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Appropriate Cardiac Testing  
in an Inappropriate World

This two-part series will look at the rationale and causes of inappropri-
ate testing and how to select the best, most appropriate cardiac test for 
each patient. The first part will focus on the theory of ordering tests and 
strategies to minimize unnecessary testing while the second part will focus 
on when and how to select each individual test given the patient's clinical 
scenario.

Introduction
The options and frequency of advanced cardiovascular testing have been 

increasing over time. The accompanying increases in healthcare costs and 
radiation exposure have not resulted in better patient outcomes. To try to 
control costs and improve patient care and safety, several programs have 
been implemented: clinical care guidelines, appropriate use criteria, and, 
most recently, campaigns such as Choosing Wisely and Less Is More. It is 
clear that many doctors are ordering cardiovascular testing in an inappro-
priate manner, but we are still in the infancy of developing systems to help 
curb this habit.

There has been significant technological development of medical imag-
ing that has clearly aided the physician’s ability to diagnosis and treat 
disease.1 Paralleling this growth has been the inevitable expansion of 
healthcare costs. The Medicare Payment Advisory Commission reported 
that imaging services have grown faster than all other medical services.2 
In fact, between 1996 and 2002, cardiac imaging studies grew at an annual 
9% rate.3 A study of medical care in Washington state demonstrated that 
cross-sectional imaging almost doubled from 1997 to 2006. Ultrasound 
increased by almost 40%, with a tripling of echocardiography orders. 
Computed tomography almost doubled, and magnetic resonance imag-
ing nearly tripled.4 This increase was associated with imaging costs more 
than doubling over the same time period. This explosion of medical imag-
ing has not been clearly shown to be correlated with improved patient 
outcomes.5 

Not only is there a cost in terms of dollar amount for the patient and 
the health system as a whole, but there also are other important costs to 
the patient: lost time, anxiety, and radiation exposure. Abnormal findings 
that were not the primary reason for imaging — so-called “incidentalo-
mas” — are very common and have led to more testing, more time off for 
the patient, and typically more radiation exposure.6 

Physicians typically practice ALARA (as low as reasonably achievable) 
when dealing with radioactive material or ionizing radiation, but until 
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EXECUTIVE SUMMARY
Primary care physicians are confronted with a dizzying array of 
cardiac testing options, many of which are expensive, potentially 
harmful, and of dubious clinical utility.

 z Imaging services have grown faster than all other medical 
services, including ultrasound, echocardiography, 
computerized tomography, and magnetic resonance. This 
explosion in medical imaging has not clearly been correlated 
with reduced patient outcomes.

 z The reasons physicians test so much are complex but include 
the desire to feel more confident and to reassure patients and 

families. Defensive medicine and the potentially perverse fee-
for-service system are other candidates.

 z Initiatives designed to reduce inappropriate testing include 
clinical care guidelines, the Less Is More series, the Choosing 
Wisely program, and the growth of appropriate use criteria. 
Technological strategies include point-of-care tools in 
electronic medical records and smartphones.

 z Two populations typically at risk for inappropriate testing 
include the asymptomatic/stable patient and the preoperative 
patient.

recently, little attention has been 
given to the patient’s overall radia-
tion history. Now, there is consider-
able interest in tracking a patient’s 
lifelong radiation exposure in the 
hope of not only reducing repeated 
exposure to ionizing radiation, but 
also lowering the risk of cancer.7 An 
important article in the Journal of the 
American Medical Association pointed 
out that there really is a “zero thresh-
old” radiation exposure level and that 
any and every exposure increases 
future cancer risk.8 For relative radia-
tion exposure levels for the various 
cardiovascular tests, see Table 1.

Scope of the Problem
Although some believe that these 

warnings are alarmist in nature, 
there are data to support the idea 
that physicians are overusing tests 
and testing a lower-risk population 
than in the past. The most egregious 
example is with cardiac catheteriza-
tion. Patel et al demonstrated that 
among first-time patients taken to 
the catheterization laboratory, only 
about one-third needed an interven-
tion.12 The remaining two-thirds had 
minimal to no disease. All of these 
patients were seen and examined 
by cardiologists. Even worse is the 
trend in myocardial perfusion imag-
ing (MPI). Rozanski et al tracked the 
number of abnormal scans performed 
from 1991 to 2009; they found that 
the percentage of abnormal scans 
went from 40.9% in 1991 to only 
8.7% in 2009.13 

As mentioned earlier, echocar-
diography utilization has increased. 
This test is quick, noninvasive, and 

carries no radiation exposure. Broad 
utilization of a test that has such 
prognostic information, such as ejec-
tion fraction and pulmonary artery 
pressure, should have an effect on 
patient care and survival, but it does 
not. In a large, randomized, 15-year-
long study, there was no difference 
in survival between the group that 
received echocardiograms and the 
control group that received conserva-
tive management.14 

Data indicate that testing and costs 
are up, testing occurs in a lower-risk 
population, and testing is resulting 
in no demonstrable effect on patient 
outcomes. This brings up the critical 
question: Why is this happening?

Why Do We Test Too 
Much?

There are many reasons why the 
medical community has reached this 
current state. Next, we will discuss 
and deconstruct them with the pub-
lished evidence.

One of the major reasons cited for 
ordering advanced testing is that it 
is “diagnostic.” Physicians often feel 
more confident after obtaining test-
ing. This has been examined in an 
interesting vignette study.15 Doctors 
were given two clinical cases — one 
easy, one difficult — and were asked 
what their confidence level was at 
each step of the process from his-
tory, physical, general labs and imag-
ing, and then finally after diagnostic 
testing. Each doctor’s accuracy was 
also assessed. At every point in the 
study, and with each case (easy and 
difficult), doctor confidence was 
much higher than accuracy. Most 

interestingly, accuracy dropped most 
after diagnostic testing in the easy 
case. Furthermore, diagnostic testing 
did not improve accuracy in the dif-
ficult case.

In another article, Kachalia et al 
surveyed a large group of hospital-
ists on how they would manage two 
common clinical conditions routinely 
seen in the hospital: syncope and pre-
operative risk assessment.16 In these 
two scenarios, the researchers looked 
at appropriate use of diagnostic test-
ing, such as carotid ultrasound, echo-
cardiography, and stress testing.16 In 
preoperative evaluation, they found 
that testing was appropriate in only 
42% of the surveyed hospitalists, 
which gave an overuse rate of 58%. In 
syncope, it was worse, with an appro-
priate use rate of only 17% and an 
overuse rate of 83%.16

The authors also asked why the 
hospitalists ordered the tests, with 
three main answers available to the 
hospitalist on the survey: based on 
scientific evidence or clinical guide-
lines, to reassure patient/family, or 
to reassure themselves. There was an 
option to answer “other” as well. In 
the preoperative evaluation group, the 
hospitalists who used testing appro-
priately overwhelmingly chose “sci-
entific evidence/clinical guidelines” as 
their rationale. 

In the overuse group, 28% inappro-
priately ordered testing to reassure 
the patient/family, and another 23% 
did so to reassure themselves. The 
results in the syncope group were 
similar, and also significant. 

