
AUTHOR

Elliot K. Fishman, MD

Designated for 1.5 hours in Category 1 credit
towards the AMA Physician’s Recognition Award 

Release date: 11/30/04
Expiration date: 11/30/05

SPONSORED BY

GE Healthcare

Funded by an unrestricted educational grant from GE Healthcare

Multidetector-Row Computed Tomography
to Detect Coronary Artery Disease:
The Importance of Heart Rate



DEAR COLLEAGUE,

During the past decade, we have seen rapid advances in noninvasive cardiac
imaging technology, particularly in multidetector-row computed tomography
(MDCT). MDCT allows the 3-dimensional visualization of bodily organs,
and is routinely used to diagnose structural pathologies in the chest,
abdomen, and head. 

Optimizing MDCT for examination of the coronary arteries has been a 
particular challenge because of the nonlinear motion of the arteries, their
small size, and their positioning. However, many technical difficulties have
been overcome, and MDCT is emerging as a viable alternative for assessing
coronary artery disease. 

The purpose of this monograph is to present the latest advances in MDCT
technology for imaging coronary arteries, and to consider approaches—
such as managing heart rate—that optimize the usefulness of this technology.

I hope that you find this information helpful to you and your patients.

With best wishes for your continued success,

ELLIOT K.FISHMAN,MD

Professor of Radiology and Oncology
Director, Diagnostic Imaging and Body CT
Johns Hopkins Hospital
Baltimore, Maryland



NEEDS ASSESSMENT

Coronary artery disease (CAD) is the leading cause of
death in the Western world. Traditionally, diagnostic
imaging to identify the patients at high risk of cardio-
vascular events is performed invasively via coronary
angiography. However, adverse events may occur, and
20% of angiography procedures do not require the
co-performance of interventional procedures. Over the
past few decades, noninvasive imaging technology has
improved dramatically with the development of MRI
and multidetector-row computer tomography (MDCT).

MDCT, especially in the newer 16- to 64-slice MDCT
scanners, is capable of producing high-resolution 
3-dimensional images of the heart for visualization 
of the coronary arteries. It can provide information
not available from traditional angiography, such as
characterization of plaques based on their content 
of lipid or fibrous material. Furthermore, data from 
a single MDCT scan can simultaneously provide
information on the condition of the coronary arteries,
aorta, and pulmonary arteries, rapidly investigating
important causes of chest pain.

Because MDCT may eventually provide important
benefits for cardiologists and their patients, it is
important that cardiologists be aware of recent
advances in this technology. The purpose of this
monograph is to educate physicians in the theory
behind MDCT, its strengths and limitations, and
approaches to optimizing image quality, which 
include regulation of heart rate and appropriate 
use of contrast media.
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TARGET AUDIENCE

This continuing education program was designed to
meet the educational needs of cardiologists, radiologists,
and other health care professionals who treat patients
with CAD.

LEARNING OBJECTIVES 

After reviewing this monograph, participants should
be able to: 

1. Discuss the potential advantages of noninvasive
imaging of coronary arteries.

2. Summarize recent technological advances in
MDCT angiography.

3. Describe solutions for reducing heart motion-
caused image artifacts in MDCT angiography.

4. Review the importance of contrast media in
optimizing the quality of MDCT images.
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INTRODUCTION

Atherosclerosis resulting in coronary heart disease is
the single leading cause of death in the United States.1

Atherosclerosis is a heterogeneous disease that can
manifest as stable fibrous lesions, unstable lipid-rich
lesions, or mixtures of both in the vessel wall. Plaque
composition is an essential predictor of plaque rupture
and acute clinical complications.2 Atheromas with
areas of extracellular lipid and necrotic cores under a
fibrous cap are most likely to cause death (Figure 1).2

Because >50% of patients die from coronary heart 
disease within hours of symptom onset,1 early 
detection of unstable plaques followed by aggressive
risk-reduction therapy to prevent events appears to 
be the ideal therapeutic approach.

During the past few years, rapid progress has been
made in noninvasive imaging of coronary artery disease
that provides information on plaque composition.
Currently available imaging techniques will be
reviewed. One of the most promising techniques,
multidetector-row computed tomography (MDCT)
of the coronary arteries, will be described in detail,
including strategies for improving image quality by
managing heart rate. 

CURRENT IMAGING TECHNIQUES 

Invasive Techniques

Angiography

Currently, the reference standard for diagnosing coro-
nary artery disease is selective cardiac catheterization
with angiography using iodinated contrast media
(CM), which provides high spatial resolution of the
vessel lumen. However, this procedure requires arterial
access. While arterial penetration allows percutaneous
intervention to be performed immediately if necessary,
it is also associated with a small risk of adverse events
including bleeding, hematoma, infection, stroke, 
coronary artery dissection, and death.3, 4 Moreover,
angiography effectively demonstrates thrombotic
occlusion or vessel stenosis, but does not elucidate the
size or composition of atherosclerotic plaques. If a
plaque is not obstructive—as many plaques prone to
rupture are not—it may not be detected. Indeed, it is
estimated that nearly two thirds of all myocardial
infarction (MI) originate with atherosclerotic lesions
that do not obstruct blood flow prior to rupture.5

Thus, it is reasonable that 20% to 40% of patients
considered at risk for cardiovascular disease have 
normal angiograms.1, 6

Intravascular Ultrasound

Intravascular ultrasound (IVUS) is a catheter-based
technique that not only identifies areas of stenosis, but
also determines plaque composition (ie, calcification,
thrombus, the dimensions of the fibrous cap, and lipid
content). A recent study showed that IVUS detected
significant lesions in patients with minimal angio-
graphic findings, and that these lesions predicted the
likelihood of cardiac events.7 However, the adverse
events associated with arterial access for angiography
are also a concern with this technique, which is also
time-consuming and requires technical skills.
Furthermore, the catheter cannot penetrate beyond
areas of severe stenosis.
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Figure 1.Atherosclerotic lesions that obstruct blood
flow to the same extent may differ in their likelihood
of causing a cardiovascular event.The plaque on the
right,which has a necrotic core, is more likely to 
rupture than the fibrous plaque on the left.2

Reproduced with permission.



