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INTRODUCTION

Description of Policy

This document is intended as a model coverage

policy for SPECT myocardial perfusion imaging (MPI)

studies and delineates under what clinical indications

such a study is appropriate to administer to patients. This

document examines a variety of clinical indications and

symptoms that a common patient would present with and

supports the use of performing such a study by cross-

referencing the indication with the multi-society appro-

priate use criteria for radionuclide studies developed by

the American College of Cardiology (ACC)/ASNC in

2005, and subsequently revised in 2009.1 In addition, the

use of SPECT MPI in patients with the indications

delineated in the policy is supported by references to an

abundance of literature which supports the use of this

study in the provided scenarios. Finally, we have pro-

vided the ICD-9 codes which correlate to each of the

indications to demonstrate what codes, or ranges of

codes, are appropriate for each clinical indication.

Purpose of Policy

The purpose and intent of this policy is to stream-

line the process by which payers reimburse for SPECT

MPI procedures. It is our hope that by providing this list

of clinical indications where a use of MPI is supported

by our expert panel of reviewing cardiologists as well as

our multi-society appropriate use criteria, and numerous

literary references which demonstrate the value of the

study in a given scenario; that payers will accept and

adopt this model coverage policy as their own and use it

as a guide for reimbursing MPI studies. The hope is that

this policy will serve as both an educational tool to

ASNC members and the cardiology community as a

whole, regarding both the appropriate use of SPECT

MPI studies as well as demonstrate the correct ICD-9

codes for those clinical indications. We also believe this

policy will serve as a literature-based guide for payers

on how these clinical indications and ICD-9 codes

crosswalk to the SPECT MPI Appropriate Use Criteria.

Policy Disclaimers

While ASNC strongly believes this model coverage

policy for SPECT MPI is an excellent guide for clini-

cians and payers alike, it should not be used as a

comprehensive tool. We fully expect that as technolo-

gies and best practices in our medical field change and

evolve, so too will this model coverage policy. In

addition, ASNC believes clinical decision-making

regarding the appropriate application of SPECT MPI for

a given patient should remain solely with the physician

treating the patient and should be first and foremost,

based on the ACCF/ASNC Appropriate Use Criteria. It

is our position that in all cases where patients present

with indications that fall under either the ‘‘A’’ (appro-

priate) or ‘‘U’’ (uncertain) categories of the Appropriate

Use Criteria, these studies should be universally covered
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and reimbursed by Medicare contractors and private

payers. Typically, only studies which fall into the ‘‘I’’

(inappropriate) category should be denied reimburse-

ment.1 There may, however, be situations where a study

appears to fall into the ‘‘I’’ category initially, but upon

further review or a peer-to-peer discussion with the

insurer or their RBM about the provider’s rationale for

performing the study, it becomes apparent that the study

is not inappropriate and should in fact be covered by the

insurer. In addition, we acknowledge that the informa-

tion provided in this document is focused on the typical

patient’s clinical indications and there will always be

patients who present with indications or symptoms not

captured within this model coverage policy. In those

cases, it is our expectation that providers will adhere to

literature-based guidelines and provide the payer with as

much clinical information as possible to support the use

of performing a SPECT MPI study in an atypical patient.

Revision History

The ASNC Model Coverage Policy for Myocardial

Perfusion Imaging was originally developed in 2005 and

was revised in 2011. The impetus for revision of this

model coverage policy is a result of a variety of coding

and utilization modifications which have taken place

over the past few years and directly impact the practice

of nuclear cardiology. In 2010, CPT implemented new

packaged/bundled codes. These new bundled codes are

represented by CPT codes 78451-78454. In addition,

the ACCF/ASNC Appropriate Use Criteria for Cardiac

Radionuclide Imaging, which was published in 2005,

was recently revised in 2009.1 Therefore, we felt it

essential to update the policy to reflect modifications to

the Appropriate Use Criteria, which are based on expert

clinical judgment and expertise. In addition, ICD-9

codes are also updated annually and any change from

those annual updates are included in this revised policy.

AMA CPT/ADA CDT

CPT codes, descriptions and other data only are

copyright 2011 American Medical Association (or such

other date of publication of CPT)/All Rights Reserved.

Applicable FARS/DFARS Clauses Apply.

CMS National

Title XVIII of the Social Security Act, Sec-

tion 1862(a)(1)(A) allows coverage and payment for

only those services that are considered to be medically

reasonable and necessary. Title XVIII of the Social

Security Act, Section 1833(e) prohibits Medicare pay-

ment for any claim, which lacks the necessary

information to process the claim.

§4317(b), of the Balanced Budget Act (BBA),

specifies that referring physicians are required to provide

diagnostic information to the testing entity at the time

the test is ordered.

42 Code of Federal Regulations (CFR) §410.32 and

§410.33, indicate that diagnostic tests are payable only

when ordered by the physician who is treating the

beneficiary for a specific medical problem and who uses

the results in such treatment.

CMS Publication 100-04, Medicare Claims Pro-

cessing Manual Chapter 4

– 200.8—Billing for Nuclear Medicine Procedures

CMS Publication 100-04, Medicare Claims Pro-

cessing Manual Chapter 12

– 20.4.4—Supplies

CMS Publication 100-04, Medicare Claims Pro-

cessing Manual Chapter 13

– 20—Payment Conditions for Radiology Services

– 50—Nuclear Medicine

CMS Publication 100-02, Medicare Benefit Policy

Manual Chapter 15

– 60—Services and Supplies

– 60.1—Incident To Physician’s Professional Services

– 80—Requirements for Diagnostic X-ray, Diagnostic

Laboratory, and Other Diagnostic Tests

– 80.6—Requirements for Ordering and Following

Orders for Diagnostic Tests

INDICATIONS AND LIMITATIONS OF
COVERAGE AND/OR MEDICAL NECESSITY

MPI is a technique in which radionuclide tracers

(predominantly thallium-201 and technetium 99m-based

agents) are used to evaluate myocardial blood flow, as

well as myocardial scarring or infarction, in order to

diagnose and assess the significance of coronary artery

disease (CAD). When administered intravenously, these

radionuclides distribute in proportion to the regional

myocardial blood flow present at the time of injection.

MPI may be performed at rest, or more commonly, in

conjunction with cardiac stress using exercise and/or

pharmacologic stimulation (adenosine, regadenoson,

dipyridamole or dobutamine). Technetium 99m-based

tracers are usually administered twice, once at rest, and

again following cardiac stress. Thallium-201 is usually

administered following cardiac stress, with a booster dose

sometimes being given prior to rest imaging. The tracer

distribution in the heart is then imaged using a gamma

camera, yielding scintigrams which depict the myocardial

distribution of coronary blood flow. Typically, the
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scintigrams are compared qualitatively and/or quantita-

tively to recognized normal patterns. Perfusion

abnormalities, or defects, are assessed and quantified as to

location, extent and severity, often allowing localization

to specific coronary artery territories. Perfusion defects

present with cardiac stress and absent at rest are termed

‘‘reversible’’, and are suggestive of myocardial ischemia,

and hemodynamically significant coronary stenoses.

Defects present on both rest and stress imaging are con-

sistent with myocardial scarring or infarction. MPI is most

often performed using tomographic techniques and

reconstruction algorithms utilizing either filtered back

projection or repeating iterations and smoothing (SPECT

imaging—single photon emission computerized tomog-

raphy, CPT 78451, 78452). Planar (non-tomographic)

technique CPT 78453, 78454) is occasionally utilized in

certain clinical circumstances that interfere with optimal

quality SPECT imaging, such as orthopedic shoulder

problems. MPI is typically performed using ECG-syn-

chronized gating of the post-stress and resting images.

This allows qualitative evaluation of left and right ven-

tricular size and function as well as calculation of left

ventricle (LV) ejection fraction. Alternatively, first-pass

imaging of the intravenous technetium 99m bolus through

the heart may be performed to evaluate left and right

ventricular function and ejection fractions. The use of wall

motion analysis has been shown to improve the accuracy

of MPI for diagnosing coronary disease by simplifying the

identification of attenuation artifacts. In addition, either

technique of wall motion study, with calculation of LV

ejection fraction, provides definitive information on

ventricular function, which is one of the strongest pre-

dictors of prognosis.

In a variety of situations, MPI may also be per-

formed at rest, without accompanying cardiac stress. In

patients with known or suspected myocardial infarction

rest MPI is effective at determining the severity of

myocardial scarring and quantifying ventricular func-

tion. Qualitative and quantitative analysis of resting MPI

scintigrams allows assessment of myocardial viability

and the likelihood that ventricular function can be

restored by coronary revascularization. The presence of

viable myocardium is a critical parameter in predicting

whether a patient will benefit from angioplasty/stent

procedures or bypass surgery. Rest imaging may also be

indicated to assess the likelihood of cardiac etiology of

ongoing chest pain, such as in patients presenting to the

emergency department with such symptoms.

Extensive clinical evidence has documented the

utility of myocardial perfusion imaging in the evaluation

of patients with known or suspected heart disease.

MPI provides important information pertaining

to three critical aspects of cardiac diagnosis and

management:

(1) Diagnosis In patients suspected of having coronary

disease because of chest discomfort, dyspnea,

arrhythmias, cardiac risk factors or other clinical

findings, stress MPI is a highly sensitive and specific

test for identifying CAD. In patients presenting to

the emergency department with acute chest pain,

rest MPI is effective in diagnosing an acute coronary

syndrome (Table 1).

(2) Prognosis In patients with known or suspected

CAD, the extent of myocardial ischemia, infarction,

and viability determined by MPI correlate well with

prognosis. MPI allows separation of CAD patients

into subgroups with low, intermediate, and high risk

for cardiac events, thus helping to guide medical and

interventional management (Table 2).

(3) Response to therapy In patients with known CAD

and prior coronary revascularization, MPI provides

important information regarding the adequacy of

revascularization. In patients with known CAD on

medical therapy, MPI can evaluate the ability of the

patient’s medical regimen at reducing myocardial

ischemia (Table 3).

SPECIFIC INDICATIONS

The accepted specific indications for MPI are

grouped according to the purpose of the study relative to

the three general categories delineated above.

The evaluation of patients with suspected CAD has

traditionally employed exercise ECG stress testing (ETT)

as the primary modality, and reserved MPI for secondary

diagnostic use. However, it is now increasingly recog-

nized that ETT may yield frequent false positive results

(particularly in women) or false negatives (in patients at

significant risk for CAD). This may lead to uncertainty,

patient anxiety, and delays in or failure to make appro-

priate diagnosis. Since the published accuracy of MPI is

superior to ETT, many physicians now use MPI as their

primary test for CAD. MPI guided therapy has been

shown to be cost effective in the management of patients

presenting with presumptive coronary artery disease.2

Large retrospective studies demonstrate that outcome

with medical versus revascularization therapy is propor-

tional to ischemic burden.3 Consequently, either strategy

should be considered appropriate.

