy

¢ SIlesion/SIWM

o (SIgpt/STyun) ! Sleas

* (Slgar = Slwan/ (Slgar + Slyag)

where Sl Sy, and Sl,,, denote the signal intensi-
ties of GM, WM, and lesions, respectively.

S

Fig. 2 Anexample of tissues suppressed with ROIs placement.

Circular ROIs were nulled in the CSF and WM
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In comparisons between synthetic DIR images and
conventional DIR images, ROIs of normal-appearing
WM, CSEF, and lesions were set manually in the same slice
and the same area. Mean signal intensities in the ROIs
were calculated using the following formula:

¢ SIlesion/SIWM
¢ SIlesion/SICSF

where Sl denotes the signal intensity of CSE.

Statistical analysis

All statistical analyses were performed using SPSS 26 for
Windows (IBM Corp., Armonk, NY, USA) and GraphPad
9.0 software (GraphPad, California, USA). The differ-
ences between the TI values of the null points set by the
two readers were analyzed using a nonparametric Mann—
Whitney U test. Interobserver agreement between the
two radiologists was determined using intraclass correla-
tion coefficient (ICC) values. Spearman’s correlation coef-
ficients were computed to assess the correlation between
the measured TI values and age. Additionally, we deter-
mined whether statistically significant differences were
present among the synthetic DIR, T2W-FLAIR, and
conventional DIR images using a nonparametric Mann—
Whitney U test. The mean and standard deviation were
used to assess the entire population for all variables.

Results

Patient characteristics

A total of 99 patients (38 females and 61 males; mean age,
66 years; range, 15-95 years) were included in this study.
Of the 44 patients, 18 showed periventricular hyperin-
tensity, 9 showed chronic infractions, 6 showed acute
infractions, 7 showed acute hemorrhages, 2 showed
chronic hemorrhages, and the others showed malignant
lymphomas and epilepsy. Seven patients with lesions
were included in the comparison between synthetic and
conventional DIR.

Reliability of Tl values/comparison of Tl values derived
from MAGIC by the two readers

A comparison of the TI values is presented in Figs. 3 and
4. No significant differences were observed in the TI, val-
ues for the corpus callosum and corona radiata in com-
parisons between the two readers (P=0.359; P=0.174,
Fig. 2). The average ICC of the TI, value for the corpus
callosum and corona radiata was 0.95 (95% CI 0.93-0.97)
and 0.90 (95% CI 0.85-0.93), respectively, indicating
excellent agreement between readers. For the corpus cal-
losum and corona radiata, TI, values also showed excel-
lent agreement between the two readers, with an ICC
of 0.95 (95% CI 0.93-0.97) and 0.91 (95% CI 0.86-0.93),
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Fig. 3 The box plot represents the comparison of Tl, for each slice in assessments by the two readers with WM set to null point (A, B). The Tl, values
were placed on the two slices at the position of the corona radiata and corpus callosum. No significant difference was observed in Tl; between the
readers. The term “ns” indicates a non-significant difference. Note: Tl inversion time, WM white matter

respectively, and no significant differences (P=0.338;
P=0.198, Fig. 3).

Age effect

Figure 5 shows the correlation between the TI values
and age. TI, values showed a significant correlation with
age in corpus callosum slices (r=0.66; P<0.0001). The
corona radiata slices also showed a significant correlation
between TI; values and age (r=0.61; P<0.0001). No sig-
nificant correlation was observed between the TI, values
and age in both imaging slices.

Quantitative image assessments

Table 2 shows a comparison between the synthetic DIR
and T2W-FLAIR images. For all formulas, the values
obtained with synthetic DIR images were significantly
higher than those obtained with synthetic T2W-FLAIR
images. The mean Sl;,/SIyy,, for synthetic DIR images
and T2W-FLAIR images was 8.89+£4.93 and 1.66+0.30
respectively, with significant differences (2<0.001). The
mean SI,;,,/SLy,, for synthetic DIR images and synthetic
T2W-FLAIR images was 10.78+4.81 and 2.32+£0.43,
respectively, with significant differences (£<0.001).
The mean (SIg,/SIy,,)/SIgy, for synthetic DIR images

and synthetic T2W-FLAIR images was 0.83+0.13 and
0.38+0.11, respectively, with significant differences
(P<0.001). The mean (SIgy— SIyp)/(Slga+ Sy, for
synthetic DIR images and synthetic T2W-FLAIR images
was 0.7440.15 and 0.24 +0.08, respectively, with signifi-
cant differences (P <0.001).