Noninvasive Imaging Techniques

Theoretical advantages of noninvasive imaging of the
cardiovascular system include increased safety because
no arterial access is needed, rapid acquisition of data,
detection of nonstenotic coronary lesions, and lower
cost (in part because less physician and hospital time
are required).3, 8 With improvements in technology,
noninvasive methods may eventually be used to rou-
tinely assess asymptomatic or minimally symptomatic
atherosclerosis and monitor disease progression, 
stabilization, or regression.9

Imaging of the coronary artery system presents special
challenges because of the small diameter of the coronary
vessels and the complex 3-dimensional (3D) shape and
rapid movement of these vessels during the cardiac
cycle.10 Achieving adequate image quality has been a
major goal of research and development in this field.

Magnetic Resonance Imaging

Magnetic resonance imaging (MRI) provides excellent
soft tissue resolution and is able to image plaque in the
peripheral vasculature, aorta, and carotid arteries.3, 10, 11

When human coronary arteries in autopsy samples
were examined, MRI was able to identify fatty, fibrous,
and calcified plaque components.12 However, difficulties
have been encountered in imaging coronary arteries in
vivo because of a combination of cardiac and respiratory
motion artifacts, and the nonlinear movement, small
size, and location of the arteries.10 Although research 
is ongoing, visualization of the lumen of a coronary
artery can be difficult because of limitations in the 
spatial and temporal resolution of MRI (Figure 2).3

Computed Tomography

One of the most promising noninvasive procedures 
is computed tomographic (CT) angiography. Unlike
traditional x-ray imaging that produces a 2D snapshot,
CT angiography involves taking thin x-ray scans of
<1-mm thickness from multiple directions. The 

multiple scans are combined using special computer
algorithms to form an image of a “slice” of the body.
Adjacent slices are then stacked by computer to produce
a 3D image. CT is successfully used for 3D imaging 
of the chest, abdomen, kidney, liver, brain, and heart.13

When used to diagnose the source of chest pain, the
possibilities of heart attack, pulmonary embolism, and
aortic dissection can be assessed simultaneously.14

To eliminate motion artifacts from cardiac CT scans,
the procedure must be synchronized with the heart
cycle. Two primary techniques are used to synchronize
CT scanning with the patient’s electrocardiogram
(ECG): prospective triggering and retrospective gating.
Prospective triggering directs the CT scanner to take
x-ray scans only at a certain phase of the cardiac cycle.
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Reproduced with permission.

Figure 2. Imaging of an obstructed right coronary
artery with magnetic resonance imaging (A) and 
an angiogram (B).3
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It is usually the diastolic phase because this is when the
heart has the least motion. Prospective triggering has
the advantage of minimizing x-ray exposure because
only the minimum data needed is acquired. However,
it depends on a regular heart rate because an arrhythmic
heart may confuse the ECG trigger. Also, because the
motion pattern of the major cardiac arteries differ during
the cardiac cycle, prospective triggering may produce
images optimized for only some of the arteries.15

In retrospective gating, the heart is scanned continuously
for several cycles, but only scans from a particular
phase of the ECG are used for image reconstruction.
This improves visualization of the heart, but exposes
the patient to a higher dose of x-ray radiation.15

Retrospective gating is currently used for CT angi-
ography of the heart.

Electron Beam Computed Tomography

Electron beam CT (EBCT) scanners were the first
generation of CT scanners used for cardiac studies.
The EBCT imaging process involves production of 
a continuous 30-degree x-ray fan beam that passes
through the patient and is collected by the stationary
row of detectors. Data acquisition is prospectively
triggered based on ECG data, and image slices are
acquired sequentially as the patient table is incremen-
tally advanced. 

Advantages of EBCT are the low radiation exposure
given to the patient and the single image acquisition
time of only 50 to100 milliseconds, which limits
motion artifacts.9 The disadvantages of EBCT are 
its somewhat low signal-to-noise ratio, its relatively
long total scan time, and images limited to one point
of the cardiac cycle.9

Images produced by EBCT for clinical use are generally
obtained without intravascular contrast and are used
to quantitate total calcium in the coronary tree. 
The relevance of this measurement is controversial, 
as plaques likely to rupture may not be calcified.16

According to a consensus report from the American
College of Cardiology/American Heart Association, a
negative EBCT makes the presence of atherosclerotic
plaque, including unstable plaque, unlikely.16 However,
a positive EBCT confirms the presence of coronary
atherosclerosis and is consistent with the possibility 
of occlusive heart disease,16 which may lead to 
coronary events.