CODING GUIDELINES

ICD-9 Codes

ICD-9 codes must be coded to the highest level of

specificity. For a complete list of medically necessary

Journal of Nuclear Cardiology Wolinsky et al

Single photon myocardial perfusion imaging



T
a
b
le

1
.
In
d
ic
a
ti
o
n
s
fo
r
M
P
I
fo
r
d
ia
g
n
o
st
ic

p
u
rp
o
se

s

A
p
p
li
ca

b
le

IC
D
-9

co
d
e
a

A
p
p
ro

p
ri
a
te

cl
in
ic
a
l
in
d
ic
a
ti
o
n
s

fo
r
co

n
d
u
ct
in
g
a
n
M
P
I

L
it
e
ra
tu

re
su

p
p
o
rt
in
g
M
P
I
st
u
d
y

A
p
p
ro

p
ri
a
te

u
se

cr
it
e
ri
a

w
h
ic
h
su

p
p
o
rt
s

co
n
d
u
ct
in
g
M
P
I
st
u
d
y

4
1
3
.9
,
4
1
4
.8
–4

1
4
.9
,

7
8
6
.0
5
–7

8
6
.0
9
,
7
8
6
.5
0
–

7
8
6
.5
9

A
s
th
e
in
it
ia
l
te
st

fo
r
sy

m
p
to
m
a
ti
c

p
a
ti
e
n
ts

a
t
in
c
re
a
se

d
ri
sk

fo
r
C
A
D
,

d
e
fi
n
e
d
a
s
h
a
v
in
g
ri
sk

fo
r
h
a
rd

c
a
rd
ia
c
e
v
e
n
ts

(c
a
rd
io
v
a
sc
u
la
r

d
e
a
th

o
r
n
o
n
-f
a
ta
l
m
y
o
c
a
rd
ia
l

in
fa
rc
ti
o
n
)

(1
)
H
e
n
d
e
l
R
C
,
B
e
rm

a
n
D
S
,
M
D
,
D
i
C
a
rl
i
M
F,

e
t
a
l.
A
C
C
F/
A
S
N
C
/A

C
R
/A

H
A
/A

S
E
/S

C
C
T
/

S
C
M
R
/S

N
M

2
0
0
9
A
p
p
ro
p
ri
a
te

u
se

c
ri
te
ri
a
fo
r
c
a
rd
ia
c
ra
d
io
n
u
c
li
d
e
im

a
g
in
g
.
J.
A
m
.
C
o
ll.

C
a
rd
io
l.
2
0
0
9
;
5
3
;
2
2
0
1
–2

2
2
9

A
U
C

in
d
ic
a
ti
o
n
(s
)
2
,
3
,

a
n
d
4

4
4
6
.1
,
4
4
6
.7
,
7
4
6
.8
–7

4
6
.8
9

P
a
ti
e
n
ts

w
h
o
h
a
v
e
n
o
n
-

a
th
e
ro
sc
le
ro
ti
c
c
o
ro
n
a
ry

a
rt
e
ry

d
is
e
a
se

,
in
c
lu
d
in
g
c
o
ro
n
a
ry

a
n
o
m
a
li
e
s

(1
)
D
o
n
a
ld
so

n
R
M
,
R
a
p
h
a
e
l
M
,
R
a
d
le
y
-S
m
it
h
R
,
Y
a
c
o
u
b
M
H
,
R
o
ss

D
N
.
A
n
g
io
g
ra
p
h
ic

id
e
n
ti
fi
c
a
ti
o
n
o
f
p
ri
m
a
ry

c
o
ro
n
a
ry

a
n
o
m
a
li
e
s
c
a
u
si
n
g
im

p
a
ir
e
d
m
y
o
c
a
rd
ia
l
p
e
rf
u
si
o
n
.

C
a
th
e
te
ri
z
a
ti
o
n
a
n
d
C
a
rd
io
v
a
sc
u
la
r
D
ia
g
n
o
si
s.

1
9
8
3
;
9
(3
):
2
3
7
–4

9

A
U
C

in
d
ic
a
ti
o
n
(s
)
2

(2
)
M
iy
a
g
a
w
a
M
,
M
o
c
h
iz
u
k
i
T
,
M
u
ra
se

K
,
e
t
a
l.
P
ro
g
n
o
st
ic

v
a
lu
e
o
f
d
ip
y
ri
d
a
m
o
le
-t
h
a
ll
iu
m

m
y
o
c
a
rd
ia
l
sc
in
ti
g
ra
p
h
y
in

p
a
ti
e
n
ts

w
it
h
K
a
w
a
sa

k
i
d
is
e
a
se

.
C
ir
c
u
la
ti
o
n
.
1
9
9
8
;
(1
0
):
9
9
0
–6

(3
)
C
im

a
re
lli

S
,
Im

p
e
ri
a
le

A
,
B
e
n
-S
e
lle

m
D
,
e
t
a
l.
N
u
c
le
a
r
m
e
d
ic
in
e
im

a
g
in
g
o
f
T
a
k
o
ts
u
b
o

c
a
rd
io
m
y
o
p
a
th
y
:
T
y
p
ic
a
l
fo
rm

a
n
d
m
id
v
e
n
tr
ic
u
la
r
b
a
llo

o
n
in
g
sy

n
d
ro
m
e
.
J
N
u
c
l
C
a
rd
io
l

2
0
0
8
;
1
5
:1
3
7
–1

4
1

(4
)
It
o
K
,
S
u
g
ih
a
ra

H
,
K
in
o
sh

it
a
N
.
A
ss
e
ss
m
e
n
t
o
f
T
a
k
u
ts
u
b
o
C
a
rd
io
m
y
o
p
a
th
y
u
si
n
g
T
c
9
9
m

te
tr
o
fo
sm

in
,
I-
1
2
3
B
M
IP
P
,
I-
1
2
3
M
IB
G
,
a
n
d
T
c
9
9
m

P
Y
P
m
y
o
c
a
rd
ia
l
S
P
E
C
T
.
A
n
n
a
ls

o
f

N
u
c
le
a
r
M
e
d
ic
in
e
2
0
0
5
;
1
9
:
4
3
5
–4

4
5

(5
)
D
e
L
u
c
a
L
,
B
o
v
e
n
z
i
F,

R
u
b
in
i
D
,
e
t
a
l.
S
tr
e
ss
-R

e
st

m
y
o
c
a
rd
ia
l
p
e
rf
u
si
o
n
S
P
E
C
T
fo
r

fu
n
c
ti
o
n
a
l
a
ss
e
ss
m
e
n
t
o
f
c
o
ro
n
a
ry

a
rt
e
ri
e
s
w
it
h
a
n
o
m
a
lo
u
s
o
ri
g
in

o
r
c
o
u
rs
e
.
J
N
u
c
l
M
e
d

2
0
0
4
;
4
5
:5
3
2
–5

3
6

(6
)
D
a
v
is

JA
,
C
e
c
c
h
in

F,
Jo
n
e
s
T
K
,
P
o
rt

M
A
.
M
a
jo
r
c
o
ro
n
a
ry

a
rt
e
ry

a
n
o
m
a
li
e
s
in

a
p
e
d
ia
tr
ic

p
o
p
u
la
ti
o
n
:
in
c
id
e
n
c
e
a
n
d
c
li
n
ic
a
l
im

p
o
rt
a
n
c
e
.
J
A
m

C
o
ll
C
a
rd
io
l
2
0
0
1
;
3
7
:5
9
3
–7

(7
)
K
a
ts
u
ra
g
i
M
,
Y
a
m
a
m
o
to

K
,
T
a
sh

ir
o
T
,
N
is
h
ih
a
ra

H
,
T
o
u
d
o
u
K
.
T
a
lli
u
m
-2

0
1
m
y
o
c
a
rd
ia
l

S
P
E
C
T
in

B
la
n
d
-W

h
it
e
-G

a
rl
a
n
d
S
y
n
d
ro
m
e
:
T
w
o
p
a
ti
e
n
ts

w
it
h
in
fe
ro
-p

o
st
e
ri
o
r
p
e
rf
u
si
o
n

d
e
fe
c
ts
.
J
N
u
c
l
M
e
d
1
9
9
3
;
3
4
:2
1
8
2
–2

1
8
4

(8
)
E
lh
e
n
d
y
A
,
S
ti
e
n
e
k
e
Z
,
C
o
rn
e
l
JH

,
Fi
o
re
tt
i
P
M
,
B
o
g
e
rs
,
e
t
a
l.
Fu

n
c
ti
o
n
a
l
a
ss
e
ss
m
e
n
t
o
f

A
L
C
A
P
A

S
y
n
d
ro
m
e
b
y
d
o
b
u
ta
m
in
e
st
re
ss

th
a
lli
u
m
-2

0
1
S
P
E
C
T
a
n
d
e
c
h
o
c
a
rd
io
g
ra
p
h
y
.
J

N
u
c
l
M
e
d
1
9
9
6
;
3
7
:
7
4
8
–7

5
1

(9
)
B
ro
th
e
rs

JA
,
M
c
B
ri
d
e
M
G
,
S
e
li
e
m

M
A
,
M
a
ri
n
o
B
S
,
T
o
m
li
n
so

n
R
S
e
t
a
l.
E
v
a
lu
a
ti
o
n
o
f

m
y
o
c
a
rd
ia
l
is
c
h
e
m
ia

a
ft
e
r
su

rg
ic
a
l
re
p
a
ir
o
f
a
n
o
m
a
lo
u
s
a
o
rt
ic

o
ri
g
in

o
f
a
c
o
ro
n
a
ry

a
rt
e
ry

in
a
se

ri
e
s
o
f
p
e
d
ia
tr
ic

p
a
ti
e
n
ts
.
J
A
m

C
o
ll
C
a
rd
io
l
2
0
0
7
;
5
0
:
2
0
7
8
–8

2
(1
0
)
C
h
e
n
M
L
,L

o
H
S
,C

h
a
o
IM

,S
u
H
Y
.
D
ip
y
ri
d
a
m
o
le

th
a
lli
u
m
-2

0
1
m
y
o
c
a
rd
ia
l
si
n
g
le

p
h
o
to
n

e
m
is
si
o
n
c
o
m
p
u
te
d
to
m
o
g
ra
p
h
y
in

th
e
fu
n
c
ti
o
n
a
la

ss
e
ss
m
e
n
t
o
f
a
n
o
m
a
lo
u
s
le
ft
c
o
ro
n
a
ry

a
rt
e
ry

fr
o
m

th
e
p
u
lm

o
n
a
ry

a
rt
e
ry
.
C
li
n
N
u
c
M
e
d
2
0
0
7
;
3
2
:9
4
0
–9

4
3

7
8
0
.0
2
,
7
8
6
.0
5
–7

8
6
.0
9
,

7
8
6
.5
0
–7

8
6
.5
9
,
4
1
3
.9

A
s
th
e
in
it
ia
l
te
st

in
p
a
ti
e
n
ts

w
it
h

d
ia
b
e
te
s
m
e
lli
tu
s,

w
it
h
o
r
w
it
h
o
u
t

sy
m
p
to
m
s
o
f
su

sp
e
c
te
d
a
n
g
in
a
o
r

c
o
ro
n
a
ry

d
is
e
a
se

(1
)
G
ir
i
S
,
S
h
a
w

L
J,
M
u
rt
h
y
D
R
e
t
a
l.
Im

p
a
c
t
o
f
d
ia
b
e
te
s
o
n
th
e
ri
sk

st
ra
ti
fi
c
a
ti
o
n
u
si
n
g
st
re
ss

si
n
g
le
-p

h
o
to
n
e
m
is
si
o
n
c
o
m
p
u
te
d
to
m
o
g
ra
p
h
y
m
y
o
c
a
rd
ia
l
p
e
rf
u
si
o
n
im

a
g
in
g
in

p
a
ti
e
n
ts

w
it
h
sy

m
p
to
m
s
su

g
g
e
st
iv
e
o
f
c
o
ro
n
a
ry

a
rt
e
ry

d
is
e
a
se

.
C
ir
c
u
la
ti
o
n
.
2
0
0
2
;
1
0
5
:
3
2
–4

0

A
U
C

in
d
ic
a
ti
o
n
(s
)
3
,
4
,
5

(2
)
W
ie
rs
m
a
JJ
,
V
e
rb
e
rn
e
H
J,
T
e
n
H
o
lt
W
L
,
e
t
a
l.
P
ro
g
n
o
st
ic

v
a
lu
e
o
f
m
y
o
c
a
rd
ia
l
p
e
rf
u
si
o
n

sc
in
ti
g
ra
p
h
y
in

m
y
o
c
a
rd
ia
l
p
e
rf
u
si
o
n
sc
in
ti
g
ra
p
h
y
in

ty
p
e
2
d
ia
b
e
ti
c
p
a
ti
e
n
ts

w
it
h
m
il
d
,

st
a
b
le

a
n
g
in
a
p
e
c
to
ri
s.

