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Myocardial Perfusion Imaging:  
From Diagnosis to Prognosis

Myocardial perfusion imaging (MPI) refers to the utilization of radiotracers 
to image regional myocardial perfusion from coronary artery blood flow to 
the heart muscle. Used effectively, MPI can provide the clinician with a non-
invasive technique that yields both important diagnostic and powerful prog-
nostic information regarding the functional significance of anatomic coronary 
artery disease. MPI can help guide therapeutic decision-making by stratifying 
patients with respect to future risk for adverse outcomes. 

Nuclear medicine is a medical specialty that uses radioactive substances in 
the diagnosis and treatment of disease. In nuclear medicine procedures, trace 
amounts of radioactive isotopes are combined with other elements or radio-
pharmaceuticals to form radioactive-labeled chemical compounds or “radio-
tracers.” These radiotracers localize to specific organs or cellular receptors 
within the body and mimic physiologic or biochemical pathways based on the 
inherent activity of the compound or pharmaceutical within the body’s func-
tional pathways. This property of radiotracers gives nuclear medicine specialists 
the ability to image the extent of a disease process in the body based on the 
cellular function and physiology, rather than relying on physical changes in the 
tissue anatomy. In some diseases, nuclear medicine studies can identify medical 
problems at a much earlier stage than other diagnostic tests by demonstrating 
alterations in metabolism or physiology prior to the onset of changes in tissue 
anatomy. Nuclear medicine, in a sense, is radiology done inside out, or endo-
radiology, because it images radiation emitted from within the body rather 
than radiation that is generated by external sources such as x-rays.

Nuclear cardiology employs the principles of nuclear medicine for the non-
invasive study of the heart by using various radiotracers to evaluate different 
aspects of cardiac physiology. Some radiotracers are delivered via blood flow 
to the heart and then taken up by heart muscle, allowing the detection of 
blood flow-limiting stenosis in the coronary arteries and areas of abnormal 
blood flow in the heart muscle secondary to prior infarction. Other radio-
tracers are taken up by the heart muscle, which is alive but starved of blood 
flow secondary to coronary blockages and therefore not functioning actively, 
thereby allowing the detection of viable or “hibernating” heart muscle that 
will recover its function if normal blood flow is resumed via a revasculariza-
tion procedure. Red blood cells can be radioactively labeled and imaged in the 
heart to give accurate and reproducible estimates of left ventricular ejection 
fraction for serial monitoring during potentially cardiotoxic chemotherapies 
for cancer. Alternatively, the technique can be used to map the contraction 
pattern of the left and right ventricle to help determine if the placement of a 
biventricular multi-lead cardiac pacemaker to resynchronize the contraction of 
the ventricles in the setting of congestive heart failure will be helpful. 
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A 47-year-old man presents at a primary care physi-
cian’s office encouraged by his wife to seek treatment 
for a 2-week history of intermittent left-sided chest pres-
sure associated with shortness of breath but no radiation, 
palpitations, or cough. Discomfort dissipates within 15 
minutes. He has not seen a doctor for more than a decade 
but has no known risk factors other than a family history 
of hypertension. His electrocardiogram in the clinic show 
poor R-wave progression and minimal ST elevation in the 
lateral precordial leads, suggestive of pericarditis or left 
ventricular hypertrophy. What kind of cardiac stress testing 
should be done? How can the primary care provider pro-
vide a cost-effective workup? This issue of Primary Care 
Reports addresses the appropriate selection of myocardial 
perfusion imaging (MPI) from the wide array of options 
currently available to clinicians.

●● MPI provides a noninvasive technique that yields both 
important diagnostic and powerful prognostic informa-
tion regarding the functional significance of anatomic 
coronary artery disease.

●● Single photon emission computer tomography (SPECT) 
can detect perfusion abnormalities early in the ischemic 
cascade before metabolic, electrical, or anatomic distur-
bances occur.

●● A large meta-analysis of 33 studies including thal-
lium-201 and technetium-99m tracers found SPECT 
with treadmill exercise had a sensitivity of 87% and spec-
ificity of 73% in defining stenosis of more than 50%.

●● Appropriate Use Criteria (AUC) for radionuclide imag-
ing is an attempt to improve patient care and health 
outcomes in a cost-effect manner and serve as practical 
guidelines for practitioners who order MPI studies.

●● Effective radiation doses of MPI procedures are nontriv-
ial and vary greatly between protocols. Physicians who 
order and perform cardiac imaging should be familiar 
with procedures that are done in accordance with the As 
Low As Reasonably Achievable (ALARA) philosophy.

Executive Summary

Epidemiology of 
Cardiovascular Disease

Prevalence. An estimated 82.6 
million American adults have one 
or more types of cardiovascular dis-
ease (CVD), defined as high blood 
pressure, coronary or peripheral 
atherosclerotic disease, heart failure, 
stroke, or congenital cardiovascular 
defects.1 Of these, 40.4 million are 
estimated to be ≥ 60 years of age.1

Mortality. Mortality data for 
2007 show CVD accounted for 
33.6% (813,804) of all 2,243,712 
deaths in 2007, or 1 in 2.9 deaths 
in the United States.2 Using 2007 
mortality data, more than 2200 
Americans die of CVD each day, 
an average of 1 death every 39 sec-
onds.2 CVD claims more lives each 
year than cancer, chronic lower 
respiratory disease, and accidents 
combined.2 More than 150,000 
Americans killed by CVD in 2007 
were < 65 years of age. Nearly 33% 
of deaths due to CVD occurred 
before the age of 75 years, which is 
well before the average life expec-
tancy of 77.9 years.2 In every year 

since 1900, except 1918, CVD 
accounted for more deaths than 
any other major cause of death in 
the United States.3-6 (In 1918, the 
leading cause of death in the United 
States was due to the Spanish influ-
enza epidemic). Coronary heart 
disease caused approximately 1 in 6 
deaths in the United States in 2007 
with a total mortality of 406,351.1 
Each year, an estimated 785,000 
Americans will have a new heart 
attack and an estimated 470,000 
Americans will have a recurrent 
heart attack. An additional 195,000 
silent first heart attacks occur each 
year.1 Approximately every 25 
seconds, an American will have a 
coronary event, and approximately 
every minute, someone will die of 
one.1 In 2007, 1 in 9 death certifi-
cates (277,193) in the United States 
mentioned heart failure.1

Cost. The total number of inpa-
tient cardiovascular operations and 
procedures increased 27%, from 
5.382 million in 1997 to 6.846 mil-
lion in 2007.1 The total direct and 
indirect cost of CVD and stroke 
in the United States for 2007 is 

estimated to be $286 billion. By 
comparison, the estimated cost of 
all cancer and benign neoplasms for 
2008 was $228 billion.1

Coronary Anatomy
The heart muscle is about the size 

of one’s fist and weighs approxi-
mately 1 pound. It pumps about 5 
quarts (4.7 liters) of blood per min-
ute. Two coronary arteries branch 
from the main aorta just above the 
aortic valve. No larger than drinking 
straws, the aorta divide to encircle 
the heart, covering its surface with 
a lacy network that looks like a 
slightly crooked crown. Coronary 
comes from the Latin term coronar-
ies, belonging to a crown or wreath. 
The coronary arteries carry out 
about 130 gallons of blood through 
the heart daily.7