A comparison between synthetic and conventional
DIR is shown in Table 3. Synthetic DIR images showed
significantly higher values than conventional DIR images.
The mean SI,,;,, /Sy, for synthetic DIR images and con-
ventional DIR images was 9.81+2.81 and 5.10+1.36,
respectively, with significant differences (P<0.01). The
mean Sl /Sl-gs for synthetic and conventional DIR
images was 23.75+4.36 and 5.37+1.91, respectively,
with significant differences (P<0.001).

Discussion

We assessed the appropriate TI values for synthetic DIR
images reconstructed from conventional MRI by using
MAGIC software. Several studies have reported that
synthetic DIR images may be helpful in the diagnosis of
brain pathologies in both adults and children [9-11]. In
patients with multiple plaques, the contrast and contrast-
to-noise ratios of synthetic DIR images were significantly
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Fig. 4 Comparison of Tl, for the two slices in the assessments performed by the two readers with CSF set to null point (A, B). No significant
difference was observed in Tl, between the readers. The term “ns”indicates non-significant differences. Note: T/ inversion time, CSF cerebrospinal

Table 2 Comparison between synthetic DIR and synthetic T2W-

Table 3 Comparison between synthetic DIR and conventional

FLAIR images DIR images
Synthetic DIR Synthetic T2W- p values Synthetic DIR Conventional DIR p value
FLAIR
Sliesion/Slwm 9.81+£281 510£1.36 *x
Slau/Slum 889+£493 1674030 o Sleso/SICSF 23754436 5374191 wr
Sliesion” Sl 10.78 £4.81 2324043 FrE
Slr/Sl V/S1 0834013 0382011 e Data are expressed as mean and standard deviation
OM7 =W = GM : ) ’ ’ e Sl signal intensity, GM gray matter, CSF cerebrospinal fluid
Oloy— SlWM)/ 0.74£0.15 0.24£008 ** and ***Statistical significance at P<0.01, and P<0.001, respectively
(Sl Sl

Data are expressed as mean and standard deviation
Sl signal intensity, GM gray matter, WM white matter, CSF cerebrospinal fluid
***Statistical significances at P<0.001

higher than those of conventional DIR images [9]. This
finding is in accordance with our results because the con-
trast values of synthetic DIR were higher than those of
conventional DIR in our study as well.

Our quantitative image analysis demonstrated that syn-
thetic DIR images have higher contrast than synthetic
TW2-FLAIR and conventional DIR sequences. A number
of publications have demonstrated the superiority of syn-
thetic DIR in disease assessment [9-12]. Hagiwara et al.
reported synthetic DIR enabled for detection of multiple
sclerosis plagues. Moreover, the quality of synthetic DIR

using SyMRI software is superior to conventional DIR.
To our knowledge this is first image quality evaluation of
synthetic DIR images reconstructed by MAGiC software.
In this study, the synthetic DIR, T2W-FLAIR, T1W, and
PSIR images were reconstructed from conventional MRI
data obtained with a scan time of approximately 4 min
and 30 s. Consequently, synthetic MRI can be evalu-
ated by merely adjusting the parameters offline, which
is desirable for time-saving examinations. Furthermore,
artifacts of synthetic images are seen in the DICOM file
before processing. Therefore, it has no relation to the
issue after image reconstruction by the SyMRI software.
[13] In the diagnosis of lesion detection, synthetic DIR
images can be used to suppress certain tissues for higher



