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Introduction Introduction 
The double inversion-recovery (DIR) sequence, which was first introduced by Redpath and Smith (1994)(1), involves the application of two 180° inversion pulses before 
a standard magnetic resonance (MR) readout.  By judicious choice of the two inversion times, the sequence can be designed to null simultaneously the signals from two 
different tissue types, thereby allowing better visualisation of the remaining tissues.  Boulby et al. (2004)(2) developed a three-dimensional (3D) version of the DIR 
sequence, and used this to null white matter (WM) and cerebrospinal fluid (CSF) so as to acquire images of the grey matter (GM) of the neocortex.  That study used a 
1.5-T MR scanner, however, and the DIR imaging sequence has not previously been implemented at higher magnetic field strengths.  A change in the magnetic field 
strength will result in a change in the longitudinal relaxation times of the various tissue types, which will in turn cause a change in the inversion times that are required 
to null the tissues in question.  The optimisation of a 3D DIR sequence at 3 tesla is described here, and an image acquired using this sequence is presented. 
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sequence, and used this to null white matter (WM) and cerebrospinal fluid (CSF) so as to acquire images of the grey matter (GM) of the neocortex.  That study used a 
1.5-T MR scanner, however, and the DIR imaging sequence has not previously been implemented at higher magnetic field strengths.  A change in the magnetic field 
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to null the tissues in question.  The optimisation of a 3D DIR sequence at 3 tesla is described here, and an image acquired using this sequence is presented. 

Methods Methods 
The 3D DIR sequence was generated by adding two 180° inversion pulses to a standard 3D fast spin-echo (FSE) sequence.  An optimised interleaved inversion 
scheme(2, 3) was used, which minimises the dead time between pulses and data readout and thereby improves the efficiency of the sequence.  Images were acquired using 
a GE Signa Excite HD 3-T MR system (GE Healthcare, Milwaukee, WI, USA), using the body coil to transmit and an 8-channel phased-array head coil to receive the 
signal.  The imaging parameters required to null the tissue types in question depend not only on the inversion pulses applied but also on the type of readout that is used, 
as this will have an effect on the evolution of the longitudinal magnetisation; the theoretical equation for the magnetisation available immediately prior to the 90° 
imaging pulse for the DIR-FSE pulse sequence was presented in Meara and Barker (2005)(4).  Using this equation, and values for the longitudinal relaxation times (T1), 
it is possible to predict combinations of values for the two inversion times TI1 and TI2 that will null the signals from WM and CSF for a given repetition time (TR), echo 
train length (ETL) and echo spacing (ESP).  Given these values for TI1 and TI2, it is then possible to calculate the available magnetisation for GM at various TR values, 
which will be directly proportional to the signal-to-noise ratio (SNR) in the resulting DIR image; dividing this by the square root of the repetition time gives a measure 
of the total imaging efficiency irrespective of the degree of averaging(2).  This approach was used to determine an appropriate value for TR, and a protocol was then 
derived to obtain 3D DIR images of the whole brain in an acceptable scanning time. 
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Optimisation Figure 1 Figure 2 Optimisation Figure 1 Figure 2 
Figure 1 shows a graph of the (normalised) available 
magnetisation MA for GM divided by the square root of 
the repetition time as a function of TR, assuming T1 values 
of 830 ms for WM, 1250 ms for GM and 4300 ms for 
CSF(2), and using an ETL of 32 and an ESP of 10 ms.  The 
peak of this graph is relatively broad, with a value for 
MA/√TR of at least 98% of the maximum value for TR 
values in the range 8000 ms to 11 000 ms.  On the basis of 
this, a repetition time of 8000 ms was chosen.  Using the 
theoretical values at this TR as a starting point, values for 
TI1 and TI2 to null WM and CSF were then empirically 
determined, first using a single-slab acquisition (for speed) 
and then for a multi-slab acquisition.  12 slabs were 
acquired in 2 acquisitions of 6 slabs each, with 2 dummy 
acquisitions; there were 10 slices per slab with 2 slices 
from each end of every slab being discarded to reduce 
wraparound artefacts, leaving 72 usable slices.  Other imaging parameters were an echo time of 21.2 ms, values for Nskip_1 and Nskip_2(2) of 2 and 0 respectively, 
values for tj_1 and tj_2 of 17 ms and 420 ms respectively, corresponding to inversion times of TI1 = 2684 ms and TI2 = 420 ms, a slice thickness of 2 mm, an ETL of 
32, an ESP of 10.592 ms, a field of view of 24 cm and a matrix size of 256 × 192.  Whole-brain coverage was achieved in a total scanning time of 16 min 33 s. 
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Results And Discussion Results And Discussion 
Figure 2 shows an example image slice that was extracted from a whole-brain data set.  Using the theoretical equation for the DIR-FSE pulse sequence(4), the inversion 
times used would be expected to null T1 values of 618 ms and 4512 ms.  The value of 618 ms is considerably shorter than typical values for the T1 of WM reported in 
the literature, and it is also shorter than the value derived from the single-slab acquisition (for which TI1 = 2750 ms and TI2 = 480 ms correspond to T1 values of 715 ms 
and 4608 ms).  This difference is likely to be due (at least in part) to the fact that the DIR sequence, like all FSE sequences, will show considerable magnetisation 
transfer effects(5): each slab in the 3D acquisition will experience a large number of off-resonance pulses, in addition to the pulses that are applied directly to that slab.  
This will result in a (sequence-dependent) reduction of the T1 values of various tissue types, which underlines the need for empirical optimisation of the inversion times. 
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Conclusions Conclusions 
To the best of our knowledge, this is the first report of the implementation of a DIR imaging sequence at a magnetic field strength of 3 tesla.  An optimum repetition 
time of 8000 ms was derived theoretically from SNR considerations, but it was found that other imaging parameters must be determined by experiment.  The optimised 
3D DIR sequence gave good-quality images of the cortical and subcortical GM, while achieving excellent suppression of the signals from WM and CSF.  Further 
improvements could be made by the application of fat saturation, which was not used in this case.  There are many disease states that affect the GM of the brain, 
including epilepsy, tuberous sclerosis and multiple sclerosis.  The 3D DIR sequence enables high-resolution images of the cerebral GM to be acquired, in the absence of 
the partial-volume effect, allowing abnormalities caused by these diseases to be identified easily.  The application of the DIR sequence at 3 T gives an improvement in 
the SNR compared to lower magnetic field strengths, which should further increase the utility of the resulting images. 