J
N
u
c
l
C
a
rd

2
0
0
9
;
1
6
:5
2
4
–3

2

Wolinsky et al Journal of Nuclear Cardiology

Single photon myocardial perfusion imaging



T
a
b
le

1
.
c
o
n
ti
n
u
e
d

A
p
p
li
ca

b
le

IC
D
-9

co
d
e
a

A
p
p
ro

p
ri
a
te

cl
in
ic
a
l
in
d
ic
a
ti
o
n
s

fo
r
co

n
d
u
ct
in
g
a
n
M
P
I

L
it
e
ra
tu

re
su

p
p
o
rt
in
g
M
P
I
st
u
d
y

A
p
p
ro

p
ri
a
te

u
se

cr
it
e
ri
a

w
h
ic
h
su

p
p
o
rt
s

co
n
d
u
ct
in
g
M
P
I
st
u
d
y

4
2
6
.1
,
4
2
6
.2
,
4
2
6
.1
0
–

4
2
6
.9
3
.

P
a
ti
e
n
ts

w
it
h
su

sp
e
c
te
d
c
o
ro
n
a
ry

d
is
e
a
se

in
w
h
o
m

a
n
a
b
n
o
rm

a
l

b
a
se

li
n
e
E
C
G

in
te
rf
e
re
s
w
it
h

in
te
rp
re
ta
ti
o
n
o
f
e
x
e
rc
is
e
-

in
d
u
c
e
d
S
T
se

g
m
e
n
t
d
e
v
ia
ti
o
n
s

(s
o
m
e
e
x
a
m
p
le
s
o
f
w
h
ic
h
a
re

L
V
H
,
d
ig
o
x
in
,
th
e
ra
p
y
,
o
r

n
o
n
sp

e
c
ifi
c
S
T
a
n
d
T
-w

a
v
e

a
b
n
o
rm

a
li
ti
e
s
o
n
re
st
in
g
E
C
G
)

(1
)
E
lh
e
n
d
y
A
,
v
a
n
D
o
m
b
u
rg

R
T
,
S
o
z
z
i
FB

e
t
A
l.
Im

p
a
c
t
o
f
H
y
p
e
rt
e
n
si
o
n
o
n
th
e
A
c
c
u
ra
c
y
o
f

E
x
e
rc
is
e
st
re
ss

m
y
o
c
a
rd
ia
l
p
e
rf
u
si
o
n
im

a
g
in
g
fo
r
th
e
d
ia
g
n
o
si
s
o
f
c
o
ro
n
a
ry

a
rt
e
ry

d
is
e
a
se

.
H
e
a
rt

2
0
0
1
;
8
5
:6
5
5
–6

6
1

A
U
C

in
d
ic
a
ti
o
n
(s
)
2
,
4
,
6
,

7
,
8
,
1
1
,
a
n
d
1
4

(2
)
A
m
a
n
u
lla

h
A
,
B
e
rm

a
n
D
S
,
K
a
n
g
X

e
t.
a
l.
E
n
h
a
n
c
e
d
p
ro
g
n
o
st
ic

st
ra
ti
fi
c
a
ti
o
n
o
f
p
a
ti
e
n
ts

w
it
h
le
ft

v
e
n
tr
ic
u
la
r
h
y
p
e
rt
ro
p
h
y
w
it
h
th
e
u
se

o
f
si
n
g
le

p
h
o
to
n
e
m
is
si
o
n
c
o
m
p
u
te
ri
z
e
d

to
m
o
g
ra
p
h
y
.
A
m

H
e
a
rt

J
2
0
0
0
;
1
4
0
:4
5
6
–4

6
2

(3
)
V
a
d
u
g
a
n
a
th
a
n
P
,
H
e
Z
X
,
M
a
h
m
a
ri
a
n
JL
,
V
e
ra
n
i
M
S
.
D
ia
g
n
o
st
ic

a
c
c
u
ra
c
y
o
f
st
re
ss

th
a
lli
u
m
-2

0
1
to
m
o
g
ra
p
h
y
in

p
a
ti
e
n
ts

w
it
h
le
ft

v
e
n
tr
ic
u
la
r
h
y
p
e
rt
ro
p
h
y
.
A
m

J
C
a
rd
io
l

1
9
9
8
;
8
1
:1
2
0
5
–1

2
1
7

7
9
4
.3
0
,
7
9
4
.3
1

P
a
ti
e
n
ts

w
it
h
a
n
a
b
n
o
rm

a
l
e
x
e
rc
is
e

st
re
ss

E
C
G

w
it
h
o
u
t
a
n
g
in
a

sy
m
p
to
m
s,

to
fu
rt
h
e
r
d
e
te
rm

in
e

w
h
e
th
e
r
C
A
D

is
p
re
se

n
t

(1
)
Fl
e
g
JL
,
G
e
rs
te
n
b
li
th

G
,
Z
o
n
d
e
rm

a
n
A
B
,
B
e
c
k
e
r
L
C
,
W
e
is
fe
ld
t
M
L
,
C
o
st
a
P
T
Jr
,
L
a
k
a
tt
a
E
G
.

P
re
v
a
le
n
c
e
a
n
d
p
ro
g
n
o
st
ic

si
g
n
ifi
c
a
n
c
e
o
f
e
x
e
rc
is
e
-i
n
d
u
c
e
d
si
le
n
t
m
y
o
c
a
rd
ia
l
is
c
h
e
m
ia

d
e
te
c
te
d
b
y
th
a
lli
u
m

sc
in
ti
g
ra
p
h
y
a
n
d
e
le
c
tr
o
c
a
rd
io
g
ra
p
h
y
in

a
sy

m
p
to
m
a
ti
c
v
o
lu
n
te
e
rs
.

C
ir
c
u
la
ti
o
n
.
1
9
9
0
;
8
1
:4
2
8
–3

6

A
U
C

in
d
ic
a
ti
o
n
(s
)s

3
,
5
,

2
9
a
n
d
3
0

(2
)
T
ra
v
in

M
I,
Fl
o
re
s
A
R
,
B
o
u
c
h
e
r
C
A
,
N
e
w
e
ll
JB
,
L
a
R
a
ia

P
J.
S
il
e
n
t
v
e
rs
u
s
sy

m
p
to
m
a
ti
c

is
c
h
e
m
ia

d
u
ri
n
g
a
th
a
lli
u
m
-2

0
1
e
x
e
rc
is
e
te
st
.
A
m

J
C
a
rd
io
l
1
9
9
1
;
6
8
:1
6
0
0
–8

(3
)
L
a
d
e
n
h
e
im

M
L
,
K
o
tl
e
r
T
S
,
P
o
llo

c
k
B
H
,
B
e
rm

a
n
D
S
,
D
ia
m
o
n
d
G
A
.
In
c
re
m
e
n
ta
l
p
ro
g
n
o
st
ic

p
o
w
e
r
o
f
c
li
n
ic
a
l
h
is
to
ry
,
e
x
e
rc
is
e
e
le
c
tr
o
c
a
rd
io
g
ra
p
h
y
a
n
d
m
y
o
c
a
rd
ia
l
p
e
rf
u
si
o
n

sc
in
ti
g
ra
p
h
y
in

su
sp

e
c
te
d
c
o
ro
n
a
ry

a
rt
e
ry

d
is
e
a
se

.
A
m

J
C
a
rd
io
l
1
9
8
7
;
5
9
:2
7
0
–2

7
7

(4
)
H
a
c
h
a
m
o
v
it
c
h
r,
B
e
rm

a
n
D
S
,
K
ia
t
H
,
C
o
h
e
n
I,
C
a
b
ic
o
JA

,
Fr
ie
d
m
a
n
J,
D
ia
m
o
n
d
G
A
.

E
x
e
rc
is
e
m
y
o
c
a
rd
ia
l
p
e
rf
u
si
o
n
S
P
E
C
T
in

p
a
ti
e
n
ts

w
it
h
o
u
t
k
n
o
w
n
c
o
ro
n
a
ry

a
rt
e
ry

d
is
e
a
se

.
In
c
re
m
e
n
ta
l
p
ro
g
n
o
st
ic

v
a
lu
e
a
n
d
u
se

in
ri
sk

st
ra
ti
fi
c
a
ti
o
n
C
ir
c
u
la
ti
o
n
1
9
9
6
;
9
3
:9
0
5
–9

1
4

(5
)
G
ib
b
o
n
s
R
J,
H
o
d
g
e
D
O
,
B
e
rm

a
n
D
S
,
A
k
in
b
o
b
o
y
e
O
O
,
H
e
o
J,
H
a
c
h
a
m
o
v
it
c
h
R
,
B
a
il
e
y
K
R
,

Is
k
a
n
d
ri
a
n
.
L
o
n
g
-t
e
rm

o
u
tc
o
m
e
o
f
p
a
ti
e
n
ts

w
it
h
in
te
rm

e
d
ia
te
-r
is
k
e
x
e
rc
is
e

e
le
c
tr
o
c
a
rd
io
g
ra
m
s
w
h
o
d
o
n
o
t
h
a
v
e
m
y
o
c
a
rd
ia
l
p
e
rf
u
si
o
n
d
e
fe
c
ts

o
n
ra
d
io
n
u
c
li
d
e

im
a
g
in
g
.
C
ir
c
u
la
ti
o
n
1
9
9
9
;
1
0
0
:2
1
4
0
–2

1
4
5

7
8
6
.5
,
4
1
4
.0
1
,
4
1
4
.8

P
a
ti
e
n
ts

w
it
h
a
n
in
te
rm

e
d
ia
te

to
h
ig
h

D
u
k
e
tr
e
a
d
m
il
l
sc
o
re

(1
)
G
ib
b
o
n
s
R
J,
H
o
d
g
e
D
O
,
B
e
rm

a
n
D
S
,
e
t
a
l.
L
o
n
g
-t
e
rm

o
u
tc
o
m
e
o
f
p
a
ti
e
n
ts

w
it
h

in
te
rm

e
d
ia
te
-r
is
k
e
x
e
rc
is
e
e
le
c
tr
o
c
a
rd
io
g
ra
m
s
w
h
o
d
o
n
o
t
h
a
v
e
m
y
o
c
a
rd
ia
l
p
e
rf
u
si
o
n

d
e
fe
c
ts

o
n
ra
d
io
n
u
c
li
d
e
im

a
g
in
g
.
C
ir
c
u
la
ti
o
n
1
9
9
9
;
1
0
0
:2
1
4
0
–5

A
U
C

in
d
ic
a
ti
o
n
(s
)
3
8
a
n
d

3
9

(2
)
H
a
c
h
a
m
o
v
it
c
h
R
,
B
e
rm

a
n
D
S
,
K
ia
t
H
,
e
t
a
l.
E
x
e
rc
is
e
m
y
o
c
a
rd
ia
l
p
e
rf
u
si
o
n
S
P
E
C
T
in

p
a
ti
e
n
ts

w
it
h
o
u
t
k
n
o
w
n
c
o
ro
n
a
ry

a
rt
e
ry

d
is
e
a
se

:
in
c
re
m
e
n
ta
l
p
ro
g
n
o
st
ic

v
a
lu
e
a
n
d
u
se

in
ri
sk

st
ra
ti
fi
c
a
ti
o
n
,
C
ir
c
u
la
ti
o
n
1
9
9
6
;
9
3
:9
0
5
–1

4
(3
)
2
0
0
3
A
C
C
/A

S
N
C
/A

H
A

G
u
id
e
li
n
e
s
fo
r
C
li
n
ic
a
l
U
se

o
f
R
a
d
io
n
u
c
li
d
e
Im

a
g
in
g
,
J.
A
m

C
o
ll

C
a
rd

2
0
0
3
;
4
2
:1
3
1
8
,
1
3
2
3

4
1
4
.0
,
4
1
1
,
V
7
1
.7
.

