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PREAMBLE

It is important that the medical profession play a significant
role in critically evaluating the use of diagnostic procedures
and therapies in the management or prevention of disease
states. Rigorous and expert analysis of the available data
documenting relative benefits and risks of those procedures
and therapies can produce helpful guidelines that improve
the effectiveness of care, optimize patient outcomes, and
impact the overall cost of care favorably by focusing
resources on the most effective strategies.

The American College of Cardiology (ACC) and the
American Heart Association (AHA) have jointly engaged in
the production of such guidelines in the area of cardiovascu-
lar disease since 1980. This effort is directed by the
ACC/AHA Task Force on Practice Guidelines, whose charge
is to develop and revise practice guidelines for important
cardiovascular diseases and procedures. Experts in the sub-
ject under consideration are selected from both organiza-

2. Effect of Referral Bias............................................11
3. Quantitative Analysis..............................................12
4. ECG-Gated SPECT.................................................12
5. Attenuation Correction............................................13
6. Positron Emission Tomography.............................. 14

B. Management of Patients With Known or Suspected 
Chronic CAD: Assessment of Disease Severity, Risk 
Stratification, and Prognosis.......................................14
1. Nongated MPI.........................................................15
2. Gated SPECT.......................................................... 18
3. Radionuclide Angiography......................................18
4. Cost Effectiveness...................................................18
5. Frequency of Testing...............................................19
6. Evaluation of the Effects of Medical Therapy........19

C. Specific Patient Populations........................................19
1. African Americans.................................................. 19
2. Women.....................................................................19
3. Normal Resting ECG, Able to Exercise................. 19
4. Intermediate-Risk Duke Treadmill Score...............20
5. Normal Resting ECG, Unable to Exercise............. 20
6. LBBB/Pacemakers..................................................20
7. Left Ventricular Hypertrophy..................................21
8. Patients With Nonspecific ST-T Wave Changes.....21
9. Elderly.....................................................................21

10. Asymptomatic Patients........................................... 21
11. Obese Patients.........................................................22
12. Diabetes...................................................................22
13. After Coronary Calcium Screening........................ 22
14. Before and After Revascularization........................22
15. Radionuclide Imaging Before Noncardiac 

Surgery.....................................................................23
D. Recommendations: Cardiac Stress Myocardial 

Perfusion SPECT in Patients Able to Exercise...........24
E. Recommendations: Cardiac Stress Myocardial 

Perfusion SPECT in Patients Unable to Exercise.......26
F. Recommendations: Cardiac Stress Myocardial

Perfusion PET............................................................. 26
G. Recommendations: Cardiac Stress Perfusion 

Imaging Before Noncardiac Surgery..........................27

IV. Heart Failure..................................................................28
A. Assessment of LV Systolic Dysfunction.....................28
B. Assessment of LV Diastolic Dysfunction...................28
C. Assessment of CAD....................................................29

1. Importance of Detecting CAD in Heart Failure 
Patients....................................................................29

2. MPI to Detect CAD in Heart Failure Patients........29
D. Assessment of Myocardial Viability...........................29

1. Goals of Assessing Myocardial Viability................29
2. General Principles of Assessing Myocardial 

Viability by Radionuclide Techniques....................30
3. Techniques and Protocols for Assessing 

Myocardial Viability............................................... 31
4. Image Interpretation for Myocardial Viability:

Quantitative Versus Visual Analysis of Tracer 
Activities................................................................. 32

5. Comparison of Techniques......................................33
E. Etiologies of Heart Failure..........................................33

1. Dilated Cardiomyopathy.........................................33
2. Dilated Cardiomyopathy due to Doxorubicin/

Anthracycline Cardiotoxicity..................................34
3. Dilated Cardiomyopathy due to Myocarditis........ 35
4. Posttransplant Rejection and Allograft 



were drawn from both the academic and private practice sec-
tors, with the three sponsoring organizations equally repre-
sented.

This document was reviewed by 3 official reviewers nom-
inated by the ACCF, 3 official reviewers nominated by the
AHA, 3 official reviewers nominated by the ASNC, the
ACC/AHA Task Force on Practice Guidelines, and four
additional content reviewers. 

The ACC/AHA classifications I, II, and III are used to
summarize indications as follows:

Class I: Conditions for which there is evidence and/or
general agreement that a given procedure or
treatment is useful and effective.

Class II: Conditions for which there is conflicting evi-
dence and/or a divergence of opinion about
the usefulness/efficacy of a procedure or
treatment.

Class IIa: Weight of evidence/opinion is in
favor of usefulness/efficacy.

Class IIb: Usefulness/efficacy is less well
established by evidence/opinion.

Class III: Conditions for which there is evidence and/or
general agreement that the procedure/treat-
ment is not useful/effective and in some cases
may be harmful.

Levels of evidence for individual class assignments are
designated as:

A = Data derived from multiple randomized clinical trials
B = Data derived from a single randomized trial, or from

nonrandomized studies
C = Consensus opinion of experts

Techniques considered investigational are not further clas-
sified.

In considering the use of a specific technique in individual
patients, the following factors are important

1. the quality of the available laboratory and equipment
used for performing the study and the quality, expert-
ise, and experience of the professional and technical
staff performing and interpreting the study

2. the sensitivity, specificity, and predictive accuracy of
the technique

3. the cost and accuracy of the technique compared with
that of other diagnostic procedures

4. the effect of positive or negative results on subsequent
clinical decision making

The present report discusses the usefulness of nuclear car-
diological techniques in three broad areas: acute ischemic
syndromes, chronic syndromes, and heart failure. Utility is
considered for diagnosis, severity of disease/risk assess-

tions to examine subject-specific data and write guidelines.
The process includes additional representatives from other
medical practitioner and specialty groups when appropriate.
Writing groups are specifically charged to perform a formal
literature review, weigh the strength of evidence for or
against a particular treatment or procedure, and include esti-
mates of expected health outcomes when data exist. Patient-
specific modifiers, comorbidities and issues of patient pref-
erence that might influence the choice of particular tests or
therapies are considered as well as frequency of follow-up
and cost effectiveness.

These practice guidelines are intended to assist physicians
and other qualified healthcare professionals in clinical deci-
sion making by describing a range of generally acceptable
approaches for the diagnosis, management, or prevention of
specific diseases or conditions. These guidelines attempt to
define practices that meet the needs of most patients in most
circumstances. The ultimate judgment regarding care of a
particular patient must be made by the physician and patient
in light of all of the circumstances presented by that patient.

The ACC/AHA Task Force on Practice Guidelines makes
every effort to avoid any actual or potential conflicts of inter-
est that might arise as a result of an outside relationship or
personal interest of a member of the writing panel.
Specifically, all members of the writing panel are asked to
provide disclosure statements of all such relationships that
might be perceived as real or potential conflicts of interest.
These statements are reviewed by the parent task force,
reported orally to all members of the writing panel at the first
meeting, and updated as changes occur.

Elliott M. Antman, MD, FACC, FAHA
Chair, ACC/AHA Task Force on Practice Guidelines

Sidney C. Smith, Jr., MD, FACC, FAHA
Vice-Chair, ACC/AHA Task Force on Practice Guidelines

I. INTRODUCTION

The ACC/AHA Task Force on Practice Guidelines was
formed to make recommendations regarding the appropriate
use of testing and technology in the diagnosis and treatment
of patients with known or suspected cardiovascular disease.
Cardiac radionuclide imaging (nuclear cardiology) is one
such important technology. 

Guidelines for the Clinical Use of Cardiac Radionuclide
Imaging were originally published in 1986 and updated in
1995. Important new developments have continued to occur
since 1995, particularly in the areas of acute and chronic
ischemic syndromes and heart failure. The Task Force there-
fore believed the topic should be revisited de novo and invit-
ed the American Society for Nuclear Cardiology (ASNC) to
cosponsor this undertaking. This report represents a joint
effort of the three organizations. The committee that pre-
pared it included acknowledged experts in radionuclide test-
ing, as well as general cardiologists and cardiologists with
expertise in other imaging modalities. Committee members
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ment/prognosis, and assessment of therapy. Recom-
mendations are summarized within each section. An appen-
dix provides detailed descriptions of the individual nuclear
cardiological techniques covered in this report.

The committee conducted comprehensive searching of the
scientific and medical literature on radionuclide imaging in
heart disease. Because this guideline represents a full revi-
sion, no time constraints were applied to the searches and all
relevant references were reviewed. In addition to broad-
based searching on radionuclide imaging, specific targeted
searches were performed on radionuclide imaging and the
following subtopics: chest pain, viability, ejection fraction
(EF), hypertensive heart failure, hypertrophic heart failure,
electron-beam computed tomography (EBCT), adenosine,
technetium-99m (Tc-99m), antimyosin, dipyridamole, glu-
carate, risk stratification, prognosis, non–Q-wave infarction,
gamma-camera imaging, positron emission tomography
(PET), acute myocardial infarction (AMI), heart failure,
ischemia, ventricular volumes, left ventricular (LV) function,
and angina. The committee reviewed all compiled reports
from computerized searches and conducted additional hand
searching. Throughout this literature review, abstracts of
unpublished data more than 2 years old were excluded.

Recommendations in this guideline are derived from the lit-
erature search results. A complete list of the large number of
publications on cardiac imaging is beyond the scope of this
report; only selected references are included. The report does
not include a discussion of digital subtraction angiography,
high speed (cine) computed tomography (CT), or nuclear
magnetic resonance imaging (MRI)—although these are not
radionuclide-based per se, they were included in the original
1986 guideline but not the 1995 update. The present guide-
line applies to adults but not to children.

This report overlaps with several previously published
ACC/AHA guidelines for patient treatment that potentially
involve cardiac radionuclide imaging. These include pub-
lished guidelines for chronic stable angina (SA; 2002), unsta-
ble angina and non–ST-elevation myocardial infarction
(UA/NSTEMI; 2002), heart failure (2001), perioperative car-
diovascular evaluation for noncardiac surgery (2002), exer-
cise testing (2002), valvular heart disease (1998), and AMI
(1999). The present report is not intended to include infor-
mation previously covered in these guidelines, or to provide
a comprehensive treatment of the topics addressed in these
guidelines.

II. ACUTE SYNDROMES

For the purpose of organization, this chapter will be divided
into four parts: (1) evaluation of chest pain in the emergency
department for patients with suspected acute coronary syn-
dromes (ACS); (2) detection of AMI when conventional
measures are nondiagnostic; (3) assessment of risk, therapy,
and prognosis in ST-elevation AMI (STEMI); and (4) diag-
nosis and assessment of risk, therapy, and prognosis in
UA/NSTEMI.

A. Myocardial Perfusion Imaging in the Assessment
of Patients Presenting With Chest Pain to the
Emergency Department

In the United States, more than 5 million patients present to
the emergency department each year with chest pain and
approximately 50% are admitted to the hospital, at a cost of
$10 to $12 billion (1,2). The rate of myocardial infarction
(MI) in these patients ranges from 2 to 10%, with an average
of 5% (1,2). More than one-half of patients admitted for sus-
pected ischemic chest pain are discharged without a proven
diagnosis of MI or UA. Conversely, 5 to 10% of patients dis-
charged from the emergency department have an unrecog-
nized infarction, and others have UA (2). 

The differentiation between cardiac and noncardiac chest
pain is often difficult. Although a thorough history and phys-
ical evaluation, resting electrocardiogram (ECG), and car-
diac markers or enzymes are all important elements to be
considered when deciding which patients need to be admit-
ted to the hospital, many patients with a normal ECG and
negative serum markers and enzymes are admitted because
of diagnostic uncertainty. Optimal decision-making in
patients seen in the emergency department with chest pain
requires triage into risk categories based on the probability of
AMI, UA, or both, and the subsequent risk and potential
interventional options. Within such an algorithm, radionu-
clide imaging provides clinically useful information for diag-
nosis and management. The UA guidelines use four risk lev-
els for chest pain: noncardiac, chronic SA, possible ACS, and
definite ACS (3). Radionuclide imaging is most appropriate
in patients with possible ACS.

Rest thallium-201(Tl-201) imaging has been used as an aid
in the decision process of patients presenting to the emer-
gency department with chest pain (4,5) and as a risk stratifi-
cation modality in patients with no evidence of previous MI
who were admitted to rule out MI. The sensitivity and speci-
ficity for AMI, UA, and overall detection of coronary artery
disease (CAD) were high. Nonetheless, Tl-201 is not a prac-
tical tracer for imaging of acute chest pain patients in the
emergency department because of the need for immediate
imaging after injection, as this agent redistributes in the
myocardium over time. Thus, images obtained late do not
reflect blood flow at the time of injection. For logistical rea-
sons, acute rest chest pain imaging with Tl-201 is not wide-
ly used in clinical practice.

The availability of Tc-99m–labeled flow agents, which are
trapped in the myocardium and do not redistribute, has
offered a new window of opportunity to image acute patients.
Tracer injection may be performed at rest in the emergency
department, and patients may be transferred to the nuclear
medicine or nuclear cardiology laboratory for subsequent
imaging as these late images reflect myocardial blood flow
(MBF) at the time of injection. Published observational stud-
ies using the Tc-99m tracers are listed in Table 1 (1,2,6-10). 

In patients with chest pain and receiving resting perfusion
imaging, sensitivity and specificity for acute ischemic syn-
dromes or a diagnosis of CAD were better than clinical fac-



5
Klocke et al. 2003

ACC/AHA/ASNC Practice Guidelines

ACC - www.acc.org
AHA - www.americanheart.org
ASNC - www.asnc.org

Ta
bl

e 
1.

Pu
bl

is
he

d 
St

ud
ie

s 
U

si
ng

 T
c-

99
m

 T
ra

ce
rs

P
os

it
iv

e
A

bn
or

m
al

O
ut

co
m

e 
O

ut
co

m
es

P
re

di
ct

iv
e 

Y
ea

r
A

ut
ho

r
n

Im
ag

in
g 

M
od

al
it

y
Te

st
 (

%
)

A
ss

es
se

d
(%

)
Se

ns
it

iv
it

y
Sp

ec
if

ic
it

y
V

al
ue

19
91

B
ilo

de
au

 (
6)

45
Se

st
am

ib
i S

PE
C

T
29

 (
64

%
)

Si
gn

if
ic

an
t C

A
D

26
 (

58
%

)
96

%
79

%
94

%
19

93
V

ar
et

to
 (

7)
64

Se
st

am
ib

i S
PE

C
T

30
 (

46
.9

%
)

A
M

I
13

 (
20

%
)

10
0%

92
%

90
%

14
 (

22
%

)
N

ot
19

97
Ta

tu
m

 (
2)

43
8*

Se
st

am
ib

i S
PE

C
T

10
0 

(2
3%

)
M

I
7 

(1
.6

%
)

10
0%

78
%

D
et

er
m

in
ed

19
98

H
el

le
r 

(1
)

35
7

Te
tr

of
os

m
in

 S
PE

C
T

15
3 

(4
3%

)
D

ea
th

0
M

I
20

 (
6%

)
90

%
59

.5
%

12
%

19
99

D
uc

a 
(8

)
75

Se
st

am
ib

i o
r 

27
 (

36
%

)
C

A
D

26
 (

35
%

)
73

%
93

%
89

%
te

tr
of

os
m

in
 S

PE
C

T
M

I
9 

(1
2%

)
10

0%
73

%
33

%
19

99
K

on
to

s 
(9

)
62

0
Se

st
am

ib
i S

PE
C

T
24

1 
(3

9%
)

M
I

59
 (

9%
)

92
%

67
%

47
%

C
A

D
58

 (
9%

)
81

%
74

%
19

94
H

ilt
on

 (
10

)
10

2
Se

st
am

ib
i S

PE
C

T
32

 (
31

%
)

M
I

12
 (

12
%

)
94

%
83

%
N

ot
D

ea
th

1 
(1

%
)

10
0%

78
%

D
et

er
m

in
ed

A
M

I 
in

di
ca

te
s 

ac
ut

e 
m

yo
ca

rd
ia

l i
nf

ar
ct

io
n;

 C
A

D
,c

or
on

ar
y 

ar
te

ry
 d

is
ea

se
; M

I,
m

yo
ca

rd
ia

l i
nf

ar
ct

io
n;

 S
PE

C
T,

si
ng

le
-p

ho
to

n 
em

is
si

on
 c

om
pu

te
d 

to
m

og
ra

ph
y.

*T
he

 4
38

 p
at

ie
nt

s 
in

 th
is

 s
tu

dy
 w

er
e 

cl
as

si
fi

ed
 a

s 
lo

w
er

-r
is

k 
pa

tie
nt

s 
pr

io
r 

to
 p

er
fu

si
on

 im
ag

in
g.

N
eg

at
iv

e
P

re
di

ct
iv

e
V

al
ue

86
%

10
0%

N
ot

D
et

er
m

in
ed

99
%

81
%

10
0%

93
%

N
ot

D
et

er
m

in
ed



6

ACC - www.acc.org
AHA - www.americanheart.org

ASNC - www.asnc.org
Klocke et al. 2003
ACC/AHA/ASNC Practice Guidelines

suspicious for acute ischemia but normal or nondiagnostic
ECGs were randomized to a strategy of usual care emer-
gency department evaluation (without imaging) or a strategy
incorporating perfusion imaging (rest Tc-99m-sestamibi
SPECT) (13). The imaging strategy was associated with a
favorable effect on decision-making (ie, patients randomized
to the imaging strategy were less often unnecessarily admit-
ted to the hospital or held for observation and were more
often discharged home directly from the emergency depart-
ment). In the decision-making process, imaging results were
incorporated into all available information, including history
and physical exam.

Based on the growing body of literature on the use of
emergency department imaging of patients with chest pain,
and in accordance with the ACC/AHA 2002 Guideline
Update for the Management of Patients with Unstable
Angina and Non–ST-Segment Elevation Myocardial
Infarction (3) and the ACC/AHA Guidelines for the
Management of Patients with Acute Myocardial Infarction
(14), the following conclusions can be reached:

1. The sensitivity of acute rest imaging for MI appears
very high and is maximal at the onset of acute infarc-
tion, in contrast with the sensitivity of serum enzyme
markers, which require several hours to become max-
imally positive. Patients discharged home with nega-
tive scans have a very low likelihood for cardiac
events (high negative predictive value), whereas
patients with positive scans are at higher risk for
events.

2. After initial triage based on symptoms, ECG, and his-
tory, rest SPECT imaging in the emergency depart-
ment appears to be useful for identifying patients at
high risk (those with perfusion defects), who should
be admitted, and patients with low-risk (those with
normal scans), who in general may be discharged
home with a low-risk for subsequent ischemic events.

3. Whether the addition of exercise stress imaging in
patients with a negative rest scan on the same day ver-
sus delayed stress imaging would be a preferable
approach is presently under study.

Table 2 identifies the recommendations for rest radionu-
clide imaging in the evaluation of chest pain in the emer-
gency department for patients with suspected ACS.

B. Detection of AMI When Conventional Measures
Are Nondiagnostic

1. “Hot Spot” Infarct Imaging

In the past, cardiac “hot spot” scintigraphy with Tc-99m
pyrophosphate or indium-111 antimyosin antibody was used
to diagnose AMI. These techniques were most useful in
patients with conduction system abnormalities on the resting
ECG that limited an ECG diagnosis and in patients who pre-
sented late after symptom onset when cardiac enzymes

tors and the resting ECG (6,7,11). Accuracy was highest
when patients were injected while they had chest pain, but
positive studies were present in 11 of 14 patients diagnosed
with UA who were injected an average of 4.7 hours after the
chest pain had resolved (7). As shown in Table 1, the nega-
tive predictive value is high in these studies. In the study by
Hilton et al. (11) only 1 of 70 patients (1.5%) with normal
single-photon emission CT (SPECT) results had a significant
cardiac event (coronary revascularization), whereas 12 of 17
patients (71%) with abnormal scans had an event and 2 of 15
(13%) with equivocal studies had an event. Similar results
have been reported with the use of Tc-99m-tetrofosmin (1).

The question of when, as well as if, the information pro-
vided by perfusion imaging decreases in value relative to the
presence or absence of symptoms is not resolved. Although
some studies suggest that the diagnostic value for detection
of CAD is less in the absence of ongoing symptoms (6),
other studies indicate that the predictive or prognostic value
for cardiac events is maintained up to 6 hours after symptom
cessation (2). These issues should be borne in mind when
incorporating perfusion imaging results in the absence of
ongoing symptoms. When more than 2 to 3 hours have
elapsed after symptom cessation, a normal rest perfusion
image seems to identify a low-risk patient but does not
exclude the presence of CAD.

The diagnostic accuracy of sestamibi SPECT has also been
compared with that of cardiac troponin I (cTnI) (9). Among
620 patients studied, 9% had AMI and 13% had a final diag-
nosis of significant coronary disease. Sensitivity for detect-
ing MI was similar between SPECT imaging (92%) and cTnI
(90%). The initial cTnI value, however, had only a sensitivi-
ty of 39% and serial determinations were necessary to
achieve a high sensitivity. In the 81 patients who had signif-
icant coronary disease, but no AMI, 75% had a positive per-
fusion imaging study. Comparisons have also been made to a
wider panel of acute serum markers (8). All patients with an
AMI had an abnormal SPECT study. The sensitivity of acute
rest SPECT for objective evidence of CAD was 73%.
Individual serum markers had a low sensitivity for sympto-
matic myocardial ischemia alone. Serum troponin-T and TnI
were highly specific for AMI but had a low sensitivity at
presentation (8).

The observational studies summarized in Table 1 suggest a
high negative predictive value for ruling out an acute
ischemic syndrome in the emergency department setting.
This view is now supported by two randomized multicenter
controlled clinical trials performed to assess whether incor-
porating imaging information favorably influences decision
making in emergency department patients with suspected
acute ischemia. An initial study enrolled 46 chest pain
patients who all had resting Tc-99m-tetrofosmin scans (12).
The patients were then randomly assigned to have, or not
have, scan results provided to the emergency department
physicians. Patients whose evaluations included the scan
results had a 50% reduction in length of stay and hospital
costs and similar rates of in-hospital and 30-day follow-up
events. In a much larger study, 2475 patients with symptoms
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might not be definitive. Because of the limited patient popu-
lation in which these studies were clinically useful for diag-
nosis and management and the availability of better serum
markers and imaging techniques, hot spot infarct imaging is
used infrequently and has a limited role in diagnosing ACS.
Pyrophosphate imaging still has a role in the diagnosis of
amyloidosis and for the detection of myocardial contusion
after chest wall trauma.

2. Acute Rest Myocardial Perfusion Imaging

Rest myocardial perfusion imaging (MPI) with Tl-201, Tc-
99m-sestamibi, or Tc-99m-tetrofosmin has a high sensitivity
for diagnosing AMI. Tc-99m tracers are uniquely suited to
accurately measure myocardium at risk in patients with AMI
(15-17). Because there is minimal redistribution of the radio-
pharmaceutical over time, imaging can be delayed for a few
hours after the injection and still provide accurate informa-
tion about myocardial perfusion at the time of injection,
which reflects the area of myocardium at risk. However, such
defects do not distinguish among acute ischemia, acute
infarction, or previous infarction. Serial changes on follow-
up perfusion imaging suggest an acute process but cannot
definitely distinguish ischemia from infarction although the
changes allow measurement of myocardial salvage, which is
the area initially at risk minus the final infarct size.
Myocardium at risk is a major determinant of final infarct
size. The final infarct size assessed by perfusion tomography
is a major determinant of subsequent patient survival (18,19).
Measurement of final infarct size with sestamibi tomography
is closely correlated with the left ventricular ejection fraction
(LVEF), regional wall motion score, and creatine kinase
release, and the size also predicts patient outcomes. 

Despite this well-validated body of experimental and clini-
cal knowledge for diagnosis, assessment of myocardium at
risk, and management of AMI, the availability of alternative
methods and the logistics and time demands of performing
MPI in the setting of AMI has limited its widespread clinical
application. This technique has value in clinical trials for
treatment of acute infarction as it can sometimes reduce the

number of patients required for significant results between
treatment groups.

C. Radionuclide Testing in Risk Assessment:
Prognosis and Assessment of Therapy After STEMI

The prognosis of STEMI is primarily a function of EF,
infarct size, and residual myocardium at risk. Thus, acute or
late measurement of EF, infarct size, and myocardium at risk
provides important prognostic management information
(14). Radionuclide techniques are also useful for assessing
the presence and extent of stress-induced myocardial
ischemia, which are useful for immediate and long-term
management of patients. Imaging is also useful in patients
referred for coronary angiography as it identifies the “cul-
prit” lesion and the hemodynamic significance of a moderate
stenosis.

In the prethrombolytic era, several planar studies demon-
strated the value of exercise and pharmacologic myocardial
perfusion scintigraphy for risk stratification (20-26). In the
thrombolytic therapy and direct angioplasty era, submaximal
exercise SPECT imaging continued to provide important
prognostic indicators (22,27). It was demonstrated that MPI
was more effective than was exercise ECG testing to predict
patient outcomes. The perfusion data provide incremental
information over clinical factors and the LVEF. When clini-
cal data, resting LVEF, and stress scintigraphic data are com-
bined, coronary angiography may not provide additional
incremental value in predicting prognosis (27). 

Pharmacologic perfusion tomography using adenosine
(28,29) or dipyridamole (30) is also very useful for risk strat-
ifying patients after an AMI. The advantage of pharmacolog-
ic stress compared with dynamic exercise is that studies can
be performed earlier after acute infarction. In the multicenter
study by Brown et al. (30) a predischarge dipyridamole
tomographic study afforded better stratification of patients
into low-, intermediate-, and high-risk groups compared with
stratification provided by a submaximal exercise perfusion
imaging study. This may be a result of enhanced sensitivity
for detection of reversible ischemia in patients undergoing
pharmacologic stress versus submaximal exercise testing.

Table 2. Recommendations for Emergency Department Imaging for Suspected Acute Coronary Syndromes

Indication Test Class Level of Evidence

1. Assessment of myocardial risk in possible ACS Rest MPI I A
patients with nondiagnostic ECG and initial 
serum markers and enzymes, if available. 

2. Diagnosis of CAD in possible ACS patients with Same day I B 
chest pain with nondiagnostic ECG and negative rest/stress 
serum markers and enzymes or normal resting scan. perfusion

imaging

3. Routine imaging of patients with myocardial ischemia/ Rest MPI III C
necrosis already documented clinically, by ECG and/or 
serum markers or enzymes.

ACS indicates acute coronary syndrome; CAD, coronary artery disease; ECG, electrocardiogram; MPI, myocardial perfusion imaging.

(See Figure 6 of the ACC/AHA 2002 Guideline Update for the Management of Patients with Unstable Angina and Non–ST-Segment Elevation Myocardial Infarction at
www.acc.org/clinical/guidelines/unstable/unstable.pdf and Figure 1 of the ACC/AHA Guidelines for the Management of Patients with Acute Myocardial Infarction at
www.acc.org/clinical/guidelines/nov96/1999/jac1716f01.htm.)
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Pharmacologic perfusion scintigraphy has the advantage of
allowing early risk stratification (between 2 and 5 days after
the infarction) with a very good safety record (22,24,27-30).
The presence and extent of myocardial ischemia, the number
and extent of myocardial perfusion defects, transient stress-
induced LV dilation, and increased tracer lung uptake (espe-
cially useful with Tl-201) are all markers of a poor progno-
sis. 

Patients with small fixed perfusion defects have an excel-
lent prognosis, and it is unlikely they will benefit from inva-
sive investigation or revascularization. Conversely, patients
with markers of increased risk by stress perfusion tomogra-
phy may be preferentially referred for coronary angiography
and revascularization. Although such a strategy is intuitively
appealing, no prospective data are available that establish the
superiority of revascularization in this setting, as opposed to
aggressive medical therapy. A small pilot prospective study
has suggested that aggressive medical therapy and revascu-
larization are equally beneficial in reducing a patient’s risk,
provided that either therapy is capable of producing a sub-
stantial decrease in perfusion defect size (31). A larger
prospective randomized trial, the INSPIRE trial—
AdenosINE Sestamibi SPECT Post InfaRction Evaluation,
is currently being performed to determine the value of
sequential perfusion imaging to assess not only the initial
postinfarction risk but also its subsequent change after med-
ical and revascularization therapy. 

