
Primary care physicians (PCPs) are often at the forefront
of diagnosing coronary artery disease. Occasionally, it’s the
legendary patient comment as the doctor has his hand on the
door about to leave the office
visit, “Doc, what about this
chest pain?” Whether it’s new
onset or established disease,
the PCP has an arsenal of
diagnostic tests available. The
array of tests, however, can be
quite daunting in identifying
the right test to order, espe-
cially in light of sensitivity
and specificity, not to mention
cost. This issue provides the
PCP with a comprehensive
survey of the diagnostic tests
available, a guide to selec-
tion, an estimate of cost, and
limitations of each test.
Because of the complexity and
expense of some of these tests, it is always helpful to coordi-
nate with the patient’s cardiologist when appropriate to
avoid duplication, unnecessary testing, and to determine

when to proceed directly to coronary angiography.
—The Editor

Introduction
Atherosclerosis, including

coronary artery disease (CAD),
remains the major cause of
death and premature disability
in the United States. Although
mortality from CAD has fallen
substantially over the past three
decades, it remains the leading
cause of death in adults. In a
study of 7733 participants in
the Framingham Heart Study
who were initially free of CAD,
the lifetime risk of CAD for
individuals at age 40 was 49%
in men and 32% in women. The
lifetime risk was also apprecia-
ble in those free of CAD at age

70: 35% in men and 24% in women.1 The Framingham data fur-
ther showed that beyond age 65, CAD still predominates, with
coronary events comprising 33-65% of atherosclerosis cardiovas-
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cular events in men and 28-58% in women. The Framingham
Heart Study also provided rigorous support for the concept of
specific identifiable risk factors correlated with cardiovascular
risk. Similar observational studies performed in the United States
and abroad provided independent support for the concept of “risk
factors” for cardiovascular disease. Based on the National Cho-
lesterol Education Project Adult Treatment Panel III (ATP III)
and Framingham data, assessment tools have been established to
stratify individuals based on these risk factors.2 (See Table 1.)
Patients can be classified as low, intermediate, and high risk with
a 10-year event rate of less than 10%, 10-20%, and greater than
20%, respectively. Intermediate and high risk groups need
aggressive lifestyle intervention and risk factor modification.
Further evaluation is necessary if individuals develop symptoms
of CAD in order to determine outcomes and need for additional
therapies. However there is also considerable interest in the diag-
nosis of CAD when patients are still asymptomatic. An increas-
ing number of physicians are screening for asymptomatic CAD,
and many participants in wellness programs also are requesting
screening for themselves, believing that there are legitimate
screening methods for early detection of CAD that are necessary
prior to beginning an exercise program. Critical questions
remain, however, regarding the appropriateness of screening and
the optimal screening test.3 Until recently, angiography has been
the major approach to assess patients for the presence of CAD;
however, cardiac catheterization is a less than ideal screening
tool since it is expensive, invasive, and it exposes patients to risk
of complications such as reactions to contrast media, nephrotoxi-
city, access site bleeding, and vascular injury.4,5 For these rea-

sons, approximately 40 million noninvasive tests are performed
annually to assess CAD, incurring an annual Medicare reim-
bursement of $372-749 million.6

In determining the best modality for screening or evaluating
CAD, the evidence supporting the role of assessment of ischemia
versus coronary anatomy must be considered. Data from the
Coronary Artery Surgery Study (CASS) registry have shown that
even in the setting of anatomic multivessel CAD, a survival ben-
efit from revascularization compared with medical therapy only
occurred in the setting of ECG evidence of ischemia, poor exer-
cise tolerance, or both.7 Catheterization evidence, however, sug-
gests that survival is a function of the anatomic extent of CAD
such as multivessel disease, severity of stenosis, and location of
stenosis, particularly if involving the left anterior descending
artery (LAD). Therefore, the presence of severe CAD is a surro-
gate of the extent of jeopardized myocardium.8,9 In selecting an
ideal diagnostic approach, anatomy remains an important deter-
minant regarding the suitability of revascularization and may
help with determining the role of medical therapy, but a patho-
physiological approach continues to play an important role in
decisions about medical therapy versus revascularization.

This review discusses currently available modalities used to
assess and risk stratify patients with known or suspected coro-
nary artery disease and provides a rationale for proper selection
of non-invasive testing. Noninvasive imaging augments ECG
evaluation by providing additional information about myocardial
perfusion, left ventricular function, and coronary anatomy. This
review will discuss various well established techniques including
exercise stress testing, stress echocardiography, myocardial per-
fusion imaging (MPI), multi-slice CT (MSCT), positron emis-
sion tomography (PET), cardiac MRI (CMR), and combination
MSCT/PET scanners. 

Exercise Electrocardiography
Exercise electrocardiography (ETT), one of the least costly

tests, has evolved into a modality of considerable importance in
the evaluation of patients with known or suspected CAD, and is
one of the most commonly used forms of noninvasive cardiac
testing. The ETT study is designed to increase myocardial oxy-
gen demand to assess the presence of inducible ischemia based
on changes on the 12 lead ECG. An adequate test requires
patients to reach 85% of their maximum predicted heart rate (220
- age). Inability to reach this threshold provides sub-optimal or
equivocal results.