Zorigt et al. BMC Medical Imaging (2022) 22:183 Page 6 of 7
A . B . .
Corpus callosum slice Corona radiata slice
r=0.61
-| r=0.66 . * Male <0.0001,**** “* e Male
- 55077 p<0.0001,**#* oo o Female . 550 PSU°000 . « Fomale
° w
£ 500 & e E 500
0 L
Ti 450 — % 450 —
> S
= 400 - -
) = 400
350 350
300 — 300 —
[ [ [ I [ I [ I [ [ [ |
0 20 40 60 80 100 0 20 40 60 80 100
Age Age
C . D . .
Corpus callosum slice Corona radiata slice
1620 — 1620
1615 e *Male T 1 -ﬁ%:__ * Male
e . X ° oo Go ® Female > 1610 Toce Dad ¢ Female
E 1610 - e o .. ° E L] L] °
N N °
o o o LX)
% 1605 % 1600 r=-0.13 .
> r=-0.02 ° > p=0.18 bl
= 1600 p=0.78 )
= = 1590
1595 .
1590 1580 *
I I I I I I [ [ I [ I I
0 20 40 60 80 100 0 20 40 60 80 100
Age Age
Fig.5 Correlation between age and Tl, values obtained in corona radiata image slices (A) and corpus callosum image slices (B). Correlation
between age and Tl, values obtained in corona radiata image slices (C) and corpus callosum image slices (D). The Tl; values of the corona radiata
image slices were moderately correlated with age (r=0.61; P<0.0001). Those of the corpus callosum image slices were also correlated (r=0.66;
P<0.0001). The Tl, values are not significantly correlated with age in both image slice positions

lesion detection. This could be another advantage of
SyMRI imaging.

In this study, the average interclass correlation coeffi-
cient of TI values between the two radiologists showed
excellent agreement with synthetic DIR images. Further-
more, the two radiologists showed no statistically sig-
nificant difference in setting the TI values for both slice
positions. Thus, in synthetic DIR, stable and appropriate
TIs can be manually changed, regardless of the assessor
who determines the ROL

Interestingly, the TI; value, which is a null point for
WM, significantly increased with age in this study. This
feature may cause difficulty in adequately setting the TI,;
value of the WM in conventional DIR. Leukoaraiosis
may also affect age-related white matter hyperintensity
(WMH) [14]. Second, the genesis of WMH may reflect a
failure of the glymphatic system. In glymphatic systems,
perivascular space dilation with aging has been recently
shown to reflect impaired failure to eliminate interstitial

fluid from the WM, leading to excessive metabolic waste
and inflammation [15, 16].

Our study had several limitations. The first limitation
was the small number of patients who underwent both
conventional DIR and SyMRI. Second, we did not meas-
ure T1; and T1I, in conventional DIR images. Third, there
has been no investigation into the disease because this
study assessed the image quality. We did not evaluate the
visual appearance of the lesion for diagnosis.

In conclusion, this study shows that synthetic DIR
images can be helpful not only to reduce the examination
time in clinical practice but also to provide high-contrast
images than conventional DIR images.
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ery; ICC: Intraclass correlation coefficient.



Zorigt et al. BMC Medical Imaging (2022) 22:183

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/512880-022-00877-4.

[ Additional file 1. Supplemental file S1. Ethical approval of this study. }

Acknowledgements

Thank you for colleagues, alumni, teachers and supporting staffs in the "Asian
Nuclear Medicine Graduation Program”. The authors declare no conflict of
disclosure.

Author contributions

Z.0. wrote the main manuscript and collected and analyzed data. T.N. revised
the manuscript and organized the research. A.J. and YK. evaluated images and
also contributed to analyzing data. Y.T. gave Z.0. some suggestions about the
research. All authors read and approved the final manuscript.

Funding
This research did not receive external funding.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from
the corresponding authors on reasonable request.

Declarations

Ethics approval and consent to participate

The Institutional Review Committee of the Fujioka General Hospital approved
the study as well as the informed consent waiver (FJ-152). The authors
confirmed that all methods were carried out in accordance with relevant
guidelines and regulations.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Diagnostic Radiology and Nuclear Medicine, Gunma
University Graduate School of Medicine, 3-39-22, Showa, Maebashi, Gunma
371-9511, Japan. “Department of Diagnostic and Interventional Radiology,
University of Tsukuba, 1-1-1, Tennoudai, Tsukuba, Ibaraki 305-8575, Japan.
3Department of Radiology, Fujioka General Hospital, 813-1, Nakakurisu,
Fujioka, Gunma 375-0015, Japan.