A
ll
p
a
ti
e
n
ts

w
h
o
a
re

a
sy

m
p
to
m
a
ti
c
,

o
r
h
a
v
e
lo
w

to
in
te
rm

e
d
ia
te

p
ro
b
a
b
il
it
y
o
f
c
o
ro
n
a
ry

a
rt
e
ry

d
is
e
a
se

;
b
u
t
h
a
v
e
a
n
o
c
c
u
p
a
ti
o
n

th
a
t
p
la
c
e
s
o
th
e
r
in
d
iv
id
u
a
ls

a
t

ri
sk

if
th
e
y
su

ff
e
r
a
c
o
ro
n
a
ry

e
v
e
n
t

(1
)
B
la
ir
R
E
.
C
o
ro
n
a
ry

A
rt
e
ry

D
is
e
a
se

in
a
Y
o
u
n
g
U
S
A
F
P
il
o
t:
S
c
re
e
n
in
g
fo
r
p
re
m
a
tu
re

a
th
e
ro
sc
le
ro
si
s.

M
il
it
a
ry

M
e
d
ic
in
e
2
0
1
0
;
1
7
5
(9
):
6
8
8
–6

9
0

A
U
C

d
o
e
s
n
o
t
a
d
d
re
ss

th
is

c
li
n
ic
a
l
sc
e
n
a
ri
o

b
u
t
te
st
in
g
is

su
p
p
o
rt
e
d
b
y
A
C
C
/

A
S
N
C
/A

H
A

G
u
id
e
li
n
e
s

(2
)
H
o
u
st
o
n
S
,
M
it
c
h
e
ll
S
,
E
v
a
n
s
S
.
A
p
p
li
c
a
ti
o
n
o
f
a
c
a
rd
io
v
a
sc
u
la
r
d
is
e
a
se

ri
sk

p
re
d
ic
ti
o
n

m
o
d
e
l
a
m
o
n
g
c
o
m
m
e
rc
ia
l
p
il
o
ts
.
A
v
ia
t
S
p
a
c
e
E
n
v
ir
o
n
M
e
d
2
0
1
0
;
8
1
:7
6
8
–7

7
3

(3
)
2
0
0
3
A
C
C
/A

S
N
C
/A

H
A

G
u
id
e
li
n
e
s
fo
r
c
li
n
ic
a
l
u
se

o
f
ra
d
io
n
u
c
li
d
e
im

a
g
in
g
,
J.
A
m

C
o
ll

C
a
rd

2
0
0
3
;
4
2
:1
3
1
8

Journal of Nuclear Cardiology Wolinsky et al

Single photon myocardial perfusion imaging



T
a
b
le

1
.
c
o
n
ti
n
u
e
d

A
p
p
li
ca

b
le

IC
D
-9

co
d
e
a

A
p
p
ro

p
ri
a
te

cl
in
ic
a
l
in
d
ic
a
ti
o
n
s

fo
r
co

n
d
u
ct
in
g
a
n
M
P
I

L
it
e
ra
tu

re
su

p
p
o
rt
in
g
M
P
I
st
u
d
y

A
p
p
ro

p
ri
a
te

u
se

cr
it
e
ri
a

w
h
ic
h
su

p
p
o
rt
s

co
n
d
u
ct
in
g
M
P
I
st
u
d
y

4
2
6
.2
0
-5

0
P
a
ti
e
n
ts

w
it
h
in
tr
a
-v
e
n
tr
ic
u
la
r

c
o
n
d
u
c
ti
o
n
d
e
la
y
w
h
o
re
q
u
ir
e

p
h
a
rm

a
c
o
lo
g
ic

st
re
ss

M
P
I
w
it
h

c
o
ro
n
a
ry

v
a
so

d
il
a
to
rs

to
d
e
te
rm

in
e
th
e
p
re
se

n
c
e
a
n
d

e
x
te
n
t
o
f
c
o
ro
n
a
ry

d
is
e
a
se

(1
)
C
e
rq
u
e
ir
a
M
.
Im

a
g
in
g
T
e
c
h
n
iq
u
e
s
in

N
u
c
le
a
r
C
a
rd
io
lo
g
y
.
In
:
T
o
p
o
l
E
J,
C
a
li
ff
R
M
,
P
ry
st
o
w
sk
y

E
N
,
T
h
o
m
a
s
JD

,
T
h
o
m
p
so

n
P
D
,
e
d
s.

T
e
x
tb
o
o
k
o
n
C
a
rd
io
v
a
sc
u
la
r
Im

a
g
in
g
.
3
rd

e
d
.

P
h
il
a
d
e
lp
h
ia
,
P
A
:
L
ip
p
in
c
o
tt

W
il
li
a
m
s
&

W
il
k
in
s;

2
0
0
7
:8
8
4
–8

9
6

A
U
C

in
d
ic
a
ti
o
n
(s
)
2
,
3
,

a
n
d
4

(2
)
D
e
L
o
re
n
z
o
A
,
H
a
c
h
a
m
o
v
it
c
h
R
,
K
a
n
g
X
,
e
t
a
l;
P
ro
g
n
o
st
ic

V
a
lu
e
o
f
m
y
o
c
a
rd
ia
l
p
e
rf
u
si
o
n

S
P
E
C
T
v
e
rs
u
s
e
x
e
rc
is
e
e
le
c
tr
o
c
a
rd
io
g
ra
p
h
y
in

p
a
ti
e
n
ts

w
it
h
S
T
-s
e
g
m
e
n
t
d
e
p
re
ss
io
n
o
n

re
st
in
g
e
le
c
tr
o
c
a
rd
io
g
ra
p
h
y
.
J
N
u
c
l
C
a
rd
io
l
2
0
0
5
;
1
2
:6
5
5
–6

1
(3
)
W
a
g
d
y
H
M
,
H
o
d
g
e
D
,
C
h
ri
st
ia
n
T
F,

e
t
a
l.
P
ro
g
n
o
st
ic

v
a
lu
e
o
f
v
a
so

d
il
a
to
r
m
y
o
c
a
rd
ia
l

p
e
rf
u
si
o
n
im

a
g
in
g
in

p
a
ti
e
n
ts

w
it
h
le
ft
b
u
n
d
le
-b
ra
n
c
h
b
lo
c
k
.
C
ir
c
u
la
ti
o
n
1
9
9
8
;9

7
:1
5
6
3
–1

5
7
0

(4
)
G
io
ia

G
,
B
a
g
h
e
ri
B
,
G
o
tt
li
e
b
C
D
,
e
t
a
l.
P
re
d
ic
ti
o
n
o
f
o
u
tc
o
m
e
o
f
p
a
ti
e
n
ts

w
it
h
li
fe
-t
h
re
a
te
n
in
g

v
e
n
tr
ic
u
la
r
a
rr
h
y
th
m
ia
s
tr
e
a
te
d
w
it
h
a
u
to
m
a
ti
c
im

p
la
n
ta
b
le

c
a
rd
io
v
e
rt
e
r-
d
e
fi
b
ri
ll
a
to
rs

u
si
n
g

S
P
E
C
T
p
e
rf
u
si
o
n
im

a
g
in
g
.
C
ir
c
u
la
ti
o
n
1
9
9
7
;
9
5
:3
9
0
–3

9
4

7
1
9
.7
,
7
8
1
.2
,
4
4
3
.9
,
4
4
0
.2
1
,

2
7
8
.0
0
,
2
7
8
.0
1
,
a
lo
n
g

w
it
h
th
e
a
p
p
li
c
a
b
le

c
h
e
st

p
a
in

c
o
d
e
s
7
8
6
.5
0
-

7
8
6
.5
9
.

P
a
ti
e
n
ts

w
h
o
h
a
v
e
su

sp
e
c
te
d
C
A
D

a
n
d
w
h
o
h
a
v
e
a
c
o
n
d
it
io
n
w
h
ic
h

w
o
u
ld

p
re
v
e
n
t
th
e
m

fr
o
m

a
c
h
ie
v
in
g
a
d
ia
g
n
o
st
ic
a
lly

a
d
e
q
u
a
te

le
v
e
l
o
f
c
a
rd
ia
c

st
im

u
la
ti
o
n
(8
5
%

p
re
d
ic
te
d

m
a
x
im

u
m

h
e
a
rt

ra
te
)
o
n
st
a
n
d
a
rd

e
x
e
rc
is
e
E
C
G

st
re
ss

te
st
in
g

P
le
a
se

N
o
te
:
T
h
e
se

p
a
ti
e
n
ts

a
re

c
a
n
d
id
a
te
s
fo
r
p
h
a
rm

a
c
o
lo
g
ic

st
re
ss

te
st
in
g
,
w
it
h
o
r
w
it
h
o
u
t
lo
w

le
v
e
l
e
x
e
rc
is
e

(1
)
H
e
n
d
e
l
R
C
,
B
e
rm

a
n
D
S
,
M
D
,
D
i
C
a
rl
i
M
F,

e
t
a
l.
A
C
C
F/
A
S
N
C
/A

C
R
/A

H
A
/A

S
E
/S

C
C
T
/S

C
M
R
/

S
N
M

2
0
0
9
A
p
p
ro
p
ri
a
te

u
se

c
ri
te
ri
a
fo
r
c
a
rd
ia
c
ra
d
io
n
u
c
li
d
e
im

a
g
in
g
.
J.
A
m
.
C
o
ll.

C
a
rd
io
l.

2
0
0
9
;
5
3
:2
2
0
1
–2

2
2
9

A
U
C

in
d
ic
a
ti
o
n
(s
)
2
,
4
,

a
n
d
5

(2
)
Is
k
a
n
d
ri
a
n
,
A
S
,
H
e
o
J,
K
o
n
g
B
,
L
y
o
n
s
E
.
E
ff
e
c
t
o
f
e
x
e
rc
is
e
le
v
e
l
o
n
th
e
a
b
il
it
y
o
f
th
a
lli
u
m
-2

0
1

to
m
o
g
ra
p
h
ic

im
a
g
in
g
in

d
e
te
c
ti
n
g
C
A
D

(a
n
a
ly
si
s
o
f
4
6
1
p
a
ti
e
n
ts
).
J
A
m

C
o
ll.

