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Introduction

Calcific aortic stenosis is the commonest valve disease in elderly patients 
in Europe and the United States. Factors implicated in atherosclerosis 
may contribute to valve calcification and therefore may be amenable to 
institution of therapeutic measures. In a recent prospective study on a 
series of asymptomatic patients with severe aortic stenosis, the degree of 
calcification of the native aortic valve has been shown to be a 
determinant of prognosis and outcome. In addition, calcification of valve 
bioprostheses is thought to play a crucial role in their failure. Therefore, 
availability of a rapid reliable technique for accurately quantifying the 
degree and pattern of calcification could play a major role in the 
management of both groups of patients and possibly as a screening tool 
for “high-risk” individuals. Electron Beam Computed Tomography (EBCT) 
has been widely used to detect calcium in the coronary arteries and aortic 
wall. Thus far, routine CT techniques are not able to localise the aortic 
valve leaflets unless they are heavily calcified because of the movement
of the leaflets and aortic ring during different phases of the cardiac cycle. 
To address this, we have previously described a method utilising contrast 
enhancement EBT to localise the valve cusps on one occasion which 
enables repeated scans after that. With the present study we aimed to 
refine and extend our previous method in order to quantify and localise 
calcium deposits using a rapid 3-D image registration technique in both 
native and postoperative bioprosthetic aortic valve leaflets.

Method

A total of 17 postoperative patients (age range 45-75 years) from a 
prospective randomised trial of Medtronic Freestyle (Medtronic, Inc., 
Minneapolis, MN) versus homograft root replacement were investigated 
for EBCT detection and quantification of calcium deposits in the aortic 
valve leaflets. In this group, 8 received homograft valves (group A) and 9 
received a Freestyle bioprosthesis (group B). EBCT scans of the aortic 
root were performed at 6 monthly intervals after aortic root replacement. 
For the in vivo EBCT, a set of 20-25 transverse tomograms of 3 mm 
thickness was obtained through the aortic root with the subject breath-
holding. Acquisitions were made at 80% of the RR interval. The scan was 
then repeated during intravenous injection of a contrast medium.
Omnipaque 240 (Nycomed Imaging AS, Oslo, Norway) was injected into 
a vein in the anticubital fossa at a rate of 3 ml/sec, and scans were 
acquired at 30 seconds after the beginning of the injection.

The examinations based on a sequential back-to-back scan basis. To 
circumvent the geometrical inconsistencies introduced by the respiratory 
movements of the base of the heart during the cardiac cycle, we have 
adapted a rapid multi-resolution 3D image registration scheme. A free-
form image registration based on B-spline transformation model was 
adopted to correct the respiratory induced cardiac deformation. In this 
study, intensity based cross-correlation coefficient was used as a 
measure of the degree to which the two images were aligned. The 
optimal B-spline parameters that maximize this similarity measure were 
determined using a multi-hierarchical quasi-Newton optimisation strategy.

The quantitative analysis was conducted based on the Agatston scoring 
scheme. Two independent observers interactively identified the location 
of the calcified leaflets and defined regions of interest (ROIs) on the 
enhanced images showing the exact location of the valve leaflets. These
ROIs were then automatically overlaid on the corresponding unenhanced
ones for calculating the calcium score. For each observer, the process 
was repeated twice. Both inter and intra-observer variabilities were 
calculated. In addition, based on the free-form registration results, each 
aortic valve was normalised as a circular disc whose sectors were
labelled as right, left and non-coronary leaflets, respectively. 

For each subject, calcified lesions were spatially mapped onto the disc 
according to their actual locations on the leaflets. The use of this 
normalisation not only facilitates intra-subject follow-up assessment but 
also simplifies localisation comparisons. Calcium within aortic sinuses, 
aortic wall, or both, was carefully excluded from the analysis.

Results

Figure 1 shows an example of colour overlay of the normal and contrast 
enhanced images before (a) and after (b) registration at three consecutive 
slice locations. It is evident from the figure that after registration calcium 
deposits can be clearly identified around the aortic cusps. The quantitative 
results for these patients are provided in Figure 2. There was a trend for 
calcification to increase with time in the homografts but not in the Freestyle 
valves. Of the total 122 volume pairs analysed, the inter-observer variability 
was 9.2%, and intra-observer variabilities 18% and 13.5%, respectively. 

As shown in 2 samples in Figure 
3, calcification was localised 
mainly at the base of the leaflets 
in the area of the native aortic 
annulus which is  corresponding 
to the proximal suture line in the 
group of patients who underwent 
aortic root replacement.

In group A, calcification spots 
have been widely detected in the 
belly of the leaflets at the latest 
EBCT scan, affecting the base 
(Figure 4 top). In group B, minor 
degrees of calcification remained 
localised at the suture line and 
possibly the base of the leaflets 
and it appeared to be confined 
into smaller areas of the three 
cusps (Figure 4 bottom) as 
compared to the homograft group.

Conclusions

Calcification plays a major role in  
haemodynamic function and the 
durability of biological valves after 
implantation. Accurate localisation 
of the aortic cusps is therefore 
essential for quantifying minor 
degrees of calcification.

This study presents a novel rapid 
3D method of serial assessment 
of the amount and localisation of 
calcium deposits in bioprosthetic 
valve transplants. The technique 
requires one contrast enhanced 
base-line 3D tomographic data for 
aligning subsequent EBCT scans 
that follow the development of 
calcified regions. The preliminary 
results demonstrate its potential 
clinical value for the quantification 
of the valve calcification.

Fig. 1

Fig. 2

Fig. 3

Fig. 4



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /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
  /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 <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