Why do doctors need to reassure 
themselves? There are several reasons. 
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Medical knowledge has grown at 
an incredible rate. Even with high 
rejection rates, the sheer volume of 
new published information in high-
quality journals is difficult to keep 
up with. Physician confidence, while 
high, may not be as high as it was 
before. Dr. Milton Packer, an expert 
in congestive heart failure, summed 
up this conundrum in an excellent 
editorial about the use of B-type 
natriuretic peptide (BNP) in heart 
failure. He said, “Are physicians 
monitoring BNP because they really 
believe the assay provides unique and 
valuable information? Or do physi-
cians think that heart failure has 
become so difficult to manage that 
they no longer trust their own skills 
and clinical judgement?”17 People, 
including physicians, are uncomfort-
able with uncertainty. The idea of 
a “definitive” diagnostic test makes 
them feel better. Unfortunately, no 
test is 100% accurate, and we as phy-
sicians deal mostly with probabilities. 
This will be discussed in-depth later 
in the section about Bayes’ theorem. 

Defensive medicine is another rea-
son given for increased testing, and 
its impact is estimated at $46 billion 
a year.18 In a survey study of a large 
hospital system, researchers found 
that 28% of orders were driven by 
defensive medicine, which comprised 
13% of the total costs.19 The aver-
age cost per patient in this study was 
$1,695, with $226 being defensive. 
This is understandable since medical 
error is now the third leading cause 
of death in the United States20.  In 
addition, being sued is rated as one 
of the worst experiences in a doctor’s 
career. Of all lawsuits brought against 
doctors, only 3% of doctors were 
found guilty. The least-sued specialty 
is psychiatry, which arguably involves 
the least amount of testing, diagnos-
tic or otherwise, of all specialties.21 

Tort reform has been touted as a 
way to reduce unnecessary testing. 
There are many ways to achieve tort 
reform, but probably the most stud-
ied is damage limits. In a multivari-
ate modeling study of 28 states with 
damage caps, researchers estimated 

that limits potentially could save 
states 3-4% of their healthcare 
expenditures.22 A very well-done, 
recent cardiology study demonstrated 
reduced invasive testing in states that 
enacted damage limits. Farmer et al 
looked at the management of patients 
with ischemic symptoms among more 
than 70,000 cardiologists practic-
ing in 18 states.23 Nine states had 
newly enacted damage caps and the 
other nine states did not have caps. 
The authors looked for changes in 
test ordering practices; they found 
a significant drop in initial angiog-
raphy (23% reduction), less referral 
for angiography after stress testing 
(21% decrease), and a 23% reduc-
tion in revascularization.23 There was 
no difference in initial stress testing 
between the groups. 

As mentioned in the hospital-
ist survey study discussed earlier, 
another reason for over-testing is 
to reassure the patient or families.23 
That study showed a 28% inappro-
priate test utilization in the hope of 
making the patient or family happy. 
This is a concern, not only from a 
medical-legal standpoint, but also 
from a patient satisfaction approach. 
With the linkage of hospital and 
individual physician payments/
reimbursements to patient satisfac-
tion scores, the use of testing to 
reassure patients and families could 
become an even greater issue. But 
does increased testing actually have 
the desired effect on patients? A 
systematic review/meta-analysis 
demonstrated that additional testing 
was not significantly associated with 
reduced patient concern about their 
illness.24 The researchers found that 
additional testing was statistically 
associated with increased patient 
anxiety. Another strategy would be to 
talk with patients about the risks and 
benefits of testing.25

Another question is who should 
be responsible for trying to control 
costs. A large survey of more than 
2,000 physicians revealed some 
important attitudes.26 The majority 
of physicians surveyed believed that 
lawyers, insurance companies, hospi-
tals, pharmaceutical and device com-
panies, and patients have a “major 

Table 1. Comparative Radiation Doses9-11

Radiation Source mSv Chest X-ray Equivalents

TSA backscatter scanner 0.001 0.05

Dental X-ray 0.0025 0.25

Chest X-ray 0.02 1

Mammogram 0.2 10

Head CT 2 100

Annual background radiation 3 150

Abdominal CT 10 500

64-slice CTA 9-15 450-750

Sestamibi perfusion scan 9 450

Thallium perfusion scan 41 2,050

Invasive diagnostic catheter 3 150

Next-generation CTA 1 50

TSA: Transportation Security Administration; CT: computed tomography; CTA: computed 
tomography angiography
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responsibility” for reducing health-
care costs, but only 36% thought 
doctors had a similar responsibility.26 
The majority (51%) of surveyed phy-
sicians were “very enthusiastic” about 
“limiting access to expensive treat-
ments with little net benefit,” and 
the vast majority agreed that clinical 
guidelines should be followed (79%) 
and that doctors “need to take a more 
prominent role in limiting use of 
unnecessary tests” (89%), but only 7% 
were enthusiastic about “eliminating 
fee-for-service payment models.”26

This leads to the final reason for 
over-testing that needs to be dis-
cussed openly. It is the problem of 
the fee-for-service medical system 
in which doctors are paid more as 
they do more, which includes test-
ing. This is a conflict of interest 
(COI) and is why Stark Laws were 
passed years ago. It is important for 
non-cardiologists to know that after 
the passage of Stark Laws, a modi-
fication called the “in office exemp-
tion” was also passed. This allowed 
cardiologists to refer patients to 
imaging centers for stress testing and 
echocardiograms even if the cardi-
ologists received financial gain from 
them. The rationale was that it would 
improve patient care, since cardiolo-
gists would be able to administer and 
personally interpret the test results 
on their own patients. COI is not just 
an issue with cardiovascular testing 
or procedures, but it cuts across all 
specialties. The volume of testing and 
certain procedures directly correlate 
with rates of reimbursement across 
the country.27-29 Although this topic 
is important, it is beyond the scope 
of this review. For further reading, 
see the work of the Dartmouth Atlas 
Project (www.dartmouthatlas.org/).

Current Steps to Reduce 
Inappropriate Testing

There have been several initia-
tives to try and educate and thus 
reduce the amount of unnecessary 
testing. The most universal attempt 
has been the development of clinical 
care guidelines on how to manage 
specific clinical conditions. Various 
societies, from the American College 
of Cardiology (ACC), American 

Heart Association (AHA), European 
Society of Cardiology, American 
College of Chest Physicians, 
American College of Physicians, 
and almost all subspecialty societies, 
have individually, or jointly published 
guidelines. Fanaroff et al recently re-
reviewed the quality of all 26 current 
ACC/AHA guidelines.30 Of the total 
of 2,930 separate recommendations, 
only 248 (8.5%) were based on grade 
A level of evidence.30 Even with 
guidelines that had been updated, the 
quality of supporting evidence did 
not improve significantly. 

There are three other initiatives 
that bear further discussion: the Less 
Is More series, the Choosing Wisely 
program, and the growth of appropri-
ate use criteria. 