C
a
rd
io
l.
1
9
8
9
;

1
4
:1
4
7
7
–1

4
8
6

(3
)
H
la
tk
y
M
A
,
P
ry
o
r
D
B
,
H
a
rr
e
l
FE

,
C
a
li
ff
R
M
,
M
a
rk

D
B
,
R
o
sa

ti
R
A

.
Fa

c
to
rs

a
ff
e
c
ti
n
g
se

n
si
ti
v
it
y

a
n
d
sp

e
c
ifi
c
it
y
o
f
e
x
e
rc
is
e
e
le
c
tr
o
c
a
rd
io
g
ra
p
h
y
(m

u
lt
iv
a
ri
a
b
le

a
n
a
ly
si
s)
.
A
m

J
M
e
d
.
1
9
8
4
;

7
7
:6
4
–7

1
(4
)
G
ia
n
ro
ss
i
R
,
D
e
tr
a
n
o
R
,
M
u
lv
ih
il
l
D
,
L
e
h
m
a
n
n
K
,
D
u
b
a
c
h
P
,
C
o
lo
m
b
o
A
,
e
t
a
l.
E
x
e
rc
is
e
-

in
d
u
c
e
d
S
T
d
e
p
re
ss
io
n
in

th
e
d
ia
g
n
o
si
s
o
f
C
A
D

(a
m
e
ta
-a
n
a
ly
si
s)

.
C
ir
c
u
la
ti
o
n
.
1
9
8
9
;
8
0
:8
7
–

9
8

(5
)
Fl
e
tc
h
e
r
G
F,

B
a
la
d
y
G
J,
A
m
st
e
rd
a
m

E
A
,
C
h
a
it
m
a
n
B
,
E
c
k
e
l
R
,
Fl
e
g
J,
e
t
a
l.
E
x
e
rc
is
e
st
a
n
d
a
rd
s

fo
r
te
st
in
g
a
n
d
tr
a
in
in
g
(a

st
a
te
m
e
n
t
fo
r
h
e
a
lt
h
c
a
re

p
ro
fe
ss
io
n
a
ls

fr
o
m

th
e
A
m
e
ri
c
a
n
H
e
a
rt

A
ss
o
c
ia
ti
o
n
).
C
ir
c
u
la
ti
o
n
.
2
0
0
1
;1
0
:1
6
9
4
–
1
7
4
0

4
1
2
,
4
1
4
.8
–4

1
4
.9
0
,
4
2
5
–

4
2
5
.9
,
4
2
9
,
4
2
9
.8
3
,

4
2
8
.0
0
–4

2
8
.9
0

P
a
ti
e
n
ts

w
it
h
a
c
a
rd
io
m
y
o
p
a
th
y
in

w
h
o
m

M
P
I
is

p
e
rf
o
rm

e
d
to

d
if
fe
re
n
ti
a
te

b
e
tw

e
e
n
c
o
ro
n
a
ry

d
is
e
a
se

a
n
d
o
th
e
r
n
o
n
-i
sc
h
e
m
ic

c
a
rd
io
m
y
o
p
a
th
y

(1
)
D
a
n
ia
s
P
G
,
A
h
lb
e
rg

A
W
,
C
la
rk

B
A

3
rd
,
M
e
ss
in
e
o
F,

e
t
a
l.
C
o
m
b
in
e
d
a
ss
e
ss
m
e
n
t
o
f

m
y
o
c
a
rd
ia
l
p
e
rf
u
si
o
n
a
n
d
le
ft
v
e
n
tr
ic
u
la
r
fu
n
c
ti
o
n
w
it
h
e
x
e
rc
is
e
te
c
h
n
e
ti
u
m
-9

9
m

se
st
a
m
ib
i

g
a
te
d
si
n
g
le
-p

h
o
to
n
e
m
is
si
o
n
c
o
m
p
u
te
d
to
m
o
g
ra
p
h
y
c
a
n
d
if
fe
re
n
ti
a
te

b
e
tw

e
e
n
is
c
h
e
m
ic

a
n
d
n
o
n
-i
sc
h
e
m
ic

d
il
a
te
d
c
a
rd
io
m
y
o
p
a
th
y
.
A
m

J
C
a
rd
io
l
1
9
9
8
;
8
2
(1
0
):
1
2
5
3
–8

A
U
C

in
d
ic
a
ti
o
n
(s
)
6
2

(2
)
D
a
n
ia
s
P
G
,
P
a
p
a
io
a
n
n
o
u
G
I,
A
h
lb
e
rg

A
W
,
O
’S
u
lli
v
a
n
D
M
,
e
t
a
l.
U
se

fu
ln
e
ss

o
f

e
le
c
tr
o
c
a
rd
io
g
ra
p
h
ic
-g

a
te
d
st
re
ss

te
c
h
n
e
ti
u
m
-9

9
m

se
st
a
m
ib
i
si
n
g
le
-p

h
o
to
n
e
m
is
si
o
n

c
o
m
p
u
te
d
to
m
o
g
ra
p
h
y
to

d
if
fe
re
n
ti
a
te

is
c
h
e
m
ic

fr
o
m

n
o
n
-i
sc
h
e
m
ic

c
a
rd
io
m
y
o
p
a
th
y
.
A
m

J
C
a
rd
io
l
2
0
0
4
;
9
4
(1
):
1
4
–9

(3
)
G
la
m
a
n
n
D
B
,
L
a
n
g
e
R
A
,
C
o
rb
e
tt

JR
,
H
il
li
s
L
D
.
U
ti
li
ty

o
f
v
a
ri
o
u
s
ra
d
io
n
u
c
li
d
e
te
c
h
n
iq
u
e
s
fo
r

d
is
ti
n
g
u
is
h
in
g
is
c
h
e
m
ic

fr
o
m

n
o
n
-i
sc
h
e
m
ic

d
il
a
te
d
c
a
rd
io
m
y
o
p
a
th
y
.
A
rc
h
In
te
rn

M
e
d
.
1
9
9
2
;

1
5
2
:7
6
9
–7

2
(4
)
C
h
ik
a
m
o
ri
T
,
D
o
i
Y
L
,
Y
o
n
e
z
a
w
a
Y
,
e
t
a
l.
V
a
lu
e
o
f
d
ip
y
ri
d
a
m
o
le

th
a
lli
u
m
-2

0
1
im

a
g
in
g
in

n
o
n
in
v
a
si
v
e
d
if
fe
re
n
ti
a
ti
o
n
o
f
id
io
p
a
th
ic

d
il
a
te
d
c
a
rd
io
m
y
o
p
a
th
y
fr
o
m

c
o
ro
n
a
ry

a
rt
e
ry

d
is
e
a
se

w
it
h
le
ft

v
e
n
tr
ic
u
la
r
d
y
sf
u
n
c
ti
o
n
.
A
m

J
C
a
rd
io
l.
1
9
9
2
;
6
9
:6
5
0
–5

3
(5
)
M
o
d
y
FV

,
B
ru
n
k
e
n
R
C
,
S
te
v
e
n
so

n
L
W
,
e
t
a
l.
D
if
fe
re
n
ti
a
ti
n
g
c
a
rd
io
m
y
o
p
a
th
y
o
f
c
o
ro
n
a
ry

a
rt
e
ry

d
is
e
a
se

fr
o
m

n
o
n
-i
sc
h
e
m
ic

d
il
a
te
d
c
a
rd
io
m
y
o
p
a
th
y
u
ti
li
z
in
g
p
o
si
tr
o
n
e
m
is
si
o
n

to
m
o
g
ra
p
h
y
.
J
A
m

C
o
ll
C
a
rd
io
l.
1
9
9
1
;
1
7
:3
7
3
–8

3
(6
)
E
is
e
n
b
e
rg

JD
,
S
o
b
e
l
B
E
,
G
e
lt
m
a
n
E
M
.
D
if
fe
re
n
ti
a
ti
o
n
o
f
is
c
h
e
m
ic

fr
o
m

n
o
n
-i
sc
h
e
m
ic

c
a
rd
io
m
y
o
p
a
th
y
w
it
h
p
o
si
tr
o
n
e
m
is
si
o
n
to
m
o
g
ra
p
h
y
.
A
m

J
C
a
rd
io
l.
1
9
8
7
;
5
9
:1
4
1
0
–1

4
(7
)
H
u
n
t
S
A
,
B
a
k
e
r
D
W
,
G
o
ld
st
e
in

S
,
e
t.
a
l.
A
C
C
/A

H
A

G
u
id
e
li
n
e
s
fo
r
th
e
E
v
a
lu
a
ti
o
n
a
n
d

M
a
n
a
g
e
m
e
n
t
o
f
C
h
ro
n
ic

H
e
a
rt

Fa
il
u
re

in
A
d
u
lt
s.

C
ir
c
u
la
ti
o
n
.
2
0
0
1
;
1
0
4
:2
9
9
6

Wolinsky et al Journal of Nuclear Cardiology

Single photon myocardial perfusion imaging



T
a
b
le

1
.
c
o
n
ti
n
u
e
d

A
p
p
li
ca

b
le

IC
D
-9

co
d
e
a

A
p
p
ro

p
ri
a
te

cl
in
ic
a
l
in
d
ic
a
ti
o
n
s

fo
r
co

n
d
u
ct
in
g
a
n
M
P
I

L
it
e
ra
tu

re
su

p
p
o
rt
in
g
M
P
I
st
u
d
y

A
p
p
ro

p
ri
a
te

u
se

cr
it
e
ri
a

w
h
ic
h
su

p
p
o
rt
s

co
n
d
u
ct
in
g
M
P
I
st
u
d
y

4
1
9
.2
,
7
9
3
.2
,
7
9
4
.3
0

P
a
ti
e
n
ts

w
it
h
a
v
e
n
tr
ic
u
la
r
w
a
ll

m
o
ti
o
n
a
b
n
o
rm

a
li
ty

d
e
m
o
n
st
ra
te
d
b
y
a
n
o
th
e
r

im
a
g
in
g
m
o
d
a
li
ty
,
in

w
h
ic
h
M
P
I
is

p
e
rf
o
rm

e
d
to

d
e
te
rm

in
e
w
h
e
th
e
r

c
o
ro
n
a
ry

d
is
e
a
se

is
th
e
e
ti
o
lo
g
y

(1
)
H
e
n
d
e
l
R
C
,
A
b
b
o
tt

B
G
,
B
a
te
m
a
n
T
M
,
B
la
n
k
st
e
in

R
,
C
a
ln
o
n
D
A
,
e
t
a
l.
A
S
N
C
In
fo
rm

a
ti
o
n

S
ta
te
m
e
n
t.
T
h
e
ro
le

o
f
ra
d
io
n
u
c
li
d
e
m
y
o
c
a
rd
ia
l
p
e
rf
u
si
o
n
im

a
g
in
g
fo
r
a
sy

m
p
to
m
a
ti
c

in
d
iv
id
u
a
ls
.
J
N
u
c
l
C
a
rd
io
l
2
0
1
1
;
1
8
(1
):
3
–1

5

A
U
C

in
d
ic
a
ti
o
n
(s
)
1
6

(2
)
S
o
m
a
n
P
,
L
a
h
ir
i
A
,
M
ie
re
s
JH

,
C
a
ln
o
n
D
A
,
W
o
li
n
sk
y
D
,
e
t
a
l.
E
ti
o
lo
g
y
a
n
d

p
a
th
o
p
h
y
si
o
lo
g
y
o
f
th
e
n
e
w
-o

n
se

t
h
e
a
rt

fa
il
u
re
:
E
v
a
lu
a
ti
o
n
b
y
m
y
o
c
a
rd
ia
l
p
e
rf
u
si
o
n

im
a
g
in
g
.
J
N
u
c
l
C
a
rd
io
l.
2
0
0
9
;
1
6
(1
):
8
2
–9

1

4
2
5
.1
0
,
4
2
5
.0
-4

2
5
.9
,
4
1
3
.9
,

7
8
6
.5
,
4
1
1
,7
8
6
.0
5
-

7
8
6
.0
9
,
7
8
0
.0
2

P
a
ti
e
n
ts

w
it
h
h
y
p
e
rt
ro
p
h
ic

c
a
rd
io
m
y
o
p
a
th
y
in

w
h
o
m

M
P
I
is

p
e
rf
o
rm

e
d
to

d
if
fe
re
n
ti
a
te

c
o
ro
n
a
ry

v
e
rs
u
s
n
o
n
-c
o
ro
n
a
ry

c
a
u
se

s
o
f
c
h
e
st

d
is
c
o
m
fo
rt
.

