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Appropriate Cardiac Testing  
in an Inappropriate World,  

Part 2: Cardiac Tests
Part 1 of this two-part series focused on the theory of ordering tests and 

strategies to minimize unecssary testing. Part 2 looks at when and how to 
select each individual test given the patient's clinical scenario.

Introduction
In the process of working up a patient with a cardiac complaint, a clini-

cian has a seemingly endless number of testing options. The most appropri-
ate choice depends first and foremost on the patient’s complaint, the history 
of the present illness, past medical history, body habitus, functional capacity, 
and costs of the test. (See Figure 1.) It is also important to factor into the 
decision the associated risks of a test. 

As a clinician, the first thing to ask once the decision has been made to 
order a test is, “What is the question I am trying to answer?” Establishing 
the clinical question to be answered by the test will guide the physician 
to the ideal test. (See Table 1.) Most of the testing options outlined in this 
article focus on the evaluation of chest pain and ischemic heart disease. 

Cardiac Testing Options
There are more costs to a test than just financial strain on the medical sys-

tem; there is also a financial cost to the patient, as well as costs of time and 
radiation exposure. (See Table 2.)

The History and Physical Exam
History is still the first cardiac test. A complete history and physical exam 

are the foundation of an accurate assessment of a cardiac patient. The infor-
mation gathered from a meticulously executed history and physical exam 
helps guide a skillful clinician toward the judicious use of diagnostic tests. 

A patient’s perception of the quality of the care he or she receives also 
can be associated with the clinician’s performance of a history and physical 
exam.1 Eliciting a careful cardiovascular history requires direct commu-
nication with the patient; an abundance of information and insight into a 
condition can be gleaned from direct interaction.1 Time constraints, without 
doubt, have imposed limits on the clinician’s ability to obtain a careful his-
tory and physical exam. The authors believe a proper and focused history 
and physical examination of the cardiovascular patient can help determine 
disease severity and prognosis accurately. 

The classic article by Diamond and Forrester estimated the probability of 
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EXECUTIVE SUMMARY
This article addresses specifics of the cardiac testing options, 
considering their appropriate indications, choices of approach, 
risks, and costs.

 z Electrocardiography provides fast, crucial information on 
several life-threatening conditions, including arrythmias, 
electrolyte derangements and myocardial ischemia or 
infarction. It is among the most commonly performed 
diagnostic procedures in the United States, with sensitivity of 
detecting an ST-elevation MI low (30-70%) and the specificity 
in detecting STEMI a respectable 70-100%.

 z Coronary artery calcium scoring is a reliable, reproducible, 
and cost-effective means of measuring a patient’s 
atherosclerotic plaque burden and aids in predicting risk of 
major cardiovascular events. Recent data have demonstrated 
scoring is limited in that age, statin use, and increased exercise 

levels are all associated with increasing scores but not event 
rates.  A very low score, although portending an excellent 
prognosis, does not guarantee freedom from coronary artery 
disease.

 z Echocardiography is safe, easily obtainable, and can evaluate 
the effects of ischemic heart disease, ejection fraction, left 
ventricular size and filling pressures, and arguably may be the 
most prognostic test in cardiology.

 z A variety of exercise testing, including standard treadmill, 
exercise myocardial perfusing imaging, stress echo, 
dobutamine stress echocardiography, pharmacologic PET, and 
coronary computed tomographic angiography, are discussed 
with their respective pros and cons. 

coronary artery disease (CAD) based 
on gender, age, and type of symp-
toms.2 Using a 50-year-old man as an 
example, nonanginal chest pain had a 
disease prevalence of 21.5%; atypical 
chest pain, 58.9%; and typical angina, 
92.0%. Males were more likely to have 
CAD in all age groups, and prevalence 
increased with age in both genders.

The exam also is prognostic. Positive 
findings of murmurs, bruits, and 
diminished pulses all are important 
findings to diagnose cardiovascular 
disease. Blood pressure, heart rate, 
and fluid status are therapeutic targets 
to normalize with medical therapy. 
Abnormal findings on exam, espe-
cially those related to heart failure, 
are extremely prognostic. Killip and 
Kimball initially described their find-
ings in a post-infarct population in 
1967. The researchers showed that 
with more findings of heart failure 
(Killip class I, no heart failure find-
ings; Killip class II, S3 gallop or 
bibasilar rales; Killip class III, pulmo-
nary edema; or Killip class IV, shock), 
mortality increased in a stepwise 
fashion.3 

Patients with no signs of heart 
failure had a 6% mortality, although 
patients with pulmonary edema had 
a mortality of 38% and those with 
shock had a mortality of 81%. A 
follow-up study looked at all-cause 
mortality in four randomized clinical 
trials based on the original Killip clas-
sification and found that this pattern 
persisted in modern medicine.4 