Pathogenesis of 
Atherosclerosis and 
Myocardial Infarction

Current theories of the patho-
genesis of the lesions of atheroscle-
rosis relate back to early proposals 
made by Virchow, Rokitansky, and 
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Duguid. Virchow believed that a 
form of low-grade injury to the 
artery wall resulted in a type of 
inflammatory response, which in 
turn caused increased passage and 
accumulation of plasma constitu-
ents in the intima of the artery.8 
Rokitansky’s belief, subsequently 
elaborated upon by Duguid, was 
that an encrustation of small mural 
thrombi existed at sites of arterial 
injury, that these thrombi went 
on to organize by the growth of 
smooth muscle cells into them, and 
they would become incorporated 
into the lesions and thus serve 
as sites where the lesions would 
progress.9,10 In 1973, these two 
notions about atherogenesis were 
combined with new knowledge of 
the cellular and molecular biology 
of the artery wall in a hypothesis 
termed the “response to injury 
hypothesis of atherosclerosis.”11 
This hypothesis has been modified 
as new data have come forth. It now 
takes into account many aspects of 
the behavior of arterial and blood 
cells described above, as well as 
the numerous risk factors that have 
been associated with atherogenesis, 
including hyperlipidemia, hormone 
dysfunction, hypertension, cigarette 
smoking, diabetes, and so on.11,12

Almost all myocardial infarctions 
(MIs) result from atherosclerosis of 
the coronary arteries, generally with 
superimposed coronary thrombosis. 
The genesis of the coronary ath-
erosclerotic lesion is a complex and 
controversial issue, and a number 
of risk factors have been associated 
with the development of athero-
sclerosis. However, regardless of 
the etiology and pathogenesis of 
the atherosclerotic process, the end 
result is plaques that cause luminal 
narrowing of the coronary arterial 
tree. Below a certain critical level of 
blood flow, myocardial cells develop 
ischemic injury. When severe isch-
emia is prolonged, irreversible dam-
age (i.e., MI) occurs.13 

Myocardial Perfusion 
Imaging

Stress MPI with single photon 

emission computed tomography 
(SPECT) can detect perfusion 
abnormalities early in the ischemic 
cascade of events before metabolic, 
electrical, or anatomic disturbances 
occur.14 (See Figure 1.) 

SPECT MPI uses radiotracers to 
provide information about regional 
blood flow, coronary artery perfu-
sion, and ventricular function.17 The 
myocardial uptake of radiolabeled 
flow tracer is in proportion to the 
regional distribution of myocar-
dial blood flow. The radiotracer is 
retained within the myocardium for 
some period of time depending on 
its pharmacokinetics. Images are 
acquired by scanners that register 
the gamma radiation (single photon) 
emitted from the radiotracer within 
heart muscle, converting it into digi-
tal data, which is then reconstructed 
in three dimensions (computed 
tomography) for viewing and analy-
sis. A 17-segment model is used to 
evaluate the different coronary ter-
ritories. The 17-segment model was 
developed in conjunction with, and 
is endorsed by, many professional 
associations, including the American 
Heart Association, the American 

Society of Nuclear Cardiology, the 
North American Society of Cardiac 
Imaging, and the American Society 
of Echocardiography.18 (See Figures 
2 and 3.) Each segment is scored 
with respect to the degree of abnor-
mality seen and these scores are then 
summed to provide an assessment of 
abnormality throughout the whole 
myocardium. This is performed 
for both the stress and rest studies, 
with the difference between the two 
scores being reflective of the burden 
of ischemia.19 (See Figure 4.) 

Thallium behaves as a potassium 
analog and therefore can shift in 
and, subsequently, out of myo-
cardiocytes.20,21 Thallium was the 
first medical radiotracer to be used 
for MPI after it was discovered to 
have high uptake in the heart and 
demonstrate a linear relationship 
to perfusion over a wide range of 
flows.22,23 It is likely due to its his-
torical precedence as a myocardial 
perfusion agent that even today 
many physicians refer to all MPI 
studies as “thallium scans.” Due to 
its long half-life, which limits the 
dose that can be administered, and 
its low energy gamma radiation, 

Figure 1

Nuclear MPI is able to detect abnormalities early in the ischemic cascade 
(hypoperfusion) before the onset of mechanical or electrical abnormalities or the 
onset of clinical symptoms (pain).14,15,16

Echocardiography/MRI

Nuclear  
imaging/MRI
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Δ ECG
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which limits picture quality, thal-
lium has largely been replaced by 
technetium-99m labeled radiotracers 

for evaluation of myocardial perfu-
sion. However, due to its behavior 
as a potassium-like analog, thallium 

continues to be used as a cost 
effective radiotracer alternative in 
evaluation of myocardial viability 

Figure 3: The Bullseye Representation of the 17-Segment Model

1 Basal anterior
2 Basal anteroseptal
3 Basal inferoseptal
4 Basal inferior
5 Basal inferolateral
6 Basal anterolateral
7 Mid anterior
8 Mid anteroseptal
9 Mid inferoseptal

10 Mid inferior
11 Mid inferolateral
12 Mid anterolateral
13 Apical anterior
14 Apical septal
15 Apical inferior
16 Apical lateral
17 Apex

Figure 2: The 17-Segment Model

The 17-segment model was 
developed in conjunction with, 
and is endorsed by, many 
professional associations, 
including the American Heart 
Association, the American Society 
of Nuclear Cardiology, the North 
American Society of Cardiac 
Imaging, and the American 
Society of Echocardiography.18
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in centers where a PET (positron 
emission tomography) scanner is not 
available.24

The lower energy thallium has 
largely been supplanted by the use 
of technetium-99m-based imaging 
agents, which have a substantially 
shorter half-life (6 hours vs 73 hours 
for thallium) allowing higher doses 
to be administered. Also, tech-
netium-99m emits higher energy 
gamma radiation (140 keV vs 70-80 
keV for thallium) meaning fewer 
photons are stopped by the body 
and, therefore, arrive at the camera, 
resulting in higher image quality.17,24 
The two commercially available 
radiotracers using technetium-99m 
are sestamibi (Cardiolite) and tet-
rafosmin (Myoview). These are 
both cationic lipophilic molecules 
that diffuse through the cell mem-
brane and subsequently localize in 
the mitochondria. Unlike thallium, 
which shifts back out of myocardial 
cells analogous to potassium trans-
port, both the technetium radiotrac-
ers get permanently “locked” in the 
mitochondria and do not redistrib-
ute. This stability of localization, 
along with higher energy resulting 
in clearer imaging, allows for the 
acquisition of gated images utiliz-
ing electrocardiogram leads to take 
pictures of the heart during differ-
ent stages of contraction. With this 
information, wall motion and ejec-
tion fractions can be evaluated. This 

was not possible with thallium.14,17,24

A meta-analysis of 33 studies, 
which included thallium-201 and 
technetium-99m tracers, found that 
SPECT MPI with treadmill exercise 
stress for the detection of significant 
coronary artery disease, defined as a 
stenosis of more than 50%, had an 
average sensitivity of 87% and speci-
ficity of 73%.17 SPECT MPI with 
pharmacologic stress using adenos-
ine or dipyridamole — coronary 
vasodilators often employed when 
patients are incapable of adequate 
exercise — demonstrated similar 
results with an average sensitivity of 
89% and specificity of 75%.17 With 

the addition of gated SPECT imag-
ing in MPI with technetium-99m 
radiotracers in patients with symp-
toms suggestive of typical or atypical 
angina, exercise or pharmacologic 
stress SPECT MPI yielded a sensi-
tivity of 85-90% and a specificity of 
80-90%.17,25,26,27 