(1
)
D
il
si
z
ia
n
V
,
P
a
n
z
a
JA

,
B
o
n
o
w

R
O
.
M
y
o
c
a
rd
ia
l
p
e
rf
u
si
o
n
im

a
g
in
g
in

h
y
p
e
rt
ro
p
h
ic

c
a
rd
io
m
y
o
p
a
th
y
.
JA

C
C

C
a
rd
io
v
a
sc

Im
a
g
in
g
.
2
0
1
0
;
3
(1
0
):
1
0
7
8
–8

0
A
U
C

in
d
ic
a
ti
o
n
(s
)
2
,
4
,

a
n
d
2
9

(2
)
S
o
ra
jja

P
,
C
h
a
re
o
n
th
a
it
a
w
e
e
P
,
O
m
m
e
n
S
R
,
M
il
le
r
T
D
,
H
o
d
g
e
D
O
,
G
ib
b
o
n
s
R
J.
P
ro
g
n
o
st
ic

u
ti
li
ty

o
f
si
n
g
le
-p

h
o
to
n
e
m
is
si
o
n
c
o
m
p
u
te
d
to
m
o
g
ra
p
h
y
in

a
d
u
lt
p
a
ti
e
n
ts

w
it
h

h
y
p
e
rt
ro
p
h
ic

c
a
rd
io
m
y
o
p
a
th
y
.
A
m

H
e
a
rt

J.
2
0
0
6
;
1
5
1
(2
):
4
2
6
–3

5
(3
)
O
’G

a
ra

P
T
,
B
o
n
o
w

R
O
,
M
a
ro
n
B
J,
D
a
m
sk
e
B
A
,
V
a
n
L
in
g
e
n
A
,
B
a
c
h
a
ra
c
h
S
L
,
L
a
rs
o
n
S
M
,

E
p
st
e
in

S
E
.
M
y
o
c
a
rd
ia
l
p
e
rf
u
si
o
n
a
b
n
o
rm

a
li
ti
e
s
in

p
a
ti
e
n
ts

w
it
h
h
y
p
e
rt
ro
p
h
ic

c
a
rd
io
m
y
o
p
a
th
y
:
a
ss
e
ss
m
e
n
t
w
it
h
th
a
lli
u
m
-2

0
1
e
m
is
si
o
n
c
o
m
p
u
te
d
to
m
o
g
ra
p
h
y
.

C
ir
c
u
la
ti
o
n
.
1
9
8
7
;
7
6
(6
):
1
2
1
4
–2

3

3
9
5
.2
-3

9
5
.9
0

P
a
ti
e
n
ts

w
it
h
v
a
lv
u
la
r
h
e
a
rt

d
is
e
a
se

in
w
h
o
m

M
P
I
is

p
e
rf
o
rm

e
d
to

d
if
fe
re
n
ti
a
te

c
o
ro
n
a
ry

v
s.

n
o
n
-

c
o
ro
n
a
ry

c
a
u
se

s
o
f
c
h
e
st

d
is
c
o
m
fo
rt

(1
)
V
a
n
T
o
sh

A
.
T
h
e
v
a
lu
e
o
f
m
y
o
c
a
rd
ia
l
p
e
rf
u
si
o
n
im

a
g
in
g
fo
r
d
ia
g
n
o
si
n
g
c
o
ro
n
a
ry

a
rt
e
ry

d
is
e
a
se

in
p
a
ti
e
n
ts

w
it
h
a
o
rt
ic

v
a
lv
e
st
e
n
o
si
s.

A
d
v
C
a
rd
io
l.
2
0
0
2
;
3
9
:6
1
–9

A
U
C

in
d
ic
a
ti
o
n
(s
)
2
,
3

a
n
d
4

9
9
6
.8
3
,
V
4
2
.1

P
a
ti
e
n
ts

w
it
h
c
a
rd
ia
c
tr
a
n
sp

la
n
ta
ti
o
n

in
w
h
o
m

M
P
I
is

p
e
rf
o
rm

e
d
to

e
v
a
lu
a
te

th
e
p
re
se

n
c
e
o
f

o
b
st
ru
c
ti
v
e
C
A
D

(1
)
M
a
n
ri
q
u
e
A
,
B
e
rn
a
rd

M
,
H
it
z
e
l
A
,
B
u
b
e
n
h
e
im

M
,
T
ro
n
C
,
A
g
o
st
in
i
D
,
R
e
d
o
n
n
e
t
M
.

D
ia
g
n
o
st
ic

a
n
d
p
ro
g
n
o
st
ic

v
a
lu
e
o
f
m
y
o
c
a
rd
ia
l
p
e
rf
u
si
o
n
g
a
te
d
S
P
E
C
T
in

o
rt
h
o
to
p
ic

h
e
a
rt

tr
a
n
sp

la
n
t
re
c
ip
ie
n
ts
.
J
N
u
c
l
C
a
rd
io
l
2
0
1
0
;
1
7
(2
):
1
9
7
–2

0
6

A
U
C

in
d
ic
a
ti
o
n
(s
)
1
5

(2
)
A
c
c
o
m
p
a
n
y
in
g
E
d
it
o
ri
a
l:
S
o
m
a
n
P
,
M
c
N
a
m
a
ra

D
.
S
u
rv
e
il
la
n
c
e
fo
r
p
o
st
-t
ra
n
sp

la
n
t

c
o
ro
n
a
ry

a
rt
e
ry

v
a
sc
u
lo
p
a
th
y
:
S
h
if
ti
n
g
g
e
a
rs

fr
o
m

d
ia
g
n
o
si
s
to

p
ro
g
n
o
si
s.

J
N
u
c
l
C
a
rd
io
l

2
0
1
0
;
1
7
(2
):
1
7
2
–1

7
4

(3
)
C
il
ib
e
rt
o
G
R
,R

u
ffi
n
i
L
,M

a
n
g
ia
v
a
c
c
h
i
M
,e

t
a
l.
R
e
st
in
g
e
c
h
o
c
a
rd
io
g
ra
p
h
y
a
n
d
q
u
a
n
ti
ta
ti
v
e

d
ip
y
ri
d
a
m
o
le

te
c
h
n
e
ti
u
m

9
9
m

se
st
a
m
ib
i
to
m
o
g
ra
p
h
y
in

th
e
id
e
n
ti
fi
c
a
ti
o
n
o
f
c
a
rd
ia
c

a
llo

g
ra
ft

v
a
sc
u
lo
p
a
th
y
a
n
d
th
e
p
re
d
ic
ti
o
n
o
f
lo
n
g
te
rm

p
ro
g
n
o
si
s
a
ft
e
r
h
e
a
rt

tr
a
n
sp

la
n
ta
ti
o
n
.
E
u
r
H
e
a
rt

J
2
0
0
1
;
2
2
:9
6
4
–7

1
(4
)
R
o
d
n
e
y
R
A
,
Jo
h
n
so

n
L
L
,
B
lo
o
d
D
K
,
B
a
rr

M
L
.
M
y
o
c
a
rd
ia
l
p
e
rf
u
si
o
n
sc
in
ti
g
ra
p
h
y
in

h
e
a
rt

tr
a
n
sp

la
n
t
re
c
ip
ie
n
ts

w
it
h
a
n
d
w
it
h
o
u
t
a
llo

g
ra
ft

a
th
e
ro
sc
le
ro
si
s:

A
c
o
m
p
a
ri
so

n
o
f

th
a
lli
u
m
-2

0
1
a
n
d
te
c
h
n
e
ti
u
m

9
9
m

se
st
a
m
ib
i.
J
H
e
a
rt

L
u
n
g
T
ra
n
sp

la
n
t
1
9
9
4
;
1
3
:1
7
3
–8

0
(5
)
H
o
w
a
rt
h
D
M
,
Fo

rs
tr
o
m

L
A
,
S
a
n
m
u
d
ra
la

V
.
E
v
a
lu
a
ti
o
n
o
f
T
l-
2
0
1
S
P
E
C
T
m
y
o
c
a
rd
ia
l

p
e
rf
u
si
o
n
im

a
g
in
g
in

th
e
d
e
te
c
ti
o
n
o
f
c
o
ro
n
a
ry

a
rt
e
ry

d
is
e
a
se

a
ft
e
r
o
rt
h
o
to
p
ic

h
e
a
rt

tr
a
n
sp

la
n
ta
ti
o
n
.
N
u
c
l
M
e
d
C
o
m
m
u
n
1
9
9
6
;
1
7
:1
0
5
–1

1
3

(6
)
E
lh
e
n
d
y
A
,
S
o
z
z
i
FB

,
V
a
n
D
o
m
b
u
rg

R
T
,
e
t.
A
l.
A
c
c
u
ra
c
y
o
f
d
o
b
u
ta
m
in
e
te
tr
o
fo
sm

in
m
y
o
c
a
rd
ia
l
p
e
rf
u
si
o
n
im

a
g
in
g
fo
r
th
e
n
o
n
in
v
a
si
v
e
d
ia
g
n
o
si
s
o
f
tr
a
n
sp

la
n
t
c
o
ro
n
a
ry

a
rt
e
ry

st
e
n
o
si
s.

J
H
e
a
t
L
u
n
g
T
ra
n
sp

la
n
t
2
0
0
0
;
1
9
:3
6
0
–6

6
(7
)
H
a
c
k
e
r
M
,
T
a
u
si
g
A
,
R
o
m
u
lle

r
B
,
e
t
a
l.
D
o
b
u
ta
m
in
e
m
y
o
c
a
rd
ia
l
sc
in
ti
g
ra
p
h
y
fo
r
th
e

p
re
d
ic
ti
o
n
o
f
c
a
rd
ia
c
e
v
e
n
ts

a
ft
e
r
h
e
a
rt

tr
a
n
sp

la
n
ta
ti
o
n
.
N
u
c
l
M
e
d
C
o
m
m
u
n
2
0
0
5
;

2
6
:6
0
7
–1

2

Journal of Nuclear Cardiology Wolinsky et al

Single photon myocardial perfusion imaging



T
a
b
le

1
.
c
o
n
ti
n
u
e
d

A
p
p
li
ca

b
le

IC
D
-9

co
d
e
a

A
p
p
ro

p
ri
a
te

cl
in
ic
a
l
in
d
ic
a
ti
o
n
s

fo
r
co

n
d
u
ct
in
g
a
n
M
P
I

L
it
e
ra
tu

re
su

p
p
o
rt
in
g
M
P
I
st
u
d
y

A
p
p
ro

p
ri
a
te

u
se

cr
it
e
ri
a

w
h
ic
h
su

p
p
o
rt
s

co
n
d
u
ct
in
g
M
P
I
st
u
d
y

V
7
2
.8
0
–7

2
.8
4

P
a
ti
e
n
ts

w
it
h
su

sp
e
c
te
d
o
r
k
n
o
w
n

c
o
ro
n
a
ry

d
is
e
a
se

b
e
in
g
e
v
a
lu
a
te
d

fo
r
c
a
rd
io
v
a
sc
u
la
r
ri
sk

p
ri
o
r
to

n
o
n
-c
a
rd
ia
c
su

rg
e
ry
,
w
h
o
m
e
e
t

th
e
re
c
o
m
m
e
n
d
a
ti
o
n
s
fo
r
M
P
I
se

t
fo
rt
h
in

th
e
c
li
n
ic
a
l
g
u
id
e
li
n
e
s
o
f

th
e
A
m
e
ri
c
a
n
S
o
c
ie
ty

o
f
N
u
c
le
a
r

C
a
rd
io
lo
g
y
a
n
d
th
e
A
m
e
ri
c
a
n

C
o
lle

g
e
o
f
C
a
rd
io
lo
g
y

(1
)
K
e
rt
a
i
M
D
,
B
o
e
rs
m
a
E
,
B
a
x
JJ
,
H
e
ij
e
n
b
ro
k
-K

a
l
M
H
,
e
t
a
l.
A

m
e
ta
-a
n
a
ly
si
s
c
o
m
p
a
ri
n
g
th
e

p
ro
g
n
o
st
ic

a
c
c
u
ra
c
y
o
f
si
x
d
ia
g
n
o
st
ic

te
st
s
fo
r
p
re
d
ic
ti
n
g
p
e
ri
-o

p
e
ra
ti
v
e
c
a
rd
ia
c
ri
sk

in
p
a
ti
e
n
ts

u
n
d
e
rg
o
in
g
m
a
jo
r
v
a
sc
u
la
r
su

rg
e
ry
.
H
e
a
rt

2
0
0
3
;
8
9
:1
3
2
7
–3

4

A
U
C

in
d
ic
a
ti
o
n
(s
)
4
3
a
n
d

4
7

(2
)
B
e
st

P
J,
T
a
ji
k
A
J,
G
ib
b
o
n
s
R
J,
P
e
lli
k
k
a
P
A
.
T
h
e
sa

fe
ty

o
f
tr
e
a
d
m
il
l
e
x
e
rc
is
e
st
re
ss

te
st
in
g
in

p
a
ti
e
n
ts

w
it
h
a
b
d
o
m
in
a
l
a
o
rt
ic

a
n
e
u
ry
sm

s.
A
n
n
In
te
rn

M
e
d
1
9
9
8
;
1
2
9
:6
2
8
–3

1
(3
)
M
a
n
g
a
n
o
D
T
,
G
o
ld
m
a
n
L
.
P
re
o
p
e
ra
ti
v
e
a
ss
e
ss
m
e
n
t
o
f
p
a
ti
e
n
ts