Electrocardiogram
The practice of clinical electrocardi-

ography - and clinical correlation of 
the findings from this methodology - 
has evolved over more than a century.5 
Although there have been numerous 
advances in cardiac imaging in recent 
years, the electrocardiogram (ECG) 
still provides crucial information in 
just minutes regarding the electri-
cal properties of the heart in several 
life-threatening conditions, including 
bradyarrhythmias and tachyarrhyth-
mias, electrolyte derangements, and, 
most of all, myocardial ischemia or 
infarction.5 

Although electrocardiography is an 
age-old technology, it is still among 
the most commonly performed diag-
nostic tests in the United States.6 
The sensitivity of a 12-lead ECG in 
detecting an ST-elevation myocardial 
infarction (STEMI) is low, and ranges 
from 30-70%. However, the specificity 
of ECG in detecting STEMI is more 
respectable and approaches 70-100%.7 
According to the American Board 
of Internal Medicine and American 
Academy of Family Physicians, the 
average cost of an ECG is around 
$50.8 At the individual patient level, 
the cost of an ECG may seem a small 
price to pay to detect cardiac dis-
ease; however, this does not take into 
account the hundreds, or even thou-
sands, of dollars downstream from 
resulting testing and referrals. 

Limited attention has been paid to 
the appropriate clinical indications 

for an ECG, likely because of its ease 
of use, simplicity, and low cost.5 There 
is value in having a “baseline” ECG, 
mostly for comparison and to look for 
acute ischemic changes. It is almost 
impossible to argue against a routine, 
baseline ECG.

Risk Scoring: Combined 
Clinical, ECG, and 
Biomarker Assessment

After the history and physical 
exam, there are other ways to assess 
a patient's risk before ordering more 
advanced cardiac testing. The most 
common practice is to combine the 
clinical assessment with the ECG and 
biomarkers to stratify patients into 
different risk categories. This has been 
done most commonly in the emer-
gency department with point-of-care 
troponin assays. 

The ADAPT trialists looked to 
an accelerated two-hour diagnostic 
protocol to assess patients with acute 
chest pain. Using the Thrombolysis in 
Myocardial Infarction (TIMI) score, 
ECG, and two troponin values, the 
researchers identified 20% of their 
study population that was low risk 
and did not need admission or further 
testing. Of that group, only a single 
patient had a major adverse cardiac 
event (MACE), giving the protocol 
a negative predictive value (NPV) of 
99.7%.9 

A larger study again used clinical 
assessment with ECG and troponin 
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evaluation. This study of three com-
munity teaching hospitals involved 
more than 45,000 patients. Of those, 
11,230 had two normal troponin val-
ues. There were only 20 events for a 
MACE rate of 0.18%.10 If patients 
with abnormal vital signs or an abnor-
mal ECG were excluded, there were 
four events, for a MACE rate of 
0.06%. Of those four events, two were 
non-cardiac and possibly iatrogenic - 
again making the case for less is more.

One of the most common risk 
scores is the history, ECG, age, risk 
factors, and troponin (HEART) 
score. A recent meta-analysis of the 
HEART score demonstrated an 
NPV of 96%.11 Stopyra et al looked 
at not only MACE rates, but further 
healthcare utilization after using the 
HEART Pathway - an electronic 
health record clinical decision sup-
port tool - scoring compared to usual 
care.13 They found that MACE was 
not different at one year, but that 
downstream, cardiac testing was actu-
ally higher in the group that used 
the HEART Pathway.12 Initially, 
there was less testing in the HEART 
Pathway group, but by one year there 
was more testing overall in that group. 

The study by Stopyra et al was a 
small randomized controlled trial of 
282 patients.13 A much larger, cohort-
designed study of more than 8,400 
patients looked at MACE, admissions, 
and downstream testing for one year 
before implementing the HEART 
Pathway, and then for one year after 
its implementation. In this study, 
the researchers identified 30.7% of 
patients as low risk. MACE and death 
rates were unchanged in the two time 
periods. There was a 6% decrease in 
admission for chest pain; early dis-
charges increased from 37% to 43%; 
and stress testing and angiography 
decreased a small but significant rela-
tive 11%.14 

Before selecting a specific cardiac 
test, the final question to be asked is, 
“Does this patient even need a test?” 
A mentor of one of the authors used 
to ask, “Do you need to know, or is it 
neat to know?” The question had to 
be answered before the mentor would 
agree to a testing strategy. Physicians 
need to ask the patient if he or she 

needs to know. As discussed earlier, 
many patients do not need more 
reassurance than their doctor’s opin-
ion, which they trust. The National 
Academy of Medicine’s 2017 report 
stressed engaging the patient and 
family in shared decision-making.15 
Also, one of the three pillars of 
evidence-based medicine is “patient 
values and expectations.”16 Physicians 
cannot know these unless they talk 
and listen to their patients. Not only 
are many tests inappropriate, but 
so is the old paternalistic model of 
medicine. 