Prospective randomized trials that assessed the value of
routine coronary angiography followed by revascularization
within a few days of the acute infarction have not shown
improved outcomes in patients with Q-wave infarction.
Hence, a noninvasive stratification may be used initially in
most stable postinfarction patients. Unstable patients, as
well as those with markers of high clinical or scintigraphic
risk, may be directly referred to catheterization.

Although there are no published trials showing that the use
of ECG-gated SPECT imaging provides incremental infor-
mation over conventional SPECT perfusion studies in this
patient population, it is believed that the improvement in

diagnostic accuracy and recognition of artifacts with the use
of gating makes this an important part of perfusion imaging,
and ECG-gated assessment of function should be performed
whenever possible.

The recommendations for radionuclide testing in risk
assessment, prognosis, and assessment of therapy after
STEMI are shown in Table 3.

D. Radionuclide Testing in Risk Assessment:
Prognosis and Assessment of Therapy After NSTE-
MI or UA

In the United States coronary angiography is often per-
formed in patients with NSTEMI or UA either as an initial
method for evaluation and treatment or as a later method
after a variable delay. 

The ACC/AHA 2002 Guideline Update for the Manage-
ment of Patients with Unstable Angina and Non–ST-
Segment Elevation Myocardial Infarction (3) (http://www.
acc.org/clinical/guidelines/unstable/incorporated/index.htm)
recommends an early invasive strategy in patients with any
of several high-risk indicators and no serious comorbidities.
High-risk findings on noninvasive stress testing (eg, MPI)
are one such indication. In the absence of high-risk findings,
the guidelines endorse either an early conservative or early
invasive strategy in patients without contraindications for
revascularization. The guidelines recommendations are
based on several publications (32-36).

MPI has been shown to be particularly useful in the pre-
discharge risk stratification of patients with UA. In the study
by Brown et al. (37), 52 patients with medically stabilized
UA underwent exercise planar Tl-201 imaging within 1
week of admission. At an average follow-up of 39 months,
cardiac death or nonfatal MI occurred in 6 of 23 (26%)
patients with thallium redistribution versus 1 of 29 (3%) of
those without redistribution (P less than 0.05). The number
of segments with thallium redistribution and a history of
prior MI were the only significant predictors of all events.
However, thallium redistribution was the only predictor of
cardiac death or nonfatal MI on follow-up. In this study,

Table 3. Recommendations for Use of Radionuclide Testing in Diagnosis, Risk Assessment, Prognosis, and Assessment of Therapy After
Acute ST-Segment Elevation Myocardial Infarction

Patient Subgroup(s) Indication Test Class Level of Evidence

All 1. Rest LV function Rest RNA or ECG- I B
gated SPECT MPI

Thrombolytic therapy 2. Detection of inducible Stress MPI with ECG- I B
without catheterization ischemia and myocardium at risk gated SPECT whenever 

possible

Acute STEMI 3. Assessment of infarct size MPI at rest or with stress I B
and residual viable myocardium using gated SPECT 
4. Assessment of RV function Equilibrium or FPRNA IIa B
with suspected RV infarction

ECG indicates electrocardiogram; FPRNA, first-pass radionuclide angiogram; LV, left ventricular; MPI, myocardial perfusion imaging; RNA,
radionuclide angiogram; RV, right ventricular; SPECT, single-photon emission computed tomography; STEMI, ST-segment elevation myocar-
dial infarction. 
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III. CHRONIC SYNDROMES

A. Detection (Diagnosis) of CAD

The basis for the diagnostic application of nuclear testing lies
in the concept of sequential Bayesian analysis of disease
probability. Integrated predictive models based on clinical
history and physical examination parameters have been
developed from large patient registries and have been pub-
lished in the form of nomograms for estimating the pretest
likelihood of angiographically significant coronary disease
as well as cardiac survival (47-51). A thorough discussion of
the concepts of likelihood of CAD is provided in the
ACC/AHA 2002 Guideline Update for the Management of
Patients With Chronic Stable Angina (52) (http:// www.
acc.org/clinical/guidelines/stable/update_explantext.htm),
accompanied by a simplified table for estimating pretest
probability ranges. MPI is most useful in patients with an
intermediate likelihood of angiographically significant CAD
based on age, sex, symptoms, risk factors, and the results of
stress testing (for patients who have undergone prior stress
testing). 

1. Sensitivity and Specificity

In patients with suspected or known chronic stable coronary
disease, the largest accumulated experience in MPI has been
with the tracer Tl-201, but available evidence suggests that
the newer tracers Tc-99m-sestamibi and Tc-99m-tetrofosmin
yield similar diagnostic accuracy (53-63). Thus, for the most
part, Tl-201, Tc-99m-sestamibi, or Tc-99m-tetrofosmin can
be used interchangeably for diagnosing CAD. 

Tables 5 and 6 present sensitivities and specificities of
myocardial perfusion SPECT for the detection of angio-
graphically significant (more than 50% stenosis) CAD. Only
studies reporting both sensitivity and specificity are includ-

coronary anatomy was not a good predictor of future events.
In a similar study, patients with UA stabilized on medical

therapy underwent a symptom-limited exercise thallium
SPECT. Reversible thallium defects occurred in 20 of 22
patients (91%) who developed cardiac events versus 5 of 17
patients (29%) of those who did not develop events (P less
than 0.0001), over a mean follow-up of 39 months (38).

In another study by Strattman et al. (39), patients under-
went a sestamibi stress myocardial perfusion SPECT study
before hospital discharge. The event-free survival was
approximately 90% over a follow-up of 18 months in
patients with normal scans versus 55% in those with abnor-
mal scans. Patients with reversible defects in this study had a
less favorable prognosis, with an event-free survival of only
30% over 18 months. Death or MI in this study was rare in
patients with a normal scan but occurred in 20% of those
with abnormal scans and in 40% of those with reversible
defects over 18 month follow-up. Several other studies give
support to the use of MPI either with Tl-201, Tc-99m-ses-
tamibi, exercise, or dipyridamole imaging in patients with
UA (40-45).

Thus, the presence and extent of reversible perfusion
defects on stress testing after the patient is stabilized are
highly predictive of future events. In some studies (43,44), a
fixed defect was also predictive of future events. Radio-
nuclide angiography (RNA) can assess improved LV func-
tion in patients who have undergone revascularization and
have evidence of ventricular dysfunction between episodes
of UA. Likewise, MPI can document improvement in rest
perfusion to areas of rest ischemia (46).

Table 4 lists the uses of radionuclide testing in patients for
prognosis and assessment of therapy in patients with NSTE-
MI and UA. ECG gating of the perfusion images is recom-
mended whenever possible. 

Table 4. Recommendations for Use of Radionuclide Testing for Risk Assessment/Prognosis in Patients With Non–ST-Segment Elevation
Myocardial Infarction and Unstable Angina

Indication Test Class Level of Evidence

1. Identification of inducible ischemia Stress MPI with ECG gating I B
in the distribution of the “culprit lesion” whenever possible
or in remote areas in patients at intermediate 
or low risk for major adverse cardiac events.

2. Identification of the severity/extent of inducible Stress MPI with ECG gating I A
ischemia in patients whose angina is satisfactorily whenever possible
stabilized with medical therapy or in whom diagnosis 
is uncertain.

3. Identification of hemodynamic significance of Stress MPI I B
coronary stenosis after coronary arteriography.

4. Measurement of baseline LV function. Rest RNA or gated SPECT MPI I B

5. Identification of the severity/extent of disease in Rest MPI IIa B
patients with ongoing suspected ischemia symptoms 
when ECG changes are nondiagnostic.

ECG indicates electrocardiogram; LV, left ventricular; MPI, myocardial perfusion imaging; RNA, radionuclide angiogram; SPECT, single-photon emission computed tomography.



ed. A meta-analysis of diagnostic test performance has sum-
marized evidence documenting that the sensitivity of exer-
cise electrocardiography is significantly lower than that of
myocardial perfusion SPECT (64). Less-than-100% values
for sensitivity and specificity may reflect physiologic and
technical factors (eg, the visually estimated angiographic
severity of coronary stenoses does not always correlate with
functional severity as assessed by coronary flow reserve after
maximal pharmacologic coronary vasodilation) (109). As
discussed below, the specificity in more recent studies is
affected adversely by referral bias (110,111). In addition, a
true physiologic decrease in blood flow may be seen in the
absence of a fixed coronary stenosis (112). At times apparent
abnormalities on myocardial perfusion SPECT are due to
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artifacts such as soft-tissue attenuation; the use of gated
SPECT, prone imaging, and/or attenuation correction can
improve the specificity of SPECT. 

Since the introduction of dipyridamole-induced coronary
vasodilation as an adjunct to Tl-201 MPI (113-115), phar-
macologic interventions have become an important tool in
noninvasive diagnosis of CAD (90,94,107,108,114-123).
Dipyridamole SPECT imaging with Tl-201 or Tc-99m-ses-
tamibi appears to be as accurate as is exercise SPECT (124-
126). Results of MPI during adenosine infusion are similar to
those obtained with dipyridamole and exercise imaging
(90,94,120,122). A single 81-patient study has reported
enhanced detection of reversible perfusion defects by Tc-
99m-sestamibi compared to Tc-99m-tetrofosmin during

Table 5. Sensitivity and Specificity of Exercise Myocardial Perfusion Single-Photon Emission Computed Tomography for Detecting
Coronary Artery Disease (Greater Than or Equal to 50% Stenosis)—Generally Without Correction for Referral Bias

Prior Sensitivity Specificity
Year Author Radiopharmaceutical MI (%) Pts. with CAD % Pts. w/out CAD %

2001 Elhendy (65) Sestamibi/Tetrofosmin 0 183/240 76 67/92 73
1999 Azzarelli (66) Tetrofosmin 66 199/209 95 20/26 77
1998 San Roman (67) Sestamibi 0 54/62 87 21/30 70
1998 Budoff (68) Sestamibi 0 12/16 75 12/17 71
1998 Santana-Boado (69) Sestamibi 0 91/100 91 57/63 90
1998 Acampa (70) Sestamibi 47 23/25 92 5/7 71
1998 Acampa (70) Tetrofosmin 47 24/25 96 6/7 86
1998 Ho (71) Tl-201 22 19/24 79 15/20 75
1997 Iskandrian (72) Tl-201 21 717/820 87 120/173 69
1997 Candell-Riera Sestamibi 0 53/57 93 32/34 94
1997 Yao (74) Sestamibi 55 34/36 94 14/15 93
1997 Heiba (75) Sestamibi 31 28/30 93 2/4 50
1997 Ho (76) Tl-201 33 29/38 76 10/13 77
1997 Taillefer (77) Sestamibi 17 23/32 72 13/16 81
1997 Van Eck-Smit (78) Tetrofosmin NR 46/53 87 6/7 86
1996 Hambye (79) Sestamibi 0 75/91 82 28/37 75
1995 Palmas (80) Sestamibi 30 60/66 91 3/4 75
1995 Rubello (81) Sestamibi 57 100/107 93 8/13 61
1994 Sylven (82) Sestamibi 37 41/57 72 5/10 50
1994 Van Train (83) Sestamibi 19 91/102 89 8/22 36
1993 Berman (84) Sestamibi/Tl-201 0 50/52 96 9/11 82
1993 Forster (85) Sestamibi 0 10/12 83 8/9 89
1993 Chae (86) Tl-201 42 116/163 71 52/80 65
1993 Minoves (87) Sestamibi/Tl-201 42 27/30 90 22/24 92
1993 Van Train (88) Sestamibi 16 30/31 97 6/9 67
1992 Quinones (89) Tl-201 NR 65/86 76 21/26 81
1991 Coyne (90) Tl-201 NR 38/47 81 39/53 74
1991 Pozzoli (91) Sestamibi 19 41/49 84 23/26 88
1990 Kiat (92) Sestamibi 45 45/48 94 4/5 80
1990 Mahmarian (93) Tl-201 43 192/221 87 65/75 87
1990 Nguyen (94) Tl-201 NR 19/25 75 5/5 100
1990 Van Train (95) Tl-201 35 291/307 95 30/64 47
1989 Iskandrian (96) Tl-201 45 145/164 88 36/58 62

Total 2971/3425 772/1055
Average 87 73

MI indicates myocardial infarction; NR, not reported; Sestamibi, Tc-99m-sestamibi; Tetrofosmin, Tc-99m-tetrofosmin; Tl-201, thallium-201.

Based on English language manuscripts providing data with greater than or equal to 50% stenosis criterion.
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test, and specificity is the proportion of patients without dis-
ease who are correctly detected as normal by the test. In the
extreme case, once the test becomes used as the absolute
“gatekeeper” to catheterization, sensitivity and specificity
can no longer be accurately measured. For example, even if
the test in question had a true sensitivity of 90% and a true
specificity of 90%, the observed sensitivity and specificity
would still by definition be 100% and 0%, respectively,
because only positive test responders are catheterized. This
extreme example illustrates the care with which current med-
ical literature needs to be interpreted with respect to sensitiv-
ity and specificity rates. Table 7 illustrates the effect of refer-
ral bias in the limited number of studies that have corrected
for it.

Because of the profound impact of referral bias on speci-
ficity, the concept of the normalcy rate has been developed
and applied in multiple different clinical studies. The nor-
malcy rate applies to patients with a low likelihood of CAD,
based on sequential Bayesian analysis of age, sex, symptom
classification, and the results of noninvasive stress testing
(other than the test in question) (131,132). The term normal-
cy rate is used to describe the frequency of normal test results
in patients with a low likelihood of CAD, to differentiate it
from specificity, which as noted above refers to the frequen-
cy of normal test results in patients with normal coronary
angiograms. Patients with a low likelihood of CAD are cho-
sen in preference to normal volunteers because they are clos-
er in age and risk factors to patients with CAD undergoing

dipyridamole vasodilator stress in patients with mild to mod-
erate CAD (127). Further information regarding the compar-
ative sensitivity and specificity of the tracers when used with
pharmacologic stress, as well as the ability of the tracers to
identify disease in individual arteries and to assess the over-
all extent of disease, would be of interest. 

Although dobutamine perfusion imaging has reasonable
diagnostic accuracy (128), there has been far less experience
with this approach than with exercise, dipyridamole, or
adenosine myocardial perfusion SPECT. Dobutamine stress
does not provoke as great an increase in coronary flow
(129,130) as does dipyridamole or adenosine stress and is,
therefore, less ideal for stress MPI. Its use should generally
be restricted to patients with contraindications to dipyri-
damole and adenosine. Stress RNA is now performed infre-
quently and is therefore not included in the recommenda-
tions. 

2. Effect of Referral Bias

In estimating the true sensitivity and specificity of noninva-
sive testing, referral or work-up bias needs to be taken into
account (110,111). In cardiology, once a noninvasive test is
accepted as being clinically effective for diagnosis and risk
stratification, its results strongly influence the performance
of subsequent coronary angiography. Referral bias results in
an overestimation of test sensitivity and an underestimation
of test specificity. Sensitivity is the proportion of patients
with disease who are correctly detected as abnormal by the

Table 6. Sensitivity and Specificity of Vasodilator Stress Single-Photon Emission Computed Tomography for Detecting Coronary Artery Disease
(Greater Than or Equal to 50% Stenosis)—Without Correction for Referral Bias

Prior Sensitivity Specificity
Year Author Vasodilator Radiopharmaceutical MI (%) Pts. with CAD % Pts. w/out CAD %

2000 Smart (97) Dipyridamole Sestamibi NR 95/119 80 47/64 73
1998 Takeishi (98) Adenosine Tetrofosmin 17 39/44 89 17/21 81
1997 Watanabe (99) Adenosine Tl-201 19 40/46 87 21/24 88
1997 Watanabe (99) Dipyridamole Tl-201 23 34/41 83 21/29 72
1997 Taillefer (77) Dipyridamole Sestamibi 11 23/32 72 5/5 100
1997 He (100) Dipyridamole Tetrofosmin 52 41/48 85 6/11 55
1997 Cuocolo (101) Adenosine Tetrofosmin 23 22/25 88 1/1 100
1997 Amanullah (102) Adenosine Sestamibi/ 0 159/171 93 37/51 73

Tl-201
1997 Miller (103) Dipyridamole Sestamibi 34 186/204 91 11/40 28
1997 Iskandrian (72) Adenosine Tl-201 28 452/501 90 41/49 84
1995 Aksut (104) Adenosine Tl-201 24 358/398 90 38/45 84
1995 Miyagawa (105) Adenosine Tl-201 15 67/76 88 35/44 80
1993 Marwick (106) Adenosine Sestamibi 0 51/59 86 27/38 71
1991 Coyne (90) Adenosine Tl-201 NR 39/47 83 40/53 75
1991 Nishimura (107) Adenosine Tl-201 13 61/70 87 28/31 90
1990 Verani (108) Adenosine Tl-201 NR 24/29 83 15/16 94
1990 Nguyen (94) Adenosine Tl-201 37 49/53 92 7/7 100

Total 1740/1963 397/529
Average 89 75

Based on English language manuscripts providing data with grater than or equal to 50% stenosis criterion.

MI indicates myocardial infarction; NR, not reported; Sestamibi, Tc-99m-sestamibi; Tetrofosmin, Tc-99m-tetrofosmin; Tl-201, thallium-201.
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testing, and because they are part of a population with clini-
cally suspected CAD before their referral. Reported normal-
cy rates for myocardial perfusion SPECT are listed in Table
8. There may be a small difference in normalcy rate between
Tc-99m and Tl-201 tracers, but the literature is not definitive
in this regard.

3. Quantitative Analysis

Quantitative analysis of myocardial perfusion SPECT has
been developed by using a variety of approaches
(83,88,95,137-147) and, in general, has similar sensitivities
and specificities compared with those of expert visual analy-
sis. Quantitative analysis has also been shown to be equal to
expert visual interpretation in the assessment of prognosis
(148). These quantitative approaches decrease inter- and
intraobserver variability and facilitate serial assessment of
myocardial perfusion and function.

4. ECG-Gated SPECT

The current state of the art is ECG-gated myocardial perfu-
sion SPECT (gated SPECT), which in 2000 was estimated to
be performed in approximately 80% of myocardial perfusion
SPECT studies in the United States. The ability to observe
myocardial contraction in segments with apparent fixed per-
fusion defects permits the nuclear test reader to discern atten-
uation artifacts from true perfusion abnormalities. Taillefer et
al. (77) reported the result of a study comparing the accura-
cy of Tl-201 and gated Tc-99m-sestamibi in a cohort of 115
women (85 with suspected CAD, 30 normal volunteers).
Although no significant differences between the radiophar-
maceuticals were found with respect to test sensitivity, speci-
ficity tended to be greater with Tc-99m-sestamibi when
gated SPECT was analyzed. These findings supported previ-
ous work by DePuey et al. (149). Choi et al. (150) also con-
firmed this finding and extended it to include gated SPECT
studies performed with Tc-99m-tetrofosmin. 

The use of gating may also result in increased reader con-
fidence in scan interpretation. Although this phenomenon is
difficult to verify and quantify, it is reasonable to expect that
it would result in a reduction in the number of “equivocal”
scans reported. This hypothesis has been examined by
Smanio et al. (151). In 285 consecutive patients (143 women,
142 men) who underwent stress SPECT imaging with Tc-
99m-sestamibi, gated SPECT reduced the frequency of bor-
derline studies (borderline normal or borderline abnormal)
from 31 to 10%. The number of patients with a less than 10%
likelihood of CAD whose scans were interpreted as normal
was increased (74 to 93%, P less than 0.0001), and patients
with documented CAD tended to be appropriately reclassi-
fied from equivocal to abnormal. The ability of gated SPECT
to provide measurement of LVEF, segmental wall motion,
and LV absolute volumes also adds to the prognostic infor-
mation that can be derived from a SPECT perfusion study.
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The relative capabilities of gated SPECT and attenuation
correction to improve diagnostic specificity are still under
study. In a small series of patients with intermediate likeli-
hood of CAD, Lee et al. (162) reported no improvement in
either sensitivity or specificity with gated or attenuation-cor-
rected images compared with nongated images. However, a
report from a 10-center blinded read of nongated, gated, and
attenuation-corrected SPECT in 90 patients (49 with low
likelihood for CAD and 41 with angiographically-proved
disease) showed that the percentage of studies interpreted
unequivocally as normal or abnormal was 37%, 42%, and
84%, respectively. This study was powered to compare the
incremental value of attenuation correction to gating, and the
results were a statistically significant improvement in both
diagnostic accuracy and interpretive confidence (159,160).
In an additional study, Links et al. (163) have similarly con-
cluded that gating and attenuation correction are comple-
mentary and synergistic.

The field of attenuation correction continues to evolve rap-
idly, with some available systems having undergone more
detailed and successful clinical validation than others. Based
on current information and the rate of technology improve-

5. Attenuation Correction

Although attenuation correction is not yet widely used, there
have been several published reports comparing the diagnos-
tic accuracy of attenuation-corrected and nonattenuation-cor-
rected SPECT, by use of a variety of commercially available
approaches (152-158). In general, these have demonstrated
improved specificity with no change in overall sensitivity
(Table 9). Results from a multicenter blinded read of stress-
only attenuation-corrected images versus nonattenuation-
corrected images suggest that this method can increase read-
er confidence and obviate the need for rest images in many
patients (159,160). A similar conclusion has been reached in
a study of 729 patients with a low to medium pretest proba-
bility of CAD being evaluated for chest pain (161). Several
studies indicate that optimal results require attention to qual-
ity-control steps such as high-count transmission scans,
avoidance of truncation, and awareness of the differences in
appearance between attenuation-corrected and uncorrected
images. Inadequate quality control and lack of experience
probably account for some of the interpretive limitations
described when this method of acquiring and reconstructing
image data was first implemented.

Table 9. Comparative Diagnostic Accuracy of Attenuation-Corrected and Nonattenuation-Corrected Single-Photon
Emission Computed Tomography

Sensitivity Specificity Normalcy
Author NC AC NC AC NC AC

Ficaro (152) 78% 84% 46% 82% 88% 98%
Hendel (164) 76% 78% 44% 50% 86% 96%
Links* (157) 84% 88% 69% 92% 69% 92%
Gallowitsch (155) 89% 94% 69% 84% NA NA
Ficaro† (152) 93% 93% 84% 88% 78% 85%

*Includes motion correction and depth dependent blur correction.

†Includes scatter correction.

AC indicates attenuation-corrected SPECT; NA, not available; NC, nonattenuation-corrected SPECT; Single-photon emission computed tomography, SPECT..

Table 8. Normalcy Rate of Stress SPECT in Patients With a Low Likelihood of CAD 

Stress No. Likelihood
Year Author Stress Radiopharmaceutical of Pts % of CAD

1999 Azzarelli (66) Exercise Tetrofosmin 61 93 Less than 5%
1997 Heo (133) Exercise Sestamibi 61 95 Less than 5%
1996 Amanullah (38) Adenosine Sestamibi 71 93 Less than 10%
1996 Nicolai (134) Adenosine Sestamibi 22 86 Less than 5%
1995 Zaret (63) Exercise Tetrofosmin 58 97 Less than 3%
1994 Heo (135) Exercise Sestamibi/Tl-201 34 97 Less than 5%
1994 Van Train (83) Exercise Sestamibi 37 81 Less than 5%
1993 Berman (84) Exercise Sestamibi/Tl-201 107 95 Less than 5%
1992 Kiat (136) Exercise Tl-201 55 89 Less than 5%
1990 Kiat (92) Exercise Sestamibi 8 88 Less than 5%
1990 Van Train (95) Exercise Tl-201 76 82 Less than 5%
1989 Iskandrian (54) Exercise Tl-201 131 94 Less than 5%

Total 721 91

CAD indicates coronary artery disease; Sestamibi, Tc-99m-sestamibi; SPECT, single-photon emission computed tomography; Tetrofosmin, Tc-99m-tetrofosmin; Tl-201, thalli-
um-201.

Based on English language manuscripts.



ment, a Society of Nuclear Medicine and American Society
of Nuclear Cardiology joint statement concluded that attenu-
ation correction has become a method for which the weight
of evidence/opinion is in favor of its usefulness (164).

6. Positron Emission Tomography

A number of studies, involving a total of several hundred
patients, indicate that perfusion imaging with PET using
dipyridamole and either rubidium-82 or N-13-ammonia is a
sensitive and specific clinical method to diagnose CAD (165-
173). Sensitivities with either tracer range from 83 to 100%,
with specificities from 73 to 100% as shown in Table 10.
Only studies in which both the sensitivity and specificity of
PET were reported are included. Although rubidium-82 is the
only PET perfusion tracer currently approved by the Food
and Drug Administration (FDA) for clinical use, N-13-
ammonia is also used for assessment of myocardial perfu-
sion. The advantage of rubidium-82 is that it is obtained from
a generator, obviating the need for a cyclotron. Three studies
have compared the sensitivity and specificity of myocardial
perfusion SPECT with that of myocardial perfusion PET. In
a study by Tamaki (169) of 48 patients with CAD and 3 with-
out, PET demonstrated a 98% sensitivity and SPECT 96%
sensitivity, whereas specificity was 100% in both. In a study
of 152 patients with CAD and 50 without CAD, Go et al.
(172) demonstrated improved sensitivity with PET (93% vs.
76%) with similar specificity (78% for PET vs. 80% with
SPECT). In the third study by Stewart et al. (165) evaluating
60 patients with CAD and 21 without, the sensitivities of
PET and SPECT were similar (84% vs. 83%, respectively),
whereas SPECT demonstrated lower specificity (53 vs. 86%
by PET). In this latter study the myocardial perfusion SPECT
studies were more commonly clinically indicated than were
the PET studies, potentially setting up a greater tendency for
referral bias to have affected the specificity of SPECT.
Overall, because of the higher resolution of PET and the rou-
tine application of attenuation correction, it is probable that
sensitivity and specificity are slightly higher for PET com-
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pared with SPECT, but there is not a robust database of head-
to-head comparisons.

B. Management of Patients With Known or
Suspected Chronic CAD: Assessment of Disease
Severity, Risk Stratification, and Prognosis

Nuclear tests are best applied for risk stratification in patients
with a clinically intermediate risk of a subsequent cardiac
event, analogous to the optimal diagnostic application of
nuclear testing to patients with an intermediate likelihood of
having CAD. For prognostic testing, patients known to be at
high risk or low risk would not be appropriate patients for
cost-effective risk stratification, because they are already risk
stratified sufficiently for clinical decision making. In gener-
al, low risk has been defined as a less than 1% cardiac mor-
tality rate per year, high risk as a more than 3% cardiac mor-
tality rate per year. Intermediate risk refers to the 1 to 3% car-
diac mortality rate per year range (52). In chronic CAD, it
has been suggested that a more than 3% per year mortality
rate can be used to identify patients with minimal symptoms
whose mortality rate can be improved by coronary artery
bypass grafting (CABG) (175) and can be considered high
risk. Because the mortality risk for patients undergoing either
CABG or angioplasty is at least 1% (176), mildly sympto-
matic patients with a less than 1% mortality rate would not
generally be candidates for revascularization to improve sur-
vival. These are, however, general thresholds and may vary
according to the age of the patient and comorbidities. For
example, in the very elderly, both the low- and high-risk lev-
els would be higher (in the range of 2 to 5% for annual car-
diac death), reflecting the higher rate of yearly cardiac death
in elderly patients undergoing revascularization. 

Many of the major determinants of prognosis in CAD can
be assessed by measurements of stress-induced perfusion
and function. These include the amount of infarcted
myocardium, the amount of jeopardized myocardium (sup-
plied by vessels with hemodynamically significant stenosis)
and the degree or severity of ischemia (tightness of the indi-

Table 10. Sensitivity and Specificity of Positron Emission Tomography for Detecting Coronary Artery Disease (Greater Than or Equal to 50% Stenosis)

Prior Sensitivity Specificity
Year Author Stress Radiopharmaceutical MI (%) Pts. with CAD % Pts. w/out CAD %

1992 Marwick (176) Dipyridamole Rubidium-82 49 63/70 90 4/4 100
1992 Grover-McKay (173) Dipyridamole Rubidium-82 13 16/16 100 11/15 73
1991 Stewart (165) Dipyridamole/ Rubidium-82 42 50/60 83 18/21 86

Exercise
1990 Go (172) Dipyridamole Rubidium-82 47 142/152 93 39/50 78
1989 Demer (171) Dipyridamole Rubidium-82/ 34 126/152 83 39/41 95

N-13-ammonia
1988 Tamaki (169) Exercise N-13-ammonia 75 47/48 98 3/3 100
1986 Gould (167) Dipyridamole Rubidium-82/ NR 21/22 95 9/9 100

N-13-ammonia
Total 465/520 89 123/143 86

CAD indicates coronary artery disease; MI, myocardial infarction; NR, not reported.

