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ABSTRACT

Recent advances in multi-detector computed tomography (CT) have revitalized its role in the
clinical routine. In the field of cerebral perfusion, CT provides a rapid, low-cost functional
imaging, which by the utilization of a suitable tracer kinetic analysis can provide valuable
information in many clinical applications, like acute stroke, cerebrovascular reserve capacity,
vasospasm after subarachnoidal hemorrhage, cerebral trauma, tumor imaging, and brain
death diagnosis. The limitations of the existing commercially available post processing
software are discussed and a new distributed-parameter tracer kinetic model for generating
more accurate perfusion parametric maps is introduced.

INTRODUCTION

Recent advances in multidetector computed
tomography (CT) have resulted in subsecond
volumetric patient scanning, revitalizingtherole
of CT in the clinical routine. Such quantum
technol ogical lapscombined with theavailabil-
ity and turnaround efficiency of CT havehad a
notableimpact ontheimaging paradigmsof the
critically ill such as stroke and trauma patients

and those under intensive care. CT perfusionis
abrilliant exampleof aprotocol that hasunder-
gonesignificantimprovementsbearing consid-
erable impact on patient care in the acute
setting.

Inthefield of cerebral perfusion, CT over-
comesother imaging modalities(e.g., magnetic
resonance imaging [MRI], xenon computed
tomography, positron-emission tomography
[PET], and single-photon-emission computed
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tomography [SPECT]) through the rapid, low-
cost generation of meaningful imagesand avail-
ableuser-friendly postprocessing softwarethat
interpretsthedatain aclinically relevant man-
ner. Thetheory behind perfusion CT isatracer
kinetic analysis of the rapidly intravenously
injected contrast material .

The purpose of this chapter isto revisit the
assessment of perfusion CT imaging in many
clinical applications, to suggest new clinical
fields(e.g., brain-death diagnosis) for possible
future applications of perfusion CT, and to
emphasizethepitfallsof themethod, suggesting
anew distributed-parameter (DP) kinetic model
for generating more accurate perfusion para-
metric maps.

IMAGING TECHNIQUES,
INDICATORS, AND TRACER
KINETICS MODELS

The measurement of cerebral perfusion relies
on atriad including an imaging technique, an
indicator, and a model. In the case of CT
imaging, the sequential acquisition of cerebral
sections (one or more sections per second) is
performed during the rapid (6 mL/sec in our
clinical protocol) intravenousadministration of
aniodinated contrast agent (50 mL of a400 mg/
dL non-ioniciodinated contrast material in our
protocol).

Theiodinated contrast agentisrestrainedin
the cerebral vascular bed, at least at first pass
and in healthy cerebral tissue. Tracer Kinetic-
analysis methods for estimating microcircula-
tory parameters can generally be grouped un-
der two classes (Larson, Markham, & Raichle,
1987; Lee, 2002): (a) model-independent ap-
proachesthat include numerical deconvolution-
based methods and (b) model-dependent or
parametric-fitting approaches. In the model-
dependent approach, thetracer kineticsmodels

used for parametricfitting of thedynamicimag-
ing dataareusually linear compartmental mod-
els that can be further classified as conven-
tional compartmental (CC) or DP models.

Three main models have been used for
model-independent approaches including the
maxi mum-slope model, theequilibring-indica-
tor model, and the central-volume principle.
Themaximum-slope model requiresvery short
injection times, which are not alwaystolerable
by the patients, and tends to underestimate the
cerebral blood flow (BF). Moreover, thereisno
general consensus regarding the reference ar-
terial input function, whichisnecessary for the
calculation of the perfusion parameters. Onthe
other hand, the equilibring-indicator model and
the central-volume model requireamathemati-
cal operation called deconvolution (Axel, 1981;
Ostergaard et al ., 1996). Deconvolution can be
realized intwo ways. Thefirst method to solve
the deconvolution problem is a parametric
method in which supplemental hypotheses re-
garding the anatomical structure or the
behaviour of the indicator are taken into ac-
count. The second method, called nonparamet-
ric, can be performed with single-value
deconvolutionandinvolveslesssourcehypoth-
eses. Deconvolution-based CT perfusion of-
fersafast and robust analysis of neurovascular
disordersand hasbeen an important strategy to
assess stroke and to characterize intracranial
tumors.

On the other side, comprehensive studies
haveindicated that linear compartmental mod-
elscould allow amore completeanalysis of the
Kinetic parameters. Also, asillustrated in vari-
ous works, DP models possess more realism
than CC models (Koh, Cheong, Hou, & Soh,
2003). The reason for this is that the tracer
concentration gradients within compartments
are taken into account in DP models, whilein
CC models, tracer concentration gradients are
assumed to be zero at all times and thus the

315



7 more pages are available in the full version of this document, which may be
purchased using the "Add to Cart" button on the publisher's webpage:
www.igi-global.com/chapter/imaging-human-brain-functional-imaging/20595

Related Content

Recordings of Impedance and Communication Between Defibrillator and Pacemaker Electrodes
Anders Jarlgv, Anne Elisabeth Jarlgvand Tim Toftgaard Jensen (2019). International Journal of Biomedical
and Clinical Engineering (pp. 45-68).
www.irma-international.org/article/recordings-of-impedance-and-communication-between-defibrillator-and-pacemaker-
electrodes/233542

Clinical Trials of Functional Nucleic Acids: Antisense Oligonucleotides and Aptamers

Martina Traykovska, Sjoerd Miedemaand Robert Penchovsky (2018). International Journal of Biomedical
and Clinical Engineering (pp. 46-60).
www.irma-international.org/article/clinical-trials-of-functional-nucleic-acids/204400

Ergonomic User Interface Design in Computerized Medical Equipment
D. John Doyle (2006). Handbook of Research on Informatics in Healthcare and Biomedicine (pp. 390-395).

www.irma-international.org/chapter/ergonomic-user-interface-design-computerized/20604

Information Retrieval by Semantic Similarity

Angelos Hliaoutakis, Giannis Varelas, Epimenidis Voutsakis, Euripides G.M. Petrakisand Evangelos Milios
(2009). Medical Informatics: Concepts, Methodologies, Tools, and Applications (pp. 647-665).
www.irma-international.org/chapter/information-retrieval-semantic-similarity/26248

A Graphical Workflow Modeler for Docking Process in Drug Discovery

Qiang Wang, Yunming Ye, Kungian Yuand Joshua Zhexue Huang (2009). Handbook of Research on
Computational Grid Technologies for Life Sciences, Biomedicine, and Healthcare (pp. 292-306).
www.irma-international.org/chapter/graphical-workflow-modeler-docking-process/35699



http://www.igi-global.com/chapter/imaging-human-brain-functional-imaging/20595
http://www.irma-international.org/article/recordings-of-impedance-and-communication-between-defibrillator-and-pacemaker-electrodes/233542
http://www.irma-international.org/article/recordings-of-impedance-and-communication-between-defibrillator-and-pacemaker-electrodes/233542
http://www.irma-international.org/article/clinical-trials-of-functional-nucleic-acids/204400
http://www.irma-international.org/chapter/ergonomic-user-interface-design-computerized/20604
http://www.irma-international.org/chapter/information-retrieval-semantic-similarity/26248
http://www.irma-international.org/chapter/graphical-workflow-modeler-docking-process/35699