A meta-analysis of 1405 patients 
compared stress echocardiography 
with stress MPI for detection of 
coronary artery disease. MPI yielded 
higher sensitivity (84% for MPI vs 
80% for stress echo), but had lower 
specificity (77% for MPI vs 86% for 
stress echo).15 A comparison of the 
sensitivities and specificities for the 

Figure 5: Sensitivity and Specificity of Noninvasive Tests 
for the Detection of Coronary Artery Disease28,29

Diagnostic Sensitivity Specificity 
Test % (range) % (range) # Studies # Patients

TMT 68 77 132 24,027

Planar MPI 79 73 6 510 
 (70-94) (43-97)

SPECT 88 77 8 628 
 (73-98) (53-96)

Stress echo 76 88 10 1174 
 (40-100) (80-95)

Key: TMT = treadmill testing/exercise electrocardiography, MPI = myocardial 
perfusion imaging, SPECT = single photon emission computed tomography MPI

Figure 4: Summed Stress Scores

 Summed Stress Score Indication

 < 4 Normal

 4-8 Mildly abnormal

 9-13 Moderately abnormal

 > 13  Severely abnormal

Each segment is scored on a 5-point scale: 0 = normal perfusion, 1 = mild reduction of tracer uptake (not definitely abnormal),  
2 = moderate reduction of uptake (definitely abnormal), 3 = severe reduction of uptake, and 4 = absence of uptake.19

• The summed stress score (SSS) is obtained by adding the 
individual scores derived from the 17 segments during 
stress and represents the amount of both ischemia and 
infarct in the left ventricular myocardium. 

• The summed rest score (SRS) is the sum of the individual 
scores during rest and represents the amount of infarcted 
left ventricular myocardium.

• Summed difference score (SDS) = SSS – SRS and 
represents the amount of reversibility between stress and 
rest reflecting the amount of ischemia in the left ventricular 
myocardium.19 
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different modalities is summarized 
in Figure 5. The studies included 
in this meta-analysis primarily uti-
lized older techniques, whereas 
studies utilizing more contem-
porary techniques for MPI have 
yielded specificities similar to stress 
echocardiography.17,25,26,27 

Risk Stratification
In patients with stable coronary 

artery disease, it remained unclear 
whether an initial management 
strategy of percutaneous coronary 
intervention (PCI) with intensive 
pharmacologic therapy and life-
style intervention (optimal medi-
cal therapy) is superior to optimal 
medical therapy alone in reducing 
the risk of cardiovascular events. 
The Clinical Outcomes Utilizing 
Revascularization and Aggressive 
Drug Evaluation (COURAGE) trial 
was designed to determine whether 
PCI coupled with optimal medical 
therapy reduces the risk of death or 
nonfatal MI in patients with stable 
coronary artery disease, as compared 
with optimal medical therapy alone. 
Such a “strategy trial” had never 
been conducted since the advent 
of angioplasty in 1977. The trial 
investigators conducted a random-
ized trial involving 2287 patients 
who had objective evidence of 
myocardial ischemia and significant 
coronary artery disease at 50 U.S. 
and Canadian centers. Between 
1999 and 2004, they assigned 1149 
patients to undergo PCI with opti-
mal medical therapy (PCI group) 
and 1138 to receive optimal medi-
cal therapy alone (medical-therapy 
group). The primary outcome was 
death from any cause and nonfatal 
MI during a follow-up period of 2.5 
to 7.0 years (median, 4.6). There 
were 211 primary events in the 
PCI group and 202 events in the 
medical-therapy group. The 4.6-
year cumulative primary-event rates 
were 19.0% in the PCI group and 
18.5% in the medical-therapy group. 
There were no significant differ-
ences between the PCI group and 
the medical-therapy group in the 
composite of death, MI, and stroke 
(20.0% vs 19.5%); hospitalization 

for acute coronary syndrome (12.4% 
vs 11.8%); or MI (13.2% vs 12.3%). 
The authors concluded that as 
an initial management strategy in 
patients with stable coronary artery 
disease, PCI did not reduce the risk 
of death, MI, or other major cardio-
vascular events when added to opti-
mal medical therapy.30

Advances in the understanding 
of the pathophysiologic basis for 
acute coronary syndromes and the 
important role that plaque rup-
ture or fissure plays in the genesis 
of MI clearly indicate that non-
flow-limiting coronary stenoses are 
the principal progenitors of most 
hard clinical events.31,32,33 It is well 
established that coronary occlusion 
following plaque rupture or fissur-
ing is an emergency that cannot be 
optimally managed pharmacologi-
cally. Abundant data from clinical 
trials show that urgent or emergent 
PCI in patients with ST-segment 
elevation MI or high-risk non-ST-
segment elevation MI reduces the 
rates of death or subsequent MI.34-39 
The COURAGE trial does not chal-
lenge this fact. However, perform-
ing elective PCI in patients with 
chronic angina and stable coronary 
artery disease is virtually identical 
procedurally to that performed in 
patients with acute coronary syn-
dromes. Thus, many have accepted 
the broader premise that PCI would 
confer a more durable clinical ben-
efit (i.e., beyond angina relief or 
improved exercise performance) in 
patients with chronic angina and sta-
ble coronary artery disease as well. 
This belief system is rooted in a sci-
entifically plausible clinical construct 
that dilating one or more flow-
limiting coronary stenoses would be 
inherently superior to an approach 
that involved only pharmacologic 
and lifestyle interventions, but this 
premise was unproven.16 

The application of prognostic 
testing is based on the premise 
that patients can be stratified with 
respect to risk for adverse outcomes 
and can receive intervention to 
change the natural history of their 

disease so that their subsequent risk 
is reduced. Several studies have his-
torically shown that patients with 
stable coronary disease can be strati-
fied into different risk groups based 
on demographics, exercise, MPI, 
and catheterization information.40-49 
Schinkel and colleagues found that 
half of 650 patients with known or 
suspected CAD with normal exercise 
ECGs had abnormal SPECT myo-
cardial perfusion studies. In 20% of 
these studies, the abnormalities were 
related to ischemia and, therefore, 
reversible. The degree of abnormal-
ity on myocardial perfusion SPECT 
was predictive of cardiovascular 
death or morbidity out to 10 years. 
The summed stress score (SSS), 
which measures both infarcted and 
ischemic myocardium, was an inde-
pendent predictor of major adverse 
cardiac events. The summed rest 
score (SRS), which measures the 
amount of infarcted myocardium, 
was an independent predictor of 
death.

