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The goals of the imaging writing group were to define the
role of imaging and to recommend important program-

matic research and advocacy initiatives in atherosclerotic
peripheral vascular disease for the American Heart Associa-
tion. It should be noted that this is not a practice guideline
initiative; therefore, the writing group purposely avoided
recommending imaging modalities for specific circulatory
beds.

This report discusses the following imaging modalities:
duplex ultrasound, MRI and MR angiography (MRA), CT
imaging and angiography (CTA), and digital intra-arterial
angiography. The requirements for proficiency in all of these
modalities include physician oversight, quality assurance
programs, and standardization for acquisition of images,
interpretation of the study, postprocessing procedures, work-
stations, and reporting. The roles of imaging for each modal-
ity such as screening for subclinical disease, diagnosis, and
treatment planning as an adjunct to invasive therapies (inter-
ventional MR and CT) and follow-up and monitoring are
reviewed.

Duplex Ultrasound
Ultrasound is the use of sound waves with frequencies above
those heard by the human ear [typically �20 000 cycles per
second (Hz)]. Commercially available ultrasound units gen-
erate frequencies of 2 to 10 million cycles per second (MHz).
When electronic voltage is transmitted to an oscillator within
an ultrasound transducer, a crystal vibrates and emits an
ultrasound beam with a defined frequency ranging from 2 to
15 MHz. The ultrasound beam hits various targets in its path
(ie, soft tissue, bone, and flowing blood) and is reflected back
to the crystal.

The ultrasound units available today use B-mode (“bright-
ness”) technology to provide a real-time, gray-scale image.

B-mode provides the operator with a “live” image of the
blood vessel that is updated several times per second. High-
frequency transducers (ie, 10 to 15 MHz) provide excellent
image resolution in the superficial structures; however, the
beam attenuates rapidly as depth increases. Such high-
frequency transducers are used to image extracranial carotid
arteries, in arterial and venous mapping studies, and to clearly
delineate plaque morphology. Low-frequency transducers (ie,
2 to 4 MHz) are better able to visualize deeper structures
while sacrificing image resolution. Low-frequency transduc-
ers are used for abdominal imaging such as the renal arteries,
abdominal aorta, and mesenteric arteries and veins.

The term “duplex” ultrasound refers to B-mode real-time
imaging and pulsed Doppler analysis of the velocity of
flowing blood in arteries and veins. Christian Doppler de-
scribed the physics of ultrasound by identifying the Doppler
shift.1 The velocity of blood in vessels can be measured using
the variables of velocity of flowing blood, velocity of sound
in tissue, the difference between frequency of transmitted and
reflected sound, and the cosine of the angle of the ultrasound
beam to the direction of flowing blood. This is the basis for
all vascular ultrasonography, thus allowing quantification of
degree of stenosis; as an artery narrows, blood flow velocity
increases.

Screening for Subclinical Disease
There are 4 major areas in which screening for subclinical
disease may have applications in the noninvasive vascular
laboratory. Measuring the ankle-brachial index with a hand-
held continuous-wave Doppler instrument is an accurate way
to diagnose patients with peripheral arterial disease (PAD). In
the Peripheral Arterial Disease, Awareness, Risk and Treat-
ment: New Resources for Survival (PARTNERS) study,2

patients �70 years of age and those 50 to 69 years of age with
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a 10–pack-year history of smoking or diabetes mellitus were
screened by ankle-brachial index. The study demonstrated
that 29% of 6979 patients had PAD, and many of these did
not have symptoms. It is important to identify patients with
PAD because they have a high rate of morbidity and mortality
from myocardial infarction and stroke3 and can be placed in
an appropriate risk factor modification program.