Multidetector-Row Computed Tomography

Multidetector-row computed tomography (MDCT)
gathers multiple images simultaneously and continu-
ously, thus acquiring a greater amount of diagnostic
information.3 In this method a gantry, which houses 
the x-ray source, collimators to focus the beam, and
detectors, is rotated around the patient. The data are
retrospectively ECG-gated during analysis.

In the pre-spiral CT era, one 360-degree rotation of
the gantry produced data for one image slice of the
patient. To capture the next slice, the patient table was
moved a distance equal to the slice thickness and came
to a complete stop. The gantry then made another
360-degree rotation in the opposite direction, the
table was moved again, and so on. The computed
slices were “stacked” in a computer and a 3D image
was constructed. Substantial cardiac motion artifacts
were introduced because the acquisition time for each
image was 1 to 2 seconds and the utility of CT in cardiac
imaging was limited. 

The introduction of slip-ring technology in the late
1980s allowed the gantry to rotate continuously in 
one direction. This allowed scanning by rotating the
gantry for multiple revolutions without stopping 
while the patient table slowly advanced to produce a
so-called spiral CT (Figure 3).17 Total scan time was
significantly reduced. 

In the late 1990s, spiral CT scanners were further
improved with the addition of multiple detector rows
and increased rotation speed of the gantry. MDCT
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allows some overlap between the rotations, which 
significantly improves spatial resolution. Compared 
to single-detector–row CT, the 16-detector–row CT
acquires 16 slices per rotation instead of 1. Although
16-, 32-, and 40-detector–row CT systems are available,
the state of the art is currently a 64-detector–row CT,
which acquires 64 slices simultaneously, scanning 
the heart within 5 seconds (ie, 5 heart beats).18
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Reproduced with permission.

Figure 3.The scanning principle of single spiral 
computed tomography (CT).In a multiple spiral CT,
such as a 4-detector–row CT, the helix in the
schematic would be a quadruple helix that covers 
4 times the distance in one turn.17

Provided by Dr Fishman.

Figure 4. Images of the coronary arteries obtained with 64-detector–row computed tomography.Image A is a scan 
of a normal heart.Image B shows a stenosed coronary artery (arrow).

A B

Improvements in CT with respect to scanning speed
and resolution over the past few decades are summarized
in Table 1.13 An example of a high-resolution MDCT
scan of the coronary vessels is shown in Figure 4.

THE CLINICAL UTILITY OF MDCT

While MDCT to examine the coronary arteries is still
investigational, it is hoped that MDCT will eventually
be used instead of angiography for routine assessment of
the coronary arteries. The procedure can be performed
more quickly than angiography—the measurement is
made within a few heartbeats—and requires less skill to
perform than cardiac catheterization. Risk of bleeding
is also significantly reduced, and no hospitalization 
is required. Although uses of MDCT are still being
explored, the greatest benefits may be rapid assessment
of chest pain (differentiating heart attack, pulmonary
embolism, and aortic dissection in a single procedure)
and noninvasive assessment of progression of coronary
artery disease (Table 2). Not only can the location
and extent of stenoses be followed over time, but the
composition of plaques (ie, fibrous versus lipid-rich)



can be assessed. As physicians become more familiar
with the technology, it is likely that other applications
will be found.

A number of clinical studies have compared 16-detector–
row CT with conventional coronary angiography19

or with intravascular ultrasound.9, 20 Because the intro-
duction of 64-detector–row CT is recent, published
studies comparing the results with other imaging

modalities are not yet available. However, comparisons
of 16-detector–row CT with angiography have given
positive results.21-23 In 30 patients with an angiographic-
ally proven absence of significant coronary artery
stenoses, it was possible to visualize 93% of the overall
length of the coronary arteries without motion artifacts.
Furthermore, vessel diameters measured by MDCT
closely correlated with those given by quantitative
coronary angiography.21 In another study of 59 patients
with suspected coronary obstructions, 58 had analyzable
data sets with a sensitivity and specificity for defining
luminal obstructive disease of 95% and 86%,
respectively. No patients with significant obstructions
were incorrectly diagnosed.22 Similar results were
obtained in a study of 77 patients with suspected
CAD. In 57 of these patients, all coronary arteries
were evaluable, and stenoses of >50% were correctly
identified with accuracy similar to that of angiography
(sensitivity: 92%; specificity: 93%). In a subgroup of
36 patients with a heart rate <60 bpm, 96% of all
coronary arteries were evaluable.23

MDCT also differentiates plaques based on their content
of calcified, lipid, or fibrous material. Detection of 
calcified plaques by 16-detector–row CT has been
shown to be nearly identical to that of EBCT (98.7%
sensitivity and 100% specificity).8 MDCT results have
also been directly compared with IVUS results. A
study of 14 patients with cardiovascular disease affecting
46 vessel segments showed that 16-detector–row CT
identified 37 of these segments (80.4%). Unidentified
segments were located distally.24 In analyzable segments,
the presence of plaque, the symmetry of plaque distri-
bution, plaque calcification, and vessel remodeling
could be identified.24 In a study of 22 patients without
significant coronary stenoses, 16-detector–row CT
had a sensitivity of 82% and a specificity of 88% for
detection of any plaque compared with IVUS. The
overall sensitivity was maximal for calcified plaque
(94%), lower for plaques with some calcification (78%),
and lowest for plaques without calcification (53%).
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Table 1.The Evolution of Computed Tomography13

Scan Scan Interscan
Speed Thickness Spacing Total No.