Studies that utilized planar thal-
lium imaging techniques with 
treadmill exercise stress found that a 
normal study was a significant pre-
dictor of lower risk for MI of death 
at 1 year.42-44 Compared with planar 
thallium imaging, SPECT thallium 
imaging has better image quality, 
improved sensitivity in detecting 
individual diseased vessels, and is 
more quantitative in nature with 
respect to describing the severity 
or extent of disease.50,51 Iskandrian 
and colleagues examined the inde-
pendent and incremental prognostic 
value of exercise SPECT thallium 
imaging in patients with angio-
graphically defined coronary artery 
disease. Data were obtained in 316 
medically treated patients with coro-
nary artery disease who underwent 
coronary angiography over a mean 
follow-up time of 28 months. The 
primary endpoints were cardiac 
death or non-fatal MI. Univariate 
analysis showed that gender, exercise 
work load, extent of coronary artery 
disease and left ventricular ejection 
fraction, and thallium SPECT vari-
ables were prognostically important. 
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Multivariate analysis demonstrated 
that thallium SPECT data provided 
incremental prognostic value to 
catheterization data, with the extent 
of the perfusion abnormality being 
the single best predictor of progno-
sis (See Figure 6).52 Nallamothu and 
colleagues examined predictors of 
outcome after coronary bypass graft-
ing in 255 patients over mean time 
of 5 years after surgery. All patients 
underwent coronary angiography 
and SPECT thallium imaging after 
coronary artery bypass grafting. 
Again SPECT thallium MPI demon-
strated independent and incremental 
prognostic information to clinical, 
stress, and angiographic variables 
with respect to predicting cardiac 
death or non-fatal MI in this patient 
population.53 

Although a number of previ-
ous studies have demonstrated the 
incremental prognostic value of 
myocardial perfusion SPECT over 
clinical and exercise data, they all 
used either combined hard events 
(cardiac death or non-fatal MI) or 
total events (cardiac death, non-fatal 
MI, and early revascularization) as 
endpoints.52,54-57 As the treatment of 
patients for each of these outcomes 

may differ, applying the prognostic 
information of nuclear myocardial 
perfusion testing to patient manage-
ment is difficult. Revascularization 
has been demonstrated to reduce 
the rate of cardiac death in selected 
high-risk subsets of patients, but 
has never been shown to reduce 
the rate of MI.58-61 Trials of medical 
therapy have demonstrated reduc-
tions in both fatal and nonfatal MI 
rates and cardiac death.62-65 Shaw 
and colleagues enrolled 4728 con-
secutive patients who underwent 
SPECT MPI with technetium-99m 
tetrofosmin with either exercise or 
pharmacologic stress. The observed 
annualized survival rate for those 
patients with a normal study was 
0.6%.66 Numerous other investiga-
tors have demonstrated that event 
rates associated with normal or low-
risk myocardial perfusion SPECT 
with thallium or technetium agents 
is less than 1% per year of follow-
up.55,67-73 The annual mortality rate 
associated with revascularization is 
at least 1%.61 Therefore, patients 
with a normal or low-risk SPECT 
myocardial perfusion study do not 
warrant revascularization for pur-
poses of improving survival.

Hachamovitch and colleagues 
performed the first study to be 
sufficiently powered to examine 
differences in the rates of MI and 
cardiac death after SPECT myocar-
dial perfusion testing. They identi-
fied 5183 consecutive patients who 
underwent stress/rest SPECT and 
were followed up for the occur-
rence of cardiac death or MI. Over 
a mean follow-up of 642 ± 226 
days, 119 cardiac deaths and 158 
MIs occurred (3.0% cardiac death 
rate, 2.3% MI rate). Patients with 
normal scans were at low risk (0.5% 
per year), and rates of both out-
comes increased significantly with 
worsening scan abnormalities. They 
found that after consideration of all 
prescan patient information, nuclear 
MPI provided statistical incremental 
prognostic value toward the predic-
tion of both MI and cardiac death. 
Statistically significant and clini-
cally relevant risk stratification was 
achieved by the nuclear test even 
after initial stratification by prescan 
information. Patients with normal 
scans had low rates of both out-
comes, whereas patients with mildly 
abnormal scans who underwent 
exercise stress were at intermediate 
risk for MI but low risk of cardiac 
death, and patients with moderately 
or severely abnormal scans were at 
intermediate to high risk of both 
MI and cardiac death (See Figure 
7). A risk-adjusted comparison of 
post-nuclear testing referral to early 
revascularization vs medical therapy 
suggested a survival advantage to 
the former in patients with severely 
abnormal scans. Finally, cost analysis 
reveals that referral to catheteriza-
tion only in those patients with 
moderately to severely abnormal 
scans rather than all abnormal scans 
after exercise stress would result in a 
33.5% cost savings.74

Recommended Uses  
for Nuclear MPI

The appropriate use of nuclear 
MPI may benefit patients; however, 
inappropriate use of MPI may be 
potentially harmful to patients and 
generate unwarranted costs to the 
health care system. Therefore, it is 

Figure 6: Independent and Incremental Prognostic Value 
of Exercise SPECT Imaging in Patients with Angiographically 
Defined Coronary Artery Disease52
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essential that the health care com-
munity knows how to effectively 
integrate and utilize MPI in daily 
clinical care and takes a proactive 
role in ensuring best practices. 

The Appropriate Use Criteria 
(AUC) for Cardiac Radionuclide 
Imaging (the term “radionuclide 
imaging” in the AUC is synony-
mous with radionuclide MPI) were 
developed by the American College 
of Cardiology Foundation (ACCF), 
along with key cardiology societies, 
to serve as a guide for the respon-
sible use of radionuclide MPI. 
The AUC were updated in 2009 
to reflect changes in test utiliza-
tion and new clinical data based 
on a broad range of clinical experi-
ences and available evidence-based 

information. The indications were 
drawn from common applications, 
anticipated uses, and current clini-
cal practice guidelines. Sixty-seven 
clinical scenarios were developed 
by a writing group and scored by 
a separate technical panel to desig-
nate various clinical indications for 
which radionuclide MPI is appro-
priate, inappropriate, or uncertain. 
Together with sound clinical judg-
ment, the AUC can help practitio-
ners determine whether radionuclide 
MPI is appropriate in individual 
patient cases.

The objective of the AUC is to 
improve patient care and health out-
comes in a cost-effective manner but 
is not intended to ignore ambiguity 
and nuance intrinsic to clinical deci-
sion-making. The recommendations 

are intended as a practical guide for 
practitioners who order radionuclide 
MPI and should be considered in 
conjunction with clinical experience 
and judgment. 