To the best of our knowledge, this is the first report of the implementation of a DIR imaging sequence at a magnetic field strength of 3 tesla.  An optimum repetition 
time of 8000 ms was derived theoretically from SNR considerations, but it was found that other imaging parameters must be determined by experiment.  The optimised 
3D DIR sequence gave good-quality images of the cortical and subcortical GM, while achieving excellent suppression of the signals from WM and CSF.  Further 
improvements could be made by the application of fat saturation, which was not used in this case.  There are many disease states that affect the GM of the brain, 
including epilepsy, tuberous sclerosis and multiple sclerosis.  The 3D DIR sequence enables high-resolution images of the cerebral GM to be acquired, in the absence of 
the partial-volume effect, allowing abnormalities caused by these diseases to be identified easily.  The application of the DIR sequence at 3 T gives an improvement in 
the SNR compared to lower magnetic field strengths, which should further increase the utility of the resulting images. 
  
References References 
1. Redpath, T. W., and Smith, F. W. (1994), Br. J. Radiol., 67, 1258-1263. 1. Redpath, T. W., and Smith, F. W. (1994), Br. J. Radiol., 67, 1258-1263. 
2. Boulby, P. A., Symms, M. R., and Barker, G. J. (2004), Magn. Reson. Med., 51, 1181-1186. 2. Boulby, P. A., Symms, M. R., and Barker, G. J. (2004), Magn. Reson. Med., 51, 1181-1186. 
3. Listerud, J., Mitchell, J., Bagley, L., and Grossman, R. (1996), Magn. Reson. Med., 36, 320-325. 3. Listerud, J., Mitchell, J., Bagley, L., and Grossman, R. (1996), Magn. Reson. Med., 36, 320-325. 
4. Meara, S. J. P., and Barker, G. J. (2005), Magn. Reson. Med., 54, 241-245. 4. Meara, S. J. P., and Barker, G. J. (2005), Magn. Reson. Med., 54, 241-245. 
5. Constable, R. T., Anderson, A. W., Zhong, J., and Gore, J. C. (1992), Magn. Reson. Imaging, 10, 497-511. 5. Constable, R. T., Anderson, A. W., Zhong, J., and Gore, J. C. (1992), Magn. Reson. Imaging, 10, 497-511. 

Proc. Intl. Soc. Mag. Reson. Med. 14 (2006) 3022



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