This test is best suited for patients who are able to exercise
without limitations, have no prior evidence of coronary artery
disease, and no underlying ECG abnormalities. Ideally, the indi-
vidual has intermediate risk factors and needs further evaluation
and risk stratification.

Exercise stress testing produces ST segment changes in
patients with hemodynamically significant CAD and thus sug-
gests the presence of ischemia. Test results can be reported in
multiple fashions, but the most common and simplest report
would be: normal (no inducible ischemia) or abnormal (ischemic
changes). When used alone there is a high false-positive rate. The
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predictive value of an abnormal screening exercise test is deter-
mined by the presence or absence of risk factors for CAD. In
addition, treadmill scores have been devised to estimate patient
prognosis according to test results. The most popular validated
treadmill score comes from Duke University based on data from
2758 consecutive patients with chest pain. This score, known as
the Duke Treadmill Score (DTS), is based on three clinical vari-
ables: the exercise duration, maximal ST segment deviation, and
presence of symptoms. The DTS has been shown to stratify
prognosis accurately for both inpatient and outpatient sympto-
matic ischemic heart disease populations. Shaw and colleagues
further demonstrated that this non-invasive risk index provided
both diagnostic accuracy and prognostic risk estimates. The
equation for calculating the DTS is DTS = exercise time-(5 x ST
deviation)-(4 x exercise angina), with 0 = none,1 = nonlimiting,
and 2 = exercise-limiting. The score typically ranges from –25 to
+15. Low risk is a score greater than or equal to +5, moderate
risk –10 to +4 and high risk less than or equal to –11.10,11 This
allows individuals to be placed into low, intermediate, or high-
risk groups. Those with a low Duke treadmill score had a less
than 3% chance of multi-vessel disease or cardiac event in the
next 5 years. On the other hand, those in the high-risk group had
a 75% chance of multi-vessel disease and a 35% chance of car-
diac event in the next 5 years.10,11

Other significant prognostic information can be obtained
based on how much exercise capacity or workload a patient
can perform, as expressed in Metabolic Equivalents (METs).
Individuals who can achieve a higher exercise capacity per-
form better than their counterparts who do not exercise as

long.12,13 Other prognostic information suggesting a higher risk
is seen in patients with hypotensive or hypertensive response
to exercise.10,11

Limitations to ETT occur most notably in women, where
there is up to a 50% false-positive rate when used alone. The
addition of a myocardial perfusion imaging or wall motion study
improves the sensitivity and specificity of this test (discussed
later).14 Other conditions including left ventricular hypertrophy,
prior MI, bundle branch block, and other baseline ST-T wave
abnormalities may also make the test nondiagnostic. Beta block-
ers can affect heart rate and may interfere with the ability to
reach 85% of maximum predicted heart rate and should be
avoided for 24 hours prior to the test unless contraindicated.15

Contraindications to exercise testing are active unstable angi-
na, recent myocardial infarction, severe arrhythmias, hyperten-
sive crisis, severe aortic stenosis, and other outflow tract obstruc-
tion such as hypertrophic obstructive cardiomyopathy. 

Stress Echocardiography
Stress echocardiography provides visualization of the

myocardium under physiologic or pharmacologic stress to assess
for ischemia demonstrated by regional wall motion abnormali-
ties. As in the case of ETT, a maximum predicted heart rate of
85% must be achieved requiring that the images be obtained dur-
ing or immediately following exercise. Even a small delay as
short as 90 seconds can alter test results. Either method is accept-
able since the sensitivity and specificity of each of these methods
are similar.16

The best candidates for this form of testing have no prior
known CAD, are at moderate risk, and must be able to exercise
to 85% of his/her maximum predicted heart rate. They should
also be non-obese and have a small chest diameter since the dis-
tance from the chest wall to the heart can affect image quality.
The true utility of this test is to observe for stress-induced
ischemic changes in patients who are unable to exercise in a con-
ventional fashion or who have other contraindications to standard
ETT, such as left ventricular hypertrophy or other ST-T wave
abnormalities that might produce equivocal results of an ETT.

Nishioka and colleagues found a 95% sensitivity for detection
of stress-induced regional wall motion abnormalities in patients
with or without prior MI, and the specificity for true ischemia
was 84%, although in patients with prior MI this was cut in half
to 42%.17

January 2008/Primary Care Reports 3

Table 1. NCEP ATP3/Framingham 
Assessment Tool for 10-Year Risk 
of Cardiac Events

CORONARY ARTERY DISEASE (CAD) RISK FACTORS 

Major Risk Factors
• -2 Cigarette smoking
• -3 Hypertension (BP > 140/90 mmHg or already on 

anti-hypertensive medications
• -4 Low HDL-C (< 40 mg/dL) a high level > 60 mg/dL

confers negative risk and may remove one risk factor
• -5 Family history of premature CAD male < 55 yr and 

female < 65 yr
• -6 Age > 45 yr for male and > 55 yr for female

CAD Equivalent Risk Factors 
• -7 Prior CAD
• -8 Peripheral vascular disease
• -9 Diabetes mellitus

< 1 Risk factor: 0-10% risk of cardiac event in next 10 years
> 2 Risk factors: 10-20% risk of cardiac event in next 10 years
CAD equivalent > 20% risk of cardiac event in next 10 years
Adapted from Expert Panel on Detection, Evaluation, and Treat-
ment of High Blood Cholesterol in Adults. Executive summary of
the third report of the National Cholesterol Education Program
(NCEP) Adult Treatment Panel III. JAMA 2001;285:2486-2497.