In general, the use of MPI is 
appropriate for the diagnosis and 
risk assessment of intermediate- and 
high-risk CAD patients, according 
to the AUC. MPI testing for low-
risk patients, routine repeat testing, 
and general screening in certain 
clinical scenarios are considered less 
appropriate.75

Figures 8, 9, 10, and 11 demon-
strate an algorithmic approach for 
evaluating the appropriateness of 
MPI for the detection of CAD in 
symptomatic patients, asymptomatic 
patients, patients with prior MPI 

Figure 7: Rates of Cardiac Death and Myocardial Infarction as Function of Scan Result74

Rates of cardiac death (solid bars) and myocardial infarction (open bars) per year as a function of scan result. The numbers 
are shown underneath the columns. *Statistically significant increase as a function of scan result. **Statistically significant 
increase in rate of myocardial infarction vs cardiac death within scan category. Summed stress score (SSS) is predictive of 
cardiac death and myocardial infarction risk.74 

• In 5183 patients, the rates of cardiac death and MI were evaluated separately according to SSS classification of the scan 
results. 

• For each endpoint, the more abnormal the scan, the greater the event rate, indicating good risk stratification across SSS 
categories. 

• In the cohort of 2946 patients, a normal scan was associated with very low rates for both MI and cardiac death (< 1%). 
• On the basis of the data, patients with mildly abnormal scan results will not have a clear outcome benefit from 

revascularization, since their cardiac death rate is already < 1%. However, the MI rate in these patients is intermediate. 
Thus, aggressive risk factor management — the only treatment shown to reduce MI rates — is appropriate. 
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testing, and patients undergoing 
preoperative evaluation for noncar-
diac surgery.

Radiation from Nuclear 
Myocardial Perfusion 
Imaging

The powerful diagnostic and risk-
stratification data provided by these 
procedures play a central role in 
clinical cardiology and have contrib-
uted to the decrease in morbidity 
and mortality from coronary heart 
disease. Nevertheless, performance 
of any diagnostic test requires a 
careful assessment of the risks and 
benefits of the test and optimiza-
tion of protocols to minimize risks 
to patients, staff members, and the 
public. Procedures that utilize ion-
izing radiation should be performed 
in accordance with the As Low As 
Reasonably Achievable (ALARA) 
philosophy. Thus, physicians order-
ing and performing cardiac imaging 
should be very familiar with the 
dosage of radiation from cardiac 

diagnostic tests and ways in which 
dose can be minimized.

Radiation dosimetry from a study 
using a radiopharmaceutical is 
typically estimated on the basis of 
a mathematical biokinetic model 
that quantifies the distribution and 
metabolism of that agent in the 
body. Such models incorporate bio-
kinetic data from animal and human 
models.

Effective doses of MPI proce-
dures are nontrivial and vary greatly 
between protocols. Substantial dif-
ferences exist between procedures 
with the use of different radiophar-
maceuticals and between different 
procedures with the use of the same 
agent. While the typical effective 
dose of a posteroanterior chest 
x-ray is 0.02 mSv, and the annual 
background radiation in the United 
States is 3.0 mSv, typical values for 
MPI studies range from 2.2-31.5 
mSv. Of the most commonly per-
formed studies, a rest-stress 99mTc 

sestamibi study averages 11.3 mSv, 
and a rest-stress 99mTc tetrofosmin 
study averages 9.3 mSv. Single-
injection protocols are associated 
with a dose that is approximately 
30% lower. Doses are much higher 
for studies using 201Tl. A single-
injection 201Tl MPI study has an 
average value of 22 mSv. Dual iso-
tope studies have the highest effec-
tive doses with an average value of 
29.2 mSv for a 201Tl-99mTc sestamibi 
study or approximately three times 
that of a single-injection protocol 
using a 99mTc-containing agent.76

Dosimetric considerations have 
important implications for the selec-
tion of MPI protocols. In 2002, 
35% of the 9.3 million MPI studies 
performed in the United States used 
201Tl, with 86% of these being dual 
isotope studies. The use of these 
high-dose protocols appears to be 
increasing, with 30% of studies in 
2002 being dual isotope compared 
with 19% in 1997. Dual isotope 
studies are particularly common in 

Figure 8: Detection of CAD: Symptomatic

ACS*

Ischemic 
Equivalent

Pretest 
Probability?

ECG  
Interpretable  

AND  
Able to Exercise?

Appropriate InappropriateAppropriateAppropriate

Inappropriate

Acute Chronic

Definite
Intermediate/High Low

Possible

No Yes

*ACS includes unstable angina, myocardial infarction with ST 
elevation, and myocardial infarction without ST elevation according 
to ACC/AHA Guidelines.
Adapted from: Hendel RC, et al. J Am Coll Cardiol 2009;53:2201-
2229.

Figure 9: Detection of CAD/Risk 
Assessment for Asymptomatic Patients

Inappropriate Inappropriate AppropriateUncertain

Intermediate CHD Risk High CHD Risk*Low CHD Risk

ECG Interpretable?

CHD RISK  
(Framingham Risk-ATP III)

Yes No

*Includes diabetes mellitus or the presence of other clinical 
atherosclerotic disease, including peripheral arterial disease, 
abdominal aortic aneurysm, carotid artery disease, and other likely 
forms of clinical disease (e.g., renal artery disease).  
Adapted from: Hendel RC, et al. J Am Coll Cardiol 2009;53:2201-
2229.
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the outpatient setting, in which they 
are used in 36% of all MPI studies, 
perhaps because of the relatively fast 
patient throughput. However, the 
radiation dose of studies employing 
201Tl, especially dual isotope MPI, 
is among the highest of all medical 
diagnostic tests. Thus, ALARA con-
siderations appear to favor the use of 
99mTc agents rather than 201Tl.76

Biological effects of ionizing 
radiation can be classified as deter-
ministic or stochastic. Deterministic 
effects such as skin injuries and 
cataract formation occur predictably 
when dose exceeds a certain thresh-
old, whereas stochastic effects such 
as cancer incidence and germ cell 
mutations occur with a probability 
that increases with dose.

The significance of measuring 
radiation doses comes from the rela-
tionships between dose and risks of 
deterministic and stochastic effects. 
In cardiac imaging, the only deter-
ministic effect that occurs with any 
frequency in patients is skin injury. 
Stochastic risks of potential concern 
include heritable genetic effects and 
cancer. Risks for all classes of genetic 
diseases occur at a rate estimated 
at 0.30% to 0.47% per Gy per first-
generation progeny. Even with the 
highest gonadal doses found in car-
diac imaging, in 201Tl scintigraphy 
with a testicular absorbed dose of 
approximately 60 mGy, this would 
correspond to a risk of genetic dis-
eases of only 0.02% to 0.03% per 
first-generation progeny.76 

Physicians’ major radiation-related 

concern relating to cardiac imaging 
is iatrogenic malignancy. Ionizing 
radiation causes numerous types of 
DNA damage and it is hypothesized 
that damaged sites such as double-
strand breaks are oncogenic. For 
the type of radiation used in cardiac 
imaging, i.e., low levels (≤ 100 
mSv) of low linear energy transfer 
ionizing radiation, the relationship 
between dose and lifetime attribut-
able risk of cancer is a controversial 
one. Many but not all organizations 
offering expert opinions maintain 
that the linear no-threshold model, 
whereby the risk of cancer proceeds 
in linear fashion with no lower 
threshold, provides the most reason-
able description of this relationship. 
A National Academies commit-
tee affirming this position has 
developed risk models to estimate 

Figure 11: Risk Assessment: Preoperative 
Evaluation for Noncardiac Surgery Without 
Active Cardiac Conditions**

Appropriate
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Surgery Type

Intermediate-Risk Surgery 
OR Vascular Surgery

Low-risk 
Surgery
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1 or More Risk Factors* 
AND Poor Functional 

Capacity

Inappropriate Inappropriate

*Perioperative clinical risk factors include a history of ischemic heart 
disease, compensated or prior heart failure, cerebrovascular disease, 
diabetes mellitus (requiring insulin), or renal insufficiency (creatinine > 
2.0).
**Active cardiac conditions include unstable coronary syndromes, 
decompensated heart failure, significant arryhthmias, and severe  
valvular disease.  
Adapted from: Hendel RC, et al. J Am Coll Cardiol 2009;53:2201-2229.