CT Calcium Scoring or 
CAC Scanning

Coronary artery calcium (CAC) 
scoring is a reliable, reproducible, 
cost-effective means of measuring 
a patient’s atherosclerotic plaque 

burden and aids in predicting an 
individual’s risk of a variety of major 
cardiovascular events.17 CAC scor-
ing, or the quantification of coronary 
artery calcium, is a non-contrast-
enhanced image acquisition technique 
obtained during a single breath-hold. 
The scan is obtained in about 10 
minutes, is gated by the ECG, and 
does not require the administration 
of a beta-blocker to lower the heart 
rate.18 Computed tomographic (CT) 
scanners for CAC scoring are readily 
available and expose a patient to about 
1 mSv of radiation without the need 
for contrast. 

Recent studies using coronary angi-
ography, intracoronary ultrasound, and 
histological studies have demonstrated 
that CAC quantification by scores 
correlates well with atherosclerotic 
plaque burden, but is not associated 

Figure 1. Testing Flow Sheet Explained: 
The Money Diagram64,65

CTA: computed tomography angiography; ECG: electrocardiogram; LVH: left ventricular 
hypertrophy; MPI: myocardial perfusion imaging; PET: positron emission tomography

1. Stress echo
2. Stress MPI
3. Coronary CTA

1. Pharmacological PET 
stress test
2. Pharmacological 
stress test with MPI

Unable to exercise

Exercise stress test

Able to exercise

Yes No

ECG normal (no left bundle 
branch block, LVH with ST-T 

wave changes, pre-excitation, 
not ventricular paced)

Atypical chest pain, possibly 
ischemic symptoms 
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with the luminal area of a vessel.19 
Initial studies showed that progression 
of CAC was associated with advance-
ment of CAD.20 However, more recent 
data have demonstrated that CAC 
scoring is limited in that age,21 statin 
use,22 and increased exercise level23 all 
are associated with increasing CAC 
scores, but not event rates. This limits 
the use of CAC to monitor disease 
progression or status serially. 

Several methods have been sug-
gested for implementing a CAC in 
guiding primary prevention strategies. 
Use of CAC scoring, in a modified 
approach combined with the ath-
erosclerotic cardiovascular disease 
(ASCVD) risk estimate, can reclassify 
a patient’s risk and potentially could 
influence a significant clinical deci-
sion, such as starting statin therapy.24

Although a very low CAC score, 
or even a score of zero, portends an 
excellent prognosis, it does not guar-
antee freedom from CAD. In an inter-
esting study, researchers examined 
only patients with a CAC of zero and 
found that 16% had reversible defects 
consistent with ischemia on PET 
scanning.25 This is most likely a result 
of the fact that many coronary lesions, 

especially the more vulnerable ones, 
are soft plaques and not calcified. 

Pros
• Low cost
• Low radiation dose
• Quick and easy

Cons
• For the same radiation dose, 

can obtain a CTA of the coro-
naries, which provides much 
more information

• Should not be used for moni-
toring (i.e., no serial studies)

Echocardiography
Echocardiography is the most com-

monly used cardiac imaging modality 
to assess the structure and function of 
the heart.26 The benefit of transtho-
racic echocardiography (TTE) is that 
it can be performed relatively quickly, 
can be transported and done at the 
bedside, and can be done with little 
to no risk to the patient. Although 
TTE is painless, it can lead to further 
testing downstream and should be 
ordered rarely in a patient with no 
symptoms or signs of cardiovascular 
disease.27 It is rarely appropriate to 

obtain a transthoracic echocardiogram 
as a part of “routine surveillance” 
of left ventricular function with no 
change in the clinical status of the 
patient and if the patient has had a 
TTE within the last year.27 

Although TTE is relatively safe 
and is easily obtainable, in most cases 
its use should be limited to patients 
with a change to their clinical status 
or cardiac exam. A TTE may lead to 
further unnecessary consultations and 
to more invasive procedures, which 
can increase the financial cost to the 
patient further and can expose him or 
her to a number of procedural-related 
complications.28 

Echocardiogram is arguably the 
most prognostic test in cardiology 
since it provides measurement of 
several variables that have been inde-
pendently and reproducibly shown 
to predict mortality. These include 
ejection fraction (EF), left ventricular 
size, right ventricular function, fill-
ing pressures (by the E/e’ estimate), 
Doppler patterns, and pulmonary 
artery pressures. 