Table 2. Yearly Mortality Rate as Determined
for Low-, Moderate-, and High-Risk Patients
Based on Duke Criteria for Each Subgroup 
of Normal, Single, or Multi-Vessel Disease

NO EVIDENCE SINGLE-VESSEL MULTI-VESSEL
FOR DISEASE DISEASE DISEASE

Low risk 0.7% 1.8% 3.0%
Moderate risk 2.4% 3.7% 7.0%
High risk 4.7% 5.0% 12.0%



Another benefit can be noted in patients who are able to use
the treadmill for their stress echocardiogram. By using the echo
report of normal, single vessel, or multi-vessel disease based on
regional wall motion abnormalities and linked with their tread-
mill score, important mortality predictions can be achieved.
Those with low-risk Duke scores and no regional wall motion
abnormalities had the best long-term mortality compared to all
other groups.18 (See Table 2.)

Image quality is paramount and factors that affect this such
as obesity, COPD, or delayed image acquisition can produce
equivocal results or uninterpretable images. Since patients with
left bundle branch block or severe dysynchrony of the ventri-
cles have abnormal wall motion, the test can be falsely inter-
preted as ischemic regional wall motion abnormalities. The
same contraindications to other forms of stress testing apply
here, such as active angina, MI, hypertensive crisis, or syncope,
to name a few.19

Myocardial Perfusion Imaging (MPI)
Myocardial perfusion imaging (MPI) uses a radionucleotide

such as thallium-201 or technetium 99 injected at the time of
maximal exercise or after pharmacologically induced coronary
vasodilatation with dipyridamole or adenosine. Exercise images
are compared to rest images. Coronary artery disease is detected
by reversible defects that represent inducible ischemia under
myocardial stress. Perfusion defects imply the presence of signif-
icant CAD but do not demonstrate the degree or extent of coro-
nary plaque. Perfusion defects yield information regarding the
physiology of the CAD and not the anatomy. Technetium 99 has
a sensitivity and specificity of 84% for detection of inducible
ischemia; thallium has similar sensitivity but a 20% lower speci-
ficity.20 Technetium 99 also delivers lower levels of radiation and
hence is widely accepted as the radioisotope of choice.

Patients who need risk stratification as well as identification
of flow limiting lesions are ideal candidates for MPI. Virtually
any patient is a candidate for this test since either physiologic
stress or vasodilatation is used for assessment of inducible
ischemic changes. Since exercise yields more information
including interpretable ECG changes and is less expensive than
pharmacologic agents, it should be used whenever possible. The
physiologic stress of exercise or a pharmacologic agent can be
used to induce work on the heart, and there does not appear to be
any appreciable difference in sensitivity, specificity, or accuracy
between the two.21,22 Dipyridamole, adenosine, and dobutamine
have all been used effectively as alternatives to exercise. Dobuta-
mine may have the advantage of achieving target heart rate and
thus may have the added benefit of producing ST segment ECG
changes in patients with ischemia.21,23

When exercise stress testing and nuclear perfusion imaging
are combined, it is important to make sure the patient reaches at
least 85% of his maximum predicted heart rate. A study by
Iskandrian et al showed that patients who did not reach 85% of
their maximum predicted heart rate had a much lower rate of
detection of flow limiting lesions in patients with proven coro-
nary artery disease.24 This effect was also shown in a small study

of patients who underwent exercise MPI until they had symptom
limiting exercise, and all reached 85% of their maximum heart
rate. Two days later, the same patients underwent the same test-
ing but stopped at 70% of their maximum heart rate. When the
two studies were compared, the area of inducible ischemia was
much smaller or even absent when patients stopped at 70% of
their maximum predicted heart rate.25 These two studies demon-
strate clearly the need for reaching 85% of maximum predicted
heart rate.