Based on English language manuscripts providing data with greater than or equal to 50% stenosis criterion.
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risk stratification, thus leading to increased prognostic utility
of gated cardiac SPECT over standard myocardial perfusion
SPECT (181).

1. Nongated MPI

Notwithstanding the demonstrated advantages of gated
imaging, nongated myocardial perfusion scintigraphy has
played a major role in risk stratification of patients with
CAD. SPECT (or planar) imaging with Tl-201 or Tc-99m
perfusion tracers, with images obtained at stress and at rest
or redistribution, provides important information about the
severity of functionally significant CAD. The prognostic
value of stress MPI in chronic SA is summarized in Table 12
(studies that included more than 100 patients who did not
have recent MI, and that included both positive and negative
perfusion images; when multiple reports came from a single
institution, only the report with the largest number of patients
is included). Normal stress myocardial perfusion SPECT
results are highly predictive of a benign prognosis, being
consistently predictive of a less than 1% annual risk of car-
diac death or MI (Table 13). The difference between the stud-
ies in Tables 12 and 13 is that Table 13 did not require that
the study contain patients with both positive and negative
scan results.

In patients with abnormal SPECT studies, the risk of car-
diac death in MI increased with increasing degree of scan
abnormalities. In a prospective study of 5183 consecutive
patients who underwent rest/stress myocardial perfusion
studies, patients with normal scans were at low risk (less than
0.5% per year) for cardiac death and MI during 642 plus or
minus 226 days of mean follow-up. Rates of both outcomes
increased significantly with worsening scan abnormalities as
measured by the summed stress score (SSS) (183). In addi-
tion, patients with a mildly abnormal SSS had a low risk of
cardiac death (0.8% per year) but an intermediate rate of non-
fatal MI (2.3%/year). Similar results have been shown in
large series with Tl-201. The magnitude of the perfusion
abnormality was the single most important prognostic indi-
cator in another study that demonstrated independent and
incremental prognostic information from SPECT Tl-201
scintigraphy compared with that obtained from clinical,
exercise treadmill, and catheterization data (201).

Findings other than perfusion defects on myocardial perfu-
sion SPECT are also related to severe or extensive CAD and
adverse outcome. Lung uptake of Tl-201 or Tc-99m-ses-
tamibi on postexercise or pharmacologic stress images is an
indicator of stress-induced global LV dysfunction and is

vidual coronary stenosis). Of additional importance in prog-
nostic assessment is the stability (or instability) of the CAD
process, a factor that may explain an apparent paradox.
Although nuclear tests, in general, are expected to identify
only hemodynamically significant stenoses, it has been
observed that most MIs occur in regions with less than 50%
diameter narrowing (177,178). Normal nuclear scans, how-
ever, expected to occur in patients with no CAD or in patients
with only mild angiographic CAD, are associated with a very
low risk of either cardiac death or nonfatal MI. Several expla-
nations may account for this apparent paradox. Patients with
severe multivessel CAD (and extensively abnormal stress
perfusion images) also probably have more numerous mild
plaques subject to potential instability and acute MI than do
patients with no severe stenoses. In the seminal study of
Little et al. (177), which documents that many acute infarcts
occur on previously “mild” stenoses, the vast majority of
patients had multivessel severe stenoses as well. Another
potential explanation for the apparent paradox involves a dif-
ferential response to stress of mild stenoses associated with
stable and unstable plaque due to abnormal endothelial func-
tion (112,179,180). Thus, perfusion imaging identifies the
patient at risk for events such as acute MI, rather than the
lesion at risk.

Studies including large patient samples have now demon-
strated that factors estimating the extent of LV dysfunction
(LVEF, the extent of infarcted myocardium, transient
ischemic dilation (TID) of the LV, and increased lung uptake
of Tl-201) are excellent predictors of cardiac mortality. In
contrast, markers of provocative ischemia (exertional symp-
toms, electrocardiographic changes, the extent of reversible
perfusion defects, and stress induced ventricular dyssynergy)
are better predictors of the subsequent development of acute
ischemic syndromes (181). Recent reports have indicated
that stress myocardial perfusion SPECT yields incremental
prognostic value over clinical and exercise data with respect
to cardiac death as an isolated endpoint (181-183). To maxi-
mally extract the information regarding prognostic determi-
nants in CAD, it is necessary to consider the full extent and
severity of abnormality, either quantitatively (145-147) or
semiquantitatively (84), rather than simply determining that
the nuclear study is normal or abnormal. The evaluation of
prognosis can be facilitated by assessing global perfusion
abnormalities by using a composite variable incorporating
the extent and severity of hypoperfusion during stress. Table
11 summarizes the most commonly used summed scores.

Furthermore, there appears to be incremental value in
measuring both perfusion and function for the purposes of

Table 11. Definitions of Summed Perfusion Scores 

Summed Stress Score (SSS)* Sum of the Segmental Scores at Stress Amount of infarcted, ischemic, or jeopardized
myocardium

Summed Rest Score (SRS)* Sum of the Segmental Scores at Rest Amount of infarcted or hibernating myocardium

Summed Difference Score (SDS)* SSS-SRS Amount of ischemic or jeopardized myocardium

*Reflect the extent and severity of perfusion abnormality (184).
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pected CAD could be risk stratified for subsequent cardiac
death by using a diagnostic threshold of 50% EF (217-222).
A decline in LVEF in response to exercise is an important
indicator of CAD severity and is associated with a poorer 3-
year survival than if LVEF increases during exercise (223).
In patients with mild symptoms, rest LV dysfunction and
one-, two-, or three-vessel CAD, an abnormal peak exercise
LVEF or a decrease in LVEF during exercise identifies
patients with a poorer prognosis (218,224,225). Patients with
preserved LV function at rest, but with enough inducible
ischemia to severely reduce LVEF during exercise, also
appear to be at greater risk of death (226). Event rates in
those with a normal rest LVEF are low, however, and one
study indicates that exercise data do not confer independent
prognostic information in such patients (227).

4. Cost Effectiveness

The ACC/AHA 2002 Guideline Update for the Management
of Patients With Chronic Stable Angina (52) encourages the
use of cardiac imaging as a gatekeeper to cardiac catheteri-
zation in order to minimize the rate of normal catheteriza-
tions and to enrich the angiographic population with a
greater proportion of patients with significant, yet treatable
disease. To test the principle of selective resource use,
Hachamovitch et al. (183) reported that when catheterization
was limited to patients with moderate-severe perfusion
abnormalities (ie, SSS greater than 8), significant cost sav-
ings were achieved for 5183 patients undergoing dual isotope
stress SPECT imaging. The results revealed a 17% reduction
in the rate of cardiac catheterization and cost savings ranging
from 22 to 55% for high- to low-risk pretest patients. The
SSS appeared to identify patients who benefited from revas-
cularization; in comparing the patients undergoing early
revascularization to those undergoing medical therapy, a
reduction in mortality with revascularization was observed
only in those with very abnormal SSS. O’Keefe et al. (228)
have reported similar excellent outcomes with medical ver-
sus invasive strategies in patients without high-risk stress
nuclear findings. 

Shaw et al. (229) have evaluated a population of 11 249
consecutive SA patients, gathered in a large multicenter trial
comprising many U.S. laboratories. In a matched cohort
study comparing direct catheterization to myocardial perfu-
sion SPECT with selective catheterization in patients with
chronic SA, for all levels of pretest clinical risk, there was a
substantial reduction (31 to 50%) in costs when using the
SPECT plus selective catheterization approach. This reduc-
tion was seen in both the diagnostic (early) and follow-up
(late) costs, and included costs of revascularization. Rates of
subsequent nonfatal MI and cardiac death were virtually
identical in all patient risk subsets. The rate of revasculariza-
tion, however, was reduced by nearly 50% in the MPI with
selective catheterization cohort.

associated with pulmonary venous hypertension in the pres-
ence of multivessel CAD (202-206). Increased lung uptake
of thallium induced by exercise or pharmacologic stress is
also associated with a high risk for cardiac events (207). One
study has reported that Tc-99m-sestamibi lung uptake after
stress is a marker of severe and extensive CAD (205).
Transient poststress ischemic LV dilation, often referred to as
TID, and noted by comparison of the LV size from ungated
poststress and rest acquisitions, also correlates with severe
(greater than 90% stenosis) proximal left anterior descending
or two- or three-vessel CAD (208-212). This finding is fre-
quently seen in patients with severe and/or extensive CAD
with either exercise or vasodilator stress. 

2. Gated SPECT

The information contained in the combined assessment of
perfusion and function with gated myocardial perfusion
SPECT is likely to enhance its prognostic and diagnostic
content. The most common current approach combines post-
stress and/or rest LV function by gated SPECT with rest
and/or stress perfusion measurements. 

Because gated SPECT has become routine only recently,
there are few reports of the incremental value of combined
assessment of perfusion and function over perfusion alone in
assessing prognosis. Sharir et al. (213), studying 1680
patients, demonstrated that both poststress LVEF and end-
systolic volume provided significant information over the
extent and severity of perfusion defect as measured by the
SSS in prediction of cardiac death. Furthermore, these inves-
tigators also demonstrated that LV end-systolic volume pro-
vided added information over poststress LVEF in prediction
of cardiac death. In a subsequent study of 2686 consecutive
patients undergoing stress Tc-99m myocardial perfusion
SPECT, Sharir et al. (181) demonstrated that poststress EF
and the extent of stress induced ischemia as assessed by the
summed difference score (SDS) provide complementary
information in the prediction of risk of cardiac death. EF was
the strongest predictor of mortality, whereas the SDS was the
strongest predictor of MI. The combined variables were more
effective in risk stratification of patients than were the stress
nuclear variables or poststress EF alone. With gated SPECT,
it is important to distinguish the poststress LVEF from the
resting EF, because in patients with severe CAD stress
induced stunning can result in prolonged depression of LVEF
(214). 

3. Radionuclide Angiography

Rest LVEF is universally recognized as one of the most
important determinants of long-term prognosis in patients
with chronic stable CAD (215,216). RNA can also be help-
ful in evaluating dyspnea by establishing the state of right
ventricle (RV) and LV performance. LV function during
exercise reflects disease severity and provides prognostic
information. Jones and colleagues from the Duke databank
have studied rest and exercise first-pass RNA (FPRNA)
extensively during the past two decades. Patients with sus-
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in men and by sex-related limitations in exercise stress test-
ing. CAD presents 10 to 15 years later in women than in
men. Prevalence begins to increase with the onset of
menopause and achieves equivalence at age 70 years (236).
The likelihood of coronary disease is exceedingly low in
nondiabetic women less than 45 years of age. Limitations of
exercise testing have been reviewed in the ACC/AHA 2002
Guideline Update for Exercise Testing (237) (http://www.
acc .o rg / c l i n i ca l / gu ide l i ne s / exe rc i s e / exe rc i s e_
clean.pdf). 

These issues have provoked interest in the potential addi-
tive benefit of stress perfusion imaging in women, particu-
larly those with at least an intermediate likelihood of coro-
nary disease. Initial studies using Tl-201 encountered speci-
ficity limitations, often the result of soft-tissue (breast) atten-
uation, usually in the anterior and anterolateral segments
(72,77,238). The recent use of Tc-99m perfusion agents and
gated SPECT have enhanced image quality, resulting in
reported sensitivities and specificities for detecting coronary
disease similar to those in men. In a small randomized trial
comparing the diagnostic accuracy of Tl-201 and gated Tc-
99m-sestamibi in women, specificities were 67% versus
92%, respectively (77). A retrospective analysis of more than
4000 patients (2/3 men, 1/3 women) who underwent rest Tl-
201/exercise Tc-99m-sestamibi SPECT imaging reported
incremental prognostic value of MPI as compared to clinical
and exercise variables in women as well as men (239).
Studies using adenosine Tc-99m-sestamibi SPECT perfusion
imaging are now also available. Pharmacologic stress testing
deserves particular consideration in women likely to exercise
only submaximally (237,240). Amanullah et al. (241) report-
ed 91% sensitivity and 86% specificity for detecting coro-
nary disease (greater than 50% diameter stenosis) in 130
women without prior MI, and documented a normalcy rate of
93% in 71 women with a low likelihood of coronary disease.
They subsequently found that a moderately to severely
abnormal perfusion scan in women (SSS greater than 8) was
associated with a 91% sensitivity and 70% specificity for
detecting multivessel coronary disease (242). They have also
reported that adenosine myocardial perfusion SPECT has
similar prognostic value in women with suspected coronary
disease as in men (185). PET, similar to Tc-99m-sestamibi
(or tetrofosmin) imaging, is advantageous in terms of mini-
mizing soft-tissue attenuation artifacts, and is also under
active study in women.

With a perception on the part of clinicians of diminished
accuracy of test results in women, the possibility of sex-relat-
ed referral bias in using noninvasive testing to select patients
for coronary arteriography has been raised (243). However, 3
published studies argue against this possibility (246).

3. Normal Resting ECG, Able to Exercise

Patients with a normal resting ECG constitute a large and
important subgroup. Most patients who present with multiple
risk factors with or without cardiac symptoms have a normal
resting ECG (247). Such patients are likely (92 to 96%) to

5. Frequency of Testing

Considerations for follow-up testing are summarized in the
ACC/AHA 2002 Guideline Update for the Management of
Patients With Chronic Stable Angina (52). If patients devel-
op new signs or symptoms that suggest a worsened clinical
state, repeat testing at the time of worsening would be appro-
priate. In the absence of a change in clinical state, the esti-
mated patient risk after initial testing (high, intermediate, or
low, as defined earlier) should play an important role in indi-
vidual recommendations. These recommendations may, of
course, also vary with additional factors (eg, age, degree of
control of risk factors, and overall clinical state) (198).

6. Evaluation of the Effects of Medical Therapy

For purposes of assessment of medical therapy, either exer-
cise or pharmacologic vasodilator stress might be considered
for use with myocardial perfusion SPECT. Mahmarian et al.
(230), Eichstadt et al. (231), and Lewin et al. (232) have
demonstrated that exercise myocardial perfusion SPECT can
be used to document reductions in ischemia with medical
therapy. With vasodilator stress, it is important that the
patients are not under the influence of caffeine at the time of
testing, because caffeine can block the vasodilator effects of
adenosine and dipyridamole. Although the available evi-
dence suggests that the efficacy of therapy can be assessed
with repeat SPECT procedures while the patient is under the
effects of the medical treatment, information about the
effects of medical therapy on outcomes is limited. Thus, the
clinical utility of radionuclide testing for this purpose
remains to be defined. 

C. Specific Patient Populations

1. African Americans

The role of noninvasive imaging has rarely been studied or
discussed in African Americans or other minorities (189,233-
235). In two published studies to date, a normal rest and
stress SPECT perfusion study was associated with a 2% per
year rate of AMI and/or cardiac death, rather than the less
than 1% that has been reported in other populations. Both of
those studies, however, included higher than usual cardiac
risk patients: those with prior MI (233) (despite normal Tl-
201 SPECT) and those with typical angina pectoris (189). In
addition, neither study accounted for the incidence of LV
hypertrophy (LVH) on SPECT (234) before describing the
study as normal. Hypertensive LVH has been recognized as
a risk factor in sudden cardiac death and is more prevalent
among African Americans. This increases the predisposition
to arrhythmias and potentially lethal ischemic events. In one
report of survival among African Americans with LVH and
CAD, hypertrophy accounted for 40% of the attributive risk
of cardiac death (235).

2. Women

The use of radionuclide testing in women is influenced
importantly by the later presentation of CAD in women than



have normal LV function (248-250) and to have an excellent
prognosis (247). 

Several studies have examined the incremental value of
exercise myocardial perfusion SPECT compared with the
exercise ECG in patients with a normal resting ECG who are
not taking digoxin (251-255). The exercise ECG has a high-
er specificity in the absence of rest ST-T changes, LVH, and
digoxin. In an analysis that included clinical and exercise
ECG parameters for the prediction of left main or three-ves-
sel disease, the modest incremental benefit of imaging did
not appear to justify its cost, which has been estimated at
$20550 per additional patient correctly classified (254,256).
Mattera et al. (255) did report some incremental value, but
only for the prediction of hard and soft events (including UA)
and only if the exercise ECG was abnormal. The investiga-
tors still favored a stepwise strategy that used the exercise
ECG as the initial test, such as that proposed by others
(253,257). For these reasons, a stepwise strategy is generally
recommended in which an exercise ECG, and not a stress
imaging procedure, is performed as the initial test in patients
with an intermediate pretest likelihood of CAD who are not
taking digoxin, have a normal resting ECG, and are able to
exercise (52). 

A stress imaging technique should be used for patients with
widespread rest ST depression (more than 1 mm), complete
left bundle-branch block (LBBB), ventricular paced rhythm,
pre-excitation, or LVH (52). Although exercise capacity can
be assessed in such patients, exercise-induced ischemia can-
not be reliably assessed with the stress ECG. Patients unable
to exercise because of physical limitations such as reduced
exercise capacity, arthritis, amputations, severe peripheral
vascular disease, or severe chronic obstructive pulmonary
disease should undergo pharmacologic stress testing in com-
bination with imaging.

4. Intermediate-Risk Duke Treadmill Score

The Duke treadmill score combines various forms of infor-
mation from stress testing and provides a simple way to cal-
culate risk (258,259). The Duke treadmill score equals {exer-
cise time (in minutes) – [5 times the ST-segment deviation,
during or after exercise (in millimeters)] – [4 times the angi-
na index (which has a value of 0 if there is no angina, 1 if
angina occurs, and 2 if angina is the reason for stopping the
test)]}. The annual mortality rate according to risk groups
based on the Duke treadmill score is illustrated in Table 20 of
the ACC/AHA 2002 Chronic Stable Angina Guideline
Update (52). Among outpatients with suspected CAD, two
thirds of those with scores indicating low risk had a 4-year
survival rate of 99% (average annual mortality rate 0.25%),
whereas the 4% who had scores indicating high risk had a 4-
year survival rate of 79% (average annual mortality rate 5%).
The score has been reported to work well for both inpatients
and outpatients, and data suggest that the score works equal-
ly well for men and women (258,260,261). However, only a
small number of elderly patients has been studied.
Comparable scores have been developed by others (262).
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Although many patients can be risk stratified on the basis
of the Duke treadmill score, many may also fall into a group
with an intermediate score associated with an intermediate
risk of cardiac death (1.25% per year; see Table 4: Pretest
Probability of CAD by Age, Gender, and Symptoms from the
ACC/AHA 2002 Guideline Update for Exercise Testing
[237]). In these patients several studies have demonstrated
the value of myocardial perfusion scintigraphy in further risk
assessment (182,261,263). In one study of 2203 patients,
rates of cardiac death or nonfatal MI were related to the
results of myocardial perfusion SPECT within each risk cat-
egory of the Duke treadmill score (261,264). In addition, in
all patient groups, subsequent catheterization rates more
closely paralleled the nuclear score results than the Duke
treadmill score results. Similar data have been demonstrated
in a large multicenter data set analyzed by Shaw et al. (263).
In a study of 4649 patients with an intermediate Duke tread-
mill score and normal or near normal myocardial perfusion
SPECT studies, gathered by using multiple SPECT protocols
in multiple centers, Gibbons et al. (182) demonstrated that
the seven-year mortality rate was 1.5%, less than the 1% per
year threshold; furthermore, these investigators demonstrat-
ed that the test results were appropriately affecting patient
management: Over 7 years the cumulative frequency of
catheterization in these patients was only 17%. 

5. Normal Resting ECG, Unable to Exercise

In patients with an intermediate to high likelihood of CAD
who have a normal resting ECG but are unable to exercise,
pharmacologic myocardial perfusion SPECT with adenosine
or dipyridamole has been shown to be highly effective in
diagnosis and risk stratification. The risk of cardiac death,
however, in these patients appears to be higher than that asso-
ciated with patients who are able to exercise (ie, in large
prognostic series, the requirement of pharmacologic stress
has been an independent prognostic variable in multivariate
analyses) (183). The higher risk of patients undergoing phar-
macologic stress is most likely related to an increased under-
lying risk of this population compared to patients who are
able to exercise. 

6. LBBB/Pacemakers

Pharmacologic stress perfusion imaging is preferable to exer-
cise perfusion imaging for purposes of both diagnosis and
risk stratification. Several studies have observed an increased
prevalence of myocardial perfusion defects during exercise
imaging, in the absence of angiographic coronary disease, in
patients with LBBB (265-267). These defects often involve
the interventricular septum, may be reversible or fixed and
are often absent during pharmacologic stress. Thus, perfu-
sion imaging with pharmacologic vasodilation appears to be
more accurate for identifying CAD in patients with LBBB
(268-270). 

Nonetheless, there are certain clinical circumstances in
which exercise stress testing with MPI may provide clinical-
ly relevant information even given the likelihood of inducing
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diagnostic and prognostic information for myocardial perfu-
sion SPECT in these patients, those with intermediate to high
likelihood of coronary disease can perhaps be effectively
assessed for detection and risk stratification with myocardial
perfusion SPECT.

9. Elderly

Prognostic value of perfusion scintigraphy in elderly patients
has been reported (279). In an exercising population more
than 70 years of age, an abnormal exercise thallium imaging
was accurate in identifying a high-risk population (279).
Because of the higher mortality rate of the general popula-
tion in this age group, upward adjustment of the intermedi-
ate-risk group to levels more than the 1 to 3% as used for
general populations may be appropriate. In a preliminary
communication, Hayes et al. (280) demonstrated that gated
SPECT provided incremental prognostic value over nongat-
ed SPECT in patients more than 70 years of age. 

10. Asymptomatic Patients

MPI has been studied in asymptomatic populations both to
detect underlying angiographic CAD and to predict future
clinically manifest cardiac events such as revascularization,
MI, and cardiac death. As an example, Blumenthal et al.
(281) found that among asymptomatic siblings of patients
with manifest CAD (a group known to be at increased risk of
developing CAD), the relative risk (RR) of a cardiac event
was 4.7 for those with an abnormal scan, which was a more
pronounced risk than having an abnormal exercise ECG.
Moreover, the siblings with a concordant abnormal exercise
ECG and abnormal perfusion scan had a RR of 14.5.

In any more general asymptomatic population, however,
the relatively low prevalence of CAD or risk of future events
will affect the performance of any test in a manner pre-
dictable by Bayesian principles. Although relative risks will
be high with an abnormal test compared to a normal test, the
positive predictive value will usually be low. This has been
demonstrated by using MPI both to detect CAD (282) and to
predict future events (283). It is not clear that detecting
asymptomatic, preclinical CAD will lead to therapeutic
intervention that will reduce risk beyond that indicated by
risk factor profiling and currently recommended strategies to
reduce risk (47). The finding of occult CAD may dictate
more aggressive risk factor reduction, however.

Persons whose occupations may affect public safety (eg,
airline pilots, truckers, bus drivers), or who are professional
or high-profile athletes, commonly undergo periodic exercise
testing for assessment of exercise capacity and prognostic
evaluation of possible CAD (237). Although there are insuf-
ficient data to justify this approach, these evaluations are per-
formed for statutory reasons in some cases (237). In some
asymptomatic subjects, testing may be appropriate when
there is a high-risk clinical situation (eg, diabetes or multiple
risk factors) (281). National Cholesterol Education Program
guidelines advocated the approach of using a 10-year risk of
developing coronary heart disease in determining the aggres-

a false-positive septal reversible defect in a patient with
LBBB. For example, in a patient with an exertional chest
pain syndrome, observing the induction of similar chest pain
at a low treadmill workload in conjunction with multiple per-
fusion defects (well beyond the septal area) would identify
that the clinical symptoms are likely secondary to multives-
sel CAD. In contrast, a patient referred for imaging for detec-
tion of underlying CAD because of the finding of LBBB on
an ECG would be most appropriately tested using pharma-
cologic stress imaging.

Regarding risk stratification, 245 patients with LBBB
underwent SPECT imaging with Tl-201 or Tc-99m-ses-
tamibi during dipyridamole or adenosine stress testing (271).
The 3-year overall survival rate was 57% in patients classi-
fied as high risk by SPECT compared with 87% in those
classified as low risk (P equals 0.001). Patients with a low-
risk scan had an overall survival rate that was not signifi-
cantly different from that of the U.S.-matched population (P
equals 0.86). The value of pharmacologic perfusion imaging
for prognostication has been confirmed in three other studies
(272-274), which included more than 300 patients followed
for a mean of nearly 3 years. Given that ECG testing is non-
diagnostic in patients with ventricular pacing in a manner
similar to that observed with LBBB, it is likely that the con-
siderations regarding the use of radionuclide techniques for
diagnostic and risk stratification purposes in patients with
ventricular pacemakers are the same as those applied to
patients with LBBB. A single study has reported that dobut-
amine stress is accurate in CAD detection in combination
with myocardial perfusion scintigraphy in patients with
LBBB (275). Another small study has further described the
use of myocardial perfusion SPECT for the risk stratification
of patients with implantable cardioverter-defibrillators (276).

7. Left Ventricular Hypertrophy

In patients with LVH, with or without resting ST-segment
abnormality, ST depression during exercise is frequently
present in the absence of significant CAD. In these patients,
stress nuclear techniques have been shown to have similar
diagnostic sensitivity and specificity to those observed in
patients without LVH (65). It has also been shown that the
diagnostic value of myocardial perfusion SPECT is not gen-
erally degraded by the presence of hypertension without evi-
dence of LVH (65), although an increased frequency of false-
positive studies has been reported in healthy athletes (277).
Similarly, although the number of reports is small, the prog-
nostic value of myocardial perfusion SPECT in patients with
LVH appears to be equal to that observed in patients without
LVH (278).

8. Patients With Nonspecific ST-T Wave Changes

Patients with nonspecific ST-T wave changes, such as might
occur with digoxin, Wolff-Parkinson-White syndrome
(WPW), or other conditions, are considered to have nondiag-
nostic stress ECG responses with respect to ST-segment
depression. Although there are limited data regarding the



siveness of treatment for asymptomatic subjects (47).
Patients with a greater than 20% 10-year risk are considered
to have high risk of developing CAD. Based on the data of
Blumenthal et al. (281), the use of MPI could theoretically be
used to stratify these patients into more precise risk cate-
gories. 

11. Obese Patients

Very obese patients constitute a special problem because
most imaging tables used for SPECT have weight-bearing
limits (often 300 lb [135 kg]) that preclude imaging very
heavy subjects. These subjects can still be imaged by planar
scintigraphy. Obese patients often have suboptimal perfusion
images, especially with Tl-201, owing to the marked photon
attenuation by soft tissue. In these patients, either Tc-99m-
sestamibi or tetrofosmin is probably most appropriate and
should yield images of better quality. Image quality can be
improved by performing rest and stress imaging on separate
days, using a high dose of the Tc-99m–labeled agent in both
cases. PET imaging may be superior to conventional MPI in
very obese subjects. 

12. Diabetes

The increasing recognition of diabetes mellitus as a major
risk factor for cardiovascular disease (284) has heightened
interest in MPI for CAD diagnosis and risk stratification.
Available studies are based on retrospective analyses of
patients referred to the nuclear cardiology laboratory.
Prospective information in asymptomatic diabetic patients
drawn from the general diabetic population is awaited (285).

Kang et al. (286) have demonstrated in a large population
that Tc-99m-sestamibi myocardial perfusion SPECT has
comparable sensitivity, specificity, and normalcy rate for the
diagnosis of CAD in diabetic and nondiabetic patients. In a
study of 1271 with diabetes and 5862 without diabetes, a
normal scan was similarly predictive of low cardiac event
rates in both groups. Risk-adjusted event-free survival in
patients with mildly and moderately to severely abnormal
scans, as defined by the SSS, was worse in patients with dia-
betes than in nondiabetics (286). 