Duplex ultrasound may be used to screen the carotid
arteries to measure the thickness of the intima and compare it
with the thickness of the media (intima-media thickness). As
intima-media thickness increases, cardiovascular event rates
increase.4

Duplex ultrasound may also be used to measure brachial
artery reactivity (an indicator of endothelial function or
dysfunction). The diameter of the brachial artery is measured
at rest, and a blood pressure cuff is then placed on the forearm
or upper arm and inflated to suprasystolic pressures for 5
minutes to render the arm ischemic. When the cuff is
released, reactive hyperemia should be present, as should an
increase in brachial artery size and flow, indicating normal
endothelial function.5

Finally, duplex ultrasound may be used to screen for the
presence of abdominal aortic aneurysm (AAA) in first-degree
relatives of patients with AAA. In the Multicenter Aneurysm
Screening Study (MASS), 27 147 (80%) of 33 839 men 65 to
74 years of age underwent screening. During ultrasound
screening, 1333 aneurysms were detected. Sixty-five aneu-
rysm-related deaths (absolute risk, 0.19%) occurred in the
screened group, and 113 aneurysm-related deaths (0.33%)
occurred in the control group (risk reduction, 42%;
P�0.0002).6 Because up to 20% of first-degree relatives of
persons with AAA have AAA themselves, ultrasound is a
useful screening test in these persons, starting at 50 years of
age.6

Duplex Ultrasound for Diagnosis, Treatment, and
Follow-Up Monitoring
Arterial duplex ultrasonography provides an in-depth “road
map” of the arteries of the upper and lower extremities.
Vessels are classified into 1 of 5 categories: normal, 1% to
19% stenosis, 20% to 49% stenosis, 50% to 99% stenosis, and
occlusion. The categories are determined by alterations in the
Doppler waveform and increasing peak systolic velocities.7

Identification of the location and extent of stenosis or
occlusion allows the clinician to determine the best therapy
(ie, percutaneous transluminal angioplasty, stent, or sur-
gery).8 The sensitivity of duplex ultrasonography in detecting
occlusions and stenoses has been reported to be 95% and
92%, with specificities of 99% and 97%, respectively.9

Duplex ultrasound has also been used after endovascular
therapy to determine technical success10 and durability of the
procedure.11

A well-organized graft surveillance program is crucial for
preserving patency of the bypass graft.12 In 1 series of 170
saphenous vein bypass grafts, 110 stenoses were detected
over a 39-month period. Four-year patency was 88% in those
grafts that underwent surgical revision after a stenosis was
detected. Four-year patency was 57% in grafts that did not
undergo revision despite detection of stenosis.13,14 Similar

surveillance programs should be instituted after angioplasty
or stenting of peripheral arteries.

Direct visualization of the extracranial carotid and verte-
bral arteries with duplex ultrasonography provides excellent
accuracy and reproducibility. The carotid duplex examination
identifies plaque,15 stenoses, and occlusions in the common,
internal, and external carotid arteries. The examination also
identifies flow direction in the vertebral arteries.

Velocity measurements are used to determine categories of
stenosis on the basis of many validation studies that com-
pared duplex-derived velocity data with catheter angiogra-
phy. Patients are placed in broad categories based on peak
systolic velocity, end-diastolic velocity, and ratio of internal
carotid artery to common carotid artery (0% to 19%, 20% to
39%, 40% to 59%, 60% to 79%, and 80% to 99%). Early
comparative data demonstrated 97% accuracy of duplex
scanning compared with arteriography.16 Duplex ultrasonog-
raphy is highly accurate in identifying carotid artery occlu-
sion, with a positive predictive value of 92.5%,17 and is very
useful in documenting the results of revascularization.18

Vascular laboratories must validate their own accuracy,
however, to avoid potential errors in performing these exams.