Year (sec) (mm) (mm) of Slices

1980 10 10 10 25-30

1985 5 8-10 8-10 30-45

1990 1 3-5 3-5 100

1995 0.75 3 2-3 100

1999 0.5* 1-3 1-3 220

2003 0.4* 0.5-0.75 0.5-0.75 400-1200

2004 0.33* 0.5-0.6 0.5-0.75 600-2500

*Scanner rotation speed.

Adapted with permission from Supplement to Applied Radiology, 2003.

Table 2.MDCT Angiography:Potential Clinical Uses 
of This Noninvasive Technology

Diagnosis of chest pain by simultaneous assessment of

• Coronary arteries for stenosis or thrombosis

• The aorta for dissections or aneurysms

• The pulmonary vasculature for embolism

Global assessment of coronary artery disease

• Plaque location, size, and composition

• Changes in plaque characteristics over time with or 
without treatment

Presurgical or interventional planning



Detection was most accurate for large plaques in 
proximal segments.20 However, the use of CM may
not have been optimized in this study, with the result
that the signal density of the contrast in the lumen 
was similar to that of the noncalcified plaques, which
made the plaques difficult to detect.20 Furthermore,
the resolution of current 64-detector–row CT is in
the range of 0.3 to 0.4 mm.

MDCT has been used to differentiate the unstable
plaques associated with acute MI from the stable plaques
associated with stable angina pectoris. Noncalcified
plaques are more often found in patients with MI than
in patients with stable angina pectoris, and calcified
plaques are more often found in patients with stable
angina pectoris than in patients with MI (Figure 5).25

MDCT also can detect thrombus associated with MI.26

OPTIMIZING MDCT RESULTS

Strategies to optimize MDCT imaging of the coronary
arteries include improved instrumentation to obtain
rapid scans with high spatial resolution (Table 1),13

careful choice of the reconstruction time point in the 
cardiac cycle, control of heart rate to minimize move-
ment artifacts, and optimum contrast enhancement.15, 27

The latter 2 strategies may be managed by the physician
directing the examination. 

Managing Heart Rate

Heart rate is an important parameter for achieving
optimal imaging in MDCT. In a survey of the problems
experienced while imaging 110 patients with a 
4-detector–row CT scanner, the most common 
problem was blurring of the image by cardiac
motion.27 In general, when the heart rate is <65 bpm, 
the image can be reconstructed from a single heart cycle.
When heart rate is >65 bpm, most MDCT image
reconstruction algorithms use data from 2 consecutive
heart cycles (Figure 6).28 However, 2 absolutely equal
heart cycles are necessary to generate an image free of
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Figure 6.A computed tomography image reconstructed
from 2 segments may have lower resolution due to
nonidentical positioning.28

Figure 5.Comparison of plaque composition determined
by multidetector-row computed tomography in patients
with acute myocardial infarction (AMI) or stable angina
pectoris (SAP).Data for plaques of mixed composition
do not differ between groups and are not shown.25



motion artifacts, a condition that is not always found.
Another complication is the need for the patients to
hold their breath during scanning because this
inevitably increases heart rate during the procedure.29

A slow, regular heart rate is ideal for image quality. 

The impact of heart rate on image quality was first
established during studies using 4-detector–row CT.
When 94 patients undergoing 4-detector–row CT
were grouped according to vessel segment visibility,
patients with the highest number of analyzable segments
had the lowest heart rate (mean 60±10.1), and segment
visibility was inversely correlated with heart rate
(r=0.48, P<0.0001).28 Gerber and colleagues analyzed
coronary segments from 126 patients with a 
4-detector–row CT scanner and observed motion
artifacts in only 13% of coronary segments at heart
rates of 51 to 60 bpm.30 However, artifacts were
observed in 71% of coronary segments at heart rates
of 61 to 70 bpm.30 Overall sensitivity for stenosis
detection with 4-detector–row CT decreased from
62% to 33% when the heart rate increased from 
≤70 bpm to >70 bpm (Figure 7).31

To assess the effect of heart rate on the consistency 
of 4-detector–row CT in quantifying coronary artery
calcium, Hong and colleagues acquired 2 consecutive
MDCT data sets on patients with various heart rates

and found that variability between the 2 scans in the
measurement of calcium score, volume, and mass
increased with increasing heart rate.32 Thus, lower 
heart rates are associated with both better image
quality and better reproducibility.

Because the advantages of a slower heart rate were
convincingly established with 4-detector–row CT, 
this topic was less thoroughly examined with 16-
detector–row CT. However, a study verified that the
percentage of visualized vessel length was significantly
higher in patients with a heart rate ≤60 bpm (96%)
compared with patients with a heart rate >60 bpm
(89%).21 In other studies, patients with heart rates >60
or 65 bpm were premedicated to slow the heart rate.22, 23 

Use of ß-Blockers

�-Adrenergic receptor blocking agents (�-blockers)
are recommended to reduce heart rate.27 Because
patients referred for radiology examinations often
have persistent coronary disease requiring the use 
of �-blockers, in many cases optimal imaging may be
obtained with no change in medication. In several
studies, >60% of patients referred for conventional
selective coronary angiography were taking long-term
�-blockers, indicating that the majority of patients
have an appropriately controlled heart rate.22, 23, 28 For
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patients not taking �-blockers, short-acting �-blockers
are increasingly used to control heart rate and improve
image acquisition.33 However, �-blockers may slightly
increase the risk of bronchospasm during the proce-
dure.34 With the new 64-slice MDCT scanners, optimal
studies may be performed at higher heart rates.