Although it has many advantages, 
TTE can look only at the effects of 
ischemic heart disease, such as an old 
myocardial infarction. It cannot detect 
ischemia unless added to a stress test, 
which will be discussed later.

Pros
• No radiation
• Quick, easy
• Information on cardiac struc-

ture and function/physiology
• Hemodynamic assessment with 

Doppler has basically sup-
planted invasive hemodynamic 
studies in the catheterization 
laboratory

Cons
• Quality, and thus diagnostic 

accuracy, limited by body habi-
tus, which is becoming a greater 
issue with increase in obesity

Stress Testing
It is helpful to think of cardiac 

stress testing as a combination of 
two components: a stressing agent 
(i.e., treadmill, bicycle, or pharmaco-
logical) and an imaging agent (ECG, 

Table 1. Which Test to Choose 

Indication Best Test

Asymptomatic No testing

Noncardiac chest pain No testing

Atypical, possibly ischemic symptoms Exercise stress test

Rule out CAD, evaluation of ischemia not 
needed CTA

Low-risk patient, want higher specificity 
to avoid unnecessary further testing, 
including invasive angiography

Stress echocardiography

Higher-risk patient, low threshold to  
perform cardiac catheterization Any nuclear perfusion study

Want to avoid radiation exposure Stress echocardiography

CAD: coronary artery disease; CTA: computed tomography angiography
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echocardiography, or radionucleo-
tide tracer).29 Determining the ideal 
combination of stressing agent and 
imaging agent establishes the appro-
priateness of the test and is a large 
part of the art of medicine.

Exercise stress testing or exercise 
electrocardiography is an important 
diagnostic tool in the evaluation 
and management of patients with 
known or suspected CAD. Myocardial 
ischemia occurs when the supply of 
oxygenated blood to myocardial cells 
is inadequate to meet the delicate bal-
ance of supply and demand. 

Exercise electrocardiography capi-
talizes on this principle by stressing 
this relationship in a controlled 
environment, where the physiologi-
cal response of the patient is closely 
observed.30 Exercise stress testing is 
relatively safe and effective for detect-
ing significant CAD. According to 
the American College of Cardiology, 
exercise electrocardiography has a sen-
sitivity of 68% and specificity of 77% 
for detecting CAD.31 Exercise stress 
testing is appropriate in the initial 
evaluation of patients with suspected 
or known CAD who present with 
chest pain and who have an interme-
diate pre-test probability for CAD. 

Prior to ordering an exercise elec-
trocardiography test, a few questions 
must be asked. First, is the patient 
physically able to exercise and will the 
person's exercise capacity allow him 
or her to achieve the target of 85% of 
the maximum predicted heart rate? 
Second, does the patient’s baseline 
ECG have abnormalities that may 
interfere with the interpretation of 
an ECG stress test? These abnormali-
ties include ventricular pre-excitation, 
ventricular paced rhythms, left bundle 
branch block, digoxin use with ST-T 
wave changes, and significant left ven-
tricular hypertrophy with secondary 
ST-T wave changes. These baseline 
ECG findings typically preclude a 
patient from undergoing plain exercise 
electrocardiographic testing.

Exercise should be the preferred 
stress modality when it is obvious that 
the patient has the ability to exer-
cise - or even when it is uncertain. 
If the target heart rate or metabolic 
equivalent of task (MET) level is not 

achieved, then vasodilator stress MPI 
can be performed.32 Even if the target 
heart rate is not reached, important 
physiologic and symptomatic infor-
mation still can be gleaned: Did the 
patient develop chest pain? Does the 
person have a hypertensive response to 
exercise? Does the patient have chro-
notropic (heart rate) reserve?

Clinicians should note that most 
exercise stress tests in patients with-
out known coronary artery disease are 
performed best by holding cardioac-
tive medications on the day of the 
stress test (i.e., beta-blockers and cal-
cium channel blockers) to allow for a 
better detection of the ischemia.30 

Exercise stress testing evaluates a 
patient’s symptoms, exercise capacity, 
and ECG changes under physiological 
stress. The ability to produce symp-
toms is the most important diagnostic 

portion of the test. Exercise capacity is 
quantified by METs or exercise time. 
One MET is defined as the energy 
expended by sitting quietly, or body 
oxygen consumption of 3.5 mL/kg of 
body weight per minute for the aver-
age adult.33 

Exercise capacity alone is a powerful 
predictor of cardiovascular events.34 In 
one study of 6,213 men, some healthy 
and some with cardiovascular disease, 
the peak exercise capacity achieved 
was found to be a stronger predic-
tor of an increased risk of death than 
clinical variables or established risk 
factors like hypertension, smoking, 
and diabetes mellitus.33 

Patients in this group whose exer-
cise capacity was < 5 METs had nearly 
twice the risk of death from any cause 
as patients whose exercise capacity 
was > 8 METs.33