Renal artery duplex ultrasonography has proved to be a
useful diagnostic tool that can accurately diagnose renal
artery stenosis and exclude it in patients without disease.19,20

Peak systolic velocity is obtained in the aorta at the level of
the superior mesenteric artery. The entire renal artery from
the ostium to the hilum of the kidney must undergo Doppler
interrogation. A renal-to-aortic ratio �3.5 and peak systolic
velocity �200 cm/s correspond with a stenosis of 60% to
99%. In a prospective series of 102 consecutive patients who
underwent both duplex ultrasonography and contrast arteriog-
raphy within 1 month of each procedure, sensitivity of duplex
ultrasonography was 98%, specificity was 99%, positive
predictive value was 99%, and negative predictive value was
97%.21

Duplex ultrasonography of the renal arteries may also be
useful for predicting which patients will demonstrate im-
proved blood pressure control or renal function after surgical
or endovascular revascularization. If resistance within the
renal circulation (as measured by the resistive index) is �80,
the chance of improvement is quite small.22

Duplex ultrasonography is ideal for determining the ade-
quacy of renal artery stent revascularization. The entire renal
artery can be imaged despite the presence of a metallic
endoprosthesis. Patients who have undergone percutaneous
renal revascularization should be placed in a surveillance
program at 6 months, 1 year, and each year thereafter.

Duplex ultrasound of the renal arteries has limitations. The
technique has a steep learning curve and requires expertise
and patience; it is often difficult to perform in obese persons;
and sensitivity and specificity of identifying accessory renal
arteries is only �60%.23

Ultrasound is an ideal test for detection of abdominal and
peripheral artery aneurysms.6 After an overnight fast, the
patient is studied in the supine position. The aorta is identified
at the level of the diaphragm in the sagittal plane throughout
its length. The ultrasound probe is then reoriented in the
transverse view, and measurements are obtained in the
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suprarenal, juxtarenal, and infrarenal positions. The iliac
arteries should also be evaluated during this examination.

Duplex ultrasound has proved to be useful for diagnosing
vascular complications such as pseudoaneurysm, hematoma,
and arterial venous fistula after arterial access (postcardiac or
peripheral catheterization). A pseudoaneurysm represents a
persistent defect in the walls of the artery, resulting in
extravasation of blood outside the artery (contained rupture).
The treatment of choice is ultrasound-guided thrombin injec-
tion. This procedure is highly effective, rapid, and safe. In a
prospective series of 70 patients, complete obliteration of the
pseudoaneurysm occurred in 66 of patients (94%) with no
complications.24

MR Angiography
MRA of the aorta and peripheral vasculature can be per-
formed rapidly with excellent image quality. MRA has 2
fundamental advantages: Contrast agents for MRA lack renal
toxicity, and images are obtained without the use of ionizing
radiation.

Noncontrast MRA can be performed with “time of flight”
methods. In this method, background tissue is suppressed
while the in-flowing blood signal is bright on MRA imaging.
With this technique, either the arterial or venous signal can be
selectively visualized by saturating blood in the unwanted
vascular territory before it moves into the cross-sectional
imaging slice. Time-of-flight MRA is a time-consuming
technique that is susceptible to flow-related signal loss. The
primary applications of time-of-flight MRA are venous im-
aging and as a supplement to other arterial sequences, as
discussed in the next section.

Contrast-enhanced 3D MRA is a newer technique for
acquiring noninvasive angiogram-like images.25–27 In many
practices, this method has become the standard because of
improved speed of acquisition, excellent image quality, and
robustness of the method. Contrast-enhanced 3D MRA uses
an injected gadolinium-based contrast medium followed by
rapid 3D MRI. Contrast-enhanced MRA is performed with
fast 3D spoiled gradient-echo recalled pulse sequences. These
pulse sequences are available primarily at higher magnetic
field strengths (1.0 or 1.5 T). Imaging is usually performed in
the coronal plane with a field of view of �40 cm. Images are
obtained during breathholding and require �20 seconds.
When multiple areas of the body are examined, multiple
20-second acquisitions are used. For example, for an aorto-
gram and peripheral runoff, 3 MRA volumes are obtained: the
abdomen, thighs, and calves. Because hundreds of images are
acquired, 3D image processing is subsequently performed to
project vessels in views of high diagnostic interest.

Advanced MR methods use techniques such as partial
k-space sampling, rectangular field of view, and real-time
fluoroscopic imaging to improve image quality. Additional
slices can be acquired in the slice select direction by inter-
polating between adjacent acquired slices to improve the
“smoothness” of the reconstructed 3D images.