The JAMA Internal Medicine jour-
nal has introduced a section called 
“Less Is More.”31 The goal of this 
repeating series is to highlight bet-
ter care through more appropriate 
care, which often means less testing 
and fewer procedures and treatments. 
The initial case report of this series 
recounted a case of a nurse who had 
non-cardiac chest pain (reproducible 
chest wall pain with a normal ECG 
and normal cardiac enzymes) who 
underwent a CT coronary angio-
gram (CCTA) of the heart “just to 
be sure.”32 The CCTA was abnormal 
and then was followed by an invasive 
heart catheterization, during which 
the patient suffered a left main dis-
section that required emergency 
bypass surgery. The patient com-
pleted her infarct of the anterior-sep-
tal wall and became a symptomatic 
heart failure patient and eventually 
needed cardiac transplantation. The 
worst part of this case is that she did 
not need any tests to begin with and 

that she did not have any coronary 
artery disease. This was completely 
iatrogenic and completely avoidable. 

The American Board of Internal 
Medicine (ABIM), along with 
Consumer Reports and multiple medi-
cal societies, have joined together to 
form the Choosing Wisely initiative. 
Each society has compiled a list of 
typically overdone tests, procedures, 
and treatments by specialty. The 
groups are asking both doctors and 
patients to discuss the need to do 
them. It is hoped that this approach 
will foster more open discussion 
about options and form a stronger 
doctor-patient relationship, leverag-
ing concepts such as the therapeutic 
alliance and shared decision-making. 

Three questions they recommend 
discussing are as follows:

1. Will the results change what you 
will recommend for me to do?

2. What do you expect the test 
results to be? If the results are nor-
mal, why have the test?

3. What are the risks of the test 
itself and future tests/procedures it 
could lead to?

The major themes across the 
cardiovascular societies’ Choosing 
Wisely recommendations are:

1. Do not test asymptomatic 
patients.

2. Do not test patients 
preoperatively. 

3. Do not test low-risk patients.
For more information and rec-

ommendations from each specific 
specialty, please access the Choosing 
Wisely website (www.choosingwisely.
org/).

The major current impetus to 
provide education and reduce unnec-
essary testing is appropriate use 
criteria (AUC or AU). AUC are 

Table 2. Appropriate Use Scoring and Nomenclature

Median Score Initial Grading Current Grading

1-3 Inappropriate Rarely appropriate

4-6 Uncertain May be appropriate

7-9 Appropriate Appropriate
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different from clinical guidelines in 
that they start with the end in mind. 
Guidelines start with the clinical 
scenario, such as acute myocardial 
infarction or congestive heart failure, 
and explain what should be done and 
why. AUC start with a specific test 
and ask when it should it be done. 

AUC are developed by present-
ing a group of experts with a clinical 
scenario that typically is much more 
detailed than the indications usually 
used in guidelines.33,34 It is also clear 
that not all clinical scenarios can be 
addressed. Each expert votes on the 
appropriateness of using a specific 
test in each scenario and gives it a 
grade from 1-9, with 1 being com-
pletely inappropriate and 9 being 
completely appropriate. The initial 
AUC criteria were divided into three 
sections: appropriate, uncertain, and 
inappropriate. The updated AUC cri-
teria have changed to a new nomen-
clature, dividing up the grading into 
appropriate, may be appropriate, and 
rarely appropriate. (See Table 2.)

There have already been a signifi-
cant number of articles published on 
actual AUC rates35 and their change 
over time, as several AUC have been 
updated already. See Table 3 for a 
sample of appropriateness across 
multimodality cardiac testing.

Currently there are minimal data 
to show that AUC criteria work. 
One interesting article not only 
tested the impact of AUC, but 
also monitored that metric.36 The 
state of Washington started track-
ing AUC for percutaneous coronary 
interventions (PCI) from 2010.36 
Using retroactively obtained data 
from 2006 to 2010 as a baseline, the 
researchers found appropriateness 
increased from 2010 to 2013.36 The 
total number of PCIs decreased by 
6.8% in those three years, most likely 
driven by a 43% decrease in elective 
PCIs.36 Appropriateness increased 
from 26% to 38%, while inappropri-
ate PCI decreased from 16% to 13%. 
Although there was improvement in 
appropriateness, the overall level was 
still poor.

Why did this occur? There are 
probably two mechanisms in effect: 
the Hawthorne effect and the 
Dunning-Kruger effect.

The Hawthorne effect, first 
described in 1953, states that behav-
ior will change if the person knows 
he or she is being observed.37 In a 
recent meta-analysis, researchers 
found that this effect does occur, but 
that its magnitude of importance is 
difficult to determine.38

The Dunning-Kruger effect 

states that people generally believe 
that they are more competent than 
they truly are.39 This was already 
independently demonstrated in the 
diagnostic accuracy vignette study 
described earlier.15 In their initial 
studies, which tested grammar, logic, 
and humor, investigators showed that 
the people who are most competent 
typically underestimate their abili-
ties while the least competent typi-
cally overestimate their skill level. 
In fact, the lowest quartile group, 
which scored at the 12th percentile, 
rated themselves above average at the 
62nd percentile. There is also a “dual 
burden” in that those who were least 
competent not only performed poorly 
in the area tested, but they also did 
not have the self-awareness to realize 
this fact. Thus, they did not improve. 
A final, and very important, finding 
of the study was that once subjects 
were aware of their true competence 
level, they could improve.

Are there data to support that the 
Dunning-Kruger effect is true and 
that education about AUC could 
improve performance? There are. 
However, before we discuss those 
studies, a quote from Lewis Thomas, 
MD, sums up the attitude of most 
physicians toward the growth in 
medical knowledge: “There is within 

Table 3. Samples of Cardiac Test Appropriateness

Test N Appropriate Uncertain Inappropriate

Academic echo53 814 68% 18% 15%

Academic echo54 351 86% 2% 11%

Community echo53 319 71% 12% 17%

Community echo55 368 56% 35% (31% with important findings) 8% (20% with important findings)

CCTA56 243 49% 3% 48%

MPI45 403 66% 3% 29%

MPI57 284 64% 11% 14%

Stress echo57 298 64% 9% 18%

Stress echo58 477 71% 9% 20%

Cardiac cath59 8,986 35% 40% 25% (56% asymptomatic)
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medicine, somewhere beneath the 
pessimism and discouragement 
resulting from the disarray of the 
healthcare system and its stupendous 
cost, an undercurrent of almost out-
rageous optimism about what may 
lie ahead for the treatment of human 
disease if only we can keep learning.” 

The Mayo Clinic published the 
first study on AUC, and also the first 
study on AUC education.40 After 
developing an educational program 
about MPI AUC, the inappropriate 
rate dropped from 14.4% to 7.0%. 
Unfortunately, the inappropriate rate 
rose back to 11.7% just two years 
later, probably pointing to the need 
for repeated education or additional 
methods of physician support.