Myocardial perfusion studies help with the diagnosis of coro-
nary artery disease; aid in identifying those who are at low, mod-
erate, and high risk for coronary events; and yield information
about the degree of myocardium at risk. In a study of 4649
patients followed for 7 years who were at intermediate risk based
on the Duke treadmill score and had normal or near-normal MPI
studies, there was a 1% risk for cardiac mortality and a 3% risk
for myocardial infarction.26 In patients with any perfusion defect,
however, there is a significantly higher rate of cardiac events in
the following year at a rate of 8.6% compared to 1.4% of patients
with a normal study.25,27,28

It has also been shown that post-stress left ventricular dys-
function can have a prognostic value. In patients with an
inducible perfusion defect, a left ventricular ejection fraction of >
45% was associated with a yearly mortality of < 1%. Those
patients with left ventricular ejection fraction of < 45%, however,
had a yearly mortality rate of 6.6%.13

A disadvantage of MPI is the exposure to ionizing radia-
tion where doses range from 6-18 millisievert (mSv) depend-
ing on the agents used. This can be even higher with Thalli-
um 201. Some women and obese individuals have a large
amount of attenuation artifact that can be misinterpreted as
false positives leading to additional invasive testing.29-34

Patients should avoid caffeine and theophylline for 24 hours
before the use of adenosine or dipyridamole, although one
cup of coffee before the test will not affect the results and
should not delay testing.35 If a patient cannot stop theo-
phylline, the preferred agent is dobutamine.

The major contraindications to adenosine and dipyridamole
testing agents include sick sinus syndrome, high degree atria-
ventricular block, hypotension, concurrent use of dipyridamole
agents, and reactive airway disease.19

Multi-Slice Computer Axial Tomography
(MSCT)

Imaging of the coronary anatomy by multi-slice computed
tomography demonstrates the presence and extent of plaque in
the coronary arteries, thus giving an anatomical picture similar to
angiography. The entire study takes about 10 minutes from the
time the patient is placed on the MSCT scanner table until the
imaging is complete.36 To obtain good quality images, the patient
should be in normal sinus rhythm with a heart rate under 70
beats per minute. Most patients are given a beta-blocker to
ensure that their heart rate is at a desirable level. Images are
obtained as an iodinated contrast bolus passes through the coro-
nary arteries. 
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Patients most suited for this procedure are those with inter-
mediate risk based on a Duke treadmill score, non-diagnostic
test results, contraindication to other modalities, and those who
prefer a noninvasive test. This test is best used to rule out coro-
nary artery disease since there is a very high negative predictive
value when using MSCT. It can also be used to further evaluate
patients who have suspected false-positive stress tests, or those
with a low or intermediate pretest probability for coronary artery
disease.37,38 Patients with known disease who will need interven-
tion or those with an existing stent are likely to need additional
testing or intervention despite results of the MSCT and therefore
are not the best candidates for this procedure.

Additional information available using CT includes the
Agatston calcium score, which, while controversial, is used for
prediction of coronary events and further evaluation of CAD.39

Patients with a score of 100 or less did not correlate with sig-
nificant disease and are low risk. Scores over 400 are highly
correlated with extensive plaque and would warrant further
testing or aggressive risk modification. Scores between 100-
400 are not useful to predict disease and are considered equiv-
ocal. However there is a 9.6% increase in relative risk for

coronary events in patients with a score greater than 100.40

Some have argued that the Framingham risk tool provides
similar information at a fraction of the cost and without exposure
to ionizing radiation and thus do not recommend routine screen-
ing or assessment of CAD by coronary calcium score. It has been
used effectively, however, in patients with multiple risk factors to
predict benefit from the most aggressive medical therapies.

The best use of MSCT is to rule out the presence of disease.
Patients who are at risk for multivessel disease or large areas of
myocardial ischemia and have anginal symptoms should have
their coronary anatomy visualized. This method allows anatomi-
cal evaluation without exposure to potential complications of
invasive testing. In addition to the presence or absence of signifi-
cant stenosis, MSCT suggests the extent of the plaque burden
that may not be recognized by angiography.

Due to positive remodeling of the artery and compensatory
vasodilatation (Glagov phenomenon), significant stenosis of the
total diameter of the artery can occur before it becomes flow lim-
iting. This effect allows the lumen to appear relatively unchanged
when viewed by conventional angiography despite significant
disease. Therefore conventional cardiac angiography is often
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Table 3. MSCT Scan to Identify at Least One Stenotic Lesion in Coronary Artery

NO. SLICES SENSITIVITY SPECIFICITY NEGATIVE POSITIVE 
OF PATIENTS PREDICTIVE VALUE PREDICTIVE VALUE

Mollet 51 16 100 100 100 100
Hoffman 103 16 95 97 94 98
Achenbach 50 16 100 83 100 86
Lescka 53 64 100 100 100 100
Raff 70 64 95 90 93 93
Mollet 52 64 100 92 100 97
Ropers 82 64 96 91 98 83

Adapted from: Ropers D. Multi-slice computed tomography for detection of coronary artery disease. J Interv Cardiol 2006;19:
574-582.