Received: 26 April 2022 Accepted: 16 August 2022
Published online: 27 October 2022

References

1. Redpath TW, Smith FW. Imaging gray brain matter with a double-inver-
sion pulse sequence to suppress CSF and white matter signals. Magn
Reson Mater Phys, Biol Med. 1994;2(3):451-5.

2. Wattjes MP, Lutterbey GG, Gieseke J, Traber F, Klotz L, Schmidt S,

Schild HH. Double inversion™ recovery brain imaging at 3T: diagnostic
value in the detection of multiple sclerosis lesions. Am J Neuroradiol.
2007,28(1):54-9.

3. ChoiNY, Park S, Lee CM, Ryu C-W, Jahng G-H. The role of double inversion
recovery imaging in acute ischemic stroke. Investig Magn Reson Imaging.
2019;23(3):210-9.

4. Rugg-Gunn FJ, Boulby PA, Symms MR, Barker GJ, Duncan JS. Imaging the
neocortex in epilepsy with double inversion recovery imaging. Neuroim-
age. 2006;31(1):39-50. https://doi.org/10.1016/j.neuroimage.2005.11.034.

5. Umino M, Maeda M, li Y, Tomimoto H, Sakuma H. 3D double inver-
sion recovery MR imaging: clinical applications and usefulness in a

Page 7 of 7

wide spectrum of central nervous system diseases. J Neuroradiol.
2018;46(2):107-16. https://doi.org/10.1016/j.neurad.2018.06.002.

6. Jahng G-H, Lee DK, Lee J-M, Rhee HY, Ryu C-W. Double inversion recovery
imaging improves the evaluation of gray matter volume losses in patients
with Alzheimer’s disease and mild cognitive impairment. Brain Imaging
Behav. 2016;10(4):1015-28. https://doi.org/10.1007/511682-015-9469-2.

7. Tanenbaum LN, Tsiouris AJ, Johnson AN, Naidich TP, DeLano MC, Melhem
ER, Quarterman P, Parameswaran SX, Shankaranarayanan A, Goyen M,
Field AS. Synthetic MRI for clinical neuroimaging: results of the magnetic
resonance image compilation (MAGIC) prospective. Multicenter Multi-
reader Trial. 2017;38(6):1103-10. https://doi.org/10.3174/ajnr.A5227.

8. Hagiwara A, Warntjes M, Hori M, Andica C, Nakazawa M, Kumamaru KK,
Abe O, Aoki S. SyMRI of the brain: rapid quantification of relaxation rates
and proton density, with synthetic MRI, automatic brain segmentation,
and myelin measurement. Investig Radiol. 2017,52(10):647-57. https://
doi.org/10.1097/RLI.0000000000000365.

9. Hagiwara A, Hori M, Yokoyama K, Takemura MY, Andica C, Tabata T,
Kamagata K, Suzuki M, Kumamaru KK, Nakazawa M, Takano N, Kawasaki
H, Hamasaki N, Kunimatsu A, Aoki S. Synthetic MRI in the detection of
multiple sclerosis plaques. Am J Neuroradiol. 2017;38(2):257-63. https://
doi.org/10.3174/ajnr.a5012.

10. Andica C, Hagiwara A, Nakazawa M, Tsuruta K, Takano N, Hori M, Suzuki
H, Sugano H, Arai H, Aoki S. The advantage of synthetic MRI for the visu-
alization of early white matter change in an infant with Sturge-Weber
syndrome. Magn Reson Med Sci. 2016;15(4):347-8. https://doi.org/10.
2463/mrms.ci.2015-0164.