Researchers have conducted sev-
eral educational intervention stud-
ies on echocardiogram AUC. Dr. R. 
Sacha Bhatia has been a leader in 
this area. In their first study, Bhatia 
et al showed that an educational 
intervention not only decreased 
ordering volume from 56.5 echocar-
diograms to 38.3 per block,41 but also 
increased the degree of appropri-
ate studies from 84% to 93%. The 
degree of inappropriate studies also 
decreased from 13% to 5%. In their 
latest study, the Echo-WISELY trial, 
the researchers again demonstrated 
that an educational intervention 
reduced rarely appropriate studies 
(current nomenclature) from 10.1% 
in the control group to 8.8% in the 
intervention group.41 In this study, 
unlike in their previous work, the 
echocardiogram ordering volume 
did not change. This study not only 
included an educational component, 
but also used a mobile app, and gave 
a monthly feedback report to each 
physician in the study, leveraging 
both the Hawthorne and Dunning-
Kruger effects.

Another strategy is to embed 
a point-of-care decision support 
tool in the electronic health record 
(EHR) system. Lin et al demon-
strated that over an eight-month 
period, using a multimodality EHR 
tool increased the appropriate test 
rate in MPI, stress echocardiogram, 
and CCTA from 49% to 61% and 
decreased inappropriate testing from 

22% to 6%.42 The point-of-care deci-
sion support tool took an average of 
137 seconds to go through and deter-
mine the appropriateness level.42

Although computers are ubiqui-
tous in the hospital as a result of the 
growth of EHRs, another device is 
even more common and readily avail-
able — smartphones. It has been esti-
mated by Ozdalga et al that 72% of 
U.S. physicians use a smartphone.43 
Franko et al noted an even higher 
rate of 85% usage among resident 
physicians.44 The first published 
experience using a smartphone for 
AUC was reported by Mahajan et 
al. In evaluating appropriate use for 
MPI, they found that the app only 
took, on average, 44 seconds.45 This 
is significantly shorter than the 137 
seconds reported for the EMR-based 
decision support tool. While there 
are now multiple AUC smartphone 
apps, we recommend the multimodal-
ity AUC app, which is free.

How to Choose Wisely 

Introduction: Moving From 
Theory to Practice

We have discussed multiple reasons 
to limit testing, but we also need to 
discuss how to decide on an appro-
priate test when one is needed. One 
of the major reasons that a test is 
graded as inappropriate is not that 
a test was unwarranted, but that the 
specific test ordered was not the best 
option for that clinical scenario. This 
problem stems from the multitude of 
options available to doctors at even 
the most rural hospital. Each test 
has specific information that it can 
reveal, certain benefits, and certain 
pitfalls or disadvantages. Selecting 
the best test is confusing even for 
experienced cardiologists, which 
is one of the reasons AUC were 
developed.

Before delving into each cardiac 
testing option, there are still two 
theoretical concepts that need to 
be discussed. One is the concept of 
the “gold standard” and the other 
concerns probabilities, still best 
described by Bayes' theorem.

Most physicians, especially cardi-
ologists, were trained in an era when 

coronary angiography was considered 
the gold standard by which all other 
cardiac testing was judged. This led 
to a “great schism” in cardiology 
between those who thought anatomy 
was superior and those who thought 
physiology (function) was superior. 
This typically manifested itself as 
invasive vs. noninvasive cardiologists. 

The first data to show that angi-
ography (anatomy) was not the 
complete answer was the Glagov phe-
nomena.46 Dr. Glagov was a patholo-
gist who looked at perfusion-fixed 
coronary arteries postmortem. What 
he described is now well-accepted 
and known as positive and negative 
remodeling. Coronary arteries that 
had undergone positive remodeling 
(dilation) typically required more 
than 40% diameter stenosis before 
angiography could detect any steno-
sis. This demonstrated that coronary 
artery disease was much more diffuse 
in nature and highlighted the fact 
that even invasive angiography could 
underestimate the severity of disease. 

Myocardial perfusion imaging 
(MPI) was validated initially against 
the “gold standard” of invasive angi-
ography. Because of artifacts and soft 
tissue attenuation, many MPI scans 
turned out to be false-positives after 
angiography demonstrated no sig-
nificant blockages. There has been a 
resurgence of interest in functional 
assessment that paradoxically has 
been driven by invasive cardiolo-
gists. Fractional flow reserve (FFR) 
is a flow-mediated technique that is 
performed in the cardiac catheteriza-
tion lab and can objectively measure 
the ability of an artery to increase 
flow. Arteries, or lesions, that cannot 
increase flow are deemed significant, 
and those patients do better with 
intervention.47 Conversely, arteries 
that can augment flow are deemed 
not significant and no intervention 
is needed. Withholding interven-
tion has also been shown to improve 
patient outcomes (less is more). The 
important fact for this discussion is 
that FFR was developed and vali-
dated against MPI. Angiography was 
considered superior to MPI, but now 
FFR is considered superior to simple 
angiographic grading of lesions but 
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is based on MPI leading to a circular 
pattern of validation. There is no gold 
standard in cardiac testing at this 
point. 

Not only is there no gold standard, 
there are no guarantees. Significant 
cardiac lesions are those that are 
more than 70% of the diameter of 
a coronary artery on angiography 
or lesser lesions associated with 
abnormal FFR ratios or reversible 
MPI defects. What about normal 
cardiac testing followed by an acute 
myocardial infarction (AMI)? This 
may be due to a false negative test, 
but this also could happen due to 
acute plaque rupture. Acute coronary 
syndrome (ACS) is pathophysiologi-
cally distinct from stable coronary 
artery disease/stable angina. Stable 
angina occurs with the slowly pro-
gressive growth of a coronary lesion 
until it becomes significant enough 
to impede forward blood flow. ACS 
is due to plaque disruption/rup-
ture, platelet aggregation, and rapid 

increase in stenosis severity, leading 
to acute symptoms. This was high-
lighted in several studies demonstrat-
ing that the infarct-related artery 
often was not the most diseased ves-
sel on previous angiography.48 In fact, 
about 68% of lesions accounting for 
ACS were less than 50% blocked on 
the previous angiogram. Most likely, 
these lesions all would have been 
associated with normal perfusion in 
that territory.

Bayes’ theorem was described by 
the Reverend Thomas Bayes in the 
1700s. Many papers explain Bayes’ 
theorem specifically, but several 
describe it in relation to cardiac test-
ing. Simply put, the likelihood of a 
test being correct (post-test probabil-
ity) depends on the prior probability 
(pre-test probability). Since no test 
is 100% accurate, concepts such as 
sensitivity and specificity are used 
to describe how well a test works. 
These two measures are inherent 
to the test itself and correlate well 

with its accuracy in ruling in or out 
disease, but this is not how doctors 
think of testing clinically. Physicians 
think in terms of positive predictive 
value (PPV) or negative predictive 
value (NPV) or likelihood ratios. An 
excellent reference is the American 
College of Physicians Journal Club 
glossary page, which explains all the 
definitions and gives examples of 
how to calculate them.49 Another 
excellent, and short, tutorial can be 
found at this reference.50 

In Figure 1, the classic board exam 
example of the highly sensitive and 
specific HIV test is used to dem-
onstrate the low yield of diagnostic 
tests in low-prevalence populations. 
In this example, a positive HIV test 
has only a 51% PPV despite 95% 
sensitivity and 90% specificity for 
detecting HIV. Similar levels of test 
performance hold true for testing 
low-risk populations with advanced 
cardiac testing. How accurate a test 
is depends not only on the test itself, 
but on the population being tested. 