Table 4. Detection of Coronary Artery Stenosis on Per Artery or Segment

NUMBER NUMBER SENSITIVITY SPECIFICITY NEGATIVE POSITIVE 
OF PATIENTS OF SLICES PREDICTIVE VALUE PREDICTIVE VALUE

Kuettner 124 16 85 98 96 87
Mollet 51 16 95 98 99 79
Morgan-Hughes 58 16 83 97 97 80
Hoffmann 103 16 95 98 99 87
Achenbach 50 16 94 96 99 69
Leschka 53 64 94 97 99 87
Raff 70 64 86 95 98 66
Mollet 52 64 99 95 99 76
Ropers 82 64 95 93 99 56
Fine 66 64 95 96 95 97

Adapted from: Ropers D. Multi-slice computed tomography for detection of coronary artery disease. J Interv Cardiol 2006;19:
574-582.



referred to as “lumenography.”41,42 The limitation of conventional
angiography is eclipsed by MSCT, which allows the reviewing
physician to determine the percent of stenosis to the lumen as
well as the plaque burden to the entire artery. The plaques are
labeled as hard or soft, allowing greater appreciation for unstable
plaque burden.36

This information can be very important as soft plaque or
extensive non-occlusive plaque may lead the clinician to pre-
scribe a more aggressive medical regimen and motivate the
patient to make lifestyle changes.

With 16 slice scanners there is a greater then 90% sensitivity
and specificity for detection of significant coronary artery disease
when segment stenosis is greater than 50%. These results are
improved by using a 64-slice MSCT. There are convincing data
to support this method of non-invasive evaluation for detection of
CAD by arterial segment, and compared to conventional coro-
nary angiography, sensitivity and specificity are very well main-
tained. There is also a high positive and negative predictive
value. However when the artery is assessed as a whole, the sensi-
tivity and specificity decrease, and there is a decrease in positive
and negative predictive values.43 (See Tables 3 and 4.)

Radiation exposure is a prime safety concern. Many of these
tests result in exposure to ionizing radiation. Diagnostic tests
should be chosen that have the highest yield of information while
minimizing the exposure. As a reference, the average individual
is exposed to approximately 3 millisieverts (mSv) from naturally
occurring sources per year. Since different body tissues require
different energies to penetrate them, the radiation doses vary
according to body size and mass. For example, women on aver-
age will receive higher doses of radiation due to breast tissue,
and patients who are obese will require larger doses of radiation
to penetrate through the fatty tissue.29 (See Figure 1.) The amount

of radiation needed to penetrate body
tissue should be considered when
ordering a test. If the test is not going
to change clinical management of the
patient, then the risk of exposure to
radiation is not justified. The utility of
MSCT as a screening tool in asympto-
matic patients has not been established
and therefore MSCT should not be
used routinely for screening of asymp-
tomatic patients who are otherwise
low risk for CAD.

Patients likely to have significant
stenosis and an interventional proce-
dure should not have MSCT but
should receive conventional coronary
angiography to avoid excessive ioniz-
ing radiation and IV contrast.38,44

The contraindications for MSCT
relate to the IV contrast. There are
limitations to current MSCT, the most
important of which is patients with
known extensive CAD as heavy calci-

fication may obscure the resolution and lead to artifacts or a non-
diagnostic test. Similarly, patients with a prior stent are likely to
exhibit artifact in the segment around the stent that may lead to
non-diagnostic test results. Currently it is not possible to evaluate
for in-stent stenosis. Also those with a very heavy plaque burden
have lower specificity for vessel stenosis due to artifact.36,44

Cardiac Magnetic Resonance Imaging (CMR)
Cardiac magnetic resonance imaging (CMR) utilizes a stan-

dard MRI machine that is equipped with specific additions of
hardware and software. Advances in cardiac gating and new
software designed to allow free breathing have improved
image quality of CMR by minimizing motion artifact, allow-
ing assessment of the entire cardiac arterial tree with minimal
motion artifact.37

Patients who are the best candidates for this procedure are
similar to those who benefit from MSCT where there are equivo-
cal tests or contraindications to other procedures. Obvious advan-
tages of CMR over conventional angiography include no ioniz-
ing radiation and no need for radiopaque contrast with the asso-
ciated side effects of nephrotoxicity and anaphylactoid reaction.
Gadolinium has been used as an alternative contrast medium that
is superior to iodinated contrast in CMR, however several recent
case reports show the potential for skin fibrosis.45 The major
advantage CMR has over MSCT is the ability to detect subendo-
cardial perfusion defects and micro-vessel ischemia.

The strength of this modality is clearly its negative predictive
value. When CMR is utilized for the evaluation of 3 vessel dis-
ease or strictly left main disease, there is a sensitivity of 100%,
specificity of 85%, PPV of 54%, and NPV of 100%. Just as with
MSCT, there is decreasing sensitivity and specificity when ves-
sels are viewed as a whole instead of in segments.46 When CMR
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Figure 1. Average Exposure to Differing Levels of Radiation 
Exposure by Modalities29,31
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was used for detection of CAD, Plein et al showed that myocar-
dial perfusion reserve index (the change in signal intensity-time
profiles of stress and rest myocardial perfusion by MRI) showed
a sensitivity of 88% and a specificity 82%.47 Other studies have
shown similar results with sensitivity 87-90% and specificity of
88-90% for detection of CAD.48,49

The technique of late enhancement has been used to deter-
mine myocardial viability and micro-vessel ischemia, which is
a distinct advantage over MSCT or any other modality dis-
cussed so far. After injection of gadolinium-based contrast
agent normal myocardium will enhance and then be washed
out, leaving areas of ischemia appearing darker. As the contrast
is washed out and achieves steady state, the areas of under-per-
fused tissues or damaged tissue with edema will retain contrast
longer allowing these areas to appear “brighter” than the nor-
mal areas. This phenomenon is called late enhancement.50 The
late enhancement technique yields results comparable to PET

scan techniques, which are considered the gold standard for
functional myocardial studies. 