Choice of Contrast Media

The CM chosen for MDCT may increase the heart
rate, thereby reducing image quality. There are 
differences between the types of CM available for use,
which historically have evolved from a high-osmolar,
ionic composition to a low-osmolar, ionic or nonionic
composition, and finally to an isosmolar, nonionic
composition. Over time, the osmolarity of CM has
steadily decreased with minimal effects on iodine 
content (Figure 8).35 The osmolarity of a CM (the
number of particles in a given volume) affects fluid
movement in the body because fluid moves to areas 
of high particle concentration. Thus, fluid moves out
of tissues and cells when high osmolar CM is in a
blood vessel, causing local dehydration. Iodixanol, the
only isosmolar CM currently available, is isosmolar
with blood.

Numerous studies have found that more frequent
changes in heart rate and blood pressure result from
the use of a high-osmolar CM (HOCM) than from the
use of a low-osmolar (LOCM), particularly in patients
with severe heart disease.36 Furthermore, in a double-
blind, prospective study of 110 patients, ioxaglate, an
ionic dimeric LOCM, increased heart rate to a greater
extent than iodixanol, a nonionic, dimeric isosmolar
CM (IOCM).37 This result was confirmed by a study of
102 patients given iodixanol and ioxaglate (Figure 9).38

Thus, the use of IOCM during MDCT may improve
image quality by not increasing heart rate.

Observed changes in heart rate may be an indirect
result of CM-induced lowering of blood pressure,39, 40

which is more likely to occur in patients with severe
coronary stenoses or myocardial insufficiency. In a

crossover study of 48 patients with compromised left
ventricular function, cardiac catheterization was 
performed with iodixanol (an IOCM) or iohexol 
(a LOCM), and the effect on left ventricular end-
diastolic pressure (LVEDP) was measured.40 While a
nonsignificant decrease in LVEDP was observed with
both agents immediately after injection, at 60 to 180
seconds after injection, LVEDP was significantly higher
with iohexol (P=0.0012).40 Because iodixanol resulted
in a lower and shorter rise in LVEDP, iodixanol may
be the safer alternative in catheterization procedures
for high-risk patients. 
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Heart rate also may be influenced by patient discomfort
and stress that in turn are affected by the choice of CM.
Patients may report sensations of warmth or pain as 
CM is injected, depending on its composition. This pain
is likely due to fluid movement from cells and tissues
into the circulatory system when CM with an increased
osmolarity is present. Injection-related pain and heat
sensations are less frequent with the IOCM iodixanol
during cardiac angiography procedures than with the
LOCM iohexol (Figure 10), which has been confirmed
in a number of comparative clinical studies.37-39, 41

The choice of CM also may affect the incidence of
adverse coronary events in high-risk cardiac patients.
The COURT trial (COntrast media Utilization 
in high-Risk PTCA [Percutaneous Transluminal
Coronary Angioplasty]), performed in high-risk
patients undergoing coronary artery intervention 
with iodixanol or ioxaglate, examined in-hospital
major adverse clinical events.42 This study revealed a
45% reduction in major adverse clinical events in the 
iodixanol cohort. More recently, the results of the VICC
(Visipaque vs Isovue in Cardiac Catheterization) trial
demonstrated a significant reduction in the number 
of periprocedural myocardial events with iodixanol
compared to iopamidol.43

Optimizing Administration of CM

Use of iodinated CM during MDCT is essential for
visualization of the lumens of the coronary arteries.
With respect to imaging efficacy, various types of 
CM, including iodixanol and iopromide, have given
satisfactory results with 16-detector–row CT.21, 22, 24

The method used to inject CM influences image 
quality. For example, the duration of the injection
affects the degree of contrast enhancement and optimal
scan timing. A fast injection of contrast followed by a
slow injection can prolong contrast enhancement at
the imaging site.44 For newer, faster scanners, optimal
contrast enhancement is required for a shorter period
of time, and a lower volume of CM can be used. For
example, CT angiography with a 4-row scanner requires
~120 mL of CM, whereas the same procedure with 
a 16-row scanner requires only 100 mL of CM.26

A 64-detector–row CT scan can be completed with 
80 mL of CM.45 Thus, optimized high-speed MDCT
may require less CM than angiography. 

Injection of saline immediately after contrast injection
may improve image contrast by increasing the amount
of CM available for image acquisition and pushing the
contrast bolus forward.44 An automatic dual-head
power injector is required for administration of both
CM and a saline flush.

The concentration of CM used may influence image
quality. If the CM present in the lumen is too dense,
it may be difficult to see plaque in the vessel wall. A
study demonstrated that high contrast concentration
administered at high flow rates obscured detection 
of coronary calcifications.46 A somewhat lower contrast
attenuation may be required to differentiate the 
different types of plaque present in the artery wall.20

As MDCT scanners with better resolution are intro-
duced into the clinic, the details of administering CM
will be optimized and customized for each patient.
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Figure 10.The incidence of moderate to severe 
discomfort (warmth or pain) upon injection of 
isosmolar contrast medium versus low-osmolar 
contrast medium during coronary angiography.39



CONCLUSIONS

Cardiovascular imaging has tremendous potential for
identifying patients with atherosclerotic disease likely
to result in adverse cardiac events. MDCT is a non-
invasive alternative to coronary angiography with high
temporal and spatial resolution, particularly in newer
scanners. Instead of inserting a coronary catheter for
selective dye infusion as in angiography, iodinated CM
is infused intravenously through an antecubital vein.
Using CT scanners with 16 or more rows of detectors,
image data can be collected rapidly with good spatial
resolution. With ECG-based algorithms, a specific
time point at which most segments of the coronary
arteries are observable can be chosen for optimal 
visualization. Results are comparable to those obtained
with angiography, though additional data on plaque
composition also can be obtained with MDCT, which
may identify patients with vulnerable plaques who are
at risk for coronary events.