Why Order a Test?
There are many indications to 

order a cardiac test. Table 4 lists some 
potential reasons for and best options 
to order. Because of the numerous 
and complicated options in cardiac 
testing, the rest of this article will 
focus on the evaluation of chest pain 
and ischemic heart disease.

Two specific groups of patients 
bear further discussion, and they 
typically are the most inappropriately 
tested groups. The first is the asymp-
tomatic or stable patient and the sec-
ond is the preoperative patient.

Asymptomatic or stable patients 
do not need routine or serial stud-
ies. Since they have no symptoms, 
most medical therapies or procedures 
would not make them feel better 
and would offer mostly risk and 
little benefit. This is a major focus 
area of the Choosing Wisely recom-
mendations. This applies not only to 
patients with no known heart disease, 
but also to those with known heart 
disease. The past practice of routine, 
serial testing of patients with known 
coronary artery disease or mild val-
vular disease is discouraged now. 

Figure 1. Bayes’  Theorem

• Sensitivity — Screen for disease.
• Specificity — Rule in for disease.
• Both Sensitivity/Specificity are inherent to the test itself. 

• Positive predictive value (PPV) — % results that are a true positive.
• Negative predictive value (NPV) — % results that are a true negative.
• PPV/NPV depends on the population being tested.

• The HIV ELISA test is 95% sensitive and 90% specific, but how does it perform 
in low-risk populations? Example below is a population with a 10% disease 
prevalence.

How to calculate each value
• Sens = tp/(tp+fn) = 95%
• Spec = tn/(fp+tn) = 90%
• PPV = tp/(all positives) = 51%
• NPV = tn/(all negatives) = 99%

Even a test with 95% sensitivity and 90% specificity has only a PPV of 51%. 
Excellent if the test is negative, but not helpful if positive.

Disease present Disease absent
Test + 95 (tp) 90 (fp)

Test - 5 (fn) 810 (tn)

Totals 100 900
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Testing should be ordered on these 
patients only if symptoms occur or 
if there are changes in the physical 
exam. 

A more complicated situation 
is the preoperative patient. Many 
believe stress testing can help assess 
risk in the preoperative patient. The 
majority of the risk assessment is 
done by the history. If the patient 
is asymptomatic and can do more 
than 4 metabolic equivalent of task 
(METs) of work (climb one flight 
of stairs, walk fast on level ground, 
climb a hill, do heavy house work), 
then he or she is low risk. The cur-
rent AHA/ACC preoperative guide-
lines state that stress testing low-risk 
patients is a class III indication, 
meaning that it is of no benefit.51

The test itself involves a small 
but finite risk, as described in the 
initial Less Is More case report 
cited earlier. Delaying surgery also 
involves risk. If the patient has an 
abnormal stress test and then under-
goes a heart catheterization that 
demonstrates a significant stenosis, 
a stent may be placed to treat that 
lesion. Many would view this as a 

good outcome, but it is not. If the 
patient was asymptomatic, then he 
or she still would not be made to 
feel better. Depending on the surgi-
cal procedure, the operation now 
may be delayed for 3-12 months 
until the patient can safely stop dual 
antiplatelet therapy with agents such 
as clopidogrel, which could be espe-
cially disastrous if it allows cancer to 
spread. 

Finally, preoperative revasculariza-
tion with stents and bypass surgery 
has not been shown to affect periop-
erative complication risk. The CARP 
trial demonstrated this well in vas-
cular surgery patients.52 In this study, 
patients were randomized to medical 
therapy or preoperative revascu-
larization for vascular surgery. All 
patients in the study had significant 
CAD. Revascularization only delayed 
surgery. At the end, there was no dif-
ference in cardiovascular outcomes 
between the groups. 

Summary 
With the development of more 

cardiovascular tests, clinicians are 
constantly faced with more and more 

options to choose from. As a result, 
there has been enormous growth 
in the number of tests that are 
ordered in an inappropriate manner. 
Recently, there have been a number 
of attempts to provide education 
and reduce the amount of unneces-
sary testing, including the Choosing 
Wisely initiative. When considering 
whether to order a cardiovascular 
test, clinicians should ask themselves 
three straightforward questions. 
First, will the results of the study 
change the management? Second, if 
the test is positive, what is the next 
step/test? Third, what are the risks 
of the test I am ordering and future 
tests/procedures that it could lead 
to?

References
1. Iglehart JK. The new era of medical imag-

ing — progress and pitfalls. N Engl J Med 
2006;354:2822-2828. 

2. The Medicare Payment Advisory 
Commission. Report to the Congress, 
2005. Available at: https://www.audiol-
ogy.org/sites/default/files/advocacy_files/
PFP_crossroads.pdf. Published 2005. 
Accessed June 1, 2019.

Table 4. Common Indications for Cardiac Testing

Indication Best Test Options Notes

Asymptomatic None Testing not indicated and inappropriate

Non-cardiac chest pain None Testing not indicated and inappropriate

Atypical chest pain Exercise stress test Try to reproduce symptoms

Detect ischemia
Exercise stress test
Second option pharmacologic 
testing

Should be off blood pressure medications that could 
mask ischemia

Detect coronary artery disease CTA Best used in low-risk patients to rule out significant 
coronary artery disease and reduce further testing

Therapeutic efficacy Exercise stress test Patient should take all medications morning of test

Fatigue, dyspnea Exercise stress test
Echo

Check for both ischemia and chronotropic 
incompetence, which could be treated with a 
permanent pacemaker
Echo to check for EF, diastolic function, PA pressures

Preoperative risk assessment None Testing not indicated and inappropriate

CTA: computed tomography angiography

http://ReliasMedia.com
https://www.audiology.org/sites/default/files/advocacy_files/PFP_crossroads.pdf
https://www.audiology.org/sites/default/files/advocacy_files/PFP_crossroads.pdf
https://www.audiology.org/sites/default/files/advocacy_files/PFP_crossroads.pdf


ReliasMedia.com Primary Care Reports / September 2019     105

3. The Medicare Payment Advisory 
Commission. Report to the Congress: 
Variation and innovation in Medicare, 
2003. Available at: http://67.59.137.244/
documents/June03_Entire_Report.pdf. 
Published 2003. Accessed June 1, 2019.

4. Smith-Bindman R, Miglioretta DL, 
Larson EB. Rising use of diagnostic 
medical imaging in a large integrated 
health system. Health Aff (Millwood) 
2008;27:1491-1502. 

5. Hendel RC. Utilization management of 
cardiovascular imaging pre-certification 
and appropriateness. JACC Cardiovasc 
Imaging 2008;1:241-248. 

6. O’Sullivan JW, Muntinga T, Grigg S, et 
al. Prevalence and outcomes of incidental 
imaging findings: Umbrella review. BMJ 
2018;361:k2387. 