Table 2. The Costs of Cardiac Testing

Test Financial 
Cost

Time 
Cost

Radiation 
Cost

History and physical exam Priceless Priceless 0

ECG $50 Minutes 0

CT calcium scoring $99 Minutes 1 mSv

Echocardiography $500-1,000 30 minutes 0

Exercise stress test $175-200 30 minutes 0

Stress echocardiogram $1,500 30 minutes 0

Stress MPI $1,000-3,000 ~4 hours 9 mSv

Pharmacologic MPI $1,000-3,000 ~4 hours 9 mSv

Dobutamine echocardiogram $1,500 1 hour 0

PET $3,000 1 hour 1-5 mSv

CCTA, current generation scanners $400-900 30 minutes 1 mSv

Cardiac MRI $2,500 1 hour 0

Diagnostic cardiac catheterization $2,500 1 hour + 3 mSv +

ECG: electrocardiogram; CCTA: cardiac computed tomography angiography; CT: 
computed tomography; MPI: myocardial perfusion imaging; MRI: magnetic resonance 
imaging; mSv: millisievert; PET: positron emission tomography
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The researchers also suggested that 
for every 1 MET increase in tread-
mill performance, there was a 12% 
improvement in overall survival.33 
Because poor exercise capacity is a 
modifiable risk factor, studies also 
have suggested that exercise capacity  
improvements over time translate to 
improved overall prognosis. In another 
study of nearly 10,000 men, research-
ers observed a nearly 8% reduction 
in mortality for every one-minute 
increase in the time the subject spent 
on the treadmill.35 Several studies 
have suggested that patients at inter-
mediate risk for CAD or who have 
known CAD who achieve ≥ 10 METs 
on exercise stress ECG testing have a 
very low prevalence of cardiac mortal-
ity, nonfatal myocardial infarction, and 
late revascularization, regardless of 
the heart rate they achieve during the 
test.36 METs are also the most impor-
tant component of the commonly used 
Duke treadmill score.37

Pros
• Relatively cheap, easy
• No radiation
• Obtain functional assessment, 

assess effectiveness of medical 
therapy, evaluate chronotropic 
competence

Cons
• Only a 50% predictive value 

in women or patients with an 
abnormal baseline ECG

• Many patients now can barely 
exercise, rendering many tests 
non-diagnostic

Exercise Myocardial 
Perfusion Imaging

Before imaging technology allowed 
for the assessment of myocardial per-
fusion and function, symptom-limited 
exercise ECG stress testing was the 
lone noninvasive method of detect-
ing significant CAD.32 To increase 
the sensitivity and specificity of a 
treadmill stress test and to quantify 
or localize areas of ischemic myocar-
dium, clinicians now can add myocar-
dial perfusion imaging (MPI) to an 
exercise stress test. The added benefit 
of exercise MPI is that it provides 
an assessment of wall motion and 
ejection fraction as well. Numerous 

studies have demonstrated that the 
combination of MPI with symptom-
limited exercise enhances the diag-
nostic and prognostic value of exercise 
stress testing beyond the measure-
ments obtained from exercise stress 
ECG testing.32 In one study, the sen-
sitivity of MPI for detecting a coro-
nary artery stenosis ≥ 70% was 86% in 
male diabetic patients compared with 
88% in male nondiabetic patients. The 
sensitivity of MPI for detecting a cor-
onary artery stenosis ≥ 70% was 93% 
in female diabetic patients and 86% 
in nondiabetic patients,38 although 
the specificity of MPI for detecting 
significant coronary artery stenosis 
ranged from 55-64%.38

The major disadvantages of stress 
MPI using single photon emission 
computed tomography (SPECT) is 
the time required to obtain the rest-
ing and stress images (up to four 
hours to obtain both sets of pictures) 
and radiation exposure to the patient. 
The average radiation exposure to the 
patient ranges from 10 to 20 mSv39; 
for comparison, the average dose of 
radiation from diagnostic angiography 
is about 3-4 mSv. MPI also is prone 
to attenuation artifacts from either 
breast tissue or the diaphragm, which 
can lead to equivocal or false-positive 
findings. 