Optimization of heart rate is important to obtain
high-quality results with MDCT. Heart rates >60 bpm
can increase motion artifacts. Heart rate can be 
controlled with the use of �-blockers and by using the
appropriate CM. An IOCM is less likely to affect cardiac
function and stimulate the heart rate directly and is
less likely to increase heart rate indirectly by increasing
patient discomfort. Overall, an IOCM may result in a
better imaging outcome than a LOCM due to slower
heart rate, less patient motion due to discomfort, and
fewer major adverse events. 

With proper use of recently developed scanners, 
�-blockers, and CM, MDCT can noninvasively and
accurately provide important diagnostic information on
the condition of the heart and its vessels. These findings
should support appropriate treatment decisions to
reduce the morbidity and mortality resulting from
cardiac disease.

13



1. American Heart Association. Heart disease and 
stroke statistics: 2004 update. Available at:
http://www.americanheart.org. Accessed August 12, 2004.

2. Virmani R, Kolodgie FD, Burke AP, Farb A, 
Schwartz SM. Lessons from sudden coronary death: 
a comprehensive morphological classification scheme
for atherosclerotic lesions. Arterioscler Thromb Vasc Biol.
2000;20:1262-1275.

3. Budoff MJ, Achenbach S, Duerinckx A. Clinical utility
of computed tomography and magnetic resonance 
techniques for noninvasive coronary angiography.
J Am Coll Cardiol. 2003;42:1867-1878.

4. Berry C, Kelly J, Cobbe SM, Eteiba H. Comparison 
of femoral bleeding complications after coronary
angiography versus percutaneous coronary intervention.
Am J Cardiol. 2004;94:361-363.

5. Madjid M, Zarrabi A, Litovsky S, Willerson JT,
Casscells W. Finding vulnerable atherosclerotic plaques:
is it worth the effort? Arterioscler Thromb Vasc Biol.
2004;24:1775-1782.

6. Kugelmass A, Houser F, Simon A, et al. Diagnostic
results: gender continues to make a difference. J Am Coll
Cardiol. 2001;37:497A.

7. Ricciardi MJ, Meyers S, Choi K, Pang JL, Goodreau L,
Davidson CJ. Angiographically silent left main disease
detected by intravascular ultrasound: a marker for future
adverse cardiac events. Am Heart J. 2003;146:507-512.

8. Horiguchi J, Yamamoto H, Akiyama Y, Marukawa K,
Hirai N, Ito K. Coronary artery calcium scoring using
16-MDCT and a retrospective ECG-gating reconstruc-
tion algorithm. AJR Am J Roentgenol. 2004;183:103-108.

9. Schoenhagen P, Halliburton SS, Stillman AE, et al.
Noninvasive imaging of coronary arteries: current 
and future role of multi-detector row CT. Radiology.
2004;232:7-17.

10. Fayad ZA, Sirol M, Nikolaou K, Choudhury RP, 
Fuster V. Magnetic resonance imaging and computed
tomography in assessment of atherosclerotic plaque.
Curr Atheroscler Rep. 2004;6:232-242.

11. Hatsukami TS, Ross R, Polissar NL, Yuan C.
Visualization of fibrous cap thickness and rupture 
in human atherosclerotic carotid plaque in vivo 
with high-resolution magnetic resonance imaging.
Circulation. 2000;102:959-964.

12. Nikolaou K, Becker CR, Muders M, et al.
Multidetector-row computed tomography and 
magnetic resonance imaging of atherosclerotic 
lesions in human ex vivo coronary arteries.
Atherosclerosis. 2004;174:243-252.

13. Fishman E. A brief overview of CT angiography. 
Suppl Appl Radiol. 2003;32:9-11.

14. New CT scanner by GE Healthcare advances 
imaging technology. WTN News. Available at:
http://www.wistechnology.com/printarticle.php?id=941.
Accessed September 29, 2004.

15. Schoepf UJ, Becker CR, Ohnesorge BM, Yucel EK. CT
of coronary artery disease. Radiology. 2004;232:18-37.

16. O’Rourke RA, Brundage BH, Froelicher VF, et al.
American College of Cardiology/American Heart
Association Expert Consensus Document on electron-
beam computed tomography for the diagnosis and
prognosis of coronary artery disease. J Am Coll Cardiol.
2000;36:326-340.

17. Kalender W. Computed tomography: fundamentals ST,
image quality, applications. Weinheim: Wiley-VCH;
2000. Cited by: Rohrer M. Multislice-CT Technology.
Available at: http://www.multislice-ct.com. Accessed
September 29, 2004.

18. Schubert S. What is volume computed tomography?
Adv CT. 2004:49-51.

19. Achenbach S, Ropers D, Pohle K, et al. Clinical results
of minimally invasive coronary angiography using 
computed tomography. Cardiol Clin. 2003;21:549-559.

20. Achenbach S, Moselewski F, Ropers D, et al. Detection
of calcified and noncalcified coronary atherosclerotic
plaque by contrast-enhanced, submillimeter multi-
detector spiral computed tomography: a segment-based
comparison with intravascular ultrasound. Circulation.
2004;109:14-17.