This technique is very sensitive to show subendocardial
damage and can differentiate between hibernating versus
scarred myocardium. A recent study by Holstrum et al.43

showed that despite normal left ventricular function, some
patients with late enhancements were seen to have small suben-
docardial infarctions. Techniques utilizing parallel acquisition
methods, such as sensitivity encoding, have decreased data col-
lection times for cardiac imaging which enables non-uniform
signal intensity correction by receiver coils thus allowing for a
semi-quantitative and quantitative analysis of perfusion defects
in the subendocardium.51

As with other studies, CMR also is imperfect. Patients with
implanted metallic devices or pacemakers and those who are
claustrophobic are not candidates for this procedure. This study
is significantly longer than MSCT (30-60 minutes), and many
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Table 5. Relative Strengths and Weaknesses of Non-invasive Tests for Coronary Artery Disease

INVASIVE IONIZING CONTRAST SENSITIVITY SPECIFICITY COST REMARKS
RADIATION

Cardiac YES 2.1-2.5 mSv YES 100% 100% $$$$ Currently gold standard for 
catheterization evaluating anatomy but 

invasive and expensive.

Exercise NO NO NO 64% 85% $ Widely available and 
stress test inexpensive but not very 

sensitive in women.

Adenosine NO 6-18 mSv NO 80-84% 67-84% $$ Assess myocardial perfusion 
perfusion and flow limiting lesions but 

high radiation exposure.

Exercise NO NO NO 76% 94% $$ Technically difficult study
echo

Dobutamine NO NO NO 72% 95% $$ Technically easier than 
echo exercise echo.

EBCT NO 1-1.3 mSv NO 83-100% 83-100% $ Controversial role for CCS

MSCT NO 3.2-3.8 mSv YES 88-100% 90-100% $$$ Anatomic structure and very 
fast, also evaluate other 
structures in the chest.

CMR NO NO Gadolinium 87-100% 82-90% $$$$ Anatomy as well as prior 
subendocardial infarcts. 
Contraindicated in patients 
with metal implants and 
pacemakers.

PET NO YES NO 90% 89% $$$$ Anatomy as well as viability 
of myocardium but very 
expensive and not widely 
available at present.



patients find being in the supine position for this amount of time
uncomfortable. The most important drawback is that there are
not enough data at present in the form of large multi-center clini-
cal outcomes. This lack of data leads to less standardized proto-
col and interpretation.52

Comparison of MSCT and CMR
When comparing MSCT and CMR it can be difficult to differ-

entiate between the utility of the two modalities. The true power
of these tests is their ability to rule out coronary artery disease.
CMR, however, has the added benefit of being able to assess for
subendocardial infarctions and areas of perfusion defects. 

A recent meta-analysis by Schuijf and colleagues has shown a
higher sensitivity and specificity for MSCT than for CMR for
noninvasive coronary angiography. This may be partially due to
the larger body of evidence that is already done for MSCT com-
pared to CMR.45,53 Since both CMR and MSCT utilize cardiac
gating methods, a patient who is not in sinus rhythm will likely
have a non-diagnostic result. 

Patient safety is also a concern that is paramount. Since there
is no ionizing radiation with MRI, it has an advantage over both
MSCT and conventional angiography. There are other factors
that will influence the use of these tests such as patient prefer-
ence, cost, and reimbursement. One study comparing MSCT,
MRI, and conventional angiography by Dewey et al. showed that
patients preferred the shorter time and less invasive nature of
MSCT.38 With the rapid advances in hardware, software, and
other technology in all areas of cardiac imaging, it will be very
exciting and interesting to see what new developments are over
the horizon.

Positron Emission Tomography (PET)
Patients with known CAD or with exercise limiting angina are

may benefit from PET testing as it has the distinct advantage of
assessing perfusion defects and viability of myocardium. This
test is useful when equivocal results are reported with other
modalities. There are few contraindications to PET scanning.
Virtually all patients are candidates for this test, and it is being
used as an alternative to standard perfusion testing as it gives bet-
ter resolution and fewer problems with artifact. However PET
does not give direct visualization of arteries but shows perfusion
defects similar to MPI. PET does not have the limitation of soft-
tissue attenuation and can be used to measure fractional flow
reserve.