7. Rehani MM. Patient radiation exposure 
and dose tracking: A perspective. J Med 
Imaging 2017;4:031206.

8. Einstein A, Henzlova M, Rajagopalan S. 
Estimating risk of cancer associated with 
radiation exposure from 64-slice com-
puted tomography coronary angiography. 
JAMA 2007;298:318-323. 

9. Brenner DJ, Hall EJ, Phil D. Computed 
tomography — an increasing source 
of radiation exposure. N Engl J Med 
2007;357:227-284. 

10. Gerber TC, Carr JJ, Arai AE, et al. 
Ionizing radiation in cardiac imaging. 
Circulation 2009;119:1056-1065.

11. Einstein AJ. Effects of radiation exposure 
from cardiac imaging. How good are the 
data? J Am Coll Cardiol 2012;59:553-565. 

12. Patel MR, Peterson ED, Dai D, et al. 
Low diagnostic yield of elective coronary 
angiography. N Engl J Med 2010;362:886-
895. 

13. Roznaski A, Gransar H, Hayes SW, et 
al. Temporal trends in the frequency of 
inducible myocardial ischemia during 

cardiac stress testing: 1991 to 2009. J Am 
Coll Cardiol 2013;12:1054-1065. 

14. Lindekleiv H, Lochen M, Mathiesen EB, 
et al. Echocardiographic screening of the 
general population and long-term sur-
vival: A randomized clinical study. JAMA 
Intern Med 2013;173:1592-1598. 

15. Meyer AN, Payne VL, Meeks DW, et 
al. Physicians’ diagnostic accuracy, confi-
dence, and resource requests: A vignette 
study. JAMA Intern Med 2013;173: 
1952-1958. 

16. Kachalia A, Berg A, Fagerlin A, et al. 
Overuse of testing in preoperative evalua-
tion and syncope: A survey of hospitalists. 
Ann Intern Med 2015;162:100-108. 

17. Packer M. Should b-type natriuretic 
peptide be measured routinely to guide 
the diagnosis and management of chronic 
heart failure? Circulation 2003;108: 
2950-2953. 

18. Mello MM, Chandra A, Gawande AA, et 
al. National costs of the medical liability 
system. Health Aff 2010;29:1569-1577. 

19. Rothberg MB, Class J, Bishop TF, et al. 
The cost of defensive medicine on 3 hos-
pital medicine services. JAMA Intern Med 
2014;174:1867-1868. 

20. Makary MA, Daniel M. Medical error 
— the third leading cause of death in the 
U.S. BMJ 2016;353:i2139. 

21. Peckham C. Malpractice and medicine: 
Who gets sued and why? Medscape. 
Available at: https://www.medscape.com/
viewarticle/855229. Published December 
2015. Accessed June 1, 2019.

22. Hellinger FJ, Encinosa WE. The impact 
of state laws limiting malpractice damage 
awards on health care expenditures. Am J 
Public Health 2006;96:1375-1381.

23. Farmer S, Moghtaderi A, Schilsky S, et 
al. Association of medical liability reform 
with clinician approach to coronary artery 
disease management. JAMA Cardiol 
2018;3:609-618. 

24. Rolfe A, Burton C. Reassurance after 
diagnostic testing with a low pretest 
probability of serious disease: Systematic 
review and meta-analysis. JAMA Intern 
Med 2013;173:407-416. 

25. Redberg R, Katz M, Grady D, et al. 
Diagnostic tests: Another frontier for less 
is more: Or why talking to your patient is 
a safe and effective method of reassurance. 
JAMA Intern Med 2011;171:619. 

26. Tilburt JC, Wynia MK, Sheeler RD, et al. 
Views of U.S. physicians about controlling 
health care costs. JAMA 2013;310: 
380-388. 

27. Hoxha I, Syrogiannouli L, Luta X, et al. 
Caesarean sections and for-profit status 
of hospitals: Systematic review and meta-
analysis. BMJ Open 2017;17:e013670. 

28. Colla CH, Morden NE, Skinner JS, et 
al. Impact of payment reform on chemo-
therapy at the end of life. J Oncol Pract 
2012;8:e6s-e13s.

29. Goodney PP, Travis LL, Brooke BS, et 
al. Relationship between regional spend-
ing on vascular care and amputation rate. 
JAMA Surg 2014;149:34-42.

30. Fanaroff AC, Califf RM, Windecker 
S, et al. Levels of evidence support-
ing American College of Cardiology/
American Heart Association and 
European Society of Cardiology guide-
lines, 2008-2018. JAMA 2019;321: 
1069-1080. 

31. Redberg RF. Less is more. Arch Intern 
Med 2010;170:584. 

32. Becker M, Galla J, Nissen S. Left main 
trunk coronary artery dissection as a con-
sequence of inaccurate coronary computed 
tomographic angiography. Arch Intern 
Med 2011;171:698-701. 

33. Patel MR, Spertus JA, Brindis RG, et 
al. ACCF proposed method for evaluat-
ing the appropriateness of cardiovascular 
imaging. J Am Coll Cardiol 2005;46: 
1606-1613.

http://ReliasMedia.com
http://67.59.137.244/documents/June03_Entire_Report.pdf
http://67.59.137.244/documents/June03_Entire_Report.pdf
https://www.medscape.com/viewarticle/855229
https://www.medscape.com/viewarticle/855229


106     Primary Care Reports / September 2019  ReliasMedia.com

34. Carr JJ, Hendel RC, White RD, et al. 
2013 appropriate utilization of cardio-
vascular imaging: A methodology for 
the development of joint criteria for the 
appropriate utilization of cardiovascular 
imaging by the American College of 
Cardiology Foundation and American 
College of Radiology. J Am Coll Cardiol 
2013;61:2199-2206. 

35. Fonseca R, Negishi K, Otahal P, et al. 
Temporal changes in appropriateness 
of cardiac imaging. J Am Coll Cardiol 
2015;65:763-773. 

36. Bradley S, Bohn C, Malenka D, et al. 
Temporal trends in percutaneous coronary 
intervention appropriateness. Circulation 
2015;132:20-26.

37. French JRP. Experiments in Field 
Settings. In: Festinger L, Katz D, eds. 
Research Methods in the Behavioral Sciences. 
New York: Holt, Rinehart & Winston; 
1953.

38. McCambridge J, Witton J, Elbourne 
DR. Systematic review of the Hawthorne 
effect: New concepts are needed to study 
research participation effects. J Clin 
Epidemiol 2014;67:267-277. 

39.  Kruger J, Dunning D. Unskilled and 
unaware of it: How difficulties in recog-
nizing one’s own incompetence lead to 
inflated self-assessments. J Pers Soc Psychol 
1999;77:1121-1134.

40. Gibbons R, Askew J, Hodge D, et al. 
Temporal trends in compliance with 
appropriateness criteria for stress single-
photon emission computed tomography 
sestamibi studies in an academic medical 
center. Am Heart J 2010;159:484-489.