Figure 10: Risk Assessment with Prior Test 
Results and/or Known Chronic Stable CAD*

Prior Test Results

Normal Abnormal
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*Radionuclide MPI is appropriate if prior test results were uncertain in 
the following 2 scenarios: 1) Coronary Angiography: coronary stenosis or 
anatomic abnormality or uncertain significance; OR 2) Prior Noninvasive 
Evaluation: equivocal, borderline, or discordant stress testing where 
obstructive CAD remains a concern.  
Adapted from: Hendel RC, et al. J Am Coll Cardiol 2009;53:2201-2229.

Appropriate
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radiation-attributable cancer risk as 
a function of age and gender. Risk 
falls off with age and is typically 
higher in women. Although aspects 
of these models may be contentious, 
their underlying idea that cancer risk 
from radiation is dependent not just 
on dose but also on nonmodifiable 

person-specific factors such as age 
is well agreed on. A thorough dis-
cussion of the linear no-threshold 
model, cancer risk estimation, and 
their applications to cardiac imaging 
is beyond the scope of this article, 
but these subjects remain important 
areas of investigation.76
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CME Questions
1. In nuclear medicine, small 

amounts of radioactive substances 
are bound to proteins, com-
pounds, or pharmaceuticals to 
form:
a. radioisotopes.
b. radioparticles.
c. radiostudies.
d. radiotracers.
e. radiowaves.

2. The leading cause of death in the 
United States is:
a. Alzheimer’s disease.
b. HIV/AIDS.
c. cardiovascular disease.
d. cancer.
e. accidents.

3. When the heart is subjected to 
ischemia, the first disturbance to 
occur is:
a. electrical.
b. perfusion.
c. metabolic.
d. chest pain.
e. drop in ejection fraction.

4. Myocardial perfusion imaging 
with technetium-99m yields  
better image quality than with 
thallium-201 because:
a. it gives off higher energy  

radiation.
b. it has a longer half-life.
c. it behaves like potassium in 

the body.
d. it is a newer agent.
e. it is a naturally occurring  

element in the heart.

5. Thallium may be used in the 
assessment of myocardial viability 
because:
a. it has a short half-life.
b. it is a naturally occurring  

element in the heart.
c. high doses can be safely 

injected.
d. it behaves like potassium in 

the body.
e. it behaves like sugar in the 

body.
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6. Which study has the highest  
sensitivity in detecting obstruc-
tive coronary artery disease?
a. Exercise ECG
b. Stress echocardiogram
c. Planar myocardial perfusion 

imaging
d. Single photon emission 

tomography myocardial  
perfusion imaging

7. Coronary artery revascularization 
has been demonstrated to:
a. reduce the risk of myocardial 

infarction in selected high-risk 
patients.

b. be superior to optimal medical 
therapy in patients with stable 
coronary disease.

c. reduce the risk of cardiac 
death in selected high-risk 
patients.

d. reduce the risk of future  
myocardial infarction when 
combined with optimal  
medical therapy.

8. The annual risk of cardiac death 
in a patient with a normal  
myocardial perfusion study is less 
than:
a. 1%.
b. 2%.
c. 3%.
d. 4%.
e. 5%.
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Zolpidem and Risk of Falls in Hospitalized Patients
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In this issue: Zolpidem and risk of falls; AVR 
and anticoagulation; statins in cancer patients; and 
FDA actions.

Zolpidem and risk of falls
Zolpidem (Ambien) increases the risk of falls in 

inpatients, according to a new study from the Mayo 
Clinic. The records of hospitalized patients who 
were not in the intensive care unit were reviewed in 
this retrospective cohort study. The rate of falls was 
compared in those who were administered zolpidem 
vs those for whom it was prescribed but not admin-
istered. After controlling for age, gender, insomnia, 
delirium, dose of zolpidem, Charlson comorbidity 
index, Hendrich’s fall risk score, length of stay, 
visual impairment, gait abnormality, dementia/
cognitive impairment, and concomitantly adminis-
tered meds, the rate of falls was four times higher 
in those administered zolpidem (n = 4962) vs those 
who were prescribed but did not receive zolpidem 
(adjusted odds ratio 4.37, 95% confidence interval 
[CI], 3.34-5.76; P < 0.001). The authors conclude 
that zolpidem was a strong, independent, and 
potentially modifiable risk factor for inpatient falls. 
The authors suggest that changing order sets so that 
zolpidem use is not encouraged could potentially 
reduce fall rates in hospitalized patients. They also 
suggest that there is limited evidence to recommend 
other hypnotic agents as safer alternatives (J Hosp 
Med published online Nov. 19, 2012. doi: 10.1002/
jhm.1985).   n

Anticoagulation and AVR
Bioprosthetic valves are preferred to mechanical 

valves for aortic valve replacement (AVR) in the 
elderly because of lack of need for anticoagulation 
in the long-term, but short-term anticoagulation 

is required. The duration of anticoagulation after 
valve replacement has been unclear. Now, a new 
study from Denmark suggests 6 months is optimal. 
Using the Danish National Patient Registry, more 
than 4000 patients who had a bioprosthetic AVR 
between 1997 and 2009 were identified. Rates 
of stroke, thromboembolic events, cardiovascu-
lar death, and bleeding were assessed along with 
warfarin treatment duration. Rates of events per 
100 person-years in patients not treated vs those 
treated with warfarin for 3 months were 7 vs 2.7 
for stroke, 13 vs 4 for thromboembolic events, 
11.7 vs 5.4 for bleeding, and 32 vs 3.8 for cardio-
vascular death. The rate of cardiovascular death 
was 6.5 vs 2.0, favoring warfarin from 90 days 
to 179 days. The authors conclude that stopping 
warfarin within 6 months of bioprosthetic AVR 
surgery was associated with increased cardiovas-
cular death. These findings challenge the current 
guidelines that recommend 3 months of antithrom-
botic treatment after AVR surgery suggesting that 
“patients will gain from an additional 3 months 
of warfarin treatment in terms of reduced cardio-
vascular death without risking significant increase 
in bleeding events” (JAMA 2012;308:2118-2125). 
An accompanying editorial states that this study 
provides important information to help clinicians 
understand the benefits and risks of warfarin use 
after bioprosthetic aortic valve implantation, but it 
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does not address the issue of adjunctive aspirin or 
the role of new novel oral anticoagulants (JAMA 
2012;308:2147-2148).   n