Recent work shows that PET has 90% sensitivity for detection
of lesions greater than 50% with a specificity of 89%.8 The dis-
tinct advantage of PET is the ability to measure perfusion and
viability of myocardium.54 Therefore, in one test the physician
could determine what vessels are diseased with flow limiting
lesions and whether the myocardium below the lesion is viable.
This differentiates hibernating versus scarred myocardium when
perfusion defects are compared at rest and at stress, and then
appropriate revascularization therapy can be offered to patients
who will truly benefit from it.

Combination PET/CT scanners are becoming more readily

available and have the distinct advantage of offering the best of
MSCT and PET scan in one. This allows high quality images of
the coronary tree by MSCT and the perfusion and viability data
of PET. This is essentially a “one stop shop” for assessing coro-
nary artery disease.

Unfortunately this technology is very expensive and only
available at limited facilities. As with all newer technologies,
over time it will become more widely available for use and will
likely replace the use of adenosine perfusion testing where
available.

Conclusion
The most appropriate test for a patient is one that yields high

quality information, has low risk, and will add further diagnostic
or prognostic data. All patients should initially be risk stratified
using a Noninvasive Prognostic Index such as Framingham or
other risk assessment tool.55,56

Initial evaluation of symptomatic patients should be done by
an exercise treadmill test as this is easy to perform, inexpensive,
easily assesses for CAD, and can be used to predict mortality. If
additional information is needed or for patients with high likeli-
hood of false-positive results (women), a myocardial perfusion
study (SPECT or PET) can be added to increase sensitivity and
specificity or in the event of equivocal test results. The option of
stress echocardiogram is a viable alternative and can be a substi-
tute for perfusion imaging.57

In patients with high risk, equivocal stress test results or when
anatomy of the coronaries is necessary, MSCT is an ideal test.
This can definitively rule out coronary disease or make the pres-
ence and size of lesions known.

In patients with known disease, or with symptoms that need
evaluation for subendocardial perfusion defects or the viability of
myocardium, CMR or PET is an excellent choice. Currently
these modalities are not recommended for routine screening of
low risk patients.19,35 Combination scanners using PET/CT will
likely become the diagnostic test of choice as newer protocols
limit the radiation exposure and this combination provides both
physiologic and anatomic results.

Regardless of what testing modalities are chosen. All
patients need aggressive risk reduction and optimization of
medical therapies.
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Physician CME Questions

1. Which of the following is not considered a cardiac risk factor for

CAD?

A. Tobacco dependence

B. Alcohol consumption 

C. Diabetes and hypertension
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• summarize the most recent significant primary care med-

icine-related studies;
• discuss up-to-date information on all aspects of primary

care, including new drugs, techniques, equipment, trials,
studies, books, teaching aids, and other information pertinent
to primary care;

• evaluate the credibility of published data and recommen-
dations; and

• describe the pros and cons of new testing procedures.



D. Low HDL C < 40 mg/dL 

E. Family history of premature CAD

2. Conventional cardiac catheterization is best used for which of the 

following?

A. Determining degree of stenosis in a vessel or segment

B. Predicting future myocardial infarction

C. Proving there are no significant stenotic lesions

D. Assessing amount of myocardial necrosis

3. Cardiac angiography by MSCT is best used to determine which of the

following?

A. Determining degree of stenosis in a vessel or segment

B. Predicting future myocardial infarction

C. Proving there are no significant stenotic lesions

D. Assessing amount of myocardial necrosis
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In this issue: FDA warnings for existing drugs
dominate pharmaceutical news this month. The FDA
and its advisory committees have issued warnings on
erythropoiesis-stimulating agents, oseltamivir
(Tamiflu) and zanamivir (Relenza) for the treatment of
influenza, rosiglitazone (Avandia) for the treatment of
type 2 diabetes, varenicline (Chantix) to help stop
smoking, the beta agonist salmeterol (Serevent), and
modafinil (Provigil) for use in children. The FDA has
also asked for marketing suspension of Bayer's apro-
tinin (Trasylol). These warnings represent a new push
by the FDA to regulate existing drugs for safety after
they have been approved for marketing. It also comes at
a time when the FDA is cleaning up its advisory com-
mittee processes, especially with regard to limiting
potential conflict of interest by advisory committee
members. A summary of the new committee processes
can be found at www.FDA.gov.

Erythropoiesis-stimulating agents (ESAs)
are the subject of new warnings from the
FDA. The drugs, Aranesp, Epogen, and

Procrit are used to treat anemia associated with
cancer chemotherapy and chronic kidney fail-
ure. For cancer patients, several studies have
shown that the drugs promote tumor growth
and decrease survival rates in patients with
advanced breast, head neck, lymphoid, and non-
small cell lung cancer when given in doses that
achieve a hemoglobin level of 12 g/dl or
greater—the target in clinical practice. There is
currently no evidence to know whether the
ESA’s promote tumor growth or shorten sur-
vival in patients who achieve hemoglobin levels
less than 12 g/dl. The warning also specifically
states that ESA’s should only be used in cancer

patients to treat chemotherapy-related anemia,
not other causes of anemia associated with can-
cer and stress, and that the drug should be dis-
continued once chemotherapy is discontinued.
For patients with chronic kidney failure, the new
warnings states that ESA's should be used to
maintain hemoglobin levels between 10 to
12g/dl.  Higher hemoglobin levels increase risk
for death and serious cardiovascular events such
as stroke, heart attack, or heart failure.  Finally,
the new labeling emphasizes that there is no
data that demonstrates that ESA's improve
symptoms associated with anemia such as qual-
ity of life, fatigue, or patient well-being for
patients with cancer or for patients with HIV
undergoing AZT therapy. 