41. Bhatia RS, Ivers NM, Yin XC, et 
al. Improving the appropriate use of 
transthoracic echocardiography: The 
Echo WISELY trial. J Am Coll Cardiol 
2017;70:1135-1144. 

42. Lin FY, Dunning AM, Narula J, et al. 
Impact of an automated multimodality 
point-of-order decision support tool on 
rates of appropriate testing and clinical 

decision making for individuals with sus-
pected coronary artery disease: A prospec-
tive multicenter study. J Am Coll Cardiol 
2013;62:308-316.

43. Ozdalga E, Ozdalga A, Ahuja N. The 
smartphone in medicine: A review of 
current and potential use among physi-
cians and students. J Med Internet Res 
2012;14:e128.

44. Franko O, Tirrel TF. Smartphone 
app use among medical providers in 
ACGME training programs. J Med Syst 
2012;36:3135-3139. 

45. Mahajan A, Bal S, Hahn H. Myocardial 
perfusion imaging determination using an 
appropriate use smartphone application. J 
Nucl Cardiol 2015;22:66-71.

46. Glagov S, Weisenberg E, Zarins CK, et 
al. Compensatory enlargement of human 
atherosclerotic coronary arteries. N Engl J 
Med 1987;316:1371-1375. 

47. Tonino P, Bruyne B, Pikls N, et al. 
Fractional flow reserve versus angiography 
for guiding percutaneous coronary inter-
vention. N Engl J Med 2009;360:213-224.

48. Falk E, Shah PK, Fuster V. Coronary 
plaque disruption. Circulation 
1995;92:657-671.

49. ACP Journal Club. Glossary. Available 
at: https://annals.org/aim/pages/Glossary. 
Published 2019. Accessed June 1, 2019.

50. Owen A. Bayes theorem and diagnos-
tic tests with application to patients 
with suspected angina. International 
Cardiovascular Forum Journal 2013;1: 
96-100.

51. Fleisher LA, Fleischmann KE, Auerbach 
AD, et al. 2014 ACC/AHA Guideline on 
Perioperative Cardiovascular Evaluation 
and Management of Patients Undergoing 
Noncardiac Surgery. A Report of the 
American College of Cardiology/
American Heart Association Task Force 
on Practice Guidelines 2014;64:e77-e137.

52. McFalls E, Ward H, Moritz T, et al. 
Coronary-artery revascularization before 
elective major vascular surgery. N Engl J 
Med 2004;351:2795-2804.

53.  Ward RP, Krauss D, Mansour IN, et al. 
Comparison of the clinical application 
of the American College of Cardiology 
Foundation/American Society of 
Echocardiography appropriateness criteria 
for outpatient transthoracic echocar-
diography in academic and community 
practice settings. J Am Soc Echocardiogr 
2009;22:1375-1381.

54.  Martin NM, Picard MH. Use and 
appropriateness of transthoracic echocar-
diography in an academic medical center: 
A pilot observational study.  J Am Soc 
Echocardiogr 2009;22:48-52.

55.  Kirkpatrick JN, Ky B, Rahmouni HW, et 
al. Application of appropriateness criteria 
in outpatient transthoracic echocardiogra-
phy. J Am Soc Echocardiogr 2009;22:53-59.

56.  Mazimba S, Grant N, Parikh A, et 
al. Comparison of the 2006 and 2010 
cardiac CT appropriateness criteria in 
a real-world setting. J Am Coll Radiol 
2012;9:630-634.

57.  Gibbons RJ, Miller TD, Hodge D, et al. 
Application of appropriateness criteria to 
stress single-photon emission computed 
tomography sestamibi studies and stress 
echocardiograms in an academic medical 
center. J Am Coll Cardiol 2008;51: 
1283-1289.

58. Mansour IN, Lang RM, Aburuwaida 
WM, et al. Evaluation of the clini-
cal application of the ACCF/ASE 
appropriateness criteria for stress echo-
cardiography. J Am Soc Echocardiogr 
2010;23:1199-1204.

59.  Hannan EL, Samadashvili Z, Cozzens K, 
et al. Appropriateness of diagnostic cath-
eterization for suspected coronary artery 
disease in New York State. Circ Cardiovasc 
Interv 2014;7:19-27.

Assess Reduce
Healthcare RISK 

Episode 12: Provider Burnout When Treating Opioid Use Disorder

www.reliasmedia.com/podcasts

Listen to our free podcast! 

Manage 

http://ReliasMedia.com
https://annals.org/aim/pages/Glossary


ReliasMedia.com Primary Care Reports / September 2019     107

CME INSTRUCTIONS
To earn credit for this activity, please follow these instructions:

1. Read and study the activity, using the provided references for further research.

2. Log onto ReliasMedia.com and click on My Account. First-time users must regis-
ter on the site. Tests are taken after each issue.

3. Pass the online test with a score of 100%; you will be allowed to answer the ques-
tions as many times as needed to achieve a score of 100%. 

4. After successfully completing the test, your browser will be automatically directed 
to the activity evaluation form, which you will submit online. 

5. Once the completed evaluation is received, a credit letter will be emailed to you.

Access Your Issues  
Online

Visit ReliasMedia.com and 
go to My Account to log in.

• View current healthcare news
• Access online issues and PDF
• Search article archives

PRIMARY CARE 
REPORTS 

CME Objectives
Upon completion of this 
educational activity, participants 
should be able to:

• Summarize recent, 
significant studies related 
to the practice of primary 
care medicine;

• Evaluate the credibility 
of published data and 
recommendations related 
to primary care medicine;

• Discuss the advantages 
and disadvantages of 
new diagnostic and 
therapeutic procedures in 
the primary care setting.

Is there an article or issue you’d like 
posted to your website? Interested in 
a custom reprint?

There are numerous opportunities 
to leverage editorial recognition to 
benefit your brand.

Call us at (800) 688-2421 or email  
reprints@reliasmedia.com to learn 
more.

Discounts are available for group 
subscriptions, multiple copies,  
site licenses, or electronic  
distribution. For pricing information, 
please contact our Group Account 
Managers at:

Phone: (866) 213-0844
Email: groups@reliasmedia.com 

To reproduce any part of Relias 
Media newsletters for educational 
purposes, please contact The 
Copyright Clearance Center for 
permission:

Email: info@copyright.com
Website: www.copyright.com
Phone: (978) 750-8400

CME Questions
1. Which of the following statements 

regarding radiation exposure and 
chest X-ray equivalents is true?
a. A thallium perfusion scan 

exposes the patient to about 
1 mSv or 50 chest X-ray 
equivalents. 

b. An invasive diagnostic cardiac 
catheterization exposes the 
patient to about 3 mSv or 150 
chest X-ray equivalents.

c. An abdominal CT scan exposes 
the patient to about 41 mSv or 
2,050 chest X-ray equivalents. 

d. Annual background radiation 
exposure is about 1 mSv or 50 
chest X-ray equivalents.

2. Which of the following statements 
best describes the Hawthorne 
effect?
a. People believe that they are more 

competent than they truly are.
b. People who have lower 

expectations placed upon them 
have poorer performance.

c. People will change their behavior 
if they know that they are being 
observed.

d. People tend to make judgments/
decisions based on how easily an 
example of a previous case comes 
to mind. 