Statins in patients with cancer
Patients taking a statin when diagnosed with 

cancer have a better prognosis than patients 
who are not taking statins, according to a new 
study. This study also used the Danish Registry 
in which all patients with a cancer diagnosis 
between 1995 and 2007 were evaluated. Roughly 
19,000 patients were on a statin prior to diagno-
sis and 277,000 were not. Those taking statins 
were 15% less likely to die of any cause and 
15% less likely to die of cancer (hazard ratio 
0.85, 95% CI, 0.82-0.87 for cancer). The benefit 
was present regardless of statin dose or cancer 
type. The authors suggest that this is biologi-
cally plausible since cholesterol is needed for cell 
proliferation. They suggest “a need for trials of 
statins in patients with cancer” (N Engl J Med 
2012;367:1792-1802). Previous studies have sug-
gested reduced cancer mortality with statins in 
patients with prostate cancer and reduced recur-
rence rates in breast cancer patients.   n

FDA actions
The FDA has concluded a safety review of dabi-

gatran (Pradaxa) and found that the drug is not 
associated with more serious bleeding events than 
warfarin. The review was done using insurance 
claims and data from the FDA’s Sentinel Initiative. 
According to the FDA, the bleeding rates are con-
sistent with the observations from large clinical tri-
als, including RE-LY, which showed that bleeding 
rates in patients newly started on dabigatran were 
similar to rates associated with new use of warfarin. 
Therefore, the FDA has not changed its recom-
mendation regarding dabigatran (FDA Drug Safety 
Communication, Nov. 2, 2012). The next day, The 
New York Times published an article reporting that 
dabigatran has been associated with more than 500 
deaths in the United States since it was introduced. 
It also detailed several tragic cases of bleeding 
deaths associated with the drug. The article indicts 
the FDA stating “… the approval process was not 
sufficiently rigorous because it allowed a poten-
tially dangerous drug to be sold without an option 
for reversing its effects.” The article also mentions 
more than 100 lawsuits that have been filed in fed-
eral courts “…and thousands more are expected” 
(The New York Times Nov. 3, 2012:B1).

The FDA has expanded the approval of rivar-
oxaban (Xarelto) to include treatment of deep vein 

thrombosis (DVT) and pulmonary embolism (PE), 
both for acute treatment and prevention of recur-
rence. The drug is already approved for prevention 
of DVT and PE after knee and hip replacement 
surgery and for prevention of stroke in patients 
with non-valvular atrial fibrillation. It is the first 
oral drug approved to treat DVT and PE since 
warfarin was approved 60 years ago; but unlike 
warfarin, rivaroxaban can be used as monotherapy 
from diagnosis until treatment is discontinued. 
Approval was based on three studies of nearly 
9500 patients with DVT or PE randomized to riva-
roxaban, enoxaparin/vitamin K antagonist, or pla-
cebo. Rivaroxaban was equivalent to enoxaparin/
vitamin K antagonist and superior to placebo for 
preventing recurrent DVT or PE.    

The FDA has approved a new egg-free flu vac-
cine for adults. The vaccine is manufactured using 
cultured mammalian cells instead of fertilized 
chicken eggs. The manufacturer claims that the 
cell culture technology enables a rapid response 
to public health needs, such as a pandemic, since 
cell culture technology allows vaccines to be 
manufactured within weeks as opposed to tradi-
tional flu vaccines that depend on a large num-
ber of fertilized chicken eggs to grow the virus. 
Cell culture technology is used for several other 
vaccines including polio, rubella, and hepatitis 
A vaccines. Approval was based on a random-
ized, controlled clinical study of 7700 adults ages 
18-49. The new vaccine was 83.8% effective in 
preventing influenza when compared to placebo. 
Injection site reactions are the most common side 
effects. The new vaccine is marketed as Flucelvax 
by Novartis. 

The FDA has approved the first Janus kinase 
(JAK) inhibitor for the treatment of rheumatoid 
arthritis (RA). Tofacitinib, dosed orally twice 
a day, is approved for RA patients who have 
failed methotrexate. The drug will compete with 
the parenteral RA drugs adalimumab (Humira), 
etanercept (Enbrel), and infliximab (Remicade). 
Tofacitinib carries a boxed warning regarding the 
increased risk of opportunistic infections, tuber-
culosis, cancers, and lymphoma; increases in cho-
lesterol and liver enzymes; and decreases in blood 
counts. Approval was based on seven clinical trials 
in which the drug showed improvements in clini-
cal response and physical function compared to 
placebo in patients with moderate-to-severe RA. 
Tofacitinib will be marketed by Pfizer as Xeljanz. 
The cost is projected to be just over $2000 per 
month, similar to other non-methotrexate biologic 
treatment options.   n
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Gabapentin for  
Chronic Cough
Source: Ryan NM, et al. Gabapentin for 
refractory chronic cough: A randomised, 
double-blind, placebo-controlled trial. 
Lancet 2012;380:1583-1589.

Chronic undifferentiated cough — 
that is, cough without any readily 

visible explanation such as upper respi-
ratory infection, lower respiratory infec-
tion, pulmonary lesion, heart failure, etc. 
— usually turns out to be one of three en-
tities: post-nasal drip, asthma, or acid re-
flux. Indeed, empirically trying meds for 
such maladies usually resolves the cough. 
Nonetheless, despite exhaustive investiga-
tion, some patients remain with cough of 
undetermined etiology, at which point the 
treatment is problematic.

It has been suggested that chronic 
cough might reflect a central neural sensi-
tization process that has some pathologic 
similarities to neuropathic pain. Since 
gabapentin works well for neuropathic 
pain, could it also have a positive effect on 
chronic cough?

Ryan et al studied a population of pa-
tients with chronic cough (n = 62) in 
whom secondary causes (e.g., infection, 
reflux, asthma) had been eliminated. Study 
subjects were randomized to gabapentin 
(up to 1800 mg/d) or placebo for 10 weeks.

At the end of the trial, gabapentin im-
proved cough-related quality of life more 
than placebo and was well tolerated. Con-
sidering that in neuropathic pain trials the 
dose of gabapentin has been up to twice as 
high (3600 mg/d), it is reassuring to note 
that moderate gabapentin doses provide 
clinically relevant cough improvements. In 
an era of closer scrutiny applied to use of 

opioids, another alternative for chronic un-
differentiated cough is welcome.   n

Can Statins Reduce 
Cancer-Related  
Mortality?

Source: Nielsen SF, et al. Statin use and 
reduced cancer-related mortality. N Engl J 
Med 2012;367:1792-1802.

It is generally believed that the prima-
ry mechanism of statin-related cardio-

vascular (CV) risk reduction is achieved 
through reductions in LDL. That statins 
might have other pleiotropic actions, such 
as plaque stabilization, is the subject of 
much controversy. Recently, recognition 
of the impact of statins on new-onset dia-
betes (a relative 9% greater risk than non-
statin users) has given reason for pause. 
For secondary prevention, the risk-benefit 
ratio is prominently positive for statin ther-
apy, but much less convincing for primary 
prevention. A similar picture is emerging 
in reference to aspirin in CV prophylaxis. 