w
it
h
k
n
o
w
n
o
r
su

sp
e
c
te
d

c
o
ro
n
a
ry

d
is
e
a
se

.
N

E
n
g
l
J
M
e
d
1
9
9
5
;
3
3
3
:1
7
5
0

(4
)
E
tc
h
e
lls

E
,
M
e
a
d
e
M
,
T
o
m
li
n
so

n
G
,
C
o
o
k
D
.
S
e
m
i-
q
u
a
n
ti
ta
ti
v
e
d
ip
y
ri
d
a
m
o
le

m
y
o
c
a
rd
ia
l

st
re
ss

p
e
rf
u
si
o
n
im

a
g
in
g
fo
r
c
a
rd
ia
c
ri
sk

a
ss
e
ss
m
e
n
t
b
e
fo
re

n
o
n
-c
a
rd
ia
c
v
a
sc
u
la
r
su

rg
e
ry
:

a
m
e
ta
-a
n
a
ly
si
s.

J.
V
a
sc

S
u
rg
.
2
0
0
2
;
3
6
:5
3
4
–4

0
(5
)
H
e
n
d
e
l
R
C
,
A
b
b
o
tt

B
G
,
B
a
te
m
a
n
T
M
,
B
la
n
k
st
e
in

R
,
C
a
ln
o
n
D
A
,
e
t
a
l.
A
S
N
C
In
fo
rm

a
ti
o
n

S
ta
te
m
e
n
t.
T
h
e
ro
le

o
f
ra
d
io
n
u
c
li
d
e
m
y
o
c
a
rd
ia
l
p
e
rf
u
si
o
n
im

a
g
in
g
fo
r
a
sy

m
p
to
m
a
ti
c

in
d
iv
id
u
a
ls
.
J
N
u
c
l
C
a
rd
io
l
2
0
1
1
;
1
8
(1
):
3
–1

5
(6
)
H
e
n
d
e
l
R
C
,
B
e
rm

a
n
D
S
,
M
D
,
D
i
C
a
rl
i
M
F,

e
t
a
l.
A
C
C
F/
A
S
N
C
/A

C
R
/A

H
A
/A

S
E
/S

C
C
T
/

S
C
M
R
/S

N
M

2
0
0
9
A
p
p
ro
p
ri
a
te

u
se

c
ri
te
ri
a
fo
r
c
a
rd
ia
c
ra
d
io
n
u
c
li
d
e
im

a
g
in
g
.
J.
A
m
.
C
o
ll.

C
a
rd
io
l.
2
0
0
9
;
5
3
:2
2
0
1
–2

2
2
9

4
2
7
.3
1
,
4
2
7
.3
2
,
4
2
7
.1

P
a
ti
e
n
ts

w
it
h
a
tr
ia
l
o
r
v
e
n
tr
ic
u
la
r

c
a
rd
ia
c
a
rr
h
y
th
m
ia
s,

to
d
e
te
rm

in
e

th
e
p
re
se

n
c
e
a
n
d
fu
n
c
ti
o
n
a
l

se
v
e
ri
ty

o
f
p
o
te
n
ti
a
l
c
o
ro
n
a
ry

d
is
e
a
se

a
n
d
to

d
e
te
rm

in
e
th
e

sa
fe
ty

o
f
a
n
ti
-a
rr
h
y
th
m
ic

m
e
d
ic
a
ti
o
n
s

(1
)
A
b
id
o
v
A
,
H
a
c
k
a
m
o
v
it
c
h
R
,
R
o
z
a
n
sk
i
A
,
e
t
a
l.
P
ro
g
n
o
st
ic

im
p
li
c
a
ti
o
n
s
o
f
a
tr
ia
l
fi
b
ri
lla

ti
o
n

in
p
a
ti
e
n
ts

u
n
d
e
rg
o
in
g
m
y
o
c
a
rd
ia
l
p
e
rf
u
si
o
n
si
n
g
le
-p

h
o
to
n
e
m
is
si
o
n
c
o
m
p
u
te
d

to
m
o
g
ra
p
h
y
.
J
A
m

C
o
ll
C
a
rd
io
l
2
0
0
4
;
4
4
:
1
0
6
2
–7

0

A
U
C

in
d
ic
a
ti
o
n
(s
)
1
8
a
n
d

1
9

(2
)
A
sk
e
w

JW
,
M
il
le
r
T
,
H
o
d
g
e
D
O
,
G
ib
b
o
n
s
R
J.
T
h
e
v
a
lu
e
o
f
m
y
o
c
a
rd
ia
l
p
e
rf
u
si
o
n
si
n
g
le
-

p
h
o
to
n
e
m
is
si
o
n
c
o
m
p
u
te
d
to
m
o
g
ra
p
h
y
in

sc
re
e
n
in
g
a
sy

m
p
to
m
a
ti
c
p
a
ti
e
n
ts

w
it
h
a
tr
ia
l

fi
b
ri
lla

ti
o
n
fo
r
c
o
ro
n
a
ry

a
rt
e
ry

d
is
e
a
se

.
J
A
m

C
o
ll
C
a
rd
io
l
2
0
0
7
;
5
0
:1
0
8
0
–8

5
(3
)
Fu

st
e
r
V
,
R
y
d
e
n
L
E
,
C
a
n
n
o
m

D
S
,
e
t
a
l.
A
C
C
/A

H
A
/E
S
C

2
0
0
6
P
ra
c
ti
c
e
G
u
id
e
li
n
e
s
fo
r
th
e

m
a
n
a
g
e
m
e
n
t
o
f
p
a
ti
e
n
ts

w
it
h
a
tr
ia
l
fi
b
ri
lla

ti
o
n
.
J
A
m

C
o
ll
C
a
rd
io
l
2
0
0
6
;
4
8
:8
5
4
–9

0
6

(4
)
H
e
n
d
e
l
R
C
,
A
b
b
o
tt

B
G
,
B
a
te
m
a
n
T
M
,
B
la
n
k
st
e
in

R
,
C
a
ln
o
n
D
A
,
e
t
a
l.
A
S
N
C
In
fo
rm

a
ti
o
n

S
ta
te
m
e
n
t.
T
h
e
ro
le

o
f
ra
d
io
n
u
c
li
d
e
m
y
o
c
a
rd
ia
l
p
e
rf
u
si
o
n
im

a
g
in
g
fo
r
a
sy

m
p
to
m
a
ti
c

in
d
iv
id
u
a
ls
.
J
N
u
c
l
C
a
rd
io
l
2
0
1
1
;
1
8
(1
):
3
–1

5

7
8
0
.2

P
a
ti
e
n
ts

a
t
in
te
rm

e
d
ia
te

o
r
h
ig
h
ri
sk

o
f
c
o
ro
n
a
ry

a
rt
e
ry

d
is
e
a
se

w
it
h

sy
n
c
o
p
e
o
r
p
re
-s
y
n
c
o
p
e
,
to

d
e
te
rm

in
e
th
e
p
re
se

n
c
e
a
n
d

fu
n
c
ti
o
n
a
l
se

v
e
ri
ty

o
f
p
o
te
n
ti
a
l

c
o
ro
n
a
ry

d
is
e
a
se

(1
)
G
e
o
rg
e
so

n
S
,
L
in
z
e
r
M
,
G
ri
ffi
th

JL
,
e
t
a
l.
A
c
u
te

c
a
rd
ia
c
is
c
h
e
m
ia

in
p
a
ti
e
n
ts

w
it
h
sy

n
c
o
p
e
:

Im
p
o
rt
a
n
c
e
o
f
th
e
in
it
ia
l
e
le
c
tr
o
c
a
rd
io
g
ra
m
.
J
G
e
n
In
te
rn

M
e
d
.
1
9
9
2
;
7
:3
7
9
–8

6
A
U
C

in
d
ic
a
ti
o
n
(s
)
2
1

(2
)
H
e
n
d
e
l
R
C
,
B
e
rm

a
n
D
S
,
M
D
,
D
i
C
a
rl
i
M
F,

e
t
a
l.
A
C
C
F/
A
S
N
C
/A

C
R
/A

H
A
/A

S
E
/S

C
C
T
/

S
C
M
R
/S

N
M

2
0
0
9
A
p
p
ro
p
ri
a
te

u
se

c
ri
te
ri
a
fo
r
c
a
rd
ia
c
ra
d
io
n
u
c
li
d
e
im

a
g
in
g
.
J.
A
m
.
C
o
ll.

C
a
rd
io
l.
2
0
0
9

4
1
3
.9
,
7
8
6
.5
0
–7

8
6
.5
9
,

7
8
6
.0
5
–7

8
6
.0
9

P
a
ti
e
n
ts

p
re
se

n
ti
n
g
to

th
e

e
m
e
rg
e
n
c
y
d
e
p
a
rt
m
e
n
t
w
it
h

a
c
u
te

c
h
e
st

p
a
in
,
to

e
v
a
lu
a
te

th
e

p
o
ss
ib
il
it
y
o
f
a
n
a
c
u
te

c
o
ro
n
a
ry

sy
n
d
ro
m
e

(1
)
W
a
c
k
e
rs

FJ
,
B
ro
w
n
K
A
,
H
e
lle

r
G
V
,
e
t
a
l.
A
S
N
C

p
o
si
ti
o
n
st
a
te
m
e
n
t
o
n
ra
d
io
n
u
c
li
d
e

im
a
g
in
g
in

p
a
ti
e
n
ts

w
it
h
su

sp
e
c
te
d
a
c
u
te

is
c
h
e
m
ic

sy
n
d
ro
m
e
s
in

th
e
e
m
e
rg
e
n
c
y

d
e
p
a
rt
m
e
n
t
o
r
c
h
e
st

p
a
in

c
e
n
te
r.
J
N
u
c
l
C
a
rd
io
l
2
0
0
2
;
9
:2
4
6
–5

0

A
U
C

in
d
ic
a
ti
o
n
(s
)
6
,
7
,
8
,

a
n
d
9
,
a
n
d
1
1

(2
)
H
e
n
d
e
l
R
C
,
B
e
rm

a
n
D
S
,
M
D
,
D
i
C
a
rl
i
M
F,

e
t
a
l.
A
C
C
F/
A
S
N
C
/A

C
R
/A

H
A
/A

S
E
/S

C
C
T
/

S
C
M
R
/S

N
M

2
0
0
9
A
p
p
ro
p
ri
a
te

u
se

c
ri
te
ri
a
fo
r
c
a
rd
ia
c
ra
d
io
n
u
c
li
d
e
im

a
g
in
g
.
J.
A
m
.
C
o
ll.