3. Which of the following conclusions 
can be drawn from the results of the 
CARP trial?
a. Coronary-artery revascularization 

before elective vascular surgery 
does not significantly alter the 
long-term outcome.

b. Coronary-artery revascularization 
before elective vascular surgery 
improves outcomes of the 
elective surgeries.

c. Screening for myocardial 
ischemia with preoperative stress 
testing reduces the risk of major 
adverse cardiac events during 
elective surgery.

d. Preoperative cardiac 
interventions reduce the risk 
of major adverse cardiac events 
during elective surgery.

4. Which of following initiatives to 
reduce the amount of unnecessary 
testing states 1) do not test 
asymptomatic patients; 2) do not 
test patients preoperatively; and 3) 
do not test low-risk patients?
a. Less Is More series
b. Choosing Wisely initiative
c. The THINK initiative
d. Appropriate use criteria

http://ReliasMedia.com
http://ReliasMedia.com
mailto:reprints%40reliasmedia.com?subject=
mailto:groups%40reliasmedia.com?subject=
http://www.copyright.com


SUBSCRIBER INFORMATION 

CUSTOMER SERVICE: (800) 688-2421

Customer Service Email Address:  
customerservice@reliasmedia.com

Editorial Email Address: 
lcoplin@relias.com 

Website:  
ReliasMedia.com

MULTIPLE COPIES: 
Discounts are available for group subscriptions, 
 multiple copies, site-licenses, or electronic 
distribution. For pricing information,please 
contact our Group Account Managers at 
groups@reliasmedia.com or (866) 213-0844.

All prices U.S. only. U.S. possessions and 
Canada, add $30 plus applicable GST. Other 
international orders, add $30.

ACCREDITATION
Relias LLC is accredited by the Accreditation Council for Continuing 
Medical Education (ACCME) to provide continuing medical education for 
physicians.

Relias LLC designates this enduring material for a maximum of 3 AMA PRA 
Category 1 CreditsTM. Physicians should claim only credit commensurate 
with the extent of their participation in the activity.

The American Osteopathic Association has approved this continuing 
education activity for up to 2.5 AOA Category 2-B credits. 

Successful completion of this CME activity, which includes participation in 
the evaluation component, enables the participant to earn up to 3 MOC 
Medical Knowledge points in the American Board of Internal Medicine’s 
(ABIM) Maintenance of Certification (MOC) program. Participants will earn 
MOC points equivalent to the amount of CME credits claimed for the 
activity. It is the CME activity provider’s responsibility to submit participant 
completion information to ACCME for the purpose of granting ABIM MOC 
credit.

This is an educational publication designed to present scientific information 
and opinion to health professionals, to stimulate thought, and further 
investigation. It does not provide advice regarding medical  diagnosis or 
treatment for any individual case. It is not intended for use by the  layman. 
Opinions expressed are not  necessarily those of this publication. Mention 
of products or services does not constitute endorsement. Clinical, legal, tax, 
and other comments are offered for general guidance only; professional 
counsel should be sought for specific situations.

This CME activity is intended for primary care and family practice 
physicians. It is in effect for 36 months from the date of the publication.

PRIMARY CARE REPORTS™ (ISSN 1040-
2497) is published monthly by Relias LLC, 1010 Sync 
St., Ste. 100, Morrisville, NC 27560-9468. Periodicals 
postage paid at Morrisville, NC, and additional 
mailing offices. POSTMASTER: Send address changes 
to Primary Care Reports, Relias LLC, 1010 Sync St., 
Ste. 100, Morrisville, NC 27560-9468.

Editor: Jason Schneider
Executive Editor: Shelly Mark
Editorial Group Manager:  
Leslie Coplin
Accreditations Manager:  
Amy M. Johnson, MSN, RN, CPN

GST Registration No.: R128870672

© 2019 Relias LLC. All rights reserved. Reproduction, 
distribution, or translation without express written 
permission is strictly prohibited.

Back issues: $26. Missing issues will be fulfilled 
by customer service free of charge when contacted 
within one month of the missing issue’s date.

EDITOR IN CHIEF

Gregory R. Wise, MD, FACP
Associate Professor of Medicine
Oscar Boonshoft School of Medicine
Wright State University
Sole Shareholder
Kettering Physicians Network
Dayton, OH

EDITORIAL BOARD

Charlie Abraham, MD, MBA, FACP
Clinical Assistant Professor
UCSF-Fresno

Nancy J.V. Bohannon, MD, FACP
Private Practice
San Francisco, CA

Clara L. Carls, DO
Program Director 
Hinsdale Family Medicine Residency
Hinsdale, IL

Norton J. Greenberger, MD
Clinical Professor of Medicine
Harvard Medical School
Senior Physician
Brigham & Women’s Hospital
Boston, MA

Brian Hocum, PharmD
Adjunct Faculty, Washington State  
University College of Pharmacy,  
Spokane

Udaya Kabadi, MD
Professor
University of Iowa 
School of Medicine
Iowa City, IA

Norman Kaplan, MD
Professor of Internal Medicine
Department of Internal Medicine
University of Texas Southwestern 
Medical School
Dallas, TX

Dan L. Longo, MD, FACP
Professor of Medicine
Harvard Medical School
Deputy Editor, 
The New England Journal of Medicine
Boston, MA

David B. Nash, MD, MBA
Dean
Jefferson School of Population Health
Thomas Jefferson University
Philadelphia, PA

Jeffrey W. Morgan, DO, MA, 
FACOI, CS

Dean
School of Osteopathic Medicine in 

Arizona
Mesa, AZ

Allen R. Nissenson, MD
Professor of Medicine
Director of Dialysis Program
University of California Los Angeles 
School of Medicine

Kenneth L. Noller, MD
Professor and Chairman
Department of OB/GYN
Tufts University School of Medicine
Boston, MA

Robert W. Piepho, PhD, FCP
Professor Emeritus of Pharmacology
and Toxicology 
Dean Emeritus
University of Missouri Kansas City 
School of Pharmacy
Kansas City, MO

Robert E. Rakel, MD
Department of Family and 
Community Medicine
Baylor College of Medicine
Houston, TX

Glen D. Solomon, MD, FACP
Professor and Chair
Department of Internal Medicine
Wright State University
Boonshoft School of Medicine
Dayton, OH

Leon Speroff, MD
Professor of Obstetrics and 
Gynecology
Oregon Health Sciences University 
School of Medicine
Portland, OR

Robert B. Taylor, MD
Professor and Chairman 
Department of Family Medicine
Oregon Health Sciences University
School of Medicine
Portland, OR

Roger D. Woodruff, MD
Associate Professor and Chair
Department of Family Medicine
Loma Linda University
Loma Linda, CA

© 2019 Relias LLC. All rights 
reserved. 

mailto:customerservice%40reliasmedia.com?subject=
mailto:lcoplin%40relias.com?subject=
http://ReliasMedia.com
mailto:groups%40reliasmedia.com?subject=