In a multicenter observational study comparing 929
patients with diabetes with 3826 patients without diabetes,
Giri et al. (287) demonstrated that the presence and extent of
myocardial perfusion SPECT abnormality was an independ-
ent predictor of cardiac death alone or cardiac death and MI
in patients with and without diabetes. Women with diabetes
had the worst outcome for any given extent of reversible
myocardial defect. The presence of multivessel ischemia was
the strongest predictor of total cardiac events and a multives-
sel fixed defect was a greater predictor of cardiac death in
diabetic patients. Risk stratification by stress and SPECT
MPI was incremental to that provided by clinical risk assess-
ment. Although survival during the first two years of follow-
up in patients with normal SPECT results was similar
between patients with and without diabetes, after 2 years the
rates increased in patients with diabetes but not in patients
without diabetes. Based on these data, the investigators sug-

22

ACC - www.acc.org
AHA - www.americanheart.org

ASNC - www.asnc.org
Klocke et al. 2003
ACC/AHA/ASNC Practice Guidelines

gested that retesting of diabetic patients with normal studies
should occur earlier than in a nondiabetic population.

In a preliminary report, Hayes et al. (288) demonstrated
that assessment of LVEF from gated SPECT provides incre-
mental value over perfusion SPECT parameters in predicting
death in diabetic patients. Of 714 consecutive diabetic
patients undergoing gated myocardial perfusion SPECT, the
poststress EF added incremental value to the SSS for the pre-
diction of cardiac death.

13. After Coronary Calcium Screening

Various CT techniques, including EBCT and multislice heli-
cal CT, are now being used to measure coronary artery calci-
um scores for the early detection of coronary atherosclerosis.
Although some patients can benefit from nuclear stress test-
ing after EBCT, it would clearly not be cost-effective for all
patients with atherosclerosis measured by EBCT to go on to
the more expensive nuclear cardiology testing. He et al.
(289) evaluated the frequency of stress-induced ischemia by
myocardial perfusion SPECT in 292 men and 78 women who
had undergone EBCT testing. Only one of more than 100
patients who demonstrated coronary calcium scores (CCS)
of 100 or less had an abnormal myocardial perfusion scan.
Twelve percent of patients with moderate CCS (101 to 399)
and 47% of patients with extensive CCS (more than 400) had
abnormal myocardial perfusion SPECT. In general, when the
EBCT score is more than the 75th percentile for age and sex,
stress nuclear testing may sometimes be appropriate for pur-
poses of risk stratification. 

14. Before and After Revascularization

a. Radionuclide Imaging Before Revascularization
Interventions

The high degree of variability in the relationship between
visually assessed angiographic degree of stenosis and coro-
nary flow reserve (109) is well recognized. When there is
uncertainty regarding the appropriate choice of therapy after
coronary angiography, stress nuclear testing can risk-stratify
25 to 75% lesions usefully (290,291). Patients with no
ischemia measured by nuclear testing have relatively low risk
for cardiac events (292,293). Even in patients with left main
or 3-vessel disease on angiography, those with a low-risk
SPECT study show an excellent event-free survival rate with
medical therapy. Cost-effectiveness analyses further indicate
a role for MPI in reducing the rate of revascularization in
patients with symptoms of SA, with no implications as to
patient outcome (229). Although less critical in CABG, in
which typically all suitable vessels with significant angio-
graphic stenoses (more than or equal to 50%) are bypassed,
perfusion imaging is particularly helpful in determining the
functional importance of single or multiple stenoses in the
case of percutaneous interventions targeted to a “culprit
lesion” (ie, the ischemia-provoking stenosis). For this appli-
cation, it is important that patients achieve 85% of maximal-
predicted heart rate (MPHR), in order to “unmask” more
than just the most severely ischemic region that could lead to
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ty of ischemia (305). Its prognostic value has been demon-
strated both early (306) and late (307) after CABG. Although
atypical chest pains are common early postoperatively and
are usually nonischemic in origin, perfusion scintigraphy can
be helpful in the presence of a suggestive ECG or symptoms.
When ischemia occurs 1 to 12 months after surgery, the eti-
ology is usually peri-anastomotic graft stenosis. Ischemia
developing more than 1 year postoperatively usually reflects
the development of new stenoses in graft conduits and/or
native vessels (312). Miller et al. (306) studied 411 patients,
55% of whom were symptomatic, a mean of 11 months after
CABG. Exercise SPECT was strongly predictive of events,
with perfusion defect extent being the only variable predic-
tive of outcome. Ischemia in regions proximal to bypass
insertion was not predictive of events. A recent study by
Zellweger et al. (310) that used stress SPECT reported annu-
al cardiac mortalities of 1.3% and 1.4%, respectively, in
asymptomatic and symptomatic patients within 5 years of
CABG. Patients with perfusion defects were at higher risk
(2.1 vs. 0.4%), and the risk of death increased in relation to
higher SSS. A significant increase in global chi-square
occurred with respect to cardiac death after adding nuclear
data to prescan information. 

Four independent studies have addressed the role of
SPECT MPI in patients more than 5 years after CABG.
Palmas et al. (80) demonstrated in 294 patients that a
summed reversibility score and the presence of abnormal
lung uptake of thallium added incremental information to
clinical variables in predicting outcome. Nallamothu et al.
(308) found similar results. In 250 patients, the extent of the
perfusion defect, multivessel defects, and increased thallium
lung uptake were independent predictors of events. Lauer et
al. (309) monitored almost 9000 asymptomatic patients for 4
years after SPECT testing. Patients with ischemia were at
greater risk for hard events than were those without ischemia.
Importantly, the mortality rate was 3% annually in these
asymptomatic patients. In the subset of patients more than 5
years after CABG in the Zellweger study (310), the number
of nonreversible segments was the strongest predictor of car-
diac death, independent of symptom status.

15. Radionuclide Imaging Before Noncardiac
Surgery

The cardiovascular consultant is frequently asked to provide
an assessment of perioperative risk and recommendations for
treatment in anticipation of noncardiac surgery in patients
with known or suspected cardiovascular disease. Concerns
regarding the risks of perioperative myocardial ischemia,
infarction, and death in patients with CAD drive the per-
formance of noninvasive and invasive testing and frequently
provoke discussions concerning the indications for revascu-
larization. Recent guidelines and studies have re-emphasized
the importance of clinical, demographic, and surgical indica-
tors of risk (313,314). In general, noninvasive preoperative
testing is best directed at patients considered to be at inter-
mediate clinical risk (diabetes, stable CAD, compensated
heart failure) who are scheduled to undergo intermediate or

early exercise termination. If a patient cannot achieve this
level of exercise, pharmacologic stress may be superior for
identifying all regions of stress-induced abnormal perfusion.

b. Radionuclide Imaging After Percutaneous Coronary
Intervention

The published ACC/AHA 2002 Guideline Update for
Exercise Testing summarizes the available information on
exercise testing after percutaneous coronary intervention
(PCI) (237). Symptom status is an unreliable index of devel-
opment of restenosis, with 25% of asymptomatic patients
documented as having ischemia on exercise testing
(237,294-296). Sensitivities of the exercise ECG for detect-
ing restenosis range from 40 to 55%, less than have been
reported with SPECT (294,295,297-299) or exercise
echocardiography (299-301). MPI can be helpful in appro-
priately selected patients. Abnormal perfusion patterns may
also reflect periprocedural myocardial injury, side-branch
compromise due to plaque shift or stent overlap, new disease,
or functional significance of angiographically recognized
disease in nonrevascularized vessels. Differentiation among
these causes of an abnormal perfusion scan is facilitated if
the preintervention anatomy and the procedural details are
available.

Neither exercise testing nor radionuclide imaging is indi-
cated in the first month or two after PCI without a specific
indication. McPherson et al. (302) reported that a minority
(30%) of patients with recurrent chest pain within 30 days of
PCI had restenosis angiographically. Because myocardial
ischemia, whether painful or silent, worsens prognosis (303),
some have advocated routine stress myocardial perfusion
SPECT testing 3 to 12 months after PCI. The ACC/AHA
2002 Guideline Update for Exercise Testing (237), however,
favors only selective stress imaging in patients considered at
particularly high risk (eg, patients with decreased LV func-
tion, multivessel CAD, proximal left anterior descending dis-
ease, previous sudden death, diabetes mellitus, hazardous
occupations, and suboptimal PCI results). 

The major indication for perfusion imaging in patients late
after successful PCI is to evaluate symptoms suggesting new
disease. Although some would consider retesting in asymp-
tomatic patients with worrisome arteriographic disease pat-
terns, the role of nuclear testing in risk stratification late after
PCI requires further study. Ho et al. (304) studied 211 low-
risk patients between 1 and 3 years after percutaneous trans-
luminal coronary angioplasty and monitored them for 7.3
years. Despite a low overall annual event rate of 1% per year,
an abnormal SSS was significantly predictive of cardiac
death or MI, whereas a normal SSS was associated with low
risk.

c. Radionuclide Imaging After CABG

Abnormal perfusion patterns after CABG may reflect bypass
graft disease, disease in the native coronary arteries beyond
the distal anastomosis, nonrevascularized coronaries or side-
branches, or new disease. Myocardial perfusion scintigraphy
can be useful in determining the location, extent, and severi-



high-risk surgery (eg, transplantation for end-stage renal dis-
ease) (315). According to the 2002 ACC/AHA Guideline
Update for Perioperative Cardiovascular Evaluation for
Noncardiac Surgery (313) (http://www.acc.org/clinical/
guidelines/perio/update/periupdate_index.htm), vascular
procedures and prolonged, complicated thoracic, abdominal,
and head and neck procedures are considered high risk
(313,316). A thorough evaluation of appropriately selected
patients will also afford an assessment of cardiac prognosis
over the long term. The demonstrated efficacy of beta-
adrenoreceptor blockade in reducing the perioperative inci-
dence of MI and death in high-risk patients undergoing vas-
cular surgery may reduce the utilization of noninvasive test-
ing and angiography before noncardiac surgery (317). To
date, there are no prospective randomized trial data to sup-
port the use of prophylactic coronary revascularization. The
indications for PCI or CABG before noncardiac surgery are
the same as those that pertain in the nonoperative setting
(313). 

The assessment of ischemic jeopardy before noncardiac
surgery should follow the same principles enumerated above
for the evaluation of patients with chronic CAD. On occa-
sion, however, patients who require noncardiac surgery will
present with active ischemia or decompensated heart failure
for which immediate medical stabilization and risk stratifica-
tion are indicated. The need for emergency noncardiac sur-
gery will always take precedence. In the more elective set-
ting, exercise stress is preferred in all patients capable of
achieving adequate workloads; radionuclide techniques
should be reserved for those patients whose baseline ECGs
render exercise interpretation invalid or who require pharma-
cologic stress because of the inability to exercise. Functional
status, defined either by history or by objective exercise test-
ing, is a major determinant of perioperative and long-term
outcomes (313).

a. Myocardial Perfusion Imaging 

Table 14, reprinted from the ACC/AHA Guideline Update
for Perioperative Cardiovascular Evaluation for Noncardiac
Surgery, summarizes studies of MPI for preoperative assess-
ment of cardiac risk (313). The majority of studies examin-
ing the utility of MPI to assess perioperative risk have used
Tl-201 or Tc-99m and pharmacologic stress with dipyri-
damole or adenosine. Relatively fewer studies have been
reported with exercise or dobutamine stress. For patients
with radionuclide evidence of ischemia, the positive predic-
tive value of such testing is uniformly low, in the range of 4
to 20%. The negative predictive value of a normal scan, how-
ever, is very high (96 to 100%). Patients with reversible
defects are at greater risk for perioperative ischemia than are
those with fixed defects; the latter defects may in turn be a
marker for longer-term risk. The positive predictive value of
perfusion imaging can be improved when testing is applied
selectively to patients with a higher pretest likelihood of
CAD and when the results are integrated into a clinical risk
assessment (25,345,346). In addition, several investigators
have reported further improvements with the use of quantita-
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tive analytic techniques (328,329,331). As reviewed above
for patients with chronic CAD, the results of perfusion imag-
ing studies will drive subsequent decisions regarding the
need for further investigation (eg, coronary angiography in
patients with high-risk clinical and noninvasive markers)
and/or therapy. 

If a noninvasive assessment of ischemic jeopardy before
noncardiac surgery is necessary, the choice between radionu-
clide stress perfusion imaging and dobutamine stress
echocardiography should be made on the basis of institution-
al expertise, as well as certain patient specific attributes.
These include ability to exercise, predicted response to a cho-
sen pharmacologic agent, body size, and chest configuration.
As examples, patients with severe bronchospasm should not
receive dipyridamole or adenosine; large body size may limit
transthoracic echocardiographic windows and predispose to
soft tissue attenuation artifacts in radionuclide imaging; and
patients with LBBB should preferentially undergo dipyri-
damole or adenosine radionuclide imaging. A meta-analysis
has shown comparable predictive values among dipyri-
damole Tl-201 scanning, dobutamine stress echocardiogra-
phy, radionuclide ventriculography, and ambulatory ECG
before to vascular surgery (347). The ACC/AHA Guidelines
for Perioperative Cardiovascular Evaluation for Noncardiac
Surgery have been updated (313).

b. Radionuclide Ventriculography

Exercise radionuclide ventriculography is rarely performed
to assess ischemic jeopardy before noncardiac surgery. The
evaluation of resting LV function, however, is an important
component of the preoperative assessment of patients with
symptoms and/or signs of heart failure. LV systolic function
is now routinely assessed with gated SPECT techniques at
the time of MPI. Not unexpectedly, the risk of perioperative
complications is highest among patients with a resting LVEF
less than 0.35 (348-355). Reduced LV systolic function is a
predictor of perioperative heart failure but bears no consis-
tent correlation with the risk of perioperative ischemia.

D. Recommendations: Cardiac Stress Myocardial
Perfusion SPECT in Patients Able to Exercise

Recommendations for Diagnosis of Patients With an
Intermediate Likelihood of CAD and/or Risk
Stratification of Patients With an Intermediate or
High Likelihood of CAD Who Are Able to Exercise (to 
at least 85% of MPHR)

Class I
1. Exercise myocardial perfusion SPECT to identify the

extent, severity, and location of ischemia in patients
who do not have LBBB or an electronically-paced ven-
tricular rhythm but do have a baseline ECG abnor-
mality which interferes with the interpretation of
exercise-induced ST segment changes (ventricular
pre-excitation, LVH, digoxin therapy, or more than 1
mm ST depression). (Level of Evidence: B)
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SPECT to assess the functional significance of inter-
mediate (25 to 75%) coronary lesions. (Level of
Evidence: B)

3. Adenosine or dipyridamole myocardial perfusion
SPECT after initial perfusion imaging in patients
whose symptoms have changed to redefine the risk for
cardiac event. (Level of Evidence: C)

Class IIa
1. Adenosine or dipyridamole myocardial perfusion

SPECT at 3 to 5 years after revascularization (either
PCI or CABG) in selected, high-risk asymptomatic
patients. (Level of Evidence: B)

2. Adenosine or dipyridamole myocardial perfusion
SPECT as the initial test in patients who are consid-
ered to be at high risk (patients with diabetes or
patients otherwise defined as having a more than 20%
10-year risk of a coronary heart disease event). (Level
of Evidence: B)

3. Dobutamine myocardial perfusion SPECT in patients
who have a contraindication to adenosine or dipyri-
damole. (Level of Evidence: C)

Class IIb
1. Repeat adenosine or dipyridamole MPI 1 to 3 years

after initial perfusion imaging in patients with known
or a high likelihood of CAD, stable symptoms, and a
predicted annual mortality of more than 1%, to rede-
fine the risk of a cardiac event. (Level of Evidence: C)

2. Repeat adenosine or dipyridamole myocardial perfu-
sion SPECT on cardiac active medications after initial
abnormal perfusion imaging to assess the efficacy of
medical therapy. (Level of Evidence: C)

3. Adenosine or dipyridamole myocardial perfusion
SPECT in symptomatic or asymptomatic patients
who have severe coronary calcification (CT CCS more
than the 75th percentile for age and sex) in the pres-
ence on the resting ECG of LBBB or an electronical-
ly-paced ventricular rhythm. (Level of Evidence: B)

4. Adenosine or dipyridamole myocardial perfusion
SPECT in asymptomatic patients who have a high-
risk occupation. (Level of Evidence: C)

F. Recommendations: Cardiac Stress Myocardial
Perfusion PET

Recommendations for Diagnosis of Patients With an
Intermediate Likelihood of CAD and/or Risk
Stratification of Patients With an Intermediate or 
High Likelihood of CAD

Class I
Adenosine or dipyridamole myocardial perfusion
PET in patients in whom an appropriately indicated
myocardial perfusion SPECT study has been found to
be equivocal for diagnostic or risk stratification pur-
poses. (Level of Evidence: B)

2. Adenosine or dipyridamole myocardial perfusion
SPECT in patients with LBBB or electronically-paced
ventricular rhythm. (Level of Evidence: B)

3. Exercise myocardial perfusion SPECT to assess the
functional significance of intermediate (25 to 75%)
coronary lesions. (Level of Evidence: B)

4. Exercise myocardial perfusion SPECT in patients
with intermediate Duke treadmill score. (Level of
Evidence: B)

5. Repeat exercise MPI after initial perfusion imaging in
patients whose symptoms have changed to redefine
the risk for cardiac event. (Level of Evidence: C)

Class IIa
1. Exercise myocardial perfusion SPECT at 3 to 5 years

after revascularization (either PCI or CABG) in selected,
high-risk asymptomatic patients. (Level of Evidence: B)

2. Exercise myocardial perfusion SPECT as the initial test
in patients who are considered to be at high risk (patients
with diabetes or patients otherwise defined as having a
more than 20% 10-year risk of a coronary heart disease
event). (Level of Evidence: B) 

Class IIb
1. Repeat exercise myocardial perfusion SPECT 1 to 3

years after initial perfusion imaging in patients with
known or a high likelihood of CAD, stable symptoms,
and a predicted annual mortality of more than 1%, to
redefine the risk of a cardiac event. (Level of Evidence:
C)

2. Repeat exercise myocardial perfusion SPECT on car-
diac active medications after initial abnormal perfu-
sion imaging to assess the efficacy of medical therapy.
(Level of Evidence: C)

3. Exercise myocardial perfusion SPECT in sympto-
matic or asymptomatic patients who have severe coro-
nary calcification (CT CCS more than 75th percentile
for age and sex) in the presence on the resting ECG of
pre-excitation (Wolff-Parkinson-White) syndrome or
more than 1 mm ST segment depression. (Level of
Evidence: B)

4. Exercise myocardial perfusion SPECT in asympto-
matic patients who have a high-risk occupation. (Level
of Evidence: B)

E. Recommendations: Cardiac Stress Myocardial
Perfusion SPECT in Patients Unable to Exercise

Recommendations for Diagnosis of Patients With an
Intermediate Likelihood of CAD and/or Risk
Stratification of Patients With an Intermediate or High
Likelihood of CAD Who Are Unable to Exercise.

Class I
1. Adenosine or dipyridamole myocardial perfusion

SPECT to identify the extent, severity, and location of
ischemia. (Level of Evidence: B)

2. Adenosine or dipyridamole myocardial perfusion
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(Level of Evidence: C)

Class IIb
1. Routine assessment of active, asymptomatic patients

who have remained stable for up to 5 years after
CABG surgery. (Level of Evidence: C)

2. Routine evaluation of active, asymptomatic patients
who have remained stable for up to 2 years after pre-
vious abnormal coronary angiography or noninvasive
assessment of myocardial perfusion. (Level of
Evidence: C)

3. Diagnosis of restenosis and regional ischemia in
active, asymptomatic patients within weeks to months
after PCI. (Level of Evidence: C)

4. Initial diagnosis or prognostic assessment of CAD in
patients with right bundle-branch block or less than
1-mm ST depression on resting ECG. (Level of
Evidence: C)

Class III
1. Routine screening of asymptomatic men or women

with low pretest likelihood of CAD. (Level of
Evidence: C)

2. Evaluation of patients with severe comorbidities that
limit life expectancy or candidacy for myocardial
revascularization. (Level of Evidence: C)

3. Initial diagnosis or prognostic assessment of CAD in
patients who require emergency noncardiac surgery.
(Level of Evidence: C)

*Baseline ECG abnormalities that interfere with interpretation of exercise-
induced ST segment changes include LBBB, ventricular pre-excitation,
ventricular pacing, LVH with repolarization changes, more than 1-mm ST
depression, and digoxin therapy.

†As defined in the ACC/AHA Guideline Update for Perioperative
Cardiovascular Evaluation for Noncardiac Surgery (313), intermediate
clinical risk predictors include mild angina, prior MI, compensated or
prior heart failure, diabetes, and renal insufficiency. Minor clinical risk
predictors include advanced age, abnormal ECG, rhythm other than
sinus, low functional capacity, history of CVA, and uncontrolled hyper-
tension. 

‡High-risk surgery is defined by emergent operations (particularly in the
elderly), aortic and other major vascular surgery, peripheral vascular sur-
gery, and other prolonged operations during which major fluid shifts are
anticipated (ie, reported cardiac risk often more than 5%).

Class IIa
1. Adenosine or dipyridamole myocardial perfusion

PET to identify the extent, severity, and location of
ischemia as the initial diagnostic test in patients who
are unable to exercise. (Level of Evidence: B)

2. Adenosine or dipyridamole myocardial perfusion
PET to identify the extent, severity, and location of
ischemia as the initial diagnostic test in patients who
are able to exercise but have LBBB or an electronical-
ly-paced rhythm. (Level of Evidence: B)

G. Recommendations: Cardiac Stress Perfusion
Imaging Before Noncardiac Surgery

Class I
1. Initial diagnosis of CAD in patients with intermediate

pretest probability of disease and abnormal baseline
ECG* or inability to exercise. (Level of Evidence: B)

2. Prognostic assessment of patients undergoing initial
evaluation for suspected or proven CAD with abnor-
mal baseline ECG* or inability to exercise. (Level of
Evidence: B)

3. Evaluation of patients following a change in clinical
status (eg, ACS) with abnormal baseline ECG* or
inability to exercise. (Level of Evidence: B )

4. Initial diagnosis of CAD in patients with LBBB and
intermediate pretest probability of disease, when used
in conjunction with vasodilator stress. (Level of
Evidence: B)

5. Prognostic assessment of patients with LBBB under-
going initial evaluation for suspected or proven CAD,
when used in conjunction with vasodilator stress.
(Level of Evidence: B)

6. Assessment of patients with intermediate or minor
clinical risk predictors† and poor functional capacity
(less than 4 METS) who require high-risk noncardiac
surgery‡, when used in conjunction with pharmaco-
logic stress. (Level of Evidence: C)

7. Assessment of patients with intermediate clinical risk
predictors†, abnormal baseline ECGs*, and moderate
or excellent functional capacity (greater than 4
METS) who require high-risk noncardiac surgery.

Table 15. Recommendations for the Use of Radionuclide Imaging in Patients With Heart Failure: Fundamental Assessment

Indication Test Class Level of Evidence

1. Initial assessment of LV and RV function at rest* Rest RNA I A

2. Assessment of myocardial viability for MPI (See Table 17), PET I B
consideration of revascularization in patients 
with CAD and LV systolic dysfunction who do 
not have angina

3. Assessment of the copresence of CAD in patients MPI IIa B
without angina

4. Routine serial assessment of LV and RV function at rest Rest RNA IIb B

5. Initial or serial assessment of ventricular function Exercise RNA IIb B
with exercise

*National consensus treatment guidelines are directed by quantitative assessment of LVEF and identification of LVEF less than or equal to 40% (356).

CAD indicates coronary artery disease; LV, left ventricular; MPI, myocardial perfusion imaging; PET, positron emission tomography; RNA, radionuclide angiography; RV, right ven-
tricular.
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Visual estimates of function are rarely used. RNA, performed
at rest or during exercise stress, is most commonly per-
formed by gated blood pool RNA by use of Tc-99m-pertech-
netate bound to red blood cells that is distributed at equilib-
rium throughout the blood pool (359). First-pass nonequilib-
rium studies are advantageous for evaluating RV function
and can be performed in concert with equilibrium-gated
blood pool RNA. First-pass studies can also provide esti-
mates of intracardiac shunts, as discussed below in the sec-
tion on congenital heart disease. Equilibrium studies can be
acquired by either a planar or SPECT approaches, as dis-
cussed in Appendix 1. A strength of RNA is that the quanti-
tative computation of EF and chamber volumes does not
depend on mathematical assumptions of ventricular geome-
try. Thus, radionuclide quantitative computations of LV
chamber volume and EF are obtainable in nearly 100% of
patients. The long biologic half-life of Tc-99m–labeled
blood pool agents in gated equilibrium studies also permits
serial acquisition of data at rest and during exercise. A poten-
tial source of error is selection of a proper region for calcu-
lation and subtraction of background activity. Some labora-
tories use a fixed region of interest (ROI) in which the LV
border is identified on the initial end-diastolic frame.
Another mode of analysis uses a variable ROI, which is less
sensitive to accurate measurement of background activity, in
which the computer tracks the LV “contour” of counts
throughout the cardiac cycle. The variable-ROI method of EF
computation closely correlates with values obtained by con-
trast ventriculography, measured in the era when the latter
was the gold standard (359). In clinical research studies,
gated simultaneous measurements of LV volume and pres-
sure can be recorded throughout the cardiac cycle to obtain
LV pressure/volume loops applicable to calculation of
indices of myocardial contractility which are relatively inde-
pendent of ventricular loading, such as end-systolic pres-
sure/volume relations.

B. Assessment of LV Diastolic Dysfunction

The objective determination of the presence and severity of
diastolic dysfunction is increasingly important in patients
with the clinical syndrome of heart failure. In as many as 30
to 40% of patients with heart failure symptoms, the underly-
ing functional abnormality is predominately diastolic dys-
function. In such patients, LV cavity size is usually normal,
EF is preserved, and the underlying functional abnormalities
of the LV include impaired filling of the ventricle, an
increased level of diastolic pressure required to distend the
ventricle, or both. Large clinical trials have not yet provided
evidence-based data to support the publication of a unified
treatment pathway for heart failure patients with diastolic
dysfunction. The objective documentation of diastolic dys-
function in heart failure patients can be valuable in clinical
practice, however, because it confers prognostic information,
promotes detection of common underlying conditions (such
as hypertensive hypertrophic heart disease or CAD), and
guides therapy. By using commercially available software
packages for RNA, the rate of change of counts in diastole

IV. HEART FAILURE

The clinical syndrome of heart failure in adults is commonly
associated with the etiologies of ischemic and nonischemic
dilated cardiomyopathy, hypertrophic cardiomyopathy,
hypertensive heart disease, and valvular heart disease.
Common principles of assessment that influence prognosis
and therapy apply to each of these categories. These princi-
ples include the assessment of (1) LV function and remodel-
ing, (2) the contribution of myocardial ischemia due to CAD,
and (3) myocardial viability. The application of radionuclide
imaging to each of these key diagnostic principles is
addressed here (Table 15). Second, the role of radionuclide
imaging in specific categories of heart failure is addressed. 

A. Assessment of LV Systolic Dysfunction

The assessment of LV systolic dysfunction is now an impor-
tant component of the initial evaluation of all patients with
the clinical syndrome of heart failure. LV systolic dysfunc-
tion is usually defined by the presence of a LVEF less than
40%. The identification of a depressed LVEF mandates the
initiation of a specific treatment pathway that follows nation-
al consensus guidelines (356-358). Except for patients with
acute myocardial damage, such as patients with acute AMI,
secondary dilatation of the LV is usually also present. The
absence of LV systolic dysfunction in the patient with clini-
cal symptoms of heart failure raises the possibility of heart
failure secondary to valvular heart disease, pericardial dis-
ease, predominant diastolic dysfunction (discussed below),
or noncardiac conditions including pulmonary disease. 