Reminiscent of the aspirin story (i.e., 
even though primary prevention with aspi-
rin has never been shown to reduce mor-
tality, the favorable effects on CV events 
— when combined with recently recog-
nized cancer risk reduction — sweetens 
the deal), we are presented now with the 
suggestion that statins also reduce cancer-
related mortality.

Nielsen et al report on a large dataset 
of Danish patients who had a diagnosis of 
cancer (n = 295,925) over the 1995-2007 
interval. A comparison was made between 
statin never users (n = 277,204) and statin 
users (n = 18,721) with respect to overall 
and cancer-related mortality.

Statin users had a 15% relative risk 
reduction for cancer-related death when 
compared to non-users. Thirteen different 
cancer types were specified, each of which 
demonstrated similar benefit. The authors 
suggest that the cholesterol synthesis-lim-
iting effects of statins may disrupt cancer 
cell membrane stability and cellular pro-
cesses, leading to the beneficial observed 
effects.   n

Are All of Those  
Multivitamin Dollars 
Well Spent?

Source: Sesso HD, et al. Multivitamins in 
the prevention of cardiovascular disease 
in men: The Physicians’ Health Study II 
randomized controlled trial. JAMA 2012; 
308:1751-1760.

Americans have been depicted as an 
overly pill-happy lot, much more 

motivated to take a statin than incorporate 
dietary change for cholesterol, or take a 
sulfonylurea rather than exercise and lose 
weight to improve their diabetes, etc. For 
a while, the idea of multivitamins seemed 
like a no-lose proposition; after all, few of 
us were keeping track of the amounts of 
essential nutrients we ingest, so multivi-
tamins appeared to provide, at worst, an 
innocent and inexpensive nutrient insur-
ance policy.

In an era in which essential nutrient de-
ficiency is a stark rarity, the use of vitamin 
and nutrient supplements is increasingly 
called into question.

The Physicians’ Health Study II is a 
controlled trial of adult (age > 50 years) 
male U.S. physicians (n = 14,641) random-
ized to a daily multivitamin or placebo. 
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Over a follow-up period of (median) 11.2 
years, there was no discernible difference 
between placebo and a daily multivitamin 
on CV events, stroke, or mortality. 

A parallel “sister study” from the Phy-
sicians’ Health Study reported a week later 
in JAMA had slightly more encouraging 
news: Within the same population as men-
tioned above, the risk of total cancer was 
reduced by 8% in multivitamin users. Al-
though the risk reduction for cancer was 
small, and the P value only marginally sig-
nificant, for clinicians who would advocate 
for multivitamins in the face of failed CV 
data, the cancer outcomes are modestly 
more sanguine.   n

Relapsing Lyme  
Disease: Fact  
or Fiction?

Source: Nadelman RB, et al. Differ-
entiation of reinfection from relapse in 
recurrent Lyme disease. N Engl J Med 
2012;367:1883-1890.

A characteristic dermatologic mani-
festation of the acute phase of Lyme 

disease (LYME) is erythema migrans. 
With appropriate antibacterial treatment 
of LYME, the etiologic bacterium Bor-
relia burgdorferi is typically eradicated, 
and further disease progression is pre-
vented. Untreated LYME can induce re-
petitive episodes of erythema migrans, 

as can LYME treated with antibiotics to 
which B. burgdorferi is not susceptible. 
In an individual patient, it may be diffi-
cult to differentiate disease relapse from 
new infection with a different strain of B. 
burgdorferi.

Genotyping of B. burgdorferi surface 
proteins allows determination of specific 
bacterial subtypes. Nadelman et al per-
formed such analysis on patients (n = 17) 
who had experienced two episodes of 
erythema migrans. Each of the patients 
had received appropriate antibacterial 
treatment.

The second episode of erythema mi-
grans was not caused by the same strain 
of B. burgdorferi in any of the patients, 
indicating that in each circumstance the 
patient had suffered reinfection rather 
than relapse. Whereas clinicians may 
have suspected relapse in patients with 
repeated episodes of LYME, it appears 
that reinfection with a new strain is more 
likely to be responsible.   n

Hypertension  
and Gout

Source: McAdams-DeMarco MA, et al. 
Hypertension and the risk of incident 
gout in a population-based study: The 
atherosclerosis risk in communities co-
hort. J Clin Hypertens 2012;14:675-679.

Gout and hypertension are often seen 
together. Indeed, there has been a 

substantial degree of discussion about the 
potential for elevated levels of uric acid to 
cause hypertension. The “storyline” re-
mains incomplete, however, because of the 
observational nature of the data, confound-
ers like thiazide diuretics (which of course 
elevate uric acid in treated hypertensives), 
and renal insufficiency, which is common 
in hypertension and is also associated with 
elevated uric acid. If uric acid is ultimately 
proven to increase the incidence of hy-
pertension, it will still remain to be deter-
mined whether lowering urate can reduce 
hypertension safely and effectively.  

The Atherosclerosis Risk in Com-
munities study (ARIC) study population 
provides a dataset for evaluating the as-
sociation between gout and hypertension. 
Adults (n = 15,792) from four different 
metropolitan areas were followed for ap-
proximately 10 years. 

There was a strong relationship be-

tween gout and hypertension. Participants 
with hypertension were almost two to 
three times as likely to develop gout, even 
after adjustment for confounders. For in-
stance, when results were evaluated only 
among persons not taking thiazide diuret-
ics, a positive association between hy-
pertension and gout was still found. The 
authors posit that the relationship between 
hypertension and gout is mediated through 
blood pressure-induced renal damage that 
leads to increased levels of uric acid.   n

Zoledronic Acid  
Treatment of  
Osteoporosis in Men

Source: Boonen S, et al. Fracture risk and 
zoledronic acid therapy in men with os-
teoporosis. N Engl J Med 2012;367:1714-
1723.

When hearing the word osteoporo-
sis, most clinicians think “pink,” as 

if the disorder only affected women. To 
the contrary, 30% of hip fractures occur 
in men, and the post hip-fracture mortality 
in men is higher than women. Although 
the dataset about preferred treatments is 
less robust for men than women, trials of 
oral bisphosphonates have been shown to 
provide meaningful fracture risk reduction 
for men and women.

Zoledronic acid (ZOL) is a parenter-
ally administered bisphosphonate that has 
been previously demonstrated to provide 
significant reduction in osteoporotic frac-
tures in women. For treatment of osteo-
porosis, ZOL is administered as a single 
intravenous dose, repeated in 1 year. 

Boonen et al performed a placebo-con-
trolled randomized trial in osteoporotic 
men (n = 1199). As in most osteoporosis 
trials, calcium (1000-1500 mg/d)  and 
vitamin D (800-1200 IU/d) supplements 
were administered in both the treatment 
and placebo arms of the study. The pri-
mary outcome variable of the study was 
new vertebral fractures.

At the end of the 2-year study, men 
who had received ZOL enjoyed a 67% 
relative risk reduction in new vertebral 
fractures (1.6% vs 4.9%), as well as im-
proved bone mineral density. There were 
no serious drug-related adverse events. 
Risk for osteoporotic vertebral fracture in 
men is promptly and effectively reduced 
by zoledronic acid.   n