21. Ferencik M, Moselewski F, Ropers D, et al. Quantitative
parameters of image quality in multidetector spiral 
computed tomographic coronary imaging with sub-
millimeter collimation. Am J Cardiol. 2003;92:1257-1262.

22. Nieman K, Cademartiri F, Lemos PA, Raaijmakers R,
Pattynama PM, de Feyter PJ. Reliable noninvasive
coronary angiography with fast submillimeter 
multislice spiral computed tomography. Circulation.
2002;106:2051-2054.

23. Ropers D, Baum U, Pohle K, et al. Detection of coronary
artery stenoses with thin-slice multi-detector row spiral
computed tomography and multiplanar reconstruction.
Circulation. 2003;107:664-666.

24. Schoenhagen P, Tuzcu EM, Stillman AE, et al. 
Non-invasive assessment of plaque morphology and
remodeling in mildly stenotic coronary segments: 
comparison of 16-slice computed tomography and intra-
vascular ultrasound. Coron Artery Dis. 2003;14:459-462.

14

REFERENCES



25. Leber AW, Knez A, White CW, et al. Composition 
of coronary atherosclerotic plaques in patients with
acute myocardial infarction and stable angina pectoris
determined by contrast-enhanced multislice computed
tomography. Am J Cardiol. 2003;91:714-718.

26. Becker C. The use of contrast media in cardiac CT.
Suppl Appl Radiol. 2003;32:50-56.

27. Choi HS, Choi BW, Choe KO, et al. Pitfalls, artifacts,
and remedies in multidetector row CT coronary
angiography. Radiographics. 2004;24:787-800.

28. Schroeder S, Kopp AF, Kuettner A, et al. Influence of
heart rate on vessel visibility in noninvasive coronary
angiography using new multislice computed tomog-
raphy: experience in 94 patients. Clin Imaging.
2002;26:106-111.

29. Mao SS, Oudiz RJ, Bakhsheshi H, Wang SJ, Brundage
BH. Variation of heart rate and electrocardiograph 
trigger interval during ultrafast computed tomography.
Am J Cardiol Imaging. 1996;10:239-243.

30. Gerber TC, Kuzo RS, Lane GE, et al. Image quality 
in a standardized algorithm for minimally invasive 
coronary angiography with multislice spiral computed
tomography. J Comput Assist Tomogr. 2003;27:62-69.

31. Giesler T, Baum U, Ropers D, et al. Noninvasive 
visualization of coronary arteries using contrast-enhanced
multidetector CT: influence of heart rate on image
quality and stenosis detection. AJR Am J Roentgenol.
2002;179:911-916.

32. Hong C, Bae KT, Pilgram TK, Zhu F. Coronary 
artery calcium quantification at multi-detector row CT:
influence of heart rate and measurement methods on
interacquisition variability initial experience. Radiology.
2003;228:95-100.

33. Becker CR, Knez A, Ohnesorge B, Schoepf UJ, Reiser
MF. Imaging of noncalcified coronary plaques using
helical CT with retrospective ECG gating. AJR Am J
Roentgenol. 2000;175:423-424.

34. Lang DM, Alpern MB, Visintainer PF, Smith ST.
Elevated risk of anaphylactoid reaction from radiographic
contrast media is associated with both beta-blocker
exposure and cardiovascular disorders. Arch Intern Med.
1993;153:2033-2040.

35. Esplugas E, Cequier A, Gomez-Hospital JA, Del
Blanco BG, Jara F. Comparative tolerability of contrast
media used for coronary interventions. Drug Saf.
2002;25:1079-1098.

36. Steinberg EP, Moore RD, Powe NR, et al. Safety and
cost effectiveness of high-osmolality as compared with
low-osmolality contrast material in patients undergoing
cardiac angiography. N Engl J Med. 1992;326:425-430.

37. Roriz R, de Gevigney G, Finet G, et al. Comparison of
iodixanol (Visipaque) and ioxaglate (Hexabrix) in coronary
angiography and ventriculography: a double-blind 
randomized study [in French]. J Radiol. 1999;80:727-732.

38. Tveit K, Bolz KD, Bolstad B, et al. Iodixanol in cardio-
angiography. A double-blind parallel comparison between
iodixanol 320 mg I/ml and ioxaglate 320 mg I/ml. Acta
Radiol. 1994;35:614-618.

39. Hill JA, Cohen MB, Kou WH, et al. Iodixanol, a 
new isosmotic nonionic contrast agent compared 
with iohexol in cardiac angiography. Am J Cardiol.
1994;74:57-63.

40. Bergstra A, van Dijk RB, Brekke O, et al. Hemodynamic
effects of iodixanol and iohexol during ventriculography
in patients with compromised left ventricular function.
Catheter Cardiovasc Interv. 2000;50:314-321.

41. Klow NE, Levorstad K, Berg KJ, et al. Iodixanol in
cardioangiography in patients with coronary artery 
disease. Tolerability, cardiac and renal effects. Acta Radiol.
1993;34:72-77.

42. Davidson CJ, Laskey WK, Hermiller JB, et al.
Randomized trial of contrast media utilization in 
high-risk PTCA: the COURT trial. Circulation.
2000;101:2172-2177.