Pros
• Increases the sensitivity and 

specificity of exercise testing
• Adds EF and wall motion 

scoring

Cons
• Radiation exposure
• Total test time is about four 

hours
• About 40% of all scans will 

have soft tissue attenua-
tion, which will need to be 
considered

• Women have breast attenuation, 
and men have diaphragmatic 
attenuation

Pharmacologic MPI
For patients who are unable to 

achieve ≥ 85% of their maximum 
predicted heart rate for age or who 
have physical limitations precluding 
them from performing exercise stress 

testing, pharmacological stress test-
ing is a reasonable option. Adenosine, 
dipyridamole, and regadenoson are the 
most commonly used pharmacologic 
stress agents. These are excellent vaso-
dilator stressing agents because they 
produce coronary vasodilation and 
increase myocardial blood flow three 
to five times that of resting myocar-
dial blood flow.40 When a significant 
coronary artery stenosis is present and 
there is flow-limited obstruction, there 
is a relative difference in radiotracer 
uptake in the area supplied by the ste-
notic coronary artery, which appears 
as a perfusion defect when compared 
with the resting myocardium.41 The 
choice of a pharmacological stress 
agent depends on multiple factors; 
regadenoson is the primary vasodila-
tor agent used for pharmacological 
stress MPI because of its ease of use 
and better tolerability by patients.42 
Overall, the sensitivity and specific-
ity of pharmacological stress MPI for 
detecting significant obstructive CAD 
ranges from 80-90%.43

Dobutamine, which increases the 
heart rate and the contractility of the 
heart, also can be used as a stressing 
agent for MPI. This increase in heart 
rate and contractility, in turn, increases 
the myocardial oxygen demand to a 
level that is comparable to exercise.41 
Dobutamine is generally well-toler-
ated and safe as a stressing agent for 
MPI. The target for dobutamine MPI 
is the 85% age-predicted maximum 
heart rate. Once this target heart rate 
is achieved, the radionucleotide is 
injected over a 10-second period and 
allowed to circulate for 60 seconds or 
more.44 

Even though pharmacologic agents 
represent an excellent alternative to 
exercise stress testing, the inability to 
exercise is a poor prognostic sign. In 
a large series of patients, regardless of 
EF or perfusion results, the one-year 
mortality was four times higher in the 
pharmacologic group than in the exer-
cise group.45 This most likely reflects 
comorbid conditions that affect not 
only cardiovascular health, but overall 
health, such as COPD, amputations 
due to peripheral artery disease, or 
severe disability.
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Pros
• Increases the sensitivity and 

specificity of exercise testing
• Adds EF and wall motion 

scoring

Cons
• Radiation exposure
• Total test time is about four 

hours
• About 40% of all scans will 

have soft tissue attenuation, 
which will need to be con-
sidered; women have breast 
attenuation, and men have dia-
phragmatic attenuation

• With pharmacologic testing, 
there is minimal physiologic 
data gathered from the study

Exercise Stress 
Echocardiogram

Stress echocardiography is another 
well-validated method of evaluating 
for ischemic heart disease. Like other 
stress tests, it is used best in patients 
with an intermediate pretest prob-
ability for CAD. The advantages of 
echocardiography are that it is read-
ily available, generally inexpensive, 
and images are acquired without any 
radiation exposure to the patient. 
Additionally, stress echocardiography 
provides an assessment of wall motion, 
EF, and valvular and diastolic func-
tion. Images are acquired at rest and 
then immediately after peak stress. 
The hallmark of myocardial ischemia 
during stress echocardiography is 
the presence of reduced systolic wall 
thickening when myocardial oxygen 
demand exceeds myocardial blood 
supply.46 The advantage is that these 
changes to myocardial contraction 
are detectable on echocardiography 
prior to the patient experiencing 
chest pain or the appearance of ST-T 
wave changes on the ECG.46 Another 
advantage of stress echocardiography 
is the relatively short duration of the 
test; on average, most stress echocar-
diographic studies can be obtained 
and interpreted within one hour, 
potentially increasing the efficiency 
with which a clinician can decide 
patient disposition. 

Stress echocardiography also is 
an appropriate test in patients who 

have abnormalities in their ECG at 
baseline that preclude interpretation 
of exercise ECGs.26 Although the 
sensitivity of stress echocardiography 
is slightly less than that of stress MPI 
studies for detection of single-vessel 
disease, its overall specificity is higher 
on average.47 The sensitivity of stress 
echocardiography to detect significant 
CAD (> 50% coronary artery steno-
sis by angiography) averages 88%, 
although the sensitivity is around 
83%.26 Image quality during stress 
echocardiography is greatly affected 
by a patient’s body habitus; therefore, 
stress echocardiography may be dif-
ficult in obese individuals with poor 
acoustic windows and may need to be 
performed with contrast. The qual-
ity of the test also greatly depends on 
local expertise and the experience of 
the operator obtaining the images.48

Stress echocardiography also has 
excellent prognostic value, and a nor-
mal stress echocardiogram translates 
to a good prognosis.48 In one study 
of 1,325 patients who were followed 
after a normal stress echocardiography 
study, researchers found that one- and 
three-year cardiac event-free survival 
rates were 99% and 97%.49 This sug-
gests that a normal exercise echocar-
diography study confers a favorable 
prognosis. 

