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ABSTRACT: A novel method for the
quantitative evaluation of functional imaging
data sets will tre presented. The method converts
a temporal set of images of first-pass transit of
injected contrast agents into a single parametric
image. The main difference between proposed
procedure and other widely accepted methods is

that our method applies correlation and
discrimination analysis to each concentration'
time curve, instead of fitting them to any 'a
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The delay di3 is equal to the value

of the time lag for

which the cross-correlation function obtains maximum,
thus

it
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priori' and arbitrary tracer kinetic model.
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INTRODUCTION

The majority of functional imaging techniques,
including ultrafast MRI and CT, a.re based on dynamic
scanning protocols that monitor the first pass transit of
injected boluses of contrast agents through the brain ll,2).
Based on raditional Stewart-Hanilton kinetics [3], one can
calculate perfu sion-dependent parameters, including relative
blood volume and blood flow indices, from the
concentration-time curves of the first-pass transit of injected
contrast. In this paper, we describe the use of a correlation
technique for analyzing the temporal changes in bolus
transit dynamics. This is achieved by calculating the delay
in bolus peak arrival times. We have previously shown that
temporal correlation methods can be used to analyze
functional images of the brain, kidney and heart l4-9).

METHOD
Dynamic images are defined as temporal sets of static
images (frames), where image intensities of certain regions
of interest (ROIs) change with time, but in which the
image structures are stationary. Assume that we have a
sequence of N spatially registered dynamic images of

sructures. Let {A=A[1], A121,..., A[N]] be a
sequence of N spatialty registered images of I rows and J
columns each. For a given pixel (ij) there is an Ndimensional pixel vector Ai;, whose elements are the
pixel's intensity values at each image in a sequence:
4ij=(Ai;[1J, Ai3[21,..., Ail[NJ), where i=\,2,...,I and
j=\,2,..., I.
For the image sequence A let define a reference pixel
vector R as a vector, whose elements are the reference
pixel's intensity values at each image: R=(R[l], R[2],...,
stationary

RfNl).
The normalizeÅ cross-correlation function of the time lag

t (-N<t<N) between vectors Aii and R is defined for a pixel

(ij)

as:

For each pixel

(ij)
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we can plot the delay value and, thereby,

obtain a delay map.

RESULTS
Experimental data were obtained from rabbit and baboon
models of focal cerebral ischemia. Dynamic CT scanning
(150 mA, 120 kV) was performed with a Toshiba TCT900S/X system (Toshiba Medical Systems, Tokyo, Japan).
Dynamic images were collected at a rate of I image/s. For
each study, a baseline of 10 images were obtained followed

by a bolus injection of iodinated contrast (1 .2 mLkg
Omnipaque 350, Sterling-Winthrop, PA, USA) via the
femoral vein. A total of 50 images were collected for each
dynamic study. Dynamic CT data were plotted as signal
intensity versus time curves for each pixel within the brain.
Each curve therefore represents the first-pass ffansit profile
of the injected contrast agent through that particular pixel in
the brain.

DISCUSSION

After focal ischemia, transit profiles from the ischemic
hemisphere are altered either because they have no bolus
transit at alt (i.e. no flow) or the peak of the transit profile
has been delayed. Normal transit profiles (reference) are
drawn from a reference region within the contralateral
cortex. Delays between ischemic versus normal transit
profiles are obtained by calculating the delay between peaks
in bolus transit from each pixel and that of the contralateral
reference profile (Eqs. I and2). In order to compare the

delay maps with conventional methods of analyzing

dynamic frst-pass transit data, the cerebral blood volume
maps (CBV maps) were calculated by integrating the area
under the first pass transit bolus curves [3].Figure below
shows (a) öe delay map and (b) the cerebral blood volume
map calculated for the rabbit focal ischemia model.
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The next figure shows (a) the delay map and (b) the
cerebral blood volume map calculated for the baboon focal
ischemia model.
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The obtained results suggest that the method can be
useful as a region segmentåtion tool that also provides
quantitative functional information on tracer kinetics.
Additionally, because of execution speed (close to real time
on some computers), the method may have significant
applications for interventional radiology, where execution
time is a figure of merit.
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