43. Harrison J, Hermiller J, Vetrovec G, et al. A random-
ized study of 1276 patients undergoing PCI using iodix-
anol (Visipaque) vs iopamidol (Isovue): comparison of
in-hospital and 30-day major adverse cardiac events.
The results of the VICC Trial. Circulation. 2003;
108:IV-354.

44. Bae K. Technical aspects of contrast delivery in
advanced. Suppl Appl Radiol. 2003;32:12-19.

45. Achenbach S, Daniel G, Phle D, et al. Multi-slice CT
after inferior myocardial infarction. SOMATOM
Sessions. 2004;14:18-20.

46. Becker CR, Hong C, Knez A, et al. Optimal contrast
application for cardiac 4-detector-row computed
tomography. Invest Radiol. 2003;38:690-694.

15



16

The following examination provides the opportunity to assess your knowledge and understanding 
of the material presented in this monograph.

To obtain 1.5 hours of Category 1 CME credit, you must:

■ Complete the following CME Posttest by circling the correct responses 
on the Answer Sheet

■ Answer the Program Evaluation questions and provide the requested 
personal information on the Evaluation Form

■ Mail or fax the Posttest/Evaluation to the program sponsor by the 
expiration date: November 30, 2005

PROGRAM SPONSOR:

Center for Bio-Medical Communication, Inc.
433 Hackensack Avenue, 9th Floor
Hackensack, NJ 07601
Attn: CME Heart Rate Monograph
Fax: 201-342-7555

Tests will be graded, and in approximately 6 weeks, a CME certificate will be mailed to each participant 
who achieves a score of 70% or greater.

INSTRUCTIONS FOR RECEIVING CME CREDIT
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1. Select the adverse event that may be associated
with an invasive diagnostic technique (angiography
or IVUS).
A. Bleeding
B. Hematoma
C. Infection
D. All of the above

2. Limitations of traditional angiography include:
A. Failure to detect stenosis
B. Poor image quality
C. Failure to identify plaques as stable or unstable
D. All of the above

3. Select the ECG synchronization technique for CT
that generally gives the lowest x-ray exposure.
A. CT does not expose patients to x-rays
B. Prospective triggering
C. Retrospective gating
D. Both prospective triggering and 

retrospective gating

4. Choose the true statement:
A. EBCT or MDCT imaging can be used to measure

calcium in the coronary tree, which indicates the
presence of atherosclerosis.

B. High-quality noninvasive imaging of the 
coronary arteries was achieved with the earliest
CT instrumentation.

C. Magnetic resonance imaging is unable to 
differentiate between fibrous and fatty plaques
under ideal conditions.

D. All of the above.

5. Having multiple detector rows instead of a single
detector row during CT allows for:
A. Increased resolution
B. Decreased scan time
C. Fewer motion artifacts
D. All of the above

6. Select the condition associated with chest pain that
can be diagnosed by MDCT:

A. Pulmonary embolism
B. Thrombus in a coronary artery (MI)
C. Aortic dissection
D. All of the above

7. Compared to patients with stable angina, patients
with acute coronary syndromes have:

A. More calcified plaques
B. More noncalcified plaques
C. More total plaques
D. All of the above

8. Potential strategies to maintain a regular slow
heartrate to improve MDCT image quality
include:

A. Short breath-hold times
B. Use of �-blockers
C. Use of isosmolar CM
D. All of the above

9. Choose the property that is not affected by 
contrast medium.

A. Image quality
B. Pain or warmth at the injection site
C. Thickness of the vessel wall
D. Heart rate

10. Choose the answer that completes the following
sentence: In the past 20 years, our ability to 
accurately perform noninvasive imaging with
MDCT has:

A. Improved dramatically
B. Improved slightly
C. Not improved
D. Regressed

POSTTEST

Multidetector-Row Computed Tomography to Detect Coronary Artery Disease:The Importance of Heart Rate

1. A   B   C   D

2. A   B   C   D

3. A   B   C   D

4. A   B   C   D

5. A   B   C   D

6. A   B   C   D

7. A   B   C   D

8. A   B   C   D

9. A   B   C   D

10. A   B   C   D

ANSWER SHEET

�
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PROGRAM EVALUATION

Please evaluate this CME monograph using the following scale:

1 = poor 2 = fair 3 = average 4 = good 5 = excellent

Name Degree 

Signature Date 

Specialty 

Institution/Affiliation 

Address 

City State 

ZIP e-mail: 

■■ I would prefer not to receive correspondence from CBC.

1. How successfully did this program meet its stated
learning objectives?

– Discuss the potential advantages of noninvasive 
imaging of coronary arteries.

1         2         3         4         5

– Summarize recent technological advances in
MDCT angiography.

1         2         3         4         5

– Describe solutions for reducing heart motion-caused
image artifacts in MDCT angiography.

1         2         3         4         5

– Review the importance of contrast media in 
optimizing the quality of MDCT images.

1         2         3         4         5

2. How would you rate the clinical usefulness of 
this program?

1         2         3         4         5

3. How well did this learning format work with 
your learning style?

1         2         3         4         5

4. Overall, how satisfied were you with this activity?
1         2         3         4         5

5. Accredited CME programs must be “free from 
commercial bias for or against any product.” In this
regard, how would you rate this program?

1         2         3         4         5

6. Do you expect to make any changes in your prac-
tice or attitudes as a result of this activity?

■■ Yes ■■ No

If yes, please explain

7. Suggestions for future programs:

Multidetector-Row Computed Tomography to Detect Coronary Artery Disease:The Importance of Heart Rate
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