MRA for Subclinical Disease
Currently, the only indication for screening for asymptomatic
disease is to search for the presence of aneurysms, for

example, in patients with a history of Marfan syndrome or
inflammatory vascular diseases such as Takayasu’s arteritis
and giant cell arteritis. When techniques of identifying the
vulnerable plaque improve, MR screening may become more
widely applied.

MRA for Diagnosis, Treatment, and
Follow-Up Monitoring
For the aorta, contrast-enhanced MRA images are readily
reformatted to provide information about the cross-sectional
size of aortic aneurysm, extent and origin of aortic dissection,
and branch vessel involvement.

Patients with intramural hematoma of the thoracic aorta
without intimal tear present similarly to those with typical
aortic dissection.28,29 However, T1-weighted images reveal a
crescent-shaped area within the aortic wall instead of a
distinct intimal flap. The signal intensity of the intramural
hemorrhage is variable, presumably depending on its age.
The signal intensity is often medium to low, which may make
it difficult to distinguish intramural hematoma from mural
thrombus or even slow flow on T1-weighted images. Cine
images of the aorta offer rapid interrogation of multiple sites
along the aorta, and cine images demonstrate an absence of
cyclical changes in signal intensity within the intramural
hematoma.

Abdominal MRA is increasingly being used to evaluate the
abdominal aorta and its branches, particularly the renal
arteries. MRA has a sensitivity of 91% to 100% and a
specificity of 71% to 100%.30–38 However, MRA is not useful
for monitoring patients after renal artery angioplasty and
stenting because of artifact produced by the stent.

The quality of MRA is so good that it has virtually replaced
diagnostic angiography for evaluating patients with PAD to
determine what type of intervention is most appropriate. The
success of MRA in identifying small runoff vessels meets or
exceeds that of traditional catheter-based angiography.39

MRA of the thigh and iliac vessels is commonly performed
with the 3D contrast-enhanced method. A “bolus-chase”
technique is used, which substantially reduces examination
times relative to time-of-flight methods.40 Bolus-chase MRA
involves manual or automated translation of the patient after
a moderate, sustained infusion of gadolinium contrast agent
via peripheral vein. The success of MRA for demonstrating
clinically significant stenoses of the iliac and femoral vessels
is excellent.41

In addition to detecting stenosis or occlusion of an artery,
MRI can be used to assess the vessel wall directly for early
atherosclerotic changes.42,43 In vivo studies have shown that
MRI can distinguish among a variety of lipid mixtures
typically found in human plaque.44,45 T2-weighted MRI
sequences offer good contrast for distinguishing plaque com-
ponents and interrogating the vessel wall.46 Serfaty et al47

tested the ability of T2-weighted MRI alone for determining
fibrous cap thickness and lipid core volume. Shinnar et al48

reported very high sensitivities and specificities of MRI in
detecting various plaque components.

The use of MRI for a variety of interventional procedures
has been motivated by the superior soft tissue contrast it
affords. Compared with x-ray imaging, MR guidance of
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devices is in its early stages, and the MR process of image
acquisition itself is relatively slow. Potential reasons for using
MRI are improved soft tissue visualization, novel vessel wall
interventions (gene or other therapeutic methods related to
the vessel wall), and lack of radiation exposure.

A wide variety of interventional cardiovascular applica-
tions have been carried out in animal models, including
percutaneous angioplasty, transjugular intrahepatic portosys-
temic shunt procedures, stent placement, and embolization
procedures.49–54 One approach has been to combine 3D MRA
techniques as road maps for catheter manipulation, particu-
larly in the peripheral vessels and carotid arteries. Current
intracoronary imaging may not be suitable for this approach,
however, because of cardiac motion during the relatively long
acquisition times for 3D MRA.

Few peer-reviewed studies of human intravascular MRI
have been published to date. Manke et al55 conducted a
feasibility study to assess the potential application of vascular
stent placement using MR guidance. Eleven of 12 stents were
found to be correctly placed.

