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Quantification of cerebral blood capacity on patientswith
transient ischemic attack (T1A) using
susceptibility-contrast perfusion-weighted MR imaging
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Abstract

The purpose of this one-year project is
to develop a series of image analysis methods

on clinical dynamic susceptibility-contrast
perfusion-weighted magnetic resonance (MR)
imaging to quantify the cerebrovascular
reserve capacity (CRC) during vasodilating
challenge task with acetazolamide (diamox).
The specific clinical target of the project is
transient ischemic attack (TIA), that is,
patients with symptoms of ischemic stroke
but recovered within 24 hours. Within one
fisca year we have implemented the
deconvolution method based on the singular
value decomposition to derive cerebral blood
flow (CBF), from which the cerebrovascular
reserve capacity can be directly computed.
The CBF analysis agorithm widely used in
most international medical center has been
shown to exhibit significant prediction errors
dependent on tissue mean-transit-time (MTT),
which can vary substantially in pathological
conditions encountered in TIA patients. We
further proposed a method to remedy this
algorithm drawback to reduce the CBF
estimation error from the original +/-25% to
5%.

Keywords. perfusion, magnetic resonance,
transient ischemic attack, absolute
quantification of cerebral blood flow,
singular value decomposition, cerebral
blood reserve capacity.
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Absolute quantification of cerebral
blood flow (CBF) has been shown to be
feasible with dynamic susceptibility-contrast
magnetic resonance imaging, using singular
value decomposition (SVD) to deconvolve
arterial input function (AIF) from the tissue
signal-time response curve (1). Despite its
wide acceptance in the international scientific
society, SVD exhibits inherent pitfalls
leading to estimation errors in the presence of
contrast arrival delay or bolus dispersion (2).
In this study, we show that the CBF
estimation error is dependent on tissue mean
transit time (MTT) in the origina SVD
approach. Since in patients with transient
ischemic attack (TIA), the cerebral perfusion
could consist of a significant portion of
collateral circulation exhibiting lengthened
MTT, the inherent non-negligible inaccuracy
of the SVD approach may present severe
limitations in clinical applications. We
estimate the range of this error and further
propose an aternative SVD-based method
with substantial accuracy improvement in the
estimation of CBF.

Computer simulations were performed
using single-compartment tissue residue
function (R(t)) with MTT varied from 2 to 8
sec to cover the widest range possibly seen in
clinical practice. In addition to the origina
method which determines CBF as the
maximum height of R(t), we aso
investigated an alternative approach for
estimating CBF from the width of the
impulse response h(t), i.e, the negative
derivative of R(t). The method is expressed
specifically as the equation:
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CBF = t=0
normalized first moment of F- h(t)

[1]

Note that the denominator is directly related
to the width of h(t). The estimation errors
in CBF of the two methods were compared.

Eleven patients with history of TIA were
recruited in this study. Two series of
multi-slice dynamic susceptibility-contrast
echo-planar perfusion weighted MR imaging
(6 dlices, TE=44ms, 128x128 in matrix,
23cm FOV, 5mm dlice thickness, 75 frames
per dice a one-sec time interval) were
performed after intravenous bolus injection
of 0.2mmol/Kg Gd-DTPA (Magnevist,
Schering, Germany). One series of images
were acquired before the administration of
acetazolamide (Diamox, 15 mg/Kg, Lidar,
Germany), whereas the other series was
obtained twenty minutes after intravenous
diamox injection. Images were obtained on
a 1.5T system (Siemens Vision+, Erlangen,
Germany).  Absolute CBF maps were
derived by deconvolving the AIF (assessed
from an upstream middle cerebra artery)
from tissue concentration-time curves on a
pixel-by-pixel basis.
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Figure 1 shows the SVD-deconvolved
R() a two MTT vaues (2 and 4 sec,
respectively) together with their origina
simulated single exponential  decaying
functions. Note that the maximum heights
were significantly altered, while the widths
were largely invariant, implying that CBF
estimation from height of R(t) would exhibit
significantly larger errors than from width of
R(t). Figure 2 shows CBF estimation errors
as a function of MTT. It is seen that the
original  height method shows the
MTT-dependent errors  from 25%
under-estimation (at short MTT) to 20%
over-estimation (long MTT). In contrast,
the aternative approach based on width
estimation shows MTT-insensitive errors less
than 5%. Patient images showed the
expected inconsistencies of cerebrovascular
reserve capacity derived using the two
approaches. Note that since there lacks a
gold standard in patient cerebra perfusion,
only the simulation results can demonstrate
the efficacy of our proposed method.



We attribute the estimation errors of the
original SVD method to the truncation of
singular values when the inter-frame interval
in dynamic susceptibility MR imaging is
relatively long compared with MTT. Note
that truncation of singular vaues was
required to reduce influences from
inter-frame noise.  However, since the
decaying R(t) at short MTT itself exhibits
high-frequency signal changes similar to
inter-frame  fluctuations, singular vaue
truncation results in partial elimination of the
peak information, leading to corresponding
reduction in R(t) height. Under-estimation
in CBF hence results, particularly with short
MTT. An optimization of singular value
truncation with respect to the desired MTT
value (1, 3) results in over-compensation of
CBF when MTT is abnormally prolonged.
Note that the MTT-dependent estimation
errors in CBF, with actual MTT values
unknown beforehand, are not easly
correctable. On the other hand, the
alternative approach proposed in this study
based on width of R(t) was shown less prone
to singular vaue truncation effects. We
therefore conclude that SVD deconvolution
using our proposed method is a better and
robust approach toward the absolute
quantification of CBF.
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Our efforts spent in this project have
created results substantially greater than that
mentioned in this brief report. Overdl, the
project has generated five conference papers,
including three presented in the Annua
Meeting of the International Society of
Magnetic Resonance in Medicine. In
addition, two journa articles reporting the
findings of perfusion abnormality in ischemic
patients have recently been accepted (4, 5),
including one to appear in the prestigious
Radiology (5). Achievements from this
project have raised the attention of other
domestic medical centers, including Taipei
and Kaohsiung Veteran General Hospitals, as
well as National Taiwan University Hospital

who have approached us for mutual
cooperation. In short, we have confidence
that a successful execution of this project will
benefit both the medical centers as well as
the patients with cerebral ischemia.
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Figurel. The originad simulated single-exponential residue
functions and corresponding deconvolved curves at mean transit
times of 2.0 and 4.0 seconds. Note the large alterations in
maximum heights, while the widths are largely invariant. Thus
the newly proposed method based on curve width yields more
accurate results than the height method.
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Figure 2. CBF estimation errors of two methods as a function of
tissue mean transit time. There are MTT-dependent estimation
errors ranging from —25% to +20% if using the original method
measuring the height of R(t). In contrast, errors are within 5%
with the aternative method measuring the width of R(t), showing
substantial improvements.