An FDA panel is recommending new warn-
ings on the flu drugs oseltamivir (Tamiflu-
Roche) and zanamivir (Relenza-Glaxo)
regarding abnormal psychiatric behavior associ-
ated with the drugs. This issue came up last
year with a number of reports from Japan of
erratic behavior including jumping from build-
ings resulting in deaths in patients taking the
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drugs. Many of the cases involved children.
Japan has already taken the step of warning
prescribers not to use the drugs in those aged 10
to 19. The panel reports 700 cases of psychiatric
adverse events associated with both drugs, and
25 potential deaths in patients taking Tamiflu.
No fatalities have been reported with Relenza.
Both companies insist their drugs are safe and
suggest that it is difficult to know if symptoms
are caused by influenza or by medications. In
the meantime Roche has agreed to stronger
warnings for Tamiflu. Both medications reduce
the symptoms of influenza and reduce the dura-
tion by approximately one-and-a-half days.

The manufacturers of rosiglitazone (Avandia-
GlaxoSmithKline) have agreed to add new infor-
mation to the existing black box warning
regarding the potential increased risk of heart
attacks associated with drug. The FDA's press
release states that "People with type 2 diabetes
who have underlying heart disease or who are
at high risk of heart attack should talk with their
health-care provider about the revised warning
as they evaluate treatment options. FDA advises
health-care providers to closely monitor patients
who take Avandia for cardiovascular risks."
Rosiglitazone is approved for treatment of type
2 diabetes as single therapy or in combination
therapy with metformin, sulfonylureas or other
oral anti-diabetes treatments.  GSK has been
asked by the FDA to conduct a long-term study
to evaluate the potential cardiovascular risks of
rosiglitazone.

The FDA has issued an "Early Communication"
regarding varenicline (Chantix), Pfizer's prescrip-
tion medication to help adults stop smoking.
Pfizer has received reports describing suicidal
ideation and erratic behavior in some patients tak-
ing the drug which have been submitted to the
FDA. The Agency is soliciting any additional sim-
ilar cases from Pfizer and will complete analysis
when more data is available and then communi-
cate conclusions and recommendations.  In the
meantime the FDA recommends health-care
providers monitor patients taking Chantix for
behavior and mood changes. 

An expert panel of the FDA is also recom-
mending a new warning for the long acting beta
agonist salmeterol (Serevent-GlaxoSmithKline)
regarding use in children. Nine new adverse

event reports including five deaths in children
using the drug had been reported in the last
year as well as reports of increased hospitaliza-
tions and asthma-related deaths in children.
Before a final recommendation is made by the
FDA, review of other long-acting beta agonists
will also be included, including formoterol
(Foradil), Novartis' long-acting beta agonist and
GlaxoSmithKline's Advair which is a combina-
tion inhaler of salmeterol and fluticasone. There
is some evidence that steroid inhalers mitigate
the risk of asthma-related deaths in patients tak-
ing long-acting beta agonists.

An FDA panel is recommending stronger
warnings for use of modafinil (Provigil) in chil-
dren.  The drug is approved to treat certain sleep
disorders in adults, and is not approved for use
in children, but is occasionally used off label for
the treatment of attention deficit hyperactivity
disorder. The drug's labeling was recently
updated to warn of serious skin reactions and
psychological problems such as hallucinations
and suicidal ideation.

Bayer Pharmaceuticals is complying with the
FDA's request for a marketing suspension of
aprotinin (Trasylol). The drug, which is used to
control bleeding during heart surgery, is the sub-
ject of a large Canadian study, the preliminary
results of which have shown an increased risk of
death associate with the drug.

FFDDAA  AAccttiioonnss
The FDA has approved over-the-counter sales

of cetirizine 5 mg plus pseudoephedrine HCL 120
mg (Zyrtec-D) for adults and children aged 12
years and older. The product has been available
as a prescription drug since 2001 for the treat-
ment of upper respiratory allergies.

The FDA has approved several new generics
for marketing. Oxcarbazepine (Trileptal) will
soon be available as a generic in 150, 300, and
600 mg strengths the treatment of partial seizures
in adults and children. Hydrocodone/ibuprofen
(Vicoprofen) is also approved as a new generic.
The drug is approved for short-term treatment of
acute pain. Rivastigmine (Exelon) will be avail-
able in generic 1.5, 3, 4 .5, and 6 mg strengths for
the treatment of mild to moderate dementia of
the Alzheimer's type and mild to moderate
dementia assisted with Parkinson's disease.   ■
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