11. Hagiwara A, Nakazawa M, Andica C, Tsuruta K, Takano N, Hori M, Suzuki
H, Sugano H, Arai H, Aoki S. Dural enhancement in a patient with Sturge—
Weber syndrome revealed by double inversion recovery contrast using
synthetic MRI. Magn Reson Med Sci. 2015;15(2):151-2. https://doi.org/10.
2463/mrms.ci.2015-0066.

12. Andica C, Hagiwara A, Nakazawa M, Kumamaru KK, Hori M, lkeno M,
Shimizu T, Aoki S. Synthetic MR imaging in the diagnosis of bacterial
meningitis. Magn Reson Med Sci. 2017;16(2):91-2. https://doi.org/10.
2463/mrms.ci.2016-0082.

13. Granberg T, Uppman M, Hashim F, Cananau C, Nordin LE, Shams S,
Berglund J, ForslinY, Aspelin P, Fredrikson S, Kristoffersen-Wiberg M.
Clinical feasibility of synthetic MRI in multiple sclerosis. Am J Neuroradiol.
2016;37(6):1023-9. https://doi.org/10.3174/ajnr.A4665.

14. Grueter BE, Schulz UG. Age-related cerebral white matter disease (leu-
koaraiosis): a review. Postgrad Med J. 2012;88(1036):79. https://doi.org/10.
1136/postgradmedj-2011-130307.

15. Huang P, Zhang R, Jiaerken Y, Wang S, Yu W, Hong H, Lian C, Li K, Zeng
Q, Luo X, Yu X, Xu X, Wu X, Zhang M. Deep white matter hyperintensity
is associated with the dilation of perivascular space. J Cereb Blood Flow
Metab. 2021;41(9):2370-80. https://doi.org/10.1177/0271678x211002279.

16. Aribisala BS, Wiseman S, Morris Z, Valdes-Hernandez MC, Royle NA,
Maniega SM, Gow AJ, Corley J, Bastin ME, Starr J, Deary 1J, Wardlaw
JM. Circulating inflammatory markers are associated with magnetic
resonance imaging-visible perivascular spaces but not directly with white
matter hyperintensities. Stroke. 2018;45(2):605-7. https://doi.org/10.
1161/strokeaha.113.004059.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.1186/s12880-022-00877-4
https://doi.org/10.1186/s12880-022-00877-4
https://doi.org/10.1016/j.neuroimage.2005.11.034
https://doi.org/10.1016/j.neurad.2018.06.002
https://doi.org/10.1007/s11682-015-9469-2
https://doi.org/10.3174/ajnr.A5227
https://doi.org/10.1097/RLI.0000000000000365
https://doi.org/10.1097/RLI.0000000000000365
https://doi.org/10.3174/ajnr.a5012
https://doi.org/10.3174/ajnr.a5012
https://doi.org/10.2463/mrms.ci.2015-0164
https://doi.org/10.2463/mrms.ci.2015-0164
https://doi.org/10.2463/mrms.ci.2015-0066
https://doi.org/10.2463/mrms.ci.2015-0066
https://doi.org/10.2463/mrms.ci.2016-0082
https://doi.org/10.2463/mrms.ci.2016-0082
https://doi.org/10.3174/ajnr.A4665
https://doi.org/10.1136/postgradmedj-2011-130307
https://doi.org/10.1136/postgradmedj-2011-130307
https://doi.org/10.1177/0271678x211002279
https://doi.org/10.1161/strokeaha.113.004059
https://doi.org/10.1161/strokeaha.113.004059

	Synthetic double inversion recovery imaging in brain MRI: quantitative evaluation and feasibility of synthetic MRI and a comparison with conventional double inversion recovery and fluid-attenuated inversion recovery sequences
	Abstract 
	Background and purpose: 
	Materials and methods: 
	Results: 
	Conclusion: 

	Introduction
	Materials and methods
	Patients
	Image acquisition
	Reconstructed synthetic DIR image
	Quantitative image analysis
	Statistical analysis

	Results
	Patient characteristics
	Reliability of TI valuescomparison of TI values derived from MAGiC by the two readers
	Age effect
	Quantitative image assessments

	Discussion
	Acknowledgements
	References


