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Background
It is believed that hemodynamic factors contribute sig-
nificantly to aneurysm formation, growth and rupture.
Studies attempting to predict risk factors are mostly
based on computational fluid dynamics (CFD). A disad-
vantage of CFD is that among other assumptions, often
non-patient-specific inflow conditions are prescribed.
4D phase contrast MRI (4D PCMRI) for the assessment
of hemodynamic features may be preferred. In this
study high resolution 4D PCMRI measurements in
intracranial aneurysms are presented and compared
with patient-specific CFD simulations in which a spatial
and temporal velocity profile as measured with through-
plane PCMRI in three directions (3D PCMRI) is pre-
scribed as inflow boundary conditions.

Methods
Retrospective gated PCMRI measurements were per-
formed on a 3T MR system (Philips Medical Systems,
Best, The Netherlands) in an 8-channel head coil in 4
patients. The slice for 3D PCMRI was planned perpen-
dicularly to the artery proximal to the aneurysm. Scan
parameters 3D PCMRI: 0.62x0.62x3 mm3; FOV:
200x200x20; TE/TR: 5.7/8.5 ms; FA: 10°; Cardiac phases:
± 36. Scan parameters 4D PCMRI: 0.8x0.8x0.8 mm3;
TE/TR: 3.0/5.8 ms; FA: 15°; Cardiac phases: 10. Both
scans used a Venc of 100x100x100 cm/s and a SENSE
factor of 3. The lumen in both scans was segmented for

all cardiac phases and in every slice of the fast field
echo images using a level set evolution algorithm. The
3D PCMRI slice was registered onto the time of flight
(TOF) geometry of the aneurysm. The TOF was subse-
quently registered onto the CDF mesh obtained from
3DRA datasets. The 3D PCMRI velocity information
was interpolated to the faces of the CFD inflow bound-
ary. CFD was performed using FLUENT (Ansys,
Canonsburg, PA, USA), with density 1060 kg/m3 and
viscosity 0.004 Pa.s. For a voxel-wise comparison
between the 4D PCMRI and the CFD results, the CFD
velocity information was registered and interpolated to
the 4D PCMRI data.

Results
The mean velocity in aneurysm 2 corresponded well,
whereas the mean velocity in the CFD simulation was
significantly lower for aneurysm 1, 3 and 4, see figure
1a. This is supported in table 1. The standard deviations
were similar for all aneurysms. Qualitative similarities
between PCMRI and CFD can be appreciated for all
aneurysms, see figure 1b and c. High and low velocities
are observed in similar regions as well as the main vor-
tices. This is supported by similar median angles for all
aneurysms in table 1.

Conclusions
Higher mean velocities in PCMRI may be attributed to
noise in the measurements and possible discrepancies in
viscosity between the simulations and measurements.
The 3D PCMRI of aneurysm 1 was performed in a
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Figure 1 (a) Mean velocity MRI and CFD, (b) Velocity vectors MRI, (c) Velocity vectors CFD

Table 1 Location and size of the aneurysms, mean and standard deviation of the paired difference and median angle
between velocity vectors as determined by MRI and CFD of the aneurysms shown in figure 1.

Location and size (length,
width,height)

1. Left Middle Cerebral Artery
(13.1 x 7.6 x 8.1)

2. Basilar Artery (8.7
x 6.3 x 7.4)

3. Right Middle Cerebral Artery
(14.7 x 8.1 x 9.6)

4. Right Middle Cerebral Artery
(7.21x 5.4 x 6.3)

Mean (cm/s) 11.6* (p=0) 1.6* (p=0) 7.0* (p=0) 10.5* (p=0)

SDp (cm/s) 12.7 12.8 10.0 13.2

Median angle (°) 22.8 23.6 36.3 22.4
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different session than the 4D PCMRI. A disadvantage of
CFD is the use of a static geometric vascular model,
while PCMRI is segmented at each cardiac phase taking
pulsatility into account. In CFD, however, the resolution
is higher, and shows more flow details. Therefore, CFD
and 4D PCMRI complement each other.

Author details
1Radiology, Academic Medical Center, Amsterdam, Netherlands. 2Biomedical
Engineering & Physics, Academic Medical Center, Amsterdam, Netherlands.

Published: 1 February 2012

doi:10.1186/1532-429X-14-S1-W3
Cite this article as: van Ooij et al.: 4D phase contrast MRI in intracranial
aneurysms: a comparison with patient-specific computational fluid
dynamics with temporal and spatial velocity boundary conditions as
measured with 3D phase contrast MRI. Journal of Cardiovascular Magnetic
Resonance 2012 14(Suppl 1):W3.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

van Ooij et al. Journal of Cardiovascular Magnetic Resonance 2012, 14(Suppl 1):W3
http://www.jcmr-online.com/content/14/S1/W3

Page 3 of 3


	Background
	Methods
	Results
	Conclusions
	Author details


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 500
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 500
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