CT Angiography
CTA is a vascular imaging technique that can be performed
rapidly and safely for assessment of many vascular diseases.
With the advent of multidetector-row CTA, excellent image
quality is now possible with higher resolution than could be
obtained previously with single-detector-row technology.
Current multidetector-row scanners acquire up to 16 simul-
taneous interweaving helices; 32-row and flat-panel scanners
are in development. CTA has several advantages over con-
ventional angiography, including volumetric acquisition,
which permits visualization of the anatomy from multiple
angles and in multiple planes after a single acquisition;
improved visualization of soft tissues and other adjacent
anatomic structures; less invasiveness and thus fewer com-
plications; and lower cost.56,57 CTA has several advantages
over MRA, including wider availability of scanners, higher
spatial resolution, absence of flow-related phenomena that
may distort MRA images, and the capability to visualize
calcification and metallic implants such as endovascular
stents or stent grafts. The disadvantages of CTA compared
with MRA are exposure to ionizing radiation and the need for
potentially nephrotoxic iodinated contrast.

Current Techniques in CTA
Rapid CTA acquisition of images is critical because the
images are obtained during the arterial phase of an intrave-
nous contrast injection. The multidetector-row CTA has an
increased speed of acquisition with concomitant faster table
feed and shorter exposure times.56 These features allow
greater longitudinal coverage for a given scan duration and
greater spatial resolution (ie, imaging the thoracoabdominal,
aortoiliac, and lower extremities), which may require up to
1400 mm of coverage. More rapid acquisition also allows a
reduction in the amount of iodinated contrast material needed
without significantly affecting the degree of arterial enhance-
ment. Moreover, rapid acquisition permits more uniform
vascular enhancement, thin-section scans of large anatomic
territories during a single breathhold, improved visualization

of small branch vessels and calcified plaque, and decreased
pulsation-related artifacts.56–58

Injection protocols and precise scanning parameters vary,
depending on the clinical application. Generally speaking,
however, nonionic iodinated contrast medium is used in
concentrations of �300 mg iodine/mL, with the dose typi-
cally determined on the basis of the patient’s weight (usually
2 mg iodine/kg).56

The initial image output from all CT scans consists of sets
of contiguous or overlapping transverse cross sections. These
are always formally interpreted in the same manner as any CT
scan, with full attention given to all nonvascular structures,
including bones, bowel, visceral organs, and lungs. To create
angiographic representations, postprocessing of the volumet-
ric data is necessary. The best postprocessed images are
created from overlapping images, usually 50% to 80%. In the
absence of overlap, the angiographic images may have a
marked stair-step appearance.

Four techniques from the workstation postprocessing of
CT data may be used: multiplanar reformation, maximum
intensity projection, shaded surface display, and volumetric
rendering. Each of these techniques has advantages and
disadvantages, depending on clinical application, anatomic
area of interest, and image acquisition technique used.59,60

Used individually or in concert, these techniques allow
manipulation of raw data to optimize visualization of relevant
lesions or disease processes. An important common pitfall is
the selective visualization of the maximally opacified vascu-
lar lumen. Both automated creation and manual creation of
postprocessed images risk inadvertent rejection of critical
vascular and nonvascular information. Postprocessed images
alone should not be used for interpretation of CTAs.

Screening for Asymptomatic Disease
The same screening applications advocated for MRA can be
used for CTA (see above). No studies to date support
widespread use of “whole-body” CT scans to detect asymp-
tomatic disease.

Clinical Applications

Occlusive Disease of the Extracranial Carotid Arteries
Multiple investigators have demonstrated the high degree of
accuracy of CTA compared with the “gold standard” of
conventional arteriography.61–64 The accuracy of CTA com-
pared with MRA has been studied extensively.64–66 The
relative inability of CTA to assess hemodynamics is a
disadvantage of this technique compared with conventional
angiography.66

Carotid artery CTA has a sensitivity of 65% to 100% and a
specificity of 88% to 100% for atherosclerotic stenosis.61–66

The percentage ranges represent differences in level of lesions,
degree of stenosis, and postprocessing techniques used for image
reconstruction.