Diagnostic noninvasive imaging techniques have distinct
strengths and limitations. In clinical practice, there are dif-
ferences between the techniques used for quantitative com-
putation versus simple visual estimates of ventricular func-
tion and volume. The clinician’s choice of noninvasive imag-
ing modality to detect and quantify LV systolic dysfunction
in the individual patient with heart failure depends on sever-
al variables including cost, ease of access at point-of-care,
need for precise computed quantitative measurement, and
local expertise. Three issues merit consideration in each indi-
vidual patient with heart failure:

1. Does the imaging modality permit accurate assign-
ment of the individual patient to the correct function-
al classification: normal, moderately depressed, or
severely depressed LV systolic function (ie, EF less
than 40%)? 

2. Is a highly reproducible quantitative measurement
needed to track changes in systolic function over time
(ie, in response to a novel therapy or during surveil-
lance for cardiac toxicity during a therapy such as
doxorubicin)?

3. If LV systolic function is preserved, is diastolic dys-
function present? 

RNA (ventriculography) can be used to compute quantita-
tive estimates of LV, as well as RV, EF, and absolute volumes.



29
Klocke et al. 2003

ACC/AHA/ASNC Practice Guidelines

ACC - www.acc.org
AHA - www.americanheart.org
ASNC - www.asnc.org

positive studies are due to perfusion abnormalities in a sig-
nificant number of patients with “nonischemic” cardiomy-
opathy (ie, those patients without epicardial coronary dis-
ease). Pathologic studies (369), as well as invasive catheteri-
zation studies of coronary blood flow in patients with car-
diomyopathy (370,371), have demonstrated that significant
territories of myocardial fibrosis may occur in some patients,
as well as significant limitations in coronary blood flow
reserve to a hyperemic stress, which would result in both
fixed and reversible perfusion defects. One study has demon-
strated that the magnitude of perfusion abnormalities in
patients with nonischemic cardiomyopathy has important
prognostic implications (372). Those nonischemic cardiomy-
opathy patients with a normal perfusion pattern had the most
benign outcome during follow-up, whereas those with the
most extensive perfusion abnormalities had a significantly
higher mortality. 

Although the presence of any perfusion abnormality is not
highly specific for CAD, the pattern of perfusion abnormali-
ty may assist in the differentiation between CAD and nonis-
chemic etiology of heart failure. Thus, more extensive perfu-
sion defects and/or more severe perfusion defects are more
likely to be seen in patients with CAD as the etiology of heart
failure, whereas smaller and milder defects are more likely to
represent patients with nonischemic cardiomyopathy. Data
using gated SPECT sestamibi imaging have shown complete
discrimination between heart failure patients with ischemic
versus nonischemic cardiomyopathy by use of a semiquanti-
tative scoring system of the stress perfusion pattern (367).
Hence, comprehensive early evaluation of patients with heart
failure and LV systolic dysfunction includes an assessment
of the underlying etiology (coronary disease or noncoronary
causes), and if coronary disease is determined to be the eti-
ology of the heart failure syndrome, an assessment of the
potential for reversible LV dysfunction after revasculariza-
tion, the latter related to the extent of inducible ischemia and
preserved viability within dysfunctional myocardium. 

D. Assessment of Myocardial Viability

1. Goals of Assessing Myocardial Viability

In patients with chronic coronary disease and LV dysfunc-
tion, there exists an important subpopulation in which revas-
cularization may significantly improve regional or global LV
function, as well as symptoms and potentially natural histo-
ry. The underlying pathophysiology involves reversible
myocardial dysfunction (hibernation or stunning), which
may exist independently or may coexist within the same
patient. These states of potentially reversible LV dysfunction
have in common preserved cell membrane integrity and suf-
ficiently preserved metabolic activity to maintain cellular
functions and cell membrane integrity in the absence of nor-
mal myocyte contractility secondary to resting ischemia or
repetitive demand ischemia (“repetitive stunning”). Because
the various radionuclide tracers identify preserved cell mem-
brane integrity and aspects of metabolic activity, radionu-
clide techniques play an important role in the assessment of
myocardial viability and, thus, the potential identification of

can be analyzed to calculate indices of diastolic filling,
including the peak LV filling rate, time to peak filling, and
atrial contribution to filling (360). In contemporary practice,
Doppler blood flow velocity indices of transmitral flow are
more commonly used to assess LV diastolic filling parame-
ters. Large population-based criteria, adjusted for age and
sex, for normal versus abnormal diastolic function using
RNA have not yet been established. Both age-specific and
sex-specific criteria for diagnosing LV diastolic dysfunction
by using Doppler blood flow velocity indices of transmitral
flow based on large population studies have been defined that
are applicable to clinical practice (361).

C. Assessment of CAD

1. Importance of Detecting CAD in Heart Failure
Patients

Determining whether LV dysfunction is due predominantly
to the consequences of CAD, or to one of the many other eti-
ologies included in the term “nonischemic” cardiomyopathy,
is a critical early step in the management of heart failure
patients. Decisions regarding the need for cardiac catheteri-
zation and coronary angiography will be informed by the ini-
tial clinical and noninvasive assessment of these patients and
a significant subgroup of patients with heart failure and
underlying CAD have a potentially reversible degree of LV
dysfunction with revascularization. In addition to identifying
the potential for revascularization as a treatment option, the
identification of CAD in a patient with heart failure will also
have implications regarding secondary prevention strategies,
as AMI is a common mechanism of death in patients with
heart failure (362).

2. MPI to Detect CAD in Heart Failure Patients

In six published studies examining the role of MPI in detect-
ing CAD in patients with heart failure and LV dysfunction,
the sensitivity has been 100% in all studies (363-368). This
capability of noninvasive imaging to detect significant CAD
in this setting likely results from the pathophysiology of LV
dysfunction as a consequence of CAD. That is, LV dysfunc-
tion is the consequence of either the presence of large or mul-
tiple prior MIs (with subsequent remodeling), or the combi-
nation of more moderate infarction extent accompanied by
an important degree of inducible ischemia and/or hiberna-
tion, states that should be readily identified with perfusion
imaging. Hence, in the studies cited, a normal stress perfu-
sion scan in a patient with heart failure and LV dysfunction
was associated with a 100% negative predictive value for
predicting the absence of CAD. It is not clear how these stud-
ies (363-368), some of which involved relatively small num-
bers of patients and older techniques, may generalize to larg-
er groups of patients and contemporary imaging techniques.
Thus, although a normal stress perfusion scan in this setting
may obviate the need for invasive coronary angiography,
there is still controversy over this issue. 

The specificity of perfusion imaging to detect coronary dis-
ease is modest, on the average 40 to 50%. The frequent false



patients with LV dysfunction and CAD who may benefit sig-
nificantly from revascularization. 

Although the early literature on radionuclide techniques in
assessing viability focused on relationships between pre-
revascularization testing and postrevascularization changes
in physiologic parameters such as perfusion, improvement in
regional LV function, or improvement in global function
(LVEF), only recently have such studies focused on the abil-
ity of the testing modalities to predict improvement in
patients’ symptoms and natural history. Although it may be
expected that improvement in a certain threshold territory of
regional LV dysfunction or significant improvement in glob-
al EF may be associated with improvements such as symp-
toms or natural history, it is also possible that symptoms and
natural history may improve after revascularization of viable
myocardium in the absence of changes in regional and glob-
al systolic function. There are many other physiologic
parameters that may be affected by revascularization includ-
ing improvement in diastolic performance, improvement in
systolic and diastolic function during stress, stabilization of
the arrhythmic milieu, prevention of MI, and potential atten-
uation of progressive remodeling in a patient with LV dys-
function (373,374). One study has suggested that after revas-
cularization in patients with multivessel coronary disease and
LVEF less than 30%, a survival benefit accrued whether or
not EF improved (375). Investigations into the relation of the
various radionuclide techniques for assessing viability and
patient outcomes have more strongly supported the applica-
tion of these techniques to the clinical decision-making
process for revascularization. 

A substantial body of literature has emerged regarding the
ability of radionuclide tracers in chronic CAD and LV dys-
function to predict improvement in symptoms and natural
history after revascularization. Studies have demonstrated
that the potential for improved heart failure symptoms and
treadmill time following revascularization correlated with
the magnitude of the PET “mismatch” pattern (ie, enhanced
fluorodeoxyglucose [FDG] uptake relative to perfusion) in
such patients (376). In a meta-analysis of 24 published stud-
ies involving 3088 patients (average New York Heart
Association functional class 2.8), those with evidence of pre-
served myocardial viability (using different protocols) who
underwent revascularization had a substantial reduction in
the risk of death during long-term follow-up (annual mortal-
ity 16% per year if not revascularized reduced to 3% per year
with revascularization, 79.6% RR reduction, P less than
0.0001). If nonviability was predominant, the risk of death
was intermediate and not affected by revascularization (377).
Conclusions that may be drawn are limited by lack of ran-
domization and the fact that observational cohorts analyses
are subject to selection biases. The concordance of data and
consistency across studies, however, suggest that the
radionuclide techniques for assessing viability can play an
important role in selecting patients for revascularization with
the expectation that natural history will be improved. Thus,
the goal of assessing viability is to optimize selection of
patients whose symptoms and natural history may improve
after revascularization.
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2. General Principles of Assessing Myocardial
Viability by Radionuclide Techniques

Preservation of myocardial viability exists as a spectrum in a
territory with regional ventricular dysfunction, from the pos-
sibility of no preserved viability (ie, complete transmural
infarction) to completely preserved viability (ie, transmural
hibernation or stunning with the potential for full recovery of
function). The radionuclide tracers and techniques most
often used in this situation have been evaluated for their rela-
tion to preserved tissue viability directly, by correlating trac-
er uptake (of the single-photon tracers Tl-201 and sestamibi,
and the metabolic tracer FDG) with histologically confirmed
extent of tissue viability obtained by a biopsy of the relevant
myocardial regions at the time of coronary artery bypass sur-
gery. In these studies, it has been demonstrated that quantita-
tive analysis of tracer uptake correlates directly with the
magnitude of preservation of tissue viability (372,378-380).
Many studies in the literature evaluate the techniques for
assessing viability by assigning a specific threshold or cut-
point, often 50 or 60% of maximum tracer uptake, to create
dichotomous performance characteristics (sensitivity, speci-
ficity, and positive and negative predictive values). An impor-
tant principle illustrated by the biopsy studies is that tracer
uptake represents a continuous variable, with the magnitude
of tracer uptake directly reflecting the magnitude of pre-
served viability. In turn, the magnitude of tracer uptake is
linked to the probability of regional functional recovery after
revascularization (381,382).

Frequently, studies analyzing radionuclide techniques for
assessing viability focus on changes in regional LV function,
with the LV subdivided into 17, 20, or even 40 segments.
Numerous studies have demonstrated, however, that for glob-
al LV function (ie, LVEF) to improve by a clinically signifi-
cant degree, a certain threshold mass of dysfunctional
regions must be viable and successfully revascularized (383).
Thus, potential improvement of global LV function is deter-
mined by the number of segments or the extent of viable dys-
functional myocardium. 

Most studies evaluating the radionuclide techniques for
assessing viability have focused on analysis of resting tracer
uptake (as with Tl-201, sestamibi, or tetrofosmin) or evi-
dence of preserved metabolic activity at rest (by FDG or car-
bon-11 [C-11] acetate). In some patients, however, nontrans-
mural infarction may have occurred with preservation of
some degree of viability in the setting of a noncritically
stenosed vessel. In this setting, evidence of uptake of the sin-
gle-photon tracers or metabolic activity by FDG may result
in “intermediate” values, such that the role of revasculariza-
tion is not clear. When this occurs, assessment of stress-
induced ischemia will provide additional important informa-
tion. One study has demonstrated that the finding of stress-
induced ischemia (a reversible perfusion defect) is a more
powerful predictor of recovery of function than is a “fixed”
defect with similar degree of resting tracer activity (384).
When evidence of resting tracer uptake or metabolic activity
falls into the intermediate range (in which the probability of
recovery of function or improved outcome is itself interme-
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d. Rest-Redistribution Tl-201

Rest-redistribution Tl-201 protocols have also been studied
extensively. After tracer injection at rest, images are obtained
15 to 20 minutes later, which reflect regional blood flow at
rest, and images obtained 3 to 4 hours later after redistribu-
tion will generally reflect preserved viability. The finding of
a “reversible resting defect” may identify areas of myocar-
dial hibernation, although this finding appears to be an insen-
sitive albeit very specific sign of potential improvement in
regional function (387). Quantitative analysis of regional Tl-
201 activity on the rest or redistribution images has been
shown to correlate with potential improvement in function
after revascularization (382,383). 

e. Tc-99m-Sestamibi and Tc-99m-Tetrofosmin

The Tc-99m–based tracers sestamibi and tetrofosmin do not
share the redistribution properties of Tl-201 (although a
minor degree of redistribution has been noted); therefore
there was initial uncertainty of the ability of these tracers to
accurately track myocardial viability. A substantial body of
literature, particularly with sestamibi, however, has demon-
strated that the performance characteristics for predicting
improvement in regional function after revascularization are
in general similar to those seen with Tl-201. It would not be
expected that there would be any important differences
between the tracers in the setting of preserved resting region-
al blood flow (as might be seen with repetitive stunning). In
the setting of hibernation, with potentially diminished blood
flow at rest, it might be expected that the redistribution prop-
erty of Tl-201 would be advantageous. This does not appear
to be the case, however, and may be because sestamibi
appears to be relatively overextracted at low blood flows,
becoming more a tracer of cell membrane integrity than
MBF. This has been demonstrated in animal models of
reduced resting blood flow, in which sestamibi activity 3 to 4
hours after injection is similar to redistribution Tl-201 uptake
(388), and also in human studies, in which sestamibi activity
has been found quantitatively similar to redistribution Tl-201
activity after a resting injection in the identification of
reversible resting Tl-201 defects (381,389). Thus, quantita-
tive analysis of sestamibi uptake after resting injection
appears to provide similar information about myocardial via-
bility as Tl-201. Assessment of sestamibi activity after injec-
tion under the influence of nitrates to improve resting blood
flow appears to slightly improve the ability of this tracer to
detect myocardial viability (390).

Although less extensively studied, tetrofosmin uptake in
assessing myocardial viability appears to have similar char-
acteristics as those of sestamibi. There is a good correlation
of quantitatively analyzed tetrofosmin uptake with redistrib-
ution Tl-201 uptake after resting injection (391), and per-
formance characteristics for predicting recovery of regional
function after revascularization appear similar as well, in
somewhat more limited data (392). Some studies have
demonstrated that by incorporating information about resting
function in addition to the perfusion viability data, improve-

diate), addition of stress imaging to assess for the presence of
stress-induced ischemia may be helpful for clinical decision
making regarding revascularization.

3. Techniques and Protocols for Assessing
Myocardial Viability

a. Thallium-201

The uptake of Tl-201 is an energy-dependent process requir-
ing intact cell membrane integrity and the presence of Tl-201
implies preserved myocyte cellular viability. The magnitude
of Tl-201 uptake (after reinjection in particular) has been
correlated with extent of tissue viability by histologic tech-
niques. The redistribution properties of Tl-201 have been
used as an important marker of myocardial viability in stress
imaging followed by a 3- to 4-hour redistribution image. The
presence of a reversible perfusion defect and/or preserved Tl-
201 uptake on the 3- to 4-hour redistribution images is an
important sign of regional viability. The absence of an impor-
tant degree of redistribution or Tl-201 uptake on the redistri-
bution images, however, is not a sufficient sign of the
absence of regional viability, and iterations of Tl-201 proto-
cols have been investigated to optimize the assessment of
regional viability with this tracer.

b. Tl-201 Reinjection

The two most widely studied protocols for assessing viabili-
ty in the presence of an inconclusive result on initial
stress/redistribution imaging involve Tl-201 reinjection and
late redistribution imaging. In the former protocol, a second
dose of Tl-201 (usually 50% of the initial dose) is reinjected
into the patient after the redistribution images are complete,
and a third set of images is obtained 15 to 20 minutes later.
It has been demonstrated that approximately 50% of regions
with fixed defects on stress/redistribution imaging will show
significant enhancement of Tl-201 uptake after reinjection
(385), and this finding is predictive of future improvement in
regional LV function after revascularization. The presence of
a severe Tl-201 defect after reinjection identifies areas with a
very low probability of improvement in function.

c. Late Redistribution Imaging

Late redistribution imaging involves obtaining a third set of
images 24 to 48 hours after the initial stress Tl-201 injection,
essentially allowing more time for redistribution to occur.
Although improvement in uptake on late redistribution
images has good positive predictive value for identifying
regions with potential improvement in function, the negative
predictive value is suboptimal in some patients (386). This is
likely due to low to very low Tl-201 blood levels, such that
redistribution does not take place even after a prolonged time
period. The late redistribution image may also be limited by
suboptimal image quality due to continued washout and
decay of the tracer. 



ments in sensitivity and/or specificity for predicting func-
tional recovery after revascularization can be accomplished
(393,394).

f. PET Imaging

Positron tracers of blood flow and metabolism have been
extensively studied for evaluation of myocardial viability.
The ability to label physiologic compounds such as nitrogen,
oxygen, carbon and fluorine; the high-energy emissions; and
the generally short half-life of the tracers allows examination
of numerous physiologic processes. As attenuation correc-
tion is more routinely applied with PET than with SPECT,
and as count densities are high because of the high-energy
positron emitters, absolute quantification of blood flow and
metabolic processes is possible, although not widely applied
clinically. 

The most commonly used PET protocol involves evalua-
tion of myocardial glucose metabolism with 18F-FDG in
conjunction with PET or SPECT examination of MBF with
13N-ammonia or Tc-99m-sestamibi, respectively. Meta-
analysis of the published data on predicting recovery of
regional function after revascularization has suggested that
this approach has slightly better overall accuracy than that of
single-photon techniques (395). Analysis of clinical out-
comes after PET imaging has shown that the magnitude of
improvement in heart failure symptoms after revasculariza-
tion in patients with LV dysfunction correlates with the pre-
operative extent of 18F-FDG mismatch pattern (ie, preserved
or diminished MBF with enhanced or normal glucose metab-
olism) (376). Moreover, long-term follow-up studies have
suggested that the finding of PET mismatch in patients with
CAD and LV dysfunction portends a high risk of cardiac
death during medical therapy, whereas that risk is substan-
tially lower after revascularization (396). 

The more commonly used PET protocols are summarized
in Table 16. Although positron techniques are not as widely
used for evaluation of myocardial viability as are SPECT
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techniques, several factors suggest that their use will increase
over time. These include the increasing availability of 18F-
FDG as a result of a growing number of regional cyclotron
units; the use of coincidence-detecting SPECT cameras to
evaluate 18F-FDG uptake; the availability of mobile PET
units, which will increase access; and the increasing avail-
ability of standard PET cameras based on expanding oncolo-
gy applications.

4. Image Interpretation for Myocardial Viability:
Quantitative Versus Visual Analysis of Tracer
Activities

Since the early 1980s, quantitative analysis of radionuclide
tracer uptake has been studied in the attempt to improve
detection of CAD as well as in studies for myocardial viabil-
ity. Gibson et al. (397) first demonstrated that among all
patients with visually-fixed Tl-201 defects, quantitative
analysis of the severity of the fixed defect was an important
factor in determining regional viability. A similar principle
has also been applied to Tl-201 reinjection studies, demon-
strating that quantitatively severe fixed defects after redistri-
bution are unlikely to improve after Tl-201 reinjection.
Moreover, whereas visual analysis of sestamibi images
appeared to demonstrate an underestimation of myocardial
viability, several studies have demonstrated that quantitative
analysis of sestamibi uptake results in assessment of viabili-
ty with similar precision as that of Tl-201 techniques
(381,389).

Whether quantitative analysis of tracer uptake in radionu-
clide techniques is required for assessing viability is not def-
initely established. The initial studies of Tl-201 reinjection
demonstrated that both visually and quantitatively, Tl-201
uptake improved after reinjection in myocardial segments
ultimately found to be viable after revascularization (398).
Moreover, recent data have demonstrated that when SPECT
images are analyzed visually according to a semiquantitative
scoring scale (similar to that used in CAD prognosis studies),

Table 16. Radionuclide Imaging Agents Commonly Used to Assess Myocardial Viability

Agent Mechanism Validated Protocols

Single-photon Requires myocyte cell membrane integrity Stress/redistribution plus or minus
Tl-201 for uptake (energy-dependent) re-injection

Stress/late redistribution
Rest/redistribution

Tc-99m-sestamibi Requires myocyte cell membrane integrity QA or SQVA scoring of resting uptake
for uptake (electrochemical gradient) Uptake after nitrates

Positron Preserved myocyte glucose uptake and “Mismatch” pattern in conjunction with
F18-FDG phosphorylation perfusion imaging

QA of resting uptake

N-13-ammonia Correlates with MBF Rest MBF image in conjunction with
FDG

Rubidium-82 Requires myocyte cell membrane integrity Early/washout image
for uptake (energy-dependent)

FDG indicates flurodeoxyglucose; MBF, myocardial blood flow; QA, quantitative analysis; SQVA, semiquantitative visual analysis; Tl-201, thallium-201.
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ventional gadolinium-based contrast agent (399,400).
Potential advantages include the improved resolution now
available with MRI and an ability to image chronic and acute
infarctions. Additional clinical experience will be needed to
place this approach in proper context.

Thus, for the clinician faced with a patient with CAD and
LV dysfunction, the key decision is whether or not to proceed
toward revascularization with an expectation of clinical ben-
efit to the patient. The presence of active angina in the setting
of LV dysfunction would itself suggest a clinical benefit from
revascularization (401). Otherwise, radionuclide assessment
of the extent of myocardial ischemia and viability can con-
tribute importantly to a revascularization decision. If sub-
stantial ischemia or viability of dysfunctional territories is
found in the setting of stenotic coronary arteries technically
amenable to revascularization, the literature would suggest a
clinical benefit from revascularization. In the absence of sub-
stantial ischemia or viability, such a benefit is significantly
less likely. 

E. Etiologies of Heart Failure 

1. Dilated Cardiomyopathy

a. Diagnosis

Dilated cardiomyopathy is diagnosed when heart failure is
associated with the geometric and functional findings of LV
chamber dilatation with depressed systolic function (ie, EF
less than 40%). RV systolic dysfunction and chamber
enlargement may also be present. RNA at rest is a valuable
imaging modality to determine if the functional mechanism
of heart failure is LV systolic dysfunction. The differentiation
of ischemic versus nonischemic dilated cardiomyopathy, and
the differentiation of viable versus nonviable myocardium
are discussed above. The roles of radionuclide techniques in
specific etiologies of dilated cardiomyopathy are discussed
later in this section and summarized in Table 18.

there is good correlation with quantitatively analyzed images
and good correlation with predicting improvement in func-
tion (398). Most software packages available on radionuclide
imaging cameras and computers do however contain quanti-
tative software for assessing regional tracer uptake. Thus, a
combination of semiquantitative visual analysis (accounting
for defect severity) and quantitative analysis should provide
information to the clinician similar to that developed in the
literature.

5. Comparison of Techniques

There is now a substantial body of literature evaluating the
ability of the various radionuclide techniques for predicting
improvements in regional function, and the literature on this
topic has been subject to meta-analysis. Recommendations
are summarized in Table 17. Bax et al. (395) found that all of
the radionuclide techniques (and dobutamine echocardiogra-
phy) perform in a relatively similar manner regarding posi-
tive and negative predictive values for predicting improve-
ments in regional function. Single photon radionuclide tech-
niques (Tl-201 and sestamibi) appeared to be slightly more
sensitive, whereas PET and dobutamine echocardiography
appeared to be more specific. Overall the PET techniques
appeared to have slightly better accuracy. This slight
improvement in overall accuracy, however, is accompanied
by less accessibility and a higher level of technical complex-
ity and higher cost. A meta-analysis of outcome studies relat-
ed to myocardial viability has demonstrated no difference
between the techniques commonly used to assess viability
(PET versus single-photon radionuclide versus dobutamine
echocardiography) with regard to reduction of mortality or
unfavorable cardiac events after revascularization (377). 

MRI has emerged as an alternative noninvasive imaging
approach for discrimination of fixed scar versus viable but
dysfunctional myocardium. Reports indicate that infarct-avid
imaging analogous to that formerly performed with Tc-99m-
pyrophosphate can be performed by using MRI and a con-

Table 17. Recommendations for Radionuclide Techniques to Assess Myocardial Viability

Indication Test Class Level of Evidence

1. Predicting improvement in regional and Stress/redistribution/reinjection Tl-201 I B
global LV function after revascularization Rest-redistribution imaging I B

Perfusion plus PET FDG imaging I B
Resting sestamibi imaging I B
Gated-SPECT sestamibi imaging IIa B
Late Tl-201 redistribution imaging IIb B

(after stress) 
Dobutamine RNA IIb C
Postexercise RNA IIb C
Postnitroglycerin RNA IIb C

2. Predicting improvement in heart failure Perfusion plus PET FDG imaging IIa B
symptoms after revascularization

3. Predicting improvement in natural history Tl-201 imaging (rest-redistribution and I B
after revascularization stress/redistribution/reinjection)

Perfusion plus PET FDG imaging I B

FDG indicates flurodeoxyglucose; PET, positron emission tomography; RNA, radionuclide angiography; SPECT, single-photon emission computed tomography; Tl-201, thallium-201.



b. Risk Stratification and Prognosis

Determination of the functional mechanism of heart failure
provides a powerful means for risk stratification, in addition
to clinical assessment, sex, and age. The prognosis of heart
failure due to LV systolic dysfunction is worse than the prog-
nosis of heart failure with preserved systolic function (and
the presumption of diastolic dysfunction) in age- and sex-
matched cohorts from large population studies (402). It is not
yet established whether serial assessment of the severity of
systolic or diastolic dysfunction in individual heart failure
patients confers additional information for risk stratification,
treatment, and prognosis.

c. Therapy

The accurate determination of the presence and magnitude of
LV systolic dysfunction (ie, LVEF less than 40%) directly
guides the management of patients with heart failure using
current national consensus guidelines (356). 

Table 18 summarizes diagnostic recommendations for spe-
cific subsets of patients.