Pros
• Cheap, easy, no radiation
• Obtain functional assessment, 

assess effectiveness of medical 
therapy, evaluate chronotropic 
competence

• Can obtain rest and stress EF, 
look for contractile reserve, 
measure changes in pulmonary 
artery pressure, valve function, 
or filling pressures pre- and 
post-exercise, which can greatly 
aid in discovering if a cardiac 
cause is leading to symptoms

Cons
• Limited by body habitus, 

which is becoming a greater 
issue with increase in obesity; 
many patients now can barely 
exercise, rendering many tests 
non-diagnostic

Dobutamine Stress 
Echocardiography

When performing stress echocar-
diography in patients who are unable 
to exercise, pharmacological agents, 
including dobutamine and dipyridam-
ole, can be employed. Dobutamine 
is administered in a graded infusion 
to achieve the target heart rate. The 
advantage of pharmacological stress 
echocardiography is that echocardio-
graphic imaging can be obtained at 
the exact time of peak stress.78 The 
procedure itself is very safe, and the 
risks associated with dobutamine 
stress echocardiography are relatively 
low. For dobutamine stress echocar-
diography, the overall rate of life-
threatening events is one per 1,000 
tests, or 0.18%.50 This testing modality 
also is used frequently to assess low-
flow aortic stenosis and to evaluate for 
myocardial viability. 

Pros
No radiation. Obtain functional 

assessment, assess effectiveness of 
medical therapy, evaluate chronotropic 
competence. Can obtain rest and 
stress EF, look for contractile reserve, 
measure changes in pulmonary artery 
pressure, valve function, or filling 
pressures pre- and post-exercise, 
which can aid in discovering if a car-
diac cause is leading to symptoms.

Cons
More complicated because of the 

need to set up a dobutamine infusion. 
Cannot do test on patients who have 
had beta-blockers. Limited by body 
habitus, which is becoming a greater 
issue with increase in obesity. 

Pharmacologic PET
Positron emission tomography 

(PET) is a powerful imaging modal-
ity that is used to evaluate myocar-
dial perfusion noninvasively.51 PET 
stress tests have numerous advantages 
over SPECT stress imaging. PET 
stress tests provide higher-resolution 
images; expose the patient to less 
radiation than a SPECT scan; and 
require only 30 minutes to perform. 
The major disadvantage of PET MPI 
is the inability to perform the test 
with exercise as the stressing agent, 
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because of the short half-life of the 
radioisotopes used. The sensitivity of 
PET perfusion imaging for detect-
ing angiographic stenosis of ≥ 50% 
is 91% and specificity is 89%.52 The 
diagnostic accuracy of PET is also 
significantly higher than SPECT 
MPI in all populations, including 
obese patients, estimated to be 89% 
vs. 79%.53 Overall, the diagnostic 
accuracy of MPI with PET imaging 
is better than SPECT MPI. This can 
be attributed to PET’s superior tem-
poral resolution and ability to correct 
for attenuation artifact. Also, several 
studies in recent years have verified 
that a normal PET stress test has 
excellent prognostic value.54,55 Despite 
its increased cost, PET is emerging as 
an excellent option for MPI because 
of its high diagnostic accuracy, ability 
to correct for soft tissue attenuation 
artifact, and ability to provide prog-
nostic information. 

Pros
• Better resolution than SPECT
• Obtain EF and wall motion
• Better resolution, less radia-

tion, and shorter testing time 
than SPECT

Cons
• More expensive than SPECT
• Limited availability of 

PET scanners and isotope 
generators

• Majority of protocols cannot 
support exercise studies

Coronary Computed 
Tomographic 
Angiography

Coronary computed tomographic 
angiography (CCTA) is also known 
as multidetector CT (MDCT), mul-
tislice CT (MSCT), 3D CT, and dual 
source CT. CCTA provides a nonin-
vasive anatomical assessment of the 
coronaries, which allows clinicians to 
quantify CAD accurately.56 CCTA 
images are acquired quickly (in a 
single breath hold) and can provide 
information such as EF, wall motion, 
and images of the aorta to evaluate 
for dissection. For detecting signifi-
cant coronary artery plaques, CCTA 
has a reported sensitivity of 90%  

and a specificity of 95%.57

The major limitations of CCTA 
are radiation exposure, the need for 
contrast, and the necessity to achieve 
a slow, regular heart rate.57 Current 
generation CT scanners expose the 
patient to much lower radiation doses 
than previous scanners; 320 detec-
tor and dual source scanners typi-
cally deliver 1 mSv of radiation to 
the patient,58 which is the same dose 
as a CAC score. Slower heart rates 
improve image quality, and therefore 
beta-blockers may need to be used 
in patients with heart rates above 65 
beats per minute.59 