CTA of the Thoracic Aorta
Indications for imaging of the thoracic aorta with CTA
include aneurysm, dissection, penetrating aortic ulcers, intra-
mural hematoma, and trauma. CTA has largely replaced
conventional angiography in the initial evaluation of patients
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with suspected acute thoracic aortic pathology.67,68 One major
advantage of CTA in this setting is the ability to accurately
evaluate the surrounding structures within the thorax for
pathology that may provide alternative explanations for the
patient’s symptoms, which is particularly important in eval-
uation of the patient with chest trauma.

Thoracic aortic dissection, intramural hematoma, and pen-
etrating ulcer are often present with overlapping symptoms.
In addition to diagnosis, localization and characterization of
the abnormality are essential for management. CT in general
has proved highly sensitive and specific for these aortic
diseases because the involved vessel is large and the abnor-
mality tends to be pronounced (Figure 1). The most common
entity, aortic dissection, has been subject to only 1 investi-
gation using single-row helical CT with sensitivity and
specificity values of 100% in that study.69

CTA of the Abdominal Aorta and Its Branches
Vascular diseases of the aorta and its branch vessels are more
common and varied than in the thoracic aorta. Indications for
imaging of the abdominal aorta include AAA, occlusive
disease, aortic dissection, and follow-up of interventions such
as stent placement and surgical bypass. CTA is essential in

evaluation of patients with AAA, particularly in planning
stent-graft procedures, because of the high accuracy of this
technique in measuring vessel lengths, diameters, and angles,
as well as assessing for occlusive disease and calcifica-
tion.70–74 After placement of stent grafts for AAA, CT/CTA is
the most widely used imaging modality for follow-up. Aneu-
rysm size, volume, persistent perfusion, endograft patency,
and status of adjacent aorta and branch vessels can be
evaluated. Persistent sac perfusion, or endoleak, can be
accurately identified, especially when a delayed (90 to 120
seconds after injection) scan is obtained in addition to the
arterial phase acquisition.

Additionally, CTA evaluation of the abdominal aorta and
its branches is increasingly accepted in place of conventional
arteriography for other clinical applications such as imaging
of the renal arteries for renal artery stenosis or prospective
renal donors and evaluation of anatomic variants in conjunc-
tion with uretopelvic obstruction.75–81 Sensitivity of CTA for
renal artery stenosis ranges from 89% to 100%, and its
specificity ranges from 82% to 100%.75,78–81 MRA or duplex
ultrasound may be the preferred imaging modality in patients
with impaired renal function. Other accepted applications of
CTA for visceral arteries are to evaluate hepatic arteries before
transplantation and mesenteric arteries to exclude ischemia
resulting from stenosis and to establish variant anatomy or
collateral channels before organ resection (Figure 2).

Peripheral Arterial Disease
PAD is frequently multifocal; thus, lower-extremity arterial
inflow and runoff should be imaged in their entirety. Before
the advent of multidetector-row CT, limitations in scanning
speed with single-detector row CT yielded insufficient spatial
resolution of the lower-extremity inflow and runoff to ade-
quately characterize occlusive and aneurysmal disease in
arteries that may be only 2 to 3 mm in diameter and span a

Figure 1. Reformatted oblique sagittal CTA of chest showing
spiraling type B thoracic aortic dissection (arrows).

Figure 2. Volume rendering of abdominal CTA showing superior
mesenteric artery (SMA) occlusion (arrow) with reconstitution of
SMA via arc of Riolan (arrowhead).
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distance of �1 m.82–87 Recently, however, the greater longi-
tudinal coverage of multidetector-row CT has been success-
fully used in imaging the entirety of the lower-extremity
inflow and runoff.83,85 For arterial segments identified with
conventional angiography, Rubin et al83 found 100% concor-
dance with CTA. Moreover, CT depicted 26 additional
segments that could not be analyzed with conventional
angiography because of improved arterial opacification distal
to the occluded segments.83 As 16-row (and greater) detector-
row scanners become available, CTA will become generally
accepted for evaluation of patients when visualization of
distal calf and foot vessels is also critical.