2. Dilated Cardiomyopathy due to
Doxorubicin/Anthracycline Cardiotoxicity

a. Diagnosis

Chemotherapy with doxorubicin and other anthracyclines
such as epirubicin produces a dose-dependent depression of
LV function in part mediated by free radical injury. Toxic
damage of cardiac myocytes is associated with an abrupt
irreversible reduction in myocardial shortening with acute
hemodynamic decompensation (403). The initially normal-
sized LV remodels into an irreversible dilated cardiomyopa-
thy with profound LV dysfunction, culminating in sympto-
matic congestive heart failure. Continued use of doxorubicin
after there is objective evidence of LV dysfunction results in
progressive chamber dilatation and deterioration in systolic
function (403). RNA is an ideal noninvasive tool to provide
for longitudinal quantitative assessment of LV function in
patients treated with doxorubicin (403-405).
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b. Risk Stratification and Prognosis

LV dysfunction as measured by reduced EF and serial reduc-
tion in EF are important determinants of prognosis both in
patients who have received or are receiving doxorubicin.
Ejection fraction should be measured by RNA in all patients
before receiving doxorubicin, especially in patients with pre-
existing heart disease and suspected LV dysfunction because
they are at greater risk of congestive heart failure.
Radionuclide ventriculography is a sensitive and repro-
ducible method for detecting small serial decrements in LV
function. Three combined criteria have been identified as
predictive for development of heart failure after initiation of
doxorubicin therapy; these include age greater than 50 years,
EF less than 60%, and a decrease in EF to 50% or less (406).
In addition, recent observations suggest that therapy with
trastuzumab, a monoclonal antibody directed against the
HER2 receptor, may increase the risk of developing heart
failure during cancer chemotherapy with doxorubicin at stan-
dard doses (407). Alternative chemotherapeutic strategies
can be entertained with prior assessment of LV function or
use of concomitant adjuvant therapy that protects against
anthracycline cardiotoxicity (408).

c. Assessment of Therapy

Serial assessment of LVEF at rest by RNA is an effective
method of monitoring patients during the course of doxoru-
bicin therapy. The initial dose of doxorubicin frequently
results in immediate deterioration in LV function that usual-
ly reverses over several days. Data from several studies indi-
cate that doxorubicin therapy is safe to continue if resting EF
remains within the normal range, even if there is a consistent
decline below baseline values. If doxorubicin therapy is dis-
continued when EF becomes abnormal, LV function usually
stabilizes (403,405), but a decrease in EF to less than 50% is
strongly predictive for development of heart failure (406).
Further continuation of doxorubicin after EF becomes abnor-
mal is associated with serious, life-threatening irreversible
heart failure (403). Stress exercise assessment does not
appear to add to resting EF in deciding when to discontinue

Table 18. Recommendations for the Use of Radionuclide Imaging to Diagnose Specific Causes of Dilated Cardiomyopathy

Indication Test Class Level of Evidence

1. Baseline and serial monitoring of LV Rest RNA I A
function during therapy with cardiotoxic 
drugs (eg, doxorubicin)

2. RV dysplasia Rest RNA IIa B

3. Assessment of posttransplant obstructive Exercise perfusion imaging IIb B
CAD

4. Diagnosis and serial monitoring of Chagas Exercise perfusion imaging IIb B
disease

5. Diagnosis of amyloid heart disease Tc-99m-pyrophosphate imaging IIb B

6. Diagnosis and serial monitoring of sarcoid Rest perfusion imaging IIb B
heart disease Rest gallium-67 imaging IIb B

7. Detection of myocarditis Rest gallium-67 imaging IIb B
Indium-111 antimyosin antibody imaging IIb C

CAD indicates coronary artery disease; LV, left ventricular; RNA, radionuclide angiography; RV, right ventricular; Tc-99m, technetium-99m.
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b. Risk Stratification, Prognosis, and Assessment of
Therapy

As discussed above, RNA and other noninvasive imaging
techniques can be used to estimate LV systolic function and
to track serial changes in function in patients with heart fail-
ure of any etiology, including documented or suspected
myocarditis. RNA has the potential to detect and follow
acute inflammatory changes in the heart. As addressed in the
ACC/AHA Guidelines for the Evaluation and Management
of Chronic Heart Failure (356) (http://www.acc.org/clini-
cal/guidelines/failure/pdfs/hf_fulltext.pdf), however, review
of evidence-based clinical trials in heart failure patients indi-
cates that the identification of biopsy-documented myocardi-
tis does not confer a differing prognosis in comparison with
biopsy-negative dilated cardiomyopathy in most patients
with heart failure. Also, randomized clinical trials thus far
have not demonstrated clear benefit of immunosuppressant
therapy in patients with biopsy-documented myocarditis
(356). Therefore, an effective and specific treatment pathway
for myocarditis has not yet been identified, and routine use of
immunosuppressant drugs cannot be recommended.
Although this controversy is under investigation, the identifi-
cation of myocarditis by radionuclide or other imaging
modalities, as well as endomyocardial biopsy, does not yet
guide therapy in most patients. Thus, the usefulness of
radionuclide imaging to detect myocarditis in heart failure
patients is not well established and data describing use of this
approach are based on nonrandomized studies.

4. Posttransplant Rejection and Allograft
Vasculopathy

Cardiac transplant recipients require serial monitoring of
both acute graft rejection, causing myocardial inflammation
and necrosis, and the later development of allograft vascu-
lopathy (posttransplantation CAD). Indium-111 antimyosin
antibody imaging has been described as a technique to detect
rejection after cardiac transplantation in multiple small
observational studies since the first report of this application
in 1987 (422). In a prospective analysis of antimyosin imag-
ing and endomyocardial biopsy in 70 serial studies in 22
patients after cardiac transplantation, the predictive value of
a negative antimyosin imaging study was 98%; however, the
false-positive rate was extremely high (6 true-positive and 31
false-positive studies), yielding a very low positive predictive
value of an abnormal antimyosin imaging study (423). Thus,
because of many false-positive results, endomyocardial biop-
sy continues to be the technique of choice for serial monitor-
ing and detection of acute cardiac transplantation rejection.
Allograft vasculopathy is the major limitation for long-term
survival in cardiac transplant recipients, and many centers
use yearly invasive surveillance coronary angiography for
detection because of the variable sensitivity and specificity of
noninvasive approaches including rest and stress radionu-
clide perfusion imaging and echocardiography (424). A
prospective comparison of 255 SPECT and coronary angiog-
raphy studies in 67 cardiac transplant recipients suggests that
yearly scintigraphy is highly sensitive as a screening tool to

doxorubicin therapy (409). Radionuclide evaluation of EF is
also of paramount importance in monitoring the cardiopro-
tective effects of agents such as dexrazoxane when doxoru-
bicin is used in high dosages for solid malignant tumors.
Because of the possibility of changes in LV function, RNA
studies to follow the long-term progression of cardiotoxicity
should be timed at least 10 to 14 days after the last dose of
doxorubicin (408).

3. Dilated Cardiomyopathy due to Myocarditis

a. Diagnosis

Myocarditis, related to viral infection or secondary autoim-
mune response, is a potentially (partially) reversible cause of
heart failure. Historically, RV endomyocardial biopsy has
been the method used for its identification, but its limitations
include sampling error due to patchy or focal involvement of
the myocardium, morbidity, and cost. 

Radioisotope imaging has been reported to identify
myocarditis of diverse etiologies with gallium (which detects
inflammation), antimyosin antibody (which detects myocar-
dial necrosis and is myosin specific) (410-412), and
metaiodobenzylguanidine (MIBG, which assesses adrener-
gic neuronal function) (411). Antimyosin antibody imaging
has the formal potential to identify myocardial necrosis in
both myocarditis and AMI. When cardiac myocytes undergo
necrosis, their cell membrane integrity is lost, exposing intra-
cellular myosin heavy chains. Antimyosin antibody specifi-
cally binds to these exposed myosin molecules when the
antibody is injected intravenously into patients.
Intraventricular conduction abnormalities in patients with
suspected myocarditis were more strongly associated with
active and more severe myocardial necrosis as judged by
antimyosin imaging than in patients with normal ECGs
(413). At minimum, once correlation has been established in
an individual patient between biopsy and radioisotope scan-
ning, imaging may be a more useful technique for serial eval-
uation and estimation of prognosis of the patient (414).
Comparison of scintigraphic results with histologic and clin-
ical standards indicates a high sensitivity of antimyosin scans
for the detection of myocarditis (91 to 100%), as well as a
negative predictive value (93 to 100%). The specificity (31 to
44%) and positive predictive value (28 to 33%), however, are
low (415). Used alone, endomyocardial biopsy has a poor
sensitivity (35%) but a high specificity of 79% (415).

Radionuclide imaging has been used in small studies to
support or confirm the diagnosis of myocarditis, primarily by
use of indium-111 antimyosin antibody imaging, in acute
rheumatic fever (416), clinically suspected myocarditis of
unspecified etiology (410,417,418), acute onset of dilated
cardiomyopathy (419), myocarditis masquerading as AMI
(419), and the presence of AMI itself (420). RV perfusion
tomography with a Tc-99m–labeled tracer is clinically useful
for the noninvasive detection of RV myocardial damage in
patients with RV tachycardia and for differentiating organic
from idiopathic RV tachycardia (421).



detect both focal segmental stenoses and diffuse circumfer-
ential narrowing, whereas a SPECT study with no reversible
perfusion defects has a negative predictive value of about
98% and virtually excludes coronary lesions appropriate for
revascularization (425). Pharmacologic (dobutamine) stress
MPI has also been useful in identifying posttransplant CAD,
whereas the negative predictive value is approximately 79%
(426). 

5. Chagas Myocarditis and/or Cardiomyopathy

Chagas myocarditis and/or cardiomyopathy has several fea-
tures that are distinctive in comparison with dilated car-
diomyopathy due to presumed viral myocarditis. Several
observational studies that used RNA and perfusion imaging
have reported that chronic Chagas cardiomyopathy is fre-
quently associated with LV regional wall motion abnormali-
ties and perfusion defects in the absence of epicardial CAD,
and RV dyssynergy is common in asymptomatic patients
with no other clinical signs of heart failure (427). In correla-
tive investigations, there is a marked topographic association
between regional defects in sympathetic denervation detect-
ed by iodine-123-meta-iodobenzylguanidine (123-MIBG)
imaging and perfusion defects detected by Tl-201 imaging,
which develop before echocardiographic segmental wall
motion abnormalities in the same segments (428). The mag-
nitude of impaired 123-MIBG uptake and Tl-201 uptake
appear to be associated with the progression of ventricular
dysfunction in patients with Chagas disease.

6. Sarcoid Heart Disease

Myocardial SPECT with Tc-99m-sestamibi has been used to
detect myocardial involvement in patients with sarcoidosis.
Perfusion defects are more common in the RV than in the LV
and correlate with atrioventricular block, heart failure, and
ventricular tachycardia of RV origin (429). These defects are
frequently reversible which makes it unlikely that they repre-
sent deposition of granulomata or fibrosis (430). Gallium-67
was formerly used in sarcoidosis as a marker of the activity
and extent of the disease and for predicting the efficacy of
corticosteroids, but has been largely superseded by serial
chest CT and pulmonary function tests (431).
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7. Cardiac Amyloidosis

Cardiac amyloidosis is a form of cardiomyopathy that results
in deposition of noncontractile protein in the intercellular
space that alters LV diastolic function and, in its most severe
form, culminates in restrictive cardiomyopathy. In some
patients, LV systolic dysfunction and involvement of the
pericardium are also present. Radionuclide angiography
enables assessment of diastolic and systolic function includ-
ing peak filling rates and LV filling volumes during rapid fill-
ing and atrial contraction, respectively (432). Iodine-123
MIBG imaging has indicated a high incidence of sympathet-
ically denervated but viable myocardium in cardiac amyloid
(433). Echocardiography appears, however, to be a more use-
ful noninvasive method for assessment of possible cardiac
amyloidosis because it enables complete characterization of
the altered myocardium of the LV and RV myocardium, and
the valvular and pericardial involvement.

8. RV Dysplasia

Arrhythmogenic RV dysplasia (ARVD) or complex RV dys-
plasia (ARVC), also referred to as Uhl’s anomaly or parch-
ment RV, is a malformation of the myocardium with altered
tissue characteristics (fibrofatty replacement of myocardium)
and accounts for approximately 5% of sudden cardiac deaths
in people age 35 and younger in the United States (434).
ARVD should be distinguished from other RV outflow tract
ventricular tachycardias, because ARVD is associated with a
more benign course, and can be treated with radiofrequency
ablation. The RV in ARVD is characterized by marked dilata-
tion and depressed EFs, which can be readily identified with
RV RNA. The RV also has temporal dispersion of electrical
and mechanical contractile activation, as evidenced by
epsilon waves or localized prolongation (more than 110 ms)
of the QRS complex in right precordial leads (V1-V3), late
potentials on signal-averaged ECG, and Fourier phase
images of the RV (435). These abnormal findings are predic-
tive of sudden arrhythmic cardiac death. ARVD can be reli-
ably distinguished from RV enlargement and dysfunction
associated with acute or chronic pulmonary embolism by RV
RNA.

Table 19. Recommendations for the Use of Radionuclide Imaging to Evaluate Hypertrophic Heart Disease

Indication Test Class Level of Evidence

1. Diagnosis of CAD in hypertrophic Rest and exercise perfusion imaging IIb B
cardiomyopathy

2. Diagnosis and serial monitoring of Rest RNA IIb B
hypertensive hypertrophic heart disease

3. Diagnosis and serial monitoring of Rest RNA III B
hypertrophic cardiomyopathy, with and 
without outflow obstruction

CAD indicates coronary artery disease; RNA, radionuclide angiography.
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c. Assessment of Therapy

Demonstration of normal or increased LV function by RNA
in patients with symptomatic congestive heart failure is use-
ful clinically in determining the appropriateness of negative-
ly inotropic therapeutic agents such as beta-adrenergic recep-
tor blockers or calcium channel antagonists. Serial assess-
ment of LV systolic and diastolic function may be useful in
selected patients with progressive symptoms despite aggres-
sive medical therapy and in monitoring the time-dependent
LV remodeling after surgical or alcohol septal ablation or
after initiation of atrioventricular (DDD) pacing. MPI may
prove useful in assessing the effects of therapies designed to
reduce myocardial ischemia (445), or confirming alcohol
septal ablation, although there are limited data to support
these approaches.

10. Hypertensive Heart Disease

a. Diagnosis

RNA enables detection of LVH, its distribution (concentric
vs. asymmetric), and its impact on LV geometry in hyperten-
sive subjects. With planar imaging, these findings are best
determined when imaging is performed in the left anterior
oblique projection. On a theoretical basis, blood pool SPECT
provides an advantage in this regard. Accurate quantitative
assessment of resting LV global systolic function and cham-
ber topography can be obtained. Diastolic function can be
evaluated from time-activity curves during diastole (449); as
peak rapid filling rate, time to peak filling rate, and the con-
tribution of atrial filling to total LV diastolic filling. RNA
allows recognition of abnormal diastolic ventricular function
in hypertensive subjects even when resting systolic global
and regional functions are normal. This is important because
approximately one third of patients presenting with heart
failure have isolated diastolic dysfunction (450) and a large
proportion of these patients have hypertensive hypertrophic
heart disease. 

Early radionuclide angiographic studies in hypertensive
subjects with chest pain and suspected CAD did not reliably
discriminate between those with and those without coronary
disease. More than 25% of hypertensive patients with normal
coronary anatomy developed abnormal wall motion with
exercise (451). Furthermore, EF did not augment with exer-
cise in hypertensive subjects independent of the presence of
coronary disease that in normotensive subjects suggests
coronary insufficiency. Lower resting EF and failure to
increase with exercise in patients with LVH in the absence of
obstructive coronary disease may be due to diminished coro-
nary flow reserve (441-443) as a result of elevated resistance
of the coronary microvasculature (452) due to coronary
endothelial dysfunction (453) and/or to impaired sympathet-
ic innervation (454). Stratification of patients by prevalence
of cardiac risk factors suggested a greater likelihood of
abnormal radionuclide stress imaging than in normotensive
patients (455). These difficulties with radionuclide exercise
stress imaging in hypertensive patients are further complicat-
ed when the resting ECG has criteria for LVH. Abnormal

9. Hypertrophic Cardiomyopathy

a. Diagnosis

The diagnosis of hypertrophic cardiomyopathy is suggested
by the clinical history, family history, physical examination,
and ECG, and confirmed by 2D Doppler echocardiography
that is the diagnostic modality of choice in this condition.
Radionuclide angiographic studies are not usually indicated
in the diagnosis of hypertrophic cardiomyopathy (see Table
19). In patients with poor quality transthoracic echocardio-
graphic images the diagnosis can be made on the basis of a
small hyperdynamic LV cavity with asymmetric septal
hypertrophy, supranormal EF, and abnormal diastolic filling
(436,437). Characteristically, the hypertrophied myocardium
demonstrates increased thallium uptake that is especially
prevalent in the basal interventricular septum (438). 

Chest pain is a frequent symptom in patients with hyper-
trophic cardiomyopathy resulting from increased myocardial
demand, but raises the possibility of coexistent occlusive
CAD. Fixed and reversible exercise-induced myocardial per-
fusion defects on thallium scans that suggest scar or
ischemia, respectively, have been reported in patients with
hypertrophic cardiomyopathy in the absence of significant
epicardial coronary artery stenoses (439,440). Reversible
perfusion defects may reflect ischemia related to diminished
coronary flow reserve (441-443), which is favorably modi-
fied by treatment with calcium channel antagonists
(444,445), or decreased sympathoneural function in hyper-
trophied but not in nonhypertrophied myocardium (446).
Reversible myocardial perfusion defects are associated with
sudden cardiac arrest and syncope, which suggests that these
symptoms are frequently related to ischemia rather than to a
primary arrhythmogenic ventricular substrate (447). Fixed
myocardial perfusion defects in hypertrophic cardiomyopa-
thy are associated with syncope and decreased exercise
capacity (439). Neither reversible nor fixed stress-induced
myocardial perfusion defects, however, are predictive of
long-term survival. Because reversible and fixed myocardial
perfusion defects occur so frequently (approximately 50%)
in patients in whom the epicardial coronary arteries are
nonobstructive, the detection of coexistent CAD with exer-
cise or pharmacologic stress thallium imaging is ordinarily
not possible (see Table 19).

b. Risk Stratification and Prognosis

There are no compelling data to recommend radionuclide
imaging techniques for routine risk stratification in patients
with hypertrophic cardiomyopathy. Depressed LV systolic
function identifies a subgroup of patients with a higher inci-
dence of congestive heart failure and a relatively poor prog-
nosis (448). The presence of reversible defects in young
patients is associated with increased risk for syncope, cardiac
arrest, and ischemia-induced ventricular arrhythmias
(439,447).



response to exercise is most common in hypertensive patients
with LVH, whereas most hypertensive patients without
hypertrophy exhibit normal augmentation of function with
exercise (456). 

Hypertension is common in patients presenting with chest
pain for stress testing in whom CAD is suspected. In patients
without LVH, stress perfusion imaging is useful for detecting
both reversible and fixed defects in those with coexistent
ischemic heart disease. The diagnostic accuracy of myocar-
dial stress-perfusion imaging appears to be more reliable
than is RNA in identifying coexistent CAD in hypertensive
patients with LVH, although an increased incidence of false-
positive test results has been reported (277,453,455). In sev-
eral large cohorts of patients with chest pain and LVH by
electrocardiography or by 2D echocardiography, however,
the assessment by exercise and pharmacologic stress Tl-201
SPECT identified the presence and location of coronary
insufficiency with high sensitivity and specificity
(278,457,458).

b. Risk Stratification

Assessment of LV size and function (EF) by RNA provides
prognostic information concerning clinical outcome and
thereby can influence decisions regarding levels of activity
and work status. Patients with hypertension and LVH have an
increased adverse cardiovascular event rate compared with
that of normotensive controls. SPECT imaging provides sig-
nificant incremental predictive information regarding cardiac
risk over and above that derived from clinical and historic
demographics in hypertensive patients with LVH (278).

c. Evaluation of Therapy

Radionuclide angiographic assessment of ventricular remod-
eling, global and regional function, and regression of hyper-
trophy can be useful clinically to determine the long and
short-term efficacy of specific antihypertensive therapeutic
regimens particularly in hypertensive patients with LV dys-
function. Alternative approaches include 2D echocardiogra-
phy and MRI. 

11. Valvular Heart Disease

a. Diagnosis and Risk Stratification

In daily practice, 2D Doppler echocardiography studies have
become the modality of choice for diagnosing valvular heart
disease. This imaging modality assesses valve patho-anato-
my, ventricular geometry, and ventricular function and also
provides a fairly accurate estimate of lesion severity. The
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potential usefulness of RNA in assessing valvular heart dis-
ease stems from the ability of RNA to quantify LV and RV
function. In addition, MPI has been used to examine for the
presence of flow-limiting coronary disease, especially in aor-
tic stenosis.

b. Aortic Stenosis

Aortic stenosis usually develops in the fourth through the
ninth decades of life, more frequently in men, and shares
many of the pathologic characteristics and risk factors with
coronary disease (459). Accordingly, approximately 35% of
patients with aortic stenosis have concomitant coronary dis-
ease (460,461). Although it has been surprisingly difficult to
prove that coronary revascularization at the time of aortic
valve replacement improves long-term prognosis, many stud-
ies suggest concomitant revascularization is beneficial and it
is also logical (462-464). Thus, coronary disease should be
detected before aortic valve surgery. Although controversial,
the presence or absence of angina is thought to be a relative-
ly poor guide to the presence or absence of coronary disease.
As many as 25% of patients without angina may have flow
limiting coronary disease (465,466), whereas coronary dis-
ease is present in 40 to 80% of aortic stenosis patients com-
plaining of angina (460,461).

Because of the lack of specificity and sensitivity that angi-
na has for the concomitant presence of coronary disease in
aortic stenosis, there has been much interest in the use of
MPI in the preoperative evaluation of aortic stenosis patients
for coronary disease. A partial tabulation of these results is
shown in Table 20 (467-471). As can be seen, the sensitivity
and specificity of stress perfusion in patients with aortic
stenosis is relatively good but probably not adequate for
patients about to undergo valve surgery in which the failure
to detect coronary disease preoperatively could lead to
adverse postoperative results. Thus, in practice, perfusion
imaging has not supplanted coronary angiography in the pre-
operative work-up of patients with aortic stenosis.

c. Aortic Regurgitation

Initially, the most promising use of RNA in valvular heart
disease appeared to be in the evaluation of patients with aor-
tic regurgitation in whom exercise RNA seemed to provide
additional information to resting studies (472). EF normally
increases with exercise. The failure of EF to rise during exer-
cise seemed to mark the onset of LV dysfunction and predict
a poorer prognosis, or mark that the asymptomatic patient
would shortly become symptomatic. The premise of exercise
RNA is that myocardial contractility is augmented during

Table 20. Sensitivity and Specificity of Myocardial Perfusion Imaging in Detecting Coronary Disease in Patients With
Aortic Stenosis

Author n Sensitivity Specificity

Patsilinakos (467) 50 0.85 0.77
Kupari (468) 44 0.90 0.70
Samuels (469) 35 0.92 0.71
Kettunen (470) 61 0.91 0.73
Rask (471) 57 1.0 men; 0.61 women 0.75 men; 0.64 women
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d. Mitral Regurgitation

Perhaps the most compelling use of RNA in valvular heart
disease is in the preoperative evaluation of patients with
mitral regurgitation. Mitral regurgitation not only burdens
the LV with volume overload, but also promotes pulmonary
hypertension in turn imparting a pressure overload on the RV.
Although pulmonary artery pressure can often be estimated
by Doppler echocardiography, the echocardiogram does not
evaluate RV function well, whereas RV function assessment
is a strength of RNA. Hochreiter et al. (476) found that
patients with mitral regurgitation and combined LV and RV
dysfunction faired worse than did patients with isolated LV
dysfunction. The additional RV information enhanced the
ability to predict outcome compared with that of any LV
parameter. Still unknown is whether the addition of Doppler-
obtained pulmonary pressure to indices of LV function in
patients with mitral regurgitation would be as powerful prog-
nostically as the combination of RNA LVEF and RVEF
determinations.

As with aortic regurgitation, resting EF is a useful guide to
mitral valve repair or replacement and RNA is suitable to
make this assessment. When LVEF falls to less than approx-
imately 60%, prognosis worsens (477-479). As with aortic
regurgitation, however, the Doppler echocardiography tech-
nique can also make this assessment as a visual estimate
while adding other prognostic information (480) as well as
crucial anatomic data, helping to decide whether or not the
valve can be repaired or must be replaced.

e. Evaluation of Therapy

The definitive therapy for valvular heart disease is valve sur-
gery or, in the case of mitral stenosis, balloon valvuloplasty.
RNA is useful postoperatively in gauging changes in LV and
RV performance, occurring secondary to the loading alter-
ations produced by valve surgery.

In summary, RNA has potential use in the preoperative
assessment of patients with regurgitant valvular heart disease
(Table 21). However, its use has largely been supplanted by
the 2D Doppler echocardiography study that not only assess-
es chamber function but also gives important information
about chamber dimensions, valve anatomy, and the amount
of regurgitation. Standard exercise RNA seems to add little to
resting RNA and echocardiography in evaluating patients for
the timing of aortic valve replacement in aortic regurgitation.
The addition of exercise hemodynamic data to exercise RNA
is attractive and possibly useful but should be regarded as an
experimental tool until more evidence is obtained. In mitral

exercise resulting in increased EF. The failure of EF to rise
during exercise was taken to indicate the reduction of con-
tractile reserve and thus an early sign of myocardial dys-
function. Ejection fraction, however, is dependent not only
on contractility but also on loading that can change dramati-
cally in patients with aortic regurgitation during exercise
(473). Increased heart rate reduces regurgitation time and the
amount of regurgitation, thereby reducing LV preload, in turn
reducing EF. Large increases in blood pressure during exer-
cise increase afterload, also potentially reducing EF. Thus,
failure of EF to increase during exercise might not indicate
the presumed reduction in contractile reserve. It is probably
these factors that led to the finding that exercise angiography
does not usually add additional prognostic information to the
measurement of resting LVEF and end-systolic dimension in
predicting the response to aortic valve replacement worsens .
More recently, Borer et al. (316) found enhanced prognostic
ability of exercise RNA when the calculation of systolic wall
stress was added to the interpretation of the test. Blunting of
the exercise-induced rise of EF out of proportion to the exer-
cise-mediated increase in wall stress had prognostic value for
postsurgical outcome and also was sensitive in detecting a
small group of patients who suffered sudden death.

In summary, exercise RNA in aortic regurgitation has large-
ly been abandoned, although some practitioners still find the
failure of EF to rise during exercise useful in helping to
decide difficult cases. However, routine use of exercise RNA
probably adds little to the assessment of resting EF and
echocardiographic ventricular dimensions in timing surgery.
The addition of the formal calculation of load seems to add
prognostic information as logically it should. However, the
additional effort required for the wall-stress determination
may ultimately limit the usefulness of this index.

On the other hand, RNA accurately measures rest EF,
which is clearly a useful tool in timing aortic valve replace-
ment for patients with aortic regurgitation. Once LVEF falls
below a value of approximately 55%, prognosis worsens
(316,474). In practice, LVEF is usually visually estimated at
echocardiography rather than at RNA because Doppler
echocardiography studies give additional information about
the amount of aortic regurgitation and about ventricular size
and geometry which further aids in timing of surgery (475).
There have been no prospective studies comparing visual
estimates of LVEF by echocardiography versus quantitative
RNA computation with regard to prognosis and risk stratifi-
cation. 

Table 21. Recommendations for the Use of Radionuclide Imaging in Valvular Heart Disease

Indication Test Class Level of Evidence

1. Initial and serial assessment of LV Rest RNA I B
and RV function

2. Initial and serial assessment of LV Exercise RNA IIb B
function

3. Assessment of the copresence of MPI IIb B
coronary disease

LV indicates left ventricular; MPI, myocardial perfusion imaging; RNA, radionuclide angiography; RV, right ventricular.



APPENDIX 1: PROCEDURES AND
PRINCIPLES
A. Introduction to Nuclear Cardiology
The first recorded nuclear cardiology study was performed in
1926 by Herman Blumgart and his colleagues who used a
diluted solution of Radon to study the circulation (484).
Since that time there has been steady progress in the devel-
opment of imaging hardware, computer techniques, and
radiopharmaceuticals, which has propelled nuclear cardiolo-
gy into a mature field with clinically relevant and accurate
imaging of molecular processes. These include measurement
of myocardial perfusion, myocardial metabolism, and car-
diac function.

This appendix summarizes the principles of nuclear cardi-
ology equipment and techniques underpinning the recom-
mendations on clinical applications included in this docu-
ment. A more detailed review of the technical aspects of each
of these subjects can be found in the Imaging Guidelines For
Nuclear Cardiology Procedures published by the American
Society of Nuclear Cardiology (485-491) and at http://www.
asnc.org/policy/gl003.htm, http://www.asnc.org/ policy/g53-
84imagingguidelines.pdf.

B. Nuclear Cardiology Instrumentation
Most current nuclear cardiology applications use a gamma
camera of either: 1) the single-crystal type or 2) the mul-
ticrystal type. The single-crystal gamma camera (Anger cam-
era) is the most widely available system. Most cameras have
a scintillation device, such as a thallium-activated sodium-
iodide crystal, capable of emitting light in response to
absorbed gamma rays. These gamma rays are generally
focused by collimators attached to the front of the crystal,
which allow localization of the object that is emitting
radioactivity. The light emitted by the crystal is transformed
into an electrical pulse by a series of light pipes and photo-
multiplier tubes, proportional to the energy of the gamma
rays absorbed. The information about photon energy, posi-
tion, and time of the event can be transformed into an image
with multiple techniques, ranging from analog recording on
film or paper in the past, to current digital computer record-
ings, which can be analyzed subsequently in a quantitative
fashion. The optimal photon energy detected with these
devices is 100 to 200 keV, but modifications in collimator
design and crystal thickness allow a wide range of isotopes
energies to be imaged. The multicrystal camera has been
used as a low-resolution, high-count sensitive device for
rapid dynamic assessment of flow and function, as in
FPRNA.

These Anger-type scintillation cameras are used to generate
most of the clinically important nuclear cardiology informa-

regurgitation, addition of RVEF to either LVEF or echocar-
diographic parameters may have potential and should be
studied further.