Many recent studies have verified 
the prognostic utility of CCTA. A 
study of 1,559 patients who under-
went CCTA found that a negative 
CCTA had a NPV of 99.3% in 
excluding major adverse cardiac 
events for 30 days after the initial 
presentation.60 Similarly, disease bur-
den obtained by CCTA has similar 
prognostic value as that of invasive 
catheterization.61 Furthermore, 
CCTA not only shows the lumen, 
but also shows the whole vessel and 
lesion composition. Low attenua-
tion plaque (soft plaque) is mostly 
lipid and more likely to rupture and 
lead to acute coronary syndromes.62 
This is in direct contrast to what 
CAC measures - hard, calcified 
plaque, which is much more stable. 
CCTA can predict by their appear-
ance high-risk lesions more likely to 
rupture. Lesions that exhibit positive 
remodeling (remember the Glagov 
phenomena mentioned in Part 1), 
disrupted plaque, ulcerations or intra-
plaque dye penetration,62 or the “nap-
kin ring” sign63 all are at high-risk 
of rupturing and causing ischemic 
symptoms.

Recently, the Prospective Multicenter 
Imaging Study for Evaluation of Chest 
Pain (PROMISE) trial examined the 
initial strategy of CCTA vs. func-
tional stress testing in stable diabetic 
patients with symptoms suggestive of 
CAD. The PROMISE trial found that 
in diabetic patients with stable chest 
pain, a CCTA strategy resulted in 
fewer adverse cardiovascular outcomes 
than an initial functional stress testing 
strategy.64

Pros
• Fast, easy, cheap, low radiation 

exposure
• Get a “free” aortogram in this 

study to evaluate for aortic dis-
section also

Cons
• Dye load, so renal dysfunction 

limits its application
• Unstable and high heart rates 

make gating more difficult and 
reduce the quality and diagnostic 
ability of the study

Summary
To choose the best and most appro-

priate test for the patient, keep these 
points in mind:

• Less is more.
• Do not order a test that you will 

not do anything with.
• Do not order preoperative tests 

that will only delay needed 
surgery.

• Do not order “routine” anything.
• Do not order high-tech tests on 

low-risk patients.
• Do not try to reassure the 

patient or yourself.
• Be honest about personal con-

flict of interest (COI).
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CME Questions
1. Which of the following statements 

regarding stress myocardial 
perfusion imaging (using SPECT) 
and cardiac catheterization is true?
a. Diagnostic cardiac catheterization 

exposes the patient to less 
radiation than stress myocardial 
perfusion imaging. 

b. Stress myocardial perfusion 
imaging exposes the patient to 
less radiation than diagnostic 
cardiac catheterization. 

c. Diagnostic cardiac catheterization 
and stress myocardial perfusion 
imaging expose the patient to 
the same amount of radiation.

d. Stress myocardial perfusion 
imaging and diagnostic cardiac 
catheterization expose the 
patient to no radiation. 

2. Which of the following statements 
best describes coronary artery 
calcium (CAC scoring)? 
a. It is best used to serially monitor 

disease progression. 
b. It can be used to assess 

effectiveness of statin therapy. 
c. A score of zero eliminates short-

term cardiovascular risk. 
d. It is a one-time risk assessment.

3. Which of the following tests is used 
to obtain information on cardiac 
structure and function and exposes 
the patient to no radiation? 
a. Diagnostic cardiac catheterization
b. Coronary computed tomography 

angiography (CCTA) 
c. Echocardiogram 
d. Stress myocardial perfusion 

imaging (MPI) 

4. Which of the following tests has 
a sensitivity of 90% and specificity 
of 95% for detecting significant 
coronary artery plaques and provides 
a noninvasive anatomical assessment 
of the coronaries but does not rule 
out ischemia? 
a. PET stress test 
b. Diagnostic cardiac catheterization
c. Coronary computed tomography 

angiography (CCTA) 
d. Echocardiogram 

5. Mr. P is a 65-year-old man with a 
past medical history of hypertension 
and no other previous cardiac 
history who presents to the office 
complaining of substernal chest pain 
when he runs and that improves 
when he rests. He runs three to five 
miles three times per week. His 
vital signs are 120/80 mmHG and 
resting heartrate is 65 beats per 
minute. His baseline ECG is normal 
sinus rhythm. He expresses concern 
about the chest pain being caused by 
cardiac ischemia and wants to avoid 
invasive testing if possible. Which 
of the following stress tests would 
be the best test to order for this 
patient?  
a. Pharmacologic myocardial 

perfusion imaging (MPI) 
b. Exercise myocardial perfusion 

imaging (MPI) 
c. Coronary computed tomography 

angiography (CCTA)
d. Diagnostic cardiac catheterization
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