Digital Subtraction Angiography
Vascular imaging with ultrasound, CTA, and MRA has or
will soon replace catheter-based techniques in the initial
diagnostic evaluation of patients in most circumstances.
Angiography for diagnosis is reserved primarily for clarifi-
cation of inadequate or conflicting results from physiological
testing and cross-sectional vascular imaging. Despite a para-
digm shift away from conventional angiography as a purely
diagnostic technique, its importance in intervention has in-
creased dramatically. Digital subtraction angiography (DSA)
is a cornerstone technology in peripheral vascular interven-
tion and will likely remain so for the foreseeable future.

In most institutions, DSA has replaced screen-film angiog-
raphy for vascular applications. The resolution of DSA is less
than that of screen film but can approach 3 to 4 line pairs per
millimeter with current equipment. The standard imaging
matrix is now 1024�1024, with image intensifiers that range
up to 16 in. in diameter. Flat-panel image intensifiers will
soon become available.

A number of major developments in DSA hardware and
software contribute to greater diagnostic accuracy, faster
procedures, and improved outcomes of interventions. Bolus
chasing, rapid image acquisition, vessel diameter analysis,
regional pixel shifting, image stacking, 3D reconstructions
from rotational angiograms, and even angioscopic repre-
sentations of DSA data are now routinely available.87–91

Lower concentrations of iodinated contrast and non-
ephrotoxic and nonallergenic alternative contrast agents such
as CO2 and gadolinium chelates can be used with DSA.92,93

The smaller diameter of catheters and devices, use of alter-
native access sites such as the radial artery, and access site
management with closure devices and hemostatic agents have
contributed greatly to the improved overall safety of angio-
graphic procedures.94–96

The major attributes of DSA that contribute to its impor-
tance in vascular imaging are high resolution relative to
current cross-sectional imaging techniques, the ability to
selectively evaluate individual vessels, access to direct phys-
iological information such as pressure gradients, and its use
as a platform for intervention. Exposure to ionizing radiation,
use of iodinated contrast agents, risks related to vascular
access and catheterization, and cost restrict more general
application. Nevertheless, until an alternative platform for
intervention is developed or devices that are completely MR
compatible become available, DSA will continue to have a
central role in management of patients with vascular disease.

Recommendations
Research
The writing group identified several areas for future research:

● Plaque characteristics with cardiovascular outcomes.
● Use of contrast agents to speed time and increase accuracy

of the study.
● Higher-resolution imaging and novel imaging techniques.
● Perfusion and function, along with general imaging, per-

haps combining imaging with PET scanning to assess
anatomic and functional aspects of disease.

● Application of better postprocessing technologies.
● Perhaps most importantly, appropriate use of screening for

all of these modalities.

Specific research opportunities for a given imaging modal-
ity were also identified:

● Duplex ultrasound: More work in 3D ultrasound, use of
hand-held ultrasound, and clinical applications of brachial
artery reactivity or measurement of intima-media wall
thickness.

● MR: Further study of metabolic and cellular imaging and
the new field of interventional MR.

● CT scanning:
• Flat-panel CT scanning, which will improve image

quality even more and shorten time and contrast required
to complete the study.

● Interventional CT.
● Use of whole-body CT to assess plaque distribution and

type, calcium burden, and vascular road mapping.
● Appropriate and cost-effective strategies for screening.

Advocacy Issues
A number of issues require a more comprehensive advocacy
campaign in the field of imaging for atherosclerotic vascular
disease. The National Institute of Biomedical Imaging and
Bioengineering needs incremental funding to support inves-
tigation of noncardiac vascular disease. Reimbursement is-
sues concern techniques that provide value to the overall care
of the patient such as MRA of the renal arteries and aortoiliac
arteries for occlusive disease. Industry should be encouraged
to develop MRI-safe devices such as defibrillators, pacemak-
ers, and stents.
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