12. Adults With Congenital Heart Disease

a. Diagnosis

Because Doppler echocardiographic studies can detect
intracardiac shunts and also assess the cardiac anatomy
responsible for them, 2D Doppler echocardiography imaging
is clearly the noninvasive study of choice in assessing con-
genital heart disease (481).

RNA can be used effectively in congenital heart disease to
assess RV and LV systolic performance as it can with any
heart disease. In addition, left-to-right shunting causes per-
sistently high levels of activity in the lung or RV during
FPRNA because of early recirculation (482). The resultant
time-activity curve can be used to calculate pulmonary to
systemic flow ratios quite accurately. The early appearance
of tracer in the left chambers of the heart can be used to
detect right-to-left shunts. A recent study found Tc-99m
more sensitive than Doppler studies for determining abnor-
mal lung flow after the Fontan and Glenn procedures (483).

In general, however, radionuclide studies are rarely prac-
ticed in assessing congenital heart disease and are unlikely to
be accurate if used only occasionally at individual centers.
Thus, 2D Doppler echocardiography imaging should usually
be the diagnostic modality of choice unless special effort has
been made to emphasize nuclear techniques in a given insti-
tution (Table 22).
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Table 22. Recommendations for the Use of Radionuclide Imaging in Adults With Congenital Heart Disease

Indication Test Class Level of Evidence

1. Initial and serial assessment of LV  Rest RNA I B
and RV function

2. Shunt detection and quantification FPRNA IIa B

FPRNA indicates first-pass radionuclide angiography; LV, left ventricular; RNA, radionuclide angiography; RV, right ventricular.
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C. Radiopharmaceuticals

1. Single-Photon MPI

There are currently 5 radiopharmaceuticals approved for
radionuclide MPI in the United States. These include the
potassium analogs Tl-201 (Tl-201, gamma decay and elec-
tron capture, 68-80, 135, and 167 keV) and rubidium-82 (Rb-
82, positron decay, 511 keV), and 3 agents labeled with Tc-
99m (Tc-99m, isomeric transition, 140 keV). 

Tl-201 (like Rb-82) shares the cationic properties of potas-
sium and, therefore, has active membrane transport mecha-
nisms, which are markers of cell membrane integrity and,
therefore, myocardial viability. Early after tracer injection,
the myocardial concentration of T1-201 reflects regional
MBF. The tracer then undergoes monoexponential washout.
The washout rate decreases when initial tracer delivery
and/or MBF are diminished. The rapid washout of tracer
from myocardial segments with normal activity, and the
slower washout from segments with reduced tracer activity,
leads to normalization of myocardial perfusion defects over
time; this is termed the redistribution phenomenon.

The currently approved Tc-99m–labeled agents include
two cationic lipid soluble compounds with predominantly
hepatobiliary excretion, Tc-99m-sestamibi and Tc-99m-
tetrofosmin, and one neutral lipophilic compound with an
affinity for the myocellular membrane, Tc-99m-teboroxime.
The clinical use and marketing of the latter agent has been
limited because of rapid washout from the myocardium,
requiring nontraditional imaging modes for its use. By con-
trast, there is clinically negligible washout of Tc-99m-tetro-
fosmin and Tc-99m-sestamibi from the myocardium after
injection. This, combined with the superior imaging charac-
teristics of Tc-99m, have spurred the widespread use of these
agents, using same-day or two-day, rest-stress or stress-rest,
or dual-isotope (Tl-201 rest and Tc-99m stress) imaging pro-
tocols (489). For same-day protocols, a low dose of the Tc-
99m tracer (eg, 8 to 10 mCi) is used first followed by either
tripling the dose (24 to 30 mCi) or using a smaller increment
after a 2- to 3-hour delay to allow decay of the initial injec-
tion. For 2-day protocols, full doses (24 to 30 mCi) are
administered each day.

2. Positron Emission Tomography

A number of tracers have been developed for clinical PET
studies. These include oxygen-15 (O-15, half-life, 2 min-
utes), nitrogen-13 (N-13, half-life, 10 minutes), C-11 (half-
life, 20 minutes), and fluorine-18 (F-18, half-life, 110 min-
utes), which may be coupled to a number of physiologically
active molecules. These tracers require a local or on-site
cyclotron for production, except for F-18, which can be
shipped for same-day use. Rubidium-82 (half-life 75 sec-
onds) does not require a cyclotron and may be delivered
directly to the patient from an on-site generator. The most
frequently used agents to assess myocardial perfusion with
PET are rubidium-82, N-13-ammonia, and O-15 water. C-
11–labeled fatty acids and F-18 FDG are common metabolic

tion, including planar and SPECT for MPI, FPRNA and
gated-equilibrium blood pool RNA, and myocardial infarct-
avid imaging. SPECT images are tomographic reconstruc-
tions derived from either a single- or multiple-head gamma
camera that rotates around the patient. Multiple-headed
gamma cameras increase sampling rates, and thus decrease
acquisition time for planar or tomographic imaging. With
improved hardware, ECG-gated SPECT imaging of myocar-
dial perfusion and blood pool has developed over the past
decade, providing detailed comparison of 8 to 16 frames per
cardiac cycle for wall motion and EF.

By using similar principles, multiple rings of stationary
detectors that encircle the thorax are used for PET scanning.
They are designed to detect the high-energy photons (511
keV) that are released from positron-emitting tracers, and to
produce a series of multiple tomographic images encom-
passing the heart. Positron emission tomography devices rely
upon coincidence-counting circuitry to detect the simultane-
ous and oppositely directed 511-keV positron annihilation
photons. In this array, radiation detectors are placed facing
one another, so that one “count” occurs when each of these
two detectors is simultaneously struck by each one of the pair
of annihilation photon. The ability to detect these two simul-
taneously generated photons (by coincidence detection)
allows the PET scanner to identify and localize true events
and reject single (ie, unpaired) photons as random, scattered
photons. Such high-energy photons and coincidence detec-
tion allow improved spatial resolution compared with that of
SPECT. Thus, PET cameras are electronically “collimated”
by ignoring stray single photons and localizing the source of
coincidence photons by backprojection. PET tracers simulta-
neously emit two high-energy photons in opposite directions.

PET tracers have been developed for the evaluation of
numerous physiological processes, including regional MBF,
metabolic processes, oxygen consumption, receptor activity,
and membrane function. Improved quantification of these
processes is possible with PET because of exacting methods
of attenuation correction. Because PET scanners are more
costly and less widely available than are standard Anger
cameras, many single-photon cameras have been modified to
image positron emitting isotopes. This has been accom-
plished by using high-energy collimation on SPECT cam-
eras, or by adoption of the coincidence counting mechanism
described above for PET, but with a rotating camera mount-
ed on a gantry used for SPECT.

As noted above, coincidence detection with PET provides
a means of correcting for tissue photon attenuation. Such
attenuation correction results in improved measurement of
regional tracer activity compared with SPECT methods and
permits true quantification of this activity, which can be
translated into quantification of physiologic and metabolic
processes. Such quantification is facilitated further by the
high temporal resolution capability not available with
SPECT.



tracers, and C-11 acetate is used as an agent to assess oxida-
tive metabolism and oxygen consumption. These tracers
have also been imaged by using high-energy collimators and
SPECT equipment.

PET perfusion imaging has been performed in research lab-
oratories with several other agents, including copper-62-
pyruvaldehyde bis (N-methyl-thiosemicarbazone) (PTSM),
Tc-94m-sestamibi or -tetrofosmin, and gallium-68, but these
are not widely available or utilized at this time.

3. First-Pass RNA

FPRNA assessment of ventricular function can be performed
with essentially any intravenous tracer that can be injected
with enough radioactivity to provide adequate counting sta-
tistics (ie, more than 8 mCi), and does not have a high degree
of first-pass extraction or capillary trapping in the lung after
injection, as do Tc-99m-teboroxime and Tc-99m-macroag-
gregated albumin, respectively. This feature of FPRNA
allows both RV and LV functional assessment to be com-
bined with other nuclear techniques, such as bone scintigra-
phy, gated blood pool equilibrium RNA, and myocardial per-
fusion SPECT.

4. Gated-Equilibrium RNA
Radiopharmaceuticals for planar, SPECT, and PET gated
equilibrium blood pool RNA (also called MUGA for multi-
ple gated acquisition, or RNV for radionuclide ventriculog-
raphy) include Tc-(99m or 94)-human serum albumin, Tc-
(99m or 94)–labeled red blood cells, and O-15–labeled car-
bon monoxide. Red cell labeling can be performed by com-
bining sodium pertechnetate with stannous pyrophosphate
either in vivo (injecting tracer after stannous pyrophosphate),
or in vitro (removing 50 ml of blood, adding stannous
pyrophosphate followed by sodium pertechnetate, and then
reinjecting the labeled red cells). Although in vitro labeling
gives slightly superior red-cell tagging, in vivo labeling
allows bolus of sodium-pertechnetate for FPRNA, a superior
method for determination of RVEF and detection of shunts.
For this reason, many laboratories that wish to perform
FPRNA combined with gated-equilibrium blood pool RNA
will use a hybrid of the in vivo and in vitro techniques (often
referred to as “in vivtro” labeling), in which 30 to 50 ml of
blood is mixed with the stannous pyrophosphate briefly in a
large syringe, followed by a bolus of sodium pertechnetate
for FPRNA acquisition.

D. Image Acquisition, Analysis, and Display
1. SPECT MPI
SPECT MPI is most often performed with poststress ECG
gating, although ungated SPECT imaging is often performed
at rest or in patients with cardiac arrhythmias. The projection
images for SPECT reconstruction images are usually
acquired by using high-resolution collimation, although
some systems use high quality general-purpose cast (rather
than foil) collimators. A total of 180º of projection images
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are usually obtained, scanning from right anterior oblique
45º to left posterior oblique 45º. A total of 60 projections of
15 to 30 seconds duration at 3º steps will give adequate count
density, for a usual total of 15- to 25-minute acquisition time.
Acquisition time is reduced by the use of multiple-headed
gamma cameras. For ECG gating, at each projection either 8
or 16 frames per cardiac cycle should be acquired. 

SPECT myocardial perfusion images are generally
obtained 10 minutes after injection at rest or stress with Tl-
201. Tc-99m-tetrofosmin and sestamibi have a large fraction
of hepatobiliary excretion, which can interfere with myocar-
dial image reconstruction. An additional 15 to 60 minutes
after rest is helpful to allow liver clearance of these tracers.
Exercise, which lowers splanchnic blood flow, results in
higher myocardial to hepatic tracer ratios, and therefore
allows earlier imaging, generally at 15 to 20 minutes after
exercise. Pharmacologic stress testing, however, increases
splanchnic blood flow, necessitating a longer waiting period
before to poststress imaging, unless the pharmacologic stress
is combined with low-level walking on a treadmill or slowly
walking in place. The addition of some form of exercise to
pharmacologic stress testing decreases splanchnic blood
flow and improves perfusion SPECT image quality (492).

For SPECT image processing, a wide range of reconstruc-
tion filters and settings have been used, depending upon the
tracer characteristics, the amount of myocardial tracer activ-
ity, the system and collimator characteristics, and the soft-
ware used for analysis. After collimator sensitivity and cen-
ter of rotation correction, low-pass prefiltered projections are
reconstructed into transaxial slices for each of the 8 or 16
frames of the cardiac cycle for gated SPECT, or the single
ungated or summed-gated projection set. Transaxial slices
are usually reconstructed by using a Butterworth back pro-
jection filter. The transaxial slice sets are then reoriented in
cardiac planes (ie, short axis, horizontal long axis, and verti-
cal long axis) for each of the eight frames of the cardiac
cycle. Short-axis images of perfusion SPECT are often com-
bined into a polar map or “bull’s-eye” plot display, with the
apical segments in the center and basal segments on the outer
rim.

Midventricular horizontal, vertical long-axis, and short-
axis slices, as well as 3D reconstructions, can be analyzed for
regional wall motion or EF (see gated SPECT section
below). If 8 frames are acquired, these 8 slices can be
expanded to 16 frames by weighted frame interpolation and
temporal filtering for a smoother cinematic display. 

2. Planar MPI

This technique is rarely performed, primarily when tomo-
graphic imaging is not feasible (eg, an obese patient who
exceeds the weight limit of the SPECT imaging table).
Tomographic imaging, by displaying data in the format of
slices with discrete thickness, provides better contrasts,
allows better separation of myocardial and other nonmyocar-
dial structures and individual coronary artery beds, and is
inherently quantitative. A guide to the planar technique can
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5. ECG-Gated Planar Equilibrium Blood Pool
RNA

Similar to SPECT blood pool imaging, planar-gated blood
pool images are also best when acquired by using high-reso-
lution collimation after red cell labeling described above.
Images for LVEF calculation are obtained in the best-septal
(shallow) left-anterior oblique view. This angle, usually 25º
to 60º, must be carefully set by use of a persistence mode
before acquisition. For regional wall motion assessment, the
best-septal view plus and minus 45º should be obtained
(anterior and lateral views). Each planar-gated image is
acquired for 6- to 10-minute duration. 

For LVEF, automated variable regions of interest are gen-
erated on the planar-gated equilibrium blood pool RNA
blood pool data throughout the cardiac cycle. These methods
require either a manual or an automatically identified LV
master ROI. Fourier phase imaging, requiring no operator
intervention, can identify the LV, followed by the automated
or semi-automated edge detection technique described above
for gated blood pool. An automatically generated periven-
tricular background ROI must routinely be adjusted to avoid
inclusion of high-count structures (eg, spleen, descending
aorta), which could artifactually increase the LVEF. 

For analysis of diastolic function with any gated technique,
it is important to obtain high temporal resolution, such that
small changes in LV volume can be measured over small
intervals of time, preferably more than 20 frames during
diastole. The first derivative of the LV volume curve can then
be used to obtain filling rates and emptying rates, time to
peak filling, and the fraction of early versus late diastolic fill-
ing.

See Figure 1 for examples of first-pass and blood pool
imaging. 

6. ECG-Gated Tomographic Equilibrium Blood
Pool Imaging
Acquisition of projections for gated SPECT reconstruction
of blood pool images is usually obtained by using high-reso-
lution collimation in a fashion similar to gated SPECT MPI,
after red blood cell labeling as described above. 

Reconstruction and display parameters also parallel those
used for SPECT MPI. Once the transaxial slices are reorient-
ed into cardiac planes (ie, short axis, horizontal long axis,
and vertical long axis) for each of the 8 or 16 frames of the
cardiac cycle, EF information can be obtained with either 3D
and volume-rendering techniques or by analysis of biplane
horizontal and vertical long-axis slices using the center of
mass, combination first and second derivative automated
edge detection algorithm commonly used for planar-gated
blood pool analysis. This technique will require manual
placement of a ROI at end-diastole for both horizontal and
vertical long axes, which can serve as an edge search limit-
ing master region, because automated valve plane definition
is limited by the lack of count density changes at the mitral
or tricuspid valves. Because of the uniformly high contrast
and lack of overlap between cardiac blood pool and extra-

be found at http://www.asnc.org/policy/#MYOCARDIAL
PERFUSION PLANAR PROTOCOLS. 

3. PET Perfusion Imaging

PET differs from SPECT in that tracer kinetic modeling and
accurate measurements of attenuation coefficients are used to
reconstruct myocardial perfusion maps, which can be quan-
tified for determination of MBF in milliliters of blood-per-
gram of tissue-per-minute. These attenuation maps are typi-
cally acquired using a Ga-78 ring source over 360º. In addi-
tion to perfusion imaging, myocardial metabolism can be
measured by using tracers such as F-18-2-deoxyglucose
(glucose metabolism), C-11-acetate (oxidative metabolism),
and C-11-palmitate (fatty acid metabolism). Metabolic imag-
ing can complement perfusion imaging to determine the via-
bility of myocardial segments with poor perfusion and func-
tion.

4. First-Pass RNA

FPRNA can be performed with a single crystal high-count
rate gamma camera fitted with a high-sensitivity parallel-
hole collimator or with a multicrystal camera. If gated-equi-
librium blood pool RNA is also to be performed, after place-
ment of a large bore (14- or 16-gauge) antecubital intra-
venous line, 1.5 mg of stannous pyrophosphate is mixed with
30 ml of the patient’s blood for approximately 60 seconds
and is then infused. Resting FPRNA is performed after a 10-
minute delay to allow further red blood cell uptake of stan-
nous ion. Tc-99m-pertechnetate (25 to 30 mCi) in a volume
of less than 1 ml, is given by rapid flushing with at least 30
ml of normal saline through the indwelling catheter. Tc-99m-
diethylenetriamine pentaacetic acid (DTPA) is often used if
no gated images are required. Perfusion agents such as Tc-
99m-sestamibi or tetrofosmin may be used if perfusion
images are desired. Images are acquired in the right anterior
oblique or anterior projection using 25 (plus or minus 4)
frames per cardiac cycle.

FPRNA data are analyzed by using the frame method for
LVEF, which creates a representative LV volume curve by
summing frames of several (usually 5 to 10) cardiac cycles,
aligned by matching their end-diastoles (histogram peaks)
and end-systoles (histogram valleys) during the operator
defined levophase of tracer transit. The pulmonary frame
background-corrected representative cycle is then interrogat-
ed with a fixed ROI in order to obtain the final first-pass LV
time-activity curve. This ROI is usually drawn over the LV as
defined by a first harmonic Fourier transformation phase
image, which clearly distinguishes the LV from aortic
counts. End-diastole is taken as the first frame of the repre-
sentative cycle, and end-systole is defined as the frame with
the minimum counts in the histogram. Historically, the LVEF
was taken as the end-diastolic counts minus the end-systolic
counts, divided by the background subtracted end-diastolic
counts.



cardiac structures, no background subtraction algorithm
should be used for this analysis. LVEF and RVEF can be cal-
culated for each long axis as the end-diastolic counts minus
the end-systolic counts, divided by the end-diastolic counts,
combining them for a biplane EF.

E. Quality Assurance, Artifact Detection, and
Correction
1. Quality Control
For quality control, each detector in a planar, SPECT, or PET
system should be examined for detector alignment and flood
field uniformity on a daily basis. Periodic examination of the
center of rotation should be performed for SPECT systems.
Quality assurance of each patient’s myocardial perfusion
image data set includes examination of raw projection
images for overlying tissue attenuation, motion artifacts, and
noncardiac tracer uptake patterns (eg, malignancies in lung
or breast tissue). Reconstructed images should be inspected
for proper angles of reconstruction and for activity near the
myocardium that could result in subtraction artifacts (ie, neg-
ative lobe or ramp artifacts) or artificially increased counts
due to scattered photons. 

Differential soft-tissue attenuation is well recognized as a
source of reduced diagnostic specificity, and possibly sensi-
tivity, of SPECT perfusion studies. A variety of indirect, and
in general, only partial solutions, such as use of ECG gating,
breast binders, and prone imaging have been proposed. ECG
gating can be helpful in distinguishing CAD from artifact
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when an apparent defect is unchanged (ie, a fixed defect)
between the stress and rest images, and regional wall motion
is either normal (artifact) or abnormal (CAD). However, this
approach fails in the common circumstance of soft-tissue
attenuation that “shifts” between the stress and rest images.
In such cases, a defect that is reversible or partially reversible
may be created; the finding of normal wall motion is consis-
tent with either CAD or artifact. Prone imaging, in the
absence of either a low attenuation or chest cut-out imaging
table, requires additional camera time for performance of
both supine and prone acquisitions, as opposed to one view
only being required. This improves only diaphragmatic
attenuation artifacts. Also, many patients are unable to lie
prone, and, in others, attenuating soft tissue remains a prob-
lem even in this position.

An advantage of Tc-99m-sestamibi or tetrofosmin over Tl-
201 imaging is that images can be repeated when patient
motion, soft-tissue attenuation, or other artifacts are consid-
ered to be responsible for producing an alteration in image
characteristics, because with these tracers the radiopharma-
ceutical distribution does not change over time. Thus, when
images in the supine position show questionable perfusion
defects, images can be repeated in the prone position which
is associated with less patient motion, less inferior wall atten-
uation, and a shift in other soft-tissue artifacts (136,493,494).
The combination of supine and prone imaging also is helpful
in identifying breast attenuation and attenuation due to
excessive lateral wall fat, because of the shift in position of

Figure 1. First-pass and blood pool imaging. Examples of anterior projection FPRNA background corrected representative cycle (top
left), left anterior oblique planar gated equilibrium blood pool radionuclide angiography (top right), and gated SPECT horizontal (bot-
tom left) and vertical (bottom right) long axis images are shown on a normal subject, with 16 frames of the cardiac cycle for each
technique. These images were acquired sequentially by bolus of Tc-99m-pertechnetate after injection of stannous pyrophosphate (in
vivtro labeling), which allows red blood cell tagging for planar and SPECT blood pool images. Source: Dr. Kim A. Williams, University
of Chicago, Chicago, Illinois.
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Based on available clinical evidence and the rapid develop-
ment of attenuation-correction technology, it is recommend-
ed that providers (institutions and practitioners) consider the
addition of hardware and software that have undergone clin-
ical validation and include appropriate quality control tools
to perform nonuniform attenuation correction. At the present
time, it is suggested that both noncorrected and corrected
image sets be reviewed and integrated into the final report.
But as the reader gains the appropriate experience and confi-
dence in the correction methodology, only the corrected
images may be necessary, as is the standard in PET. Based on
current information and the rate of technology improvement,
the Society of Nuclear Medicine and the American Society
of Nuclear Cardiology believe that attenuation correction
should be regarded as a rapidly evolving standard for SPECT
MPI, for which the weight of evidence/opinion is in favor of
its usefulness (164).

3. Motion Correction and Depth-Dependent
Blurring

There are also software packages that will correct for patient
motion artifacts, which occur when the patient fails to hold
one position during the 15- to 30-minute acquisition interval.
These algorithms may use automated or manual realignment
of frame positions to avoid artifacts during reconstruction
due to misplacement of cardiac counts. However, this “cor-
rection” may worsen reconstruction artifacts, especially in
cases in which there is little motion artifact in the original
acquisition. 

Another concerning feature of SPECT acquisition with par-
allel-hole collimation is “depth-dependent blurring,” which
increases as the imaged tissue plane is further away from the
collimator surface. Algorithms for simultaneous automated
attenuation, scatter, depth-dependent blurring, and motion
correction have been proposed (157), and will likely have
further development in the near future.

F. Clinical Procedures

1. Myocardial Perfusion Imaging 

Planar and SPECT MPI are established and widely per-
formed methods of assessing relative regional MBF. The
advantages of these techniques include a diagnostically and
prognostically important assessment of the presence, extent,
and severity of CAD; detection of myocardial viability; and,
more recently, myocardial wall mass, regional thickening,
wall motion, and global ventricular function by using gated
perfusion imaging. As described above, the major limitations
to the accuracy of these techniques have been tissue attenua-
tion artifacts, photon scatter, motion artifacts, and limited
spatial resolution.

Each of the aforementioned technical details of acquisition
and processing should be considered when interpreting per-
fusion images. Detection and correction of artifacts, when
feasible, has resulted in marked improvements in specificity
of these highly sensitive techniques. When artifacts cannot

the attenuating structures that occurs in the prone position.
Because the prone position frequently causes an anteroseptal
defect secondary to increased sternal and imaging table
attenuation in this position, however, imaging in this position
is considered by most to be an adjunct to, not a replacement
for, supine imaging.

2. Attenuation Correction

To further address these problems, over the past few years,
direct corrections for attenuation-based artifacts have
become widely available. There are significant differences in
approaches taken for attenuation correction, dependent upon
the equipment configuration (eg, the number of detectors),
whether correction for photon scatter and depth-dependent
resolution is also offered, and the type of radionuclide used
to generate the transmission scan. 

Attenuation-correction algorithms can ameliorate the
effects of tissue attenuation (eg, from diaphragmatic, chest
wall, or breast shadowing). With the appropriate hardware, a
transmission source is used to acquire an estimate of attenu-
ation coefficients. This transmission tomogram provides
anatomically specific density maps of the thorax that can be
used to correct SPECT image data for photon attenuation
(152-156). The transmission images can be obtained with
either a fixed source or a scanning line source, and can be
performed sequentially or simultaneously. 

Attenuation-correction SPECT techniques represent a sig-
nificant advance in MPI and hold great promise for improved
assessment of cardiac patients. Substantial technical
advances have been made in the past several years, including
the recognition of the importance of effective quality control
and the continued development of scatter correction and res-
olution compensation. Advanced SPECT perfusion imaging
systems, including features such as attenuation correction,
must undergo complete system characterization, develop-
ment of normal activity distribution profiles, and definition
of differences among various manufacturers’ solutions.
Finally, quantitative analysis programs adapted for each
camera system and radiopharmaceutical are limited but are
under active development. Ideally, reference databases from
normal subjects should be sex-independent after total correc-
tion for attenuation.

Clinical validation has been performed for several com-
mercially available systems, although “complete” correction
still does not occur in all patients. The true value of these
methods, compared with other techniques to improve diag-
nostic accuracy has yet to be fully defined. Attenuation-cor-
rection methods offer the potential for improved diagnostic
accuracy, but require a modified approach to image interpre-
tation accounting for the effects of these methods on the
resultant images. Technologist and physician education in
the details of these advanced imaging techniques, along with
effective quantitative tools and improved processing algo-
rithms, will continue to advance the value and acceptance of
attenuation-corrected SPECT imaging.



be corrected successfully, image acquisition should be
repeated.

Myocardial perfusion images can be interpreted visually, as
well as with the aid of computer quantification. This tech-
nique allows the clinically important description of the per-
fusion defect extent (in terms of the amount of myocardium
or number of segments involved), defect severity (in terms of
the intensity of the perfusion defect), and defect reversibility
(comparing images to determine if stress perfusion defects
are less intense or absent on rest or redistribution images).
Each of these indices has proven diagnostic and prognostic
value. These images should also be analyzed for the presence
of increased LV cavity size at rest or induced by stress (tran-
sient ischemic dilatation) reflective of severe and extensive
CAD, RV dilatation, hypertrophy, or prominence after exer-
cise stress (consistent with severe LV ischemia). When avail-
able, detailed comparison with previous images should be
performed; this provides additional insight into changes in
perfusion over time, and may help to distinguish myocardial
hypoperfusion from attenuation artifacts.

See Figures 2 through 4 for examples of SPECT perfusion
images and myocardial segmentation and nomenclature stan-
dards.
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Figure 2. Abnormal SPECT perfusion display. Example of an abnormal SPECT perfusion display showing corresponding rest Tl-201
(even rows) and stress Tc-99m-tetrofosmin (odd rows) slices. This is an example of multivessel CAD and reversible ischemia, with
transient dilatation of the ventricle and increased RV uptake of Tc-99m-tetrofosmin. Fifteen short axis slices comprise the first four
rows. The vertical long axis images are shown on rows 5 and 6. The horizontal long axis images are shown on rows 7 and 8. The
polar maps (“bull's-eye” images) are shown in the upper right aspect of the display. Below these images are the raw data projections,
which are shown to the interpreter in cine format with horizontal reference lines to aid detection of patient motion that can create arti-
facts and noncardiac foci of abnormal tracer uptake, and volume rendered images of the myocardium are shown below the raw pro-
jections. Source: Dr. Kim A. Williams, University of Chicago, Chicago, Illinois.

Figure 3. Polar maps. An example of polar maps used for analy-
sis of myocardial perfusion SPECT is shown (from the same
patient as in Figure 2). Polar maps plot the tracer activity in each
short axis slice with the apex in the center and basal slices on
the out rings. Stress images are on top, rest on the bottom. The
left column represents the volume-weighted polar maps, which
accentuates the apical segments. Maps constructed in the clas-
sic "bull's-eye" fashion of representing each short axis slice
width equally in the map are shown in the second column. The
third column contains a "blackout" polar map, indicating the
extent of perfusion defects by blackening the area of myocardi-
um that is less than 2.5 SD below the sex-specific normal data
base comparison. The spatial distribution of the SDs is shown in
the upper panel of column four, with the translation table in col-
umn five. On the lower panel, column four shows the reversible
fraction of the blackout map. On the lower right, the area corre-
sponding to the usual territory perfused by each coronary artery
is shown. Source: Dr. Kim A. Williams, University of Chicago,
Chicago, Illinois.
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dipyridamole. It is generally recommended that if the patient
who can exercise achieves less than 85% MPHR and does
not develop ischemic symptoms, the myocardial perfusion
radiopharmaceutical is not injected during exercise, but the
test is converted to a pharmacologic stress imaging proce-
dure. Of note, pharmacologic stress testing now comprises
more than 30% of the myocardial perfusion studies per-
formed in the United States. 

