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Preface

Cardiovascular diseases represent the leading causes of
death in the United States, Europe, and regions of Asia.
Conventional angiography has played a dominant role in the
diagnosis and characterization of these disorders using
high-spatial and temporal resolution for luminal visualiza-
tion of the cardiovascular system. However, even as a back-
bone for the evaluation of cardiovascular diseases, its funda-
mental limitations are noteworthy: each contrast injection
typically provides a single perspective of often complex,
three-dimensional vascular anatomy; there are geometric
constraints that prevent access to many critical imaging per-
spectives; there is a restricted sensitivity to low contrast
details in the anatomy; there is no ability to directly visualize
the blood vessel walls and perivascular tissues; and its inva-
siveness has a substantial impact on both the patient and the
cost of performing the diagnostic evaluation.

Due to innovations in hardware, software, and image
analysis technology, computed tomography (CT) and mag-
netic resonance imaging (MR) angiography are now at the
forefront of clinical cardiovascular imaging. In fact, these
“noninvasive” techniques are replacing conventional
angiography and are poised to serve as a new gold standard
by providing equivalent or, in many cases, superior charac-
terization of cardiovascular abnormalities. Both CT and
MR are three-dimensional imaging tools that are built from
thin section acquisitions, yielding volumetric data that can
be assessed from innumerable perspectives, both graphical
and quantitative. When combined with the advantages of

eliminating the need for arterial punctures, a compelling
case for the widespread adoption of noninvasive CV imag-
ing with CT and MR emerges.

The rapid and continuous evolution of these tools for
cardiovascular evaluations has left medical imaging practi-
tioners in a challenging position. Many physicians with a
deep knowledge of cardiovascular anatomy and disease need
to master the skills in image acquisition and interpretation
required from technologies that are fundamentally different
from the traditional skill set required of conventional
angiographers. Conversely, many sophisticated users of CT
and MR technology may not have the requisite understand-
ing of cardiovascular anatomy, disease, and treatment
options. Thus, we intend for this book to fill the respective
gaps that now exist and, in so doing, broaden the range of
individuals capable of generating terrific images and deliv-
ering the key information for effective patient management.
Furthermore, referring physicians will be afforded a
resource to understand the capability of these modalities to
provide the information they may be seeking.

We have been fortunate to have recruited top cardio-
vascular CT and MR experts to present an integrated
approach to the acquisition and analysis of volumetric car-
diovascular imaging. We have strived for a balanced and
uniform approach supported by ample references. It is our
sincere hope that readers find this work to be a staple of car-
diovascular imaging and one that will be “well worn” from
frequent use in daily practice.



Foreword

When I published the first edition of Abrams’ Angiography
almost a half century ago, the field of vascular imaging had
advanced to a point at which a comprehensive reference vol-
ume was required. Over the next few decades, a new subspe-
cialty was created based on catheter technologies that were
moderately invasive and afforded exquisitely precise selective
visualization of many branches of the central and peripheral
vascular bed. Just as sophisticated imaging methods have
invariably preceded surgical progress in the viscera—the
brain, the gastrointestinal tract, the kidneys—so the improve-
ments in vascular radiology underlay much of the progress in
vascular surgery and the creation of the entire field of inter-
ventional radiology.

During the late 1950s and early 1960s, selective coro-
nary arteriography was introduced and then was evermore
widely applied to the study of the coronary circulation. The
images were so striking that the arteriogram became the gold
standard for confirmation of the presence of disease: the ves-
sels involved, the degree of stenosis, the patency of by-pass
grafts, and the congenital anomalies of clinical significance.
In this setting, the diagnostic catheter was later converted
into a therapeutic instrument, as balloon angioplasty became
an important option.

Freeman Dyson, the great physicist at the Institute for
Advanced Study (Princeton), has noted that concept-driven
science has not always recognized or understood the cata-
clysmic contributions based on “tool” revolution. Just as the
Galileo transformation in astronomy was based on the tele-
scope, so x-ray crystallography radically changed biology.
(Rosalind Franklin’s images of DNA were the real founda-
tion behind the Watson-Crick formulation of the structure
of the DNA molecule.) The huge accumulation of knowl-
edge of cardiovascular physiology and disease that character-
ized the 20th century was based far less on innovative
research ideas than on the application of extraordinarily ver-
satile tools, x-rays first and foremost. Side by side with the
electrocardiogram, echocardiography, and the biochemistry
laboratory these methods have afforded the clinician with a
wealth of information critical to the management of patients

with heart disease. Catheter angiography, however, has had
its costs, monetary to be sure but also biologic. As an inva-
sive procedure, it has well-known complications as well as
contrast media reactions. It also involves exposure to ioniz-
ing radiation. Clearly, less-invasive methods would be
desirable.

This brings us directly to the rationale behind this
impressive volume. In the continuing search for methods
that are safer and less consequential to patients, both MRI
and multidetector CT have proven to be invaluable
approaches to visualizing the heart and vascular bed. At such
a point in the history of technologic advance applied to
human subjects, an imperative become clear to fine minds in
the field. The need becomes pressing to organize the huge
amount of pertinent information that has become available.
The lessons that have been learned, the variations in tech-
nique that have been developed, and the value of the meth-
ods in each vascular bed can all be embodied in a single vol-
ume to which both newcomers and those already in the field
may refer. The challenge is very large, and it can only be sur-
mounted when experience and expertise are coupled with
unusual organizational ability, strong motivation, working
weekends, and familiarity with the best sources in the field.

Drs. Rubin and Rofsky have risen to the challenge.
With the help of their talented colleagues, they have pro-
duced a text that is thoroughly documented and profusely
illustrated. While its practicality lends a strong “how to”
quality to the volume, it responds equally well to the intel-
lectual demands of the large literature which has been ana-
lyzed in each chapter.

In line with their hope and desire, CT and MR Angiog-
raphy will be viewed as a seminal text for many years to
come.

Herbert L. Abrams, MD

Philip H. Cook Professor of Radiology, Emeritus
Harvard Medical School

Professor of Radiology, Emeritus,

Stanford University School of Medicine
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Computed tomographic angiography (CTA) is one of the
big success stories in diagnostic radiology. CTA was devel-
oped shortly after the introduction of spiral (helical) CT
scanning in the early 1990s. Spiral CT had made it possible
to cover body regions so rapidly that the transient enhance-
- ment of the vascular system following intravenous contrast
injection could be captured during one scan. With the
introduction of multidetector-row technology, CTA gained
a tremendous boost and quickly became an easy-to-perform
standard technique for vascular imaging.

Over the years, CTA—together with magnetic resonance
angiography—has taken over most diagnostic vascular proce-
dures from invasive catheter angiography, first for the aorta
and the pulmonary arteries; later for the carotids, renal, and

splanchnic arteries; and recently also for peripheral arteries
and the circle of Willis. Most recently, CTA of the coronar-
ies has been developed. While coronary CTA is still techni-
cally challenging, it also holds the promise to substitute for
part of diagnostic cardiac catheter angiographies.

CTA has the advantage that it can be highly standard-
ized, which makes it a very fast and robust procedure that is
the technique of choice in many acute vascular diseases. It
provides three-dimensional information with a compara-
tively high spatial resolution and allows for simultaneous
evaluation of the vascular lumen as well as the vessel wall
and the surrounding structures. In fact, every arterial phase
CT can potentially serve as an arterial CTA, while a portal
phase scan can serve as a portal venous CTA.