DIPYRIDAMOLE AND ADENOSINE. Dipyridamole was the first
agent approved for inducing myocardial hyperemia in
patients unable to exercise. The mechanism of action is inhi-
bition of cellular uptake of adenosine; adenosine then accu-
mulates after either oral (slowly) or intravenous (quickly)
dipyridamole administration. Because of its slow and rela-
tively unpredictable gastrointestinal absorption rate, oral
dipyridamole is rarely used and is no longer recommended.

Intravenous dipyridamole is given as a slow or intermittent
infusion of 0.14 mg · kg–1 · min–1 over 4 minutes (a total of 0.56
mg/kg), followed by tracer injection 4 minutes later. Similarly,
adenosine is infused typically at 0.14 mg · kg–1 · min–1 for 6
minutes, with tracer injection at 3 minutes. Imaging is typical-
ly performed 20 to 60 minutes after injection with either agent,
depending upon the rate of clearance from the liver. 

The flow increase with adenosine or dipyridamole is of a
lesser magnitude through stenotic arteries, creating heteroge-
neous myocardial perfusion, which can be depicted with per-
fusion tracers. Although this mechanism can exist independ-
ently of myocardial ischemia, in some patients, true myocar-
dial ischemia can occur with either dipyridamole or adeno-
sine because of a coronary steal phenomenon, especially in
collateral flow dependent arteries.

Both dipyridamole and adenosine are safe and well tolerat-
ed despite frequent mild side effects, which occur in 50%
(116) and 80% (117) of patients, respectively. With dipyri-
damole infusion, the most common side effect is chest pain
(18 to 42%), with arrhythmia occurring in less than 2%.
Noncardiac side effects have included headache (5 to 23%),
dizziness (5 to 21%), nausea (8 to 12%), and flushing (3%)
(116). With adenosine infusion, chest pain has been reported
in 57%, headache in 35%, flushing in 25%, shortness of
breath in 15%, and first-degree atrioventricular block in
18%. The side effects of adenosine or dipyridamole are less
frequent when vasodilator stress is combined with low-level
exercise. Severe side effects are rare, but both dipyridamole
and adenosine may cause severe bronchospasm in patients
with asthma or reactive airway disease; therefore, they are
contraindicated in these patients. Dipyridamole and adeno-
sine side effects are antagonized by theophylline; however,
this drug is ordinarily not needed after adenosine because of
the latter's ultrashort half-life (less than 10 seconds). The
ability of these drugs to cause coronary vasodilation can be
blocked by caffeine and other methylxanthines. Thus,
patients are instructed to avoid these agents for 24 hours
before testing.

a. Exercise and Pharmacologic Modalities Used in
Stress Imaging 

A variety of methods can be used to induce stress: (1) exer-
cise (treadmill or upright or supine bicycle) and (2) pharma-
cologic techniques (either vasodilators or dobutamine), with
perfusion agents administered through an indwelling intra-
venous line at peak exercise. The patient then exercises for an
additional 30 seconds to 2 minutes after injection.

When the patient can exercise to develop an appropriate
level of cardiovascular stress (eg, more than 85% MPHR),
exercise stress testing (generally with a treadmill) is prefer-
able to pharmacologic stress testing because of the addition-
al information obtained with regard to physical capacity and
exercise-induced arrhythmias. The purpose of the stress is to
increase the myocardial oxygen demand, and therefore
increase MBF by autoregulation, in order to answer the clin-
ical question of regional perfusion disparities, indicative of
coronary artery stenoses. An exercise test that increases the
heart rate to more than 85% MPHR for age and/or a peak
systolic pressure/heart rate product (“double product”) of
more than 25 000 is considered adequate for diagnostic per-
fusion imaging. 

When the patient cannot exercise to the necessary level or
in other specified circumstances (eg, LBBB, paced rhythm),
however, pharmacologic stress testing may be preferable,
because this results in fewer conduction-related septal perfu-
sion defects. Nonetheless, in patients who exercise only to a
submaximal level because of the effect of drugs, perfusion
imaging still affords higher sensitivity than does the exercise
ECG alone (495). Three drugs are commonly used as substi-
tutes for exercise stress testing: dipyridamole, adenosine, and
dobutamine. Dipyridamole and adenosine are vasodilators
that are most commonly used in conjunction with myocardial
perfusion scintigraphy, whereas dobutamine is a positive
inotropic (and chronotropic) agent used principally when
patients have a contraindication to the use of adenosine or

Figure 4. Assignment of the 17 myocardial segments to the ter-
ritories of the left anterior descending (LAD), right coronary
artery (RCA), and the left circumflex coronary artery (LCX).
Reprinted with permission from Cerqueira MD et al.
Standardized myocardial segmentation and nomenclature for
tomographic imaging of the heart: a statement for healthcare
professionals from the Cardiac Imaging Committee of the
Council on Clinical Cardiology of the American Heart
Association. Circulation. 2002;105:539-42.



DOBUTAMINE. Dobutamine in high doses (20 to 40 mcg · kg–1

· min–1) increases the three main determinants of myocardial
oxygen demand (ie, heart rate, systolic blood pressure, and
myocardial contractility), thereby eliciting a secondary
increase in MBF and potentially provoking myocardial
ischemia. The flow increase (2- to 3-fold baseline values) is
less than that elicited by adenosine or dipyridamole but is
sufficient to demonstrate heterogeneous perfusion by
radionuclide imaging. Although side effects are frequent dur-
ing dobutamine infusion, the test appears to be relatively
safe, even in the elderly (106,118,119,496-498). The most
frequently reported noncardiac side effects (total 26%) in a
study of 1118 patients included nausea (8%), anxiety (6%),
headache (4%), and tremor (4%) (497). Common arrhyth-
mias included premature ventricular beats (15%), premature
atrial beats (8%), supraventricular tachycardia, and nonsus-
tained ventricular tachycardia (3 to 4%). Atypical chest pain
was reported in 8% and angina pectoris in approximately
20%.

b. Concomitant Use of Drugs

Medications that decrease myocardial oxygen demand, such
as beta-adrenergic or calcium channel blocking agents, may
limit the development of ischemia during the exercise test.
Beta-blockers tend to attenuate the exercise-induced increase
in heart rate and blood pressure. Consequently, the sensitivi-
ty of the exercise perfusion study for the diagnosis of CAD
appears to be lower in patients taking such agents (96,499-
502). 

Several studies have shown that nitrates may also decrease
the extent of perfusion defects or even convert abnormal
exercise scan results to normal results (230,232,503,504).
Therefore, when feasible, long-acting nitrates should be dis-
continued at least 12 hours before the test, although sublin-
gual nitroglycerin may be given as needed up to 2 hours
before the test. It is also generally recommended that patients
not take caffeine-containing medicines, foods, or beverages
for 24 hours before exercise stress testing. By preparing
patients in this manner, if the patients fail to achieve 85% of
MPHR during exercise, then pharmacologic testing with
adenosine or dipyridamole can be immediately substituted
before this stress injection of radiopharmaceutical. This
process can avoid the potential uncertainty that might arise in
an exercise myocardial perfusion study in which 85% MPHR
was not achieved. It has been shown that the extent and sen-
sitivity of myocardial perfusion defects on SPECT is lower
in patients failing to achieve 85% of MPHR than in those
achieving greater than 85% MPHR (96). Pharmacologic per-
fusion imaging using dipyridamole or adenosine appears to
be less affected by antianginal drugs and thus provides an
appropriate alternative to exercise (230) in patients who are
not taken off cardiac medications before testing. When
patients are unable to exercise adequately and they are under
the effects of caffeine, dobutamine stress is a reasonable sub-
stitute form of stress. Dobutamine stress, however, would be
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expected to have a blunted and possibly nondiagnostic
response in patients on beta blockers. 

Although it is generally recommended that the initial risk
stratification study be performed with the patients off of car-
diac active medications, it is recognized that potentially use-
ful clinical information can be derived from exercise myocar-
dial perfusion SPECT study performed on cardiac medica-
tions. 

c. Procedural Aspects of MPI

As noted above, there are currently four perfusion tracers
approved for single-photon perfusion imaging: 1) Tl-201, 2)
Tc-99m-sestamibi, 3) Tc-99m-teboroxime, and 4) Tc-99m-
tetrofosmin. Another tracer, Tc-99m-NOET (Tc-
99m–labeled (bis(N-ethoxy, N-ethyl dithiocarbamato)
nitroid technetium[V])) (Tc-NOET), is currently undergoing
evaluation (505). Currently utilized clinical imaging proto-
cols are listed in http://www.asnc.org/policy/gl003.htm -
MYOCARDIAL PERFUSION SPECT PROTOCOLS and
http://www.asnc.org/policy/gl003.htm - Acquisition
Protocols-SPECT.

THALLIUM-201. Images of the heart shortly after Tl-201
administration show deficits in regions in which blood flow
is relatively reduced (eg, myocardial ischemia), and in zones
of nonviable myocardium (eg, previous MI). After Tl-201
injection during exercise, images are generally acquired
immediately and again 3 to 4 hours after administration to
examine “redistribution.” Over time, redistribution of isotope
generally occurs in previously ischemic zones (ie, defects
related to ischemic myocardium normalize or “fill in”).
Defects related to infarcted or scarred myocardium typically
do not redistribute over time and remain fixed. However,
imaging at 24 hours or after reinjection of Tl-201 may show
viable but hypoperfused segments not otherwise identified
by a standard redistribution study performed at 3 to 4 hours
after isotope injection. Assessment of lung Tl-201 activity on
an anterior planar image, acquired immediately after exer-
cise, provides a means to assess exercise-induced increases
in pulmonary venous pressures. Finally, in patients with UA
or AMI, a perfusion study can be performed at rest. As with
exercise, serial imaging can be performed after pharmaco-
logic or rest thallium administration and demonstrate redis-
tribution in regions of rest ischemia or underperfused but
viable myocardium

TC-99M–BASED AGENTS The shorter half-life of Tc-99m (6
hours) compared with Tl-201 (73 hours) allows administra-
tion of a larger dose, with resulting improved count statistics.
The more favorable imaging characteristics of Tc-99m (high-
er emission energy, less scattered radiation, and less tissue
attenuation) are additional benefits of using these agents.
There is a good correlation between Tl-201, sestamibi, or
tetrofosmin uptake and MBF when the latter is normal,
decreased, or moderately increased (up to two times the
baseline values). Despite good correlation between the clini-
cal results, myocardial uptake of sestamibi and tetrofosmin
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e. Gated-Planar MPI

ECG gating has enhanced both planar and tomographic MPI
by the addition of complementary information on regional
wall motion, regional thickening, myocardial mass, and
global ventricular performance. For planar imaging, three or
more projections are obtained and used for evaluation of
regional wall motion. The best septal planar projection, how-
ever, can also be used for determination of LVEF (506). This
technique is not commonly performed in the United States.

f. Gated-SPECT MPI 

Acquisition of SPECT data synchronized with the electro-
cardiographic R-wave is generally performed using 8 or 16
gating intervals and allows evaluation of both global (EF)
and regional (myocardial wall motion and wall thickening)
cardiac function. These 8 sets of projection images are rou-
tinely summed to obtain a single planar projection set
(“ungated”) for perfusion evaluation and comparison with
nongated images. 

Gated SPECT has been used extensively for determination
of EF and wall motion, adding incremental diagnostic and
prognostic information. The addition of wall motion has
improved the specificity of myocardial perfusion SPECT by
distinguishing myocardial scarring from attenuation arti-
facts, both of which may result in “fixed” defects. 

Estimates indicate that more than 80% of all SPECT stud-
ies in the United States are currently performed by using the
gated acquisition technique, an increase from only about 3%
in 1993 (124), and this technique is now recommended for
perfusion acquisitions whenever possible. Although it was
initially held that gated-perfusion SPECT acquisitions were
only possible in conjunction with Tc-99m-sestamibi or other
Tc-99m–based agents, published experience from multiple
sites indicates that gated Tl-201 SPECT imaging is eminent-
ly feasible, especially if a multidetector camera is used (504). 

The exponential increase in the use of gated SPECT has
been fueled by the increased availability of automatic and
semiautomatic algorithms for the quantification of function-
al cardiac parameters. Several methods have been developed
for quantitative measurements of myocardial function from
gated SPECT. DePuey et al. (507) and Boonyaprapa et al.
(508) have described methods based on the detection of
endocardial borders. Williams et al. (509) developed a
method based on inverting the counts and analyzing the
change in counts occurring in the ventricular chamber using
methods similar to conventional RNA. Germano et al. (510)
developed a method of fitting geometric shapes to the endo-
cardial borders to obtain systolic and diastolic volumes and
EF. This method can function without operator intervention.
Smith et al. (511) have used the partial volume effect to esti-
mate regional thickening fractions and LVEF. This method
requires no edge detection or edge delineation. Each of these
techniques has been well correlated with standard methods
of performing EF.

See Figures 5 and 6 for examples of gated-SPECT display.

underestimate blood flow more significantly than does Tl-
201 when flow is increased more than 2.0 to 2.5 times the
baseline values. Because sestamibi and tetrofosmin only
undergo a small amount of washout after initial myocardial
uptake, the distinction between transient, stress-induced per-
fusion defects and fixed-perfusion defects requires adminis-
tration of two separate injections, one during stress and one
at rest. Images are obtained after resting or stress injection at
appropriate intervals (15 to 90 minutes) to allow clearance of
hepatic activity, which may interfere with the assessment of
myocardial tracer activity. Pharmacologic stress images
require a longer interval between tracer injection and imag-
ing because of the increase in hepatic blood flow, whereas
splanchnic blood flow decreases with high levels of exercise.

TC-99M-TEBOROXIME. Tc-99m-teboroxime is another myo-
cardial perfusion agent approved for use, although not cur-
rently marketed, in the United States. Because it undergoes
rapid washout after initial accumulation in the myocardium,
imaging with teboroxime is technically more difficult and
must be completed within 2 to 8 minutes from the time of
injection. This requirement is especially difficult to meet
with single-head SPECT systems. Imaging may be optimized
by the use of multiheaded detectors. Fast, dynamic acquisi-
tion by planar imaging has also been used to minimize the
problem of rapid washout, but has not been widely used or
validated. Teboroxime undergoes prominent liver uptake,
which may render interpretation of the inferior wall of the
heart difficult. Imaging with the patient sitting upright has
been proposed to overcome the liver activity by displacing it
inferiorly.

TC-99M-NOET. Tc-99m-NOET is currently undergoing mul-
ticenter trials. This tracer initially tracks MBF, and is less
influenced by myocardial viability, making it a potential
agent for detection of successful reperfusion therapy in acute
ischemic syndromes (505). In addition, there is significant
redistribution (ie, flow-mediated differential washout) of the
tracer, giving thallium-like physiologic characteristics in a
Tc-99m labeled agent.

d. Dual-Isotope MPI 

Dual isotope SPECT imaging takes advantage of the myocar-
dial viability properties of Tl-201 and the higher energy qual-
ity imaging characteristics of Tc-99m (84). This is usually
performed with sequential imaging of a resting injection Tl-
201 followed by a stress injection of Tc-99m-sestamibi or
Tc-99m-tetrofosmin. If “fixed” defects are present (ie, an
unchanged defect from rest to stress), images can be repeat-
ed at 24 hours or later, reflecting the delayed redistribution of
Tl-201, for better detection of defect reversibility. Because of
the differences between Tl-201 and Tc-99m in terms of trac-
er energy, scatter, and attenuation, this technique requires
somewhat greater experience for recognition of details, such
as ischemic dilatation of the LV or the RV perfusion pattern.



2. Analysis of Ventricular Function 

a. Radionuclide Angiography 

FPRNA (REST, STRESS). FPRNA uses rapidly acquired image
frames to observe a bolus of Tc-99m or another suitable
radionuclide as it moves through the venous system into the
right atrium, RV, pulmonary artery, lungs, left atrium, LV,
and aorta. Because the sampling rate is short relative to the
RR interval, it is possible to sample continuously several car-
diac cycles as the bolus passes through the RV and then the
LV. By determining the change in radioactivity over time (ie,
by generating time-activity curves), it is possible to derive
EF measurements from both the RV and LV. It is also possi-
ble to measure ventricular and pulmonary blood volumes and
to assess regional ventricular wall motion. The first-pass
approach is uniquely well-suited for shunt detection and
quantification and evaluation of RV function because the RV
and LV can be temporally isolated. Left-to-right shunts can
be quantified by application of a mathematical approach to a
ROI placed over the lung. The first-pass approach can be
applied to patients both at rest and during exercise stress.

PLANAR AND SPECT-GATED EQUILIBRIUM BLOOD POOL RNA
(REST, STRESS). Planar-gated equilibrium blood pool RNA
generates reliable LVEF values and a means for assessing
regional wall motion. It can be applied both at rest and dur-
ing exercise stress or pharmacologic stress. In addition, it can
be used to measure ventricular volumes, changes in pul-
monary blood volumes with stress, and valvular regurgitant
fractions. However, assessment of RV function is technically
limited by overlap of right atrium and LV chambers. Despite
these limitations, multiple studies have documented the diag-
nostic and prognostic value of LVEF and RVEF values, as
well as a fall in LVEF with exercise.

As with MPI, SPECT blood pool images can be displayed
for detailed analysis in long- and short-axis slices or project-
ed into volume-rendered 3D images. The resultant images
are used for analysis of myocardial topography (eg, after
MI), regional wall motion, and EF. The major advantage of
SPECT reconstruction is the ability to analyze ventricular
function without overlapping of myocardial segments.
However, the experience with determination of LVEF and
RVEF with this technique is limited.

b. Comparison of Scintigraphic Techniques for
Determination of EF and Volumes

Evaluation of ventricular size and systolic function has
become one of the most common applications of nuclear
imaging, using FPRNA, planar-gated equilibrium blood pool
RNA, and, more recently, gated-tomographic perfusion and
equilibrium blood pool imaging. Each technique has been
compared with contrast ventriculography, and cross-com-
pared with the other scintigraphic methods, showing good
correlation, adequate substitutability, and excellent inter- and
intraobserver variability. Each technique has its clinical lim-
itations and advantages (141,509,512-515).
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FIRST-PASS RNA. FPRNA has some distinct advantages,
including (1) the most rapid acquisition of data (in less than
30 seconds); (2) assessment of RV function with less overlap
of tracer activity in other chambers (as seen on gated-equi-
librium blood pool RNA); (3) the use of many radiopharma-
ceuticals, including bone, renal, and myocardial scintigraph-
ic agents, allowing multipurpose imaging from a single trac-
er injection; (4) the ability to obtain high quality studies even
in morbidly obese individuals; (5) a proven robust measure-
ment of stress ventricular function at true peak exercise; and
(6) the presence of a wealth of prognostic information avail-

Figure 5. Gated-SPECT myocardial perfusion LVEF determina-
tion. An example of gated-SPECT myocardial perfusion LVEF
determination, with a ventricular volume curve, thickening frac-
tion, regional wall motion maps, and images at end-diastole and
end-systole are shown. Source: Dr. Ernest V. Garcia, Emory
University School of Medicine, Atlanta, Georgia.

Figure 6. Gated-SPECT myocardial perfusion using gaussian
edge detection fit. Another example of gated-SPECT myocardial
perfusion is shown, with LVEF determination using a gaussian
edge detection fit on horizontal long axis, vertical long axis, and
three levels of short axis images, with perfusion, regional EF,
thickening and motion polar maps, and a ventricular volume
curve. Source: Dr. Guido Germano, Cedars-Sinai Medical
Center, Los Angeles, California.
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myocardial contractility, which are relatively independent of
ventricular loading, such as end-systolic pressure/volume
relations. Absolute ventricular volumes can be measured by
using a count-based technique, which estimates attenuation
and calibrates counts per unit of volume using a 5 ml sample
of the patient’s blood, or from the same count-proportionali-
ty method used for first-pass (516).

Gated-equilibrium blood pool RNA has been used in mul-
tiple contemporary clinical trials to track serial changes in
quantitative measurements of LVEF and LV volumes in
patients with chronic heart failure and can accurately dis-
criminate quantitative changes in LV systolic function in
individual patients over time. For this reason, quantitative
measurements of LVEF measured by RNA are often required
for entry into many current randomized clinical trials of heart
failure; when visual estimates of EF by using 2D echocar-
diography are permitted, an additional objective quantitative
measurement of LV dimension acquired by M-mode imaging
is often required. 

GATED-SPECT PERFUSION IMAGING. Gated tomographic per-
fusion imaging is rapidly evolving as a gold standard for
scintigraphic EF, because it is performed more frequently
than the other techniques in nuclear cardiology everyday
practice. Automated techniques have been developed that can
be totally operator independent or can allow operator inter-
vention when deemed necessary (124,141,508-511,513,517-
521). Gated-SPECT perfusion imaging has been compared
with FPRNA, gated-equilibrium blood pool RNA, contrast
ventriculography, and MR for validation of both LVEF and
volumes. The limits of agreement with other techniques are
typically within 2 to 5%, with correlation coefficients of
approximately 0.9 for EF. Ventricular volume measurements
have been less widely validated and may vary with the trac-
er used (Tc-99m vs. Tl-201), and reconstruction methods
(eg, the backprojection filter critical frequency) (513,518-
521). 

The expected sources of error in gated SPECT EF include
automated selection of noncardiac structures in juxtaposition
to the myocardium, higher EF in small hearts having end-
systolic dimensions that challenge the limited reconstructed
spatial resolution of the SPECT systems, delineation of
myocardial edges when perfusion to a given segment of
myocardium is severely diminished or absent, and the lower-
ing of EF by reversible stress induced myocardial perfusion
defects (214). This is a common problem, because the major-
ity of the EF calculations are performed poststress in patients
undergoing evaluation for known or suspected CAD, and can
be eliminated by gating the resting acquisition instead of the
stress, if a rest-stress images sequence is performed.

3. Myocardial Infarct-Avid Imaging

Another unique aspect of radionuclide imaging involves the
administration of Tc-99m (stannous) pyrophosphate or indi-
um-111–labeled antibody to cardiac myosin for imaging MI.
These agents are localized in zones of infarcted myocardium.
The most intense visualization of infarcted regions usually
occurs 48 to 72 hours after infarction for Tc-99m-pyrophos-

able for the management of patients with ischemic heart dis-
ease based on stratification by exercise FPRNA LVEF.

Relative to FPRNA, echocardiography is less easily quan-
tified. The 3D techniques, CT and magnetic resonance, are
both more time consuming. No other technique can isolate
the actual peak of exercise, as obtained with a 10- to 15-sec-
ond acquisition by use of first-pass. Because of the demands
for meticulous bolus injection technique for tracer adminis-
tration and an especially high count-rate capable gamma
camera, however, first-pass is one of the least commonly per-
formed scintigraphic techniques for ventricular function in
the United States. 

FPRNA is highly reproducible in terms of repeated meas-
ures on the same data set (509). The clinically important
issue of how reproducible the technique is when performed
serially on the same patient over a period of time has not
been studied using modern (ie, dual ROI) approaches to
analysis. The reproducibility of the first-pass approach has
been shown to depend upon the counting statistics and the
resultant EF, with greater degrees of accuracy occurring in
poorer ventricular function (ie, large chamber volumes
resulting in high count acquisition), in which the EF carries
more clinical and prognostic importance. A variability of 10
EF units with an EF of 75% is far less important clinically
than with an EF of 25%. 

RVEF is normally slightly lower than is the LVEF because
of a slightly greater end-diastolic volume but an equivalent
stroke volume. It is readily quantified with background sub-
traction from the right atrium (514). The first-pass technique
is also useful for shunt quantification and detection, but has
largely been supplanted by echocardiographic techniques in
this regard (512). 

LV volumes are typically obtained by using geometric
(Sandler and Dodge) equations, but ventricular volumes can
also be calculated with a count-proportional method requir-
ing measurement of the total counts in the LV, the counts in
the hottest pixel in the LV, and the area of a pixel (515). 

GATED-EQUILIBRIUM BLOOD POOL RNA. Gated-equilibrium
blood pool RNA has been used for three decades to evaluate
LVEF and RVEF and volumes. Equilibrium studies can be
acquired by either planar or SPECT approaches, as discussed
above. Advantages of this noninvasive approach are that the
quantitative calculation of EF does not depend on mathemat-
ical assumptions of ventricular geometry. Automated com-
puter-based edge detection allows determination of the
change in counts in a variable ROI throughout the cardiac
cycle, and largely eliminates subjective operator bias in
defining the chamber borders. A potential source of error is
selection of a proper region for calculation and subtraction of
background activity. 

It is not yet established whether 3D-gated SPECT blood
pool data are more accurate than are planar data for calcula-
tion of EF in normal hearts or in hearts with depressed EF
and abnormal geometry. In clinical research settings, gated
simultaneous measurements of LV volume and pressure can
be recorded throughout the cardiac cycle to obtain LV pres-
sure/volume loops applicable to calculation of indices of



phate. However, with the advent of improved enzymatic
methods of detecting myocardial necrosis, the use of these
techniques has declined dramatically.

4. Myocardial Ischemia Imaging

Tc-99m-annexin-V and Tc-99m-glucaric acid have been
introduced for imaging apoptotic and acutely ischemic
myocardium, respectively, and are being investigated.
Neither of these agents has received FDA approval at the
time of writing. 

5. Positron Emission Tomography

There are two specific clinical applications of cardiac PET
that have been proposed for the evaluation of patients with
CAD. The first is the noninvasive detection of CAD and esti-
mation of the severity of the disease. This is performed by
using a PET perfusion agent at rest and during pharmacolog-
ic vasodilation (Figure 7). The short half-lives of these agents
permit rapid sequential examinations, such as rest dipyri-
damole studies, within a short time frame (1 to 2 hours). A
unique application of PET is the noninvasive calculation of
absolute regional MBF or absolute MBF reserve in humans
by using O-15 water or N-13-ammonia. However, most cen-
ters rely on the qualitative or semiquantitative interpretation
of rubidium-82 or N-13-ammonia images for both the diag-
nosis of CAD and the estimation of its severity. The second
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clinical application of PET is the assessment of myocardial
viability in patients with CAD and LV dysfunction. The most
common approach is to determine whether metabolic activi-
ty is preserved in regions with reduced perfusion, by using F-
18 FDG as a marker of glucose utilization and thus tissue
viability.

Because of its declining hardware costs, PET is becoming
more frequently used and may become cost-competitive with
SPECT perfusion imaging in laboratories with high patient
volumes.

A number of studies, involving a total of several hundred
patients, indicate that perfusion imaging with PET using
dipyridamole and either rubidium-82 or N-13-ammonia
demonstrates abnormal coronary perfusion patterns in a very
high proportion of patients with CAD. 

At the present time, rubidium-82 is the only PET perfusion
tracer approved by the FDA for clinical use; N-13-ammonia
is also used for assessment of myocardial perfusion, yet is
still considered investigational by the FDA. The advantage of
rubidium-82 is that it is obtained from a generator, obviating
the need for a cyclotron; the disadvantage is the high cost of
the generator. Overall, because of the higher resolution of
PET and the routine application of attenuation correction, it
is considered likely that the sensitivity and specificity of PET
is slightly higher than SPECT. 

Figure 7. PET perfusion display. An example of a PET perfusion display in a patient with a left main CAD pattern with severe anteri-
or, septal, apical, and lateral reversible ischemia, demonstrated by the comparison of rest (left) and vasodilator stress (right). Polar
maps or "bull's-eye" images comprised of short axis tracer activity from apex (center of plot) to base of the heart (outer rim of plot)
are shown at rest, stress, and the ratio of the two. Source: Positron Corporation, Houston, Texas.
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infarction
Tc-99m = technetium-99m
Tc-99m-NOET = technetium-99m–labeled 

(bis(N-ethoxy, N-ethyl dithiocarbamato)
nitrido technetium[V])

Tl-201 = thallium-201
UA = unstable angina
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