C
a
rd
io
l.
2
0
0
9
;
5
3
:2
2
0
1
–2

2
2
9

a
IC
D
-9

c
o
d
e
s
m
u
st

b
e
c
o
d
e
d
to

th
e
h
ig
h
e
st

le
v
e
l
o
f
sp

e
c
ifi
c
it
y
.

Wolinsky et al Journal of Nuclear Cardiology

Single photon myocardial perfusion imaging



T
a
b
le

2
.
In
d
ic
a
ti
o
n
s
fo
r
M
P
I
fo
r
p
ro
g
n
o
st
ic

p
u
rp
o
se

s

A
p
p
li
ca

b
le

IC
D
-9

co
d
e
a

A
p
p
ro

p
ri
a
te

cl
in
ic
a
l

in
d
ic
a
ti
o
n
s
fo

r
co

n
d
u
ct
in
g

a
n
M
P
I

L
it
e
ra
tu

re
su

p
p
o
rt
in
g
M
P
I
st
u
d
y

A
p
p
ro

p
ri
a
te

u
se

cr
it
e
ri
a
w
h
ic
h

su
p
p
o
rt
s
co

n
d
u
ct
in
g
M
P
I
st
u
d
y

4
1
3
,
4
1
4
.0
–4

1
4
.0
7
,

4
1
4
.8
–4

1
4
.9
,
4
2
9
.2

P
a
ti
e
n
ts

w
it
h
h
ig
h
p
ro
b
a
b
il
it
y

o
f
C
H
D

b
a
se

d
o
n
c
li
n
ic
a
l

fi
n
d
in
g
s
a
n
d
ri
sk

fa
c
to
rs

w
h
o
a
re

h
a
v
in
g
M
P
I
to

d
e
fi
n
e
th
e
e
x
te
n
t
a
n
d

se
v
e
ri
ty

o
f
C
A
D

fo
r

p
ro
g
n
o
st
ic

p
u
rp
o
se

s.
S
e
le
c
te
d
a
sy

m
p
to
m
a
ti
c

h
ig
h
ri
sk

su
b
g
ro
u
p
s
m
a
y

a
ls
o
b
e
c
a
n
d
id
a
te
s
fo
r

M
P
I;
th
e
se

in
c
lu
d
e
,
b
u
t
a
re

n
o
t
li
m
it
e
d
to
:
h
ig
h
ri
sk

d
ia
b
e
ti
c
s,

p
a
ti
e
n
ts

w
it
h

c
h
ro
n
ic

k
id
n
e
y
d
is
e
a
se

,
a
n
d
p
a
ti
e
n
ts

w
it
h
st
ro
n
g

fa
m
il
y
h
is
to
ry

o
f
C
A
D

(1
)
H
e
n
d
e
l
R
C
,
A
b
b
o
tt

B
G
,
B
a
te
m
a
n
T
M
,
e
t
a
l.
A
S
N
C

In
fo
rm

a
ti
o
n

S
ta
te
m
e
n
t:
T
h
e
ro
le

o
f
ra
d
io
n
u
c
li
d
e
m
y
o
c
a
rd
ia
l
p
e
rf
u
si
o
n
im

a
g
in
g
fo
r

a
sy

m
p
to
m
a
ti
c
in
d
iv
id
u
a
ls
.
J
N
u
c
l
C
a
rd
io
l.
2
0
1
0
;
1
0
7
1
–3

5
8
1

A
U
C

in
d
ic
a
ti
o
n
(s
)
1
5

(2
)
H
e
n
d
e
l
R
C
,
B
e
rm

a
n
D
S
,
M
D
,
D
i
C
a
rl
i
M
F,

e
t
a
l.
A
C
C
F/
A
S
N
C
/A

C
R
/

A
H
A
/A

S
E
/S

C
C
T
/S

C
M
R
/S

N
M

2
0
0
9
A
p
p
ro
p
ri
a
te

u
se

c
ri
te
ri
a
fo
r
c
a
rd
ia
c

ra
d
io
n
u
c
li
d
e
im

a
g
in
g
.
J.
A
m
.
C
o
ll.

C
a
rd
io
l.
2
0
0
9
;
5
3
:2
2
0
1
–2

2
2
9

(3
)
G
re
e
n
la
n
d
P
,
A
lp
e
rt

JS
,
B
e
lle

r
G
A
,
B
e
n
ja
m
in

E
J,
B
u
d
o
ff
M
J,
Fa

y
a
d
Z
A
,

Fo
st
e
r
E
,
H
la
tk
y
M
A
,
H
o
d
g
so

n
JM

,
K
u
sh

n
e
r
FG

,
L
a
u
e
r
M
S
,
S
h
a
w

L
J,

S
m
it
h
S
C
Jr
,
T
a
y
lo
r
A
J,
W
e
in
tr
a
u
b
W
S
,
W
e
n
g
e
r
N
K
,
Ja
c
o
b
s
A
K
,
S
m
it
h
S
C

Jr
,
A
n
d
e
rs
o
n
JL
,
A
lb
e
rt

N
,
B
u
lle

r
C
E
,
C
re
a
g
e
r
M
A
,
E
tt
in
g
e
r
S
M
,
G
u
y
to
n

R
A
,
H
a
lp
e
ri
n
JL
,
H
o
c
h
m
a
n
JS
,
K
u
sh

n
e
r
FG

,
N
is
h
im

u
ra

R
,
O
h
m
a
n
E
M
,

P
a
g
e
R
L
,
S
te
v
e
n
so

n
W
G
,
T
a
rk
in
g
to
n
L
G
,
Y
a
n
c
y
C
W
;
A
m
e
ri
c
a
n
C
o
lle

g
e

o
f
C
a
rd
io
lo
g
y
Fo

u
n
d
a
ti
o
n
;
A
m
e
ri
c
a
n
H
e
a
rt

A
ss
o
c
ia
ti
o
n
.
2
0
1
0
A
C
C
F/

A
H
A

g
u
id
e
li
n
e
fo
r
a
ss
e
ss
m
e
n
t
o
f
c
a
rd
io
v
a
sc
u
la
r
ri
sk

in
a
sy

m
p
to
m
a
ti
c

a
d
u
lt
s:

e
x
e
c
u
ti
v
e
su

m
m
a
ry
:
a
re
p
o
rt

o
f
th
e
A
m
e
ri
c
a
n
C
o
lle

g
e
o
f

C
a
rd
io
lo
g
y
Fo

u
n
d
a
ti
o
n
/A

m
e
ri
c
a
n
H
e
a
rt

A
ss
o
c
ia
ti
o
n
T
a
sk

Fo
rc
e
o
n

P
ra
c
ti
c
e
G
u
id
e
li
n
e
s.
J
A
m

C
o
ll
C
a
rd
io
l.
2
0
1
0
D
e
c
1
4
;
5
6
(2
5
):
2
1
8
2
–9

9
,
J

A
m

C
o
ll
C
a
rd
io
l
2
0
1
0
D
e
c
1
4
;
5
6
(2
5
):
e
5
0
–1

0
3

(4
)
L
a
d
e
n
h
e
im

M
L
,
P
o
llo

c
k
B
H
,
R
o
z
a
n
sk
i
A
,
e
t
a
l.
E
x
te
n
t
a
n
d
se

v
e
ri
ty

o
f

m
y
o
c
a
rd
ia
l
h
y
p
o
-p

e
rf
u
si
o
n
a
s
p
re
d
ic
to
rs

o
f
p
ro
g
n
o
si
s
in

p
a
ti
e
n
ts

w
it
h

su
sp

e
c
te
d
c
o
ro
n
a
ry

a
rt
e
ry

d
is
e
a
se

.
J
A
m

C
o
ll
C
a
rd
io
l.
1
9
8
6
;
7
:4
6
4
–7

1
(5
)
D
ia
z
L
,
B
ru
n
k
e
n
R
C
,
B
la
c
k
st
o
n
e
E
H
,
e
t
a
l.
In
d
e
p
e
n
d
e
n
t
c
o
n
tr
ib
u
ti
o
n
o
f

m
y
o
c
a
rd
ia
l
p
e
rf
u
si
o
n
d
e
fe
c
ts

to
e
x
e
rc
is
e
c
a
p
a
c
it
y
a
n
d
h
e
a
rt

ra
te

re
c
o
v
e
ry

fo
r
p
re
d
ic
ti
o
n
o
f
a
ll-
c
a
u
se

m
o
rt
a
li
ty

in
p
a
ti
e
n
ts

w
it
h
k
n
o
w
n
o
r

su
sp

e
c
te
d
c
o
ro
n
a
ry

h
e
a
rt

d
is
e
a
se

.
J
A
m

C
o
ll
C
a
rd
io
l.
2
0
0
1
;
3
7
:1
5
5
8
–

6
4

(6
)
H
a
c
h
a
m
o
v
it
c
h
R
,
B
e
rm

a
n
D
S
,
K
ia
t
H
,
e
t
a
l.
E
x
e
rc
is
e
m
y
o
c
a
rd
ia
l

p
e
rf
u
si
o
n
S
P
E
C
T
in

p
a
ti
e
n
ts

w
it
h
o
u
t
k
n
o
w
n
c
o
ro
n
a
ry

a
rt
e
ry

d
is
e
a
se

:
in
c
re
m
e
n
ta
l
p
ro
g
n
o
st
ic

v
a
lu
e
a
n
d
u
se

in
ri
sk

st
ra
ti
fi
c
a
ti
o
n
.,
C
ir
c
u
la
ti
o
n

1
9
9
6
;
9
3
:9
0
5
–1

4
(7
)
H
a
c
h
a
m
o
v
it
c
h
R
,
B
e
rm

a
n
D
S
,
S
h
a
w

L
J,
e
t
a
l.
In
c
re
m
e
n
ta
l
p
ro
g
n
o
st
ic

v
a
lu
e
o
f
m
y
o
c
a
rd
ia
l
p
e
rf
u
si
o
n
si
n
g
le

p
h
o
to

e
m
is
si
o
n
c
o
m
p
u
te
d

to
m
o
g
ra
p
h
y
fo
r
th
e
p
re
d
ic
ti
o
n
o
f
c
a
rd
ia
c
d
e
a
th
:
D
if
fe
re
n
ti
a
l

st
ra
ti
fi
c
a
ti
o
n
fo
r
ri
sk

o
f
c
a
rd
ia
c
d
e
a
th

a
n
d
m
y
o
c
a
rd
ia
l
in
fa
rc
ti
o
n
.

C
ir
c
u
la
ti
o
n
1
9
9
8
;
9
7
:5
3
5
–4

3
(8
)
H
a
c
h
a
m
o
v
it
c
h
R
,
H
a
y
e
s
S
W
,
e
t
a
l.
C
o
m
p
a
ri
so

n
o
f
th
e
sh

o
rt
-t
e
rm

su
rv
iv
a
l
b
e
n
e
fi
t
a
ss
o
c
ia
te
d
w
it
h
re
v
a
sc
u
la
ri
z
a
ti
o
n
c
o
m
p
a
re
d
w
it
h

m
e
d
ic
a
l
th
e
ra
p
y
in

p
a
ti
e
n
ts

w
it
h
n
o
p
ri
o
r
c
o
ro
n
a
ry

a
rt
e
ry

d
is
e
a
se

u
n
d
e
rg
o
in
g
st
re
ss

m
y
o
c
a
rd
ia
l
p
e
rf
u
si
o
n
si
n
g
le

p
h
o
to
n
e
m
is
si
o
n

c
o
m
p
u
te
d
to
m
o
g
ra
p
h
y
.
C
ir
c
u
la
ti
o
n
.
2
0
0
3
;
1
0
7
:2
9
0
0
–0

7
(9
)
2
0
0
3
A
C
C
/A

S
N
C
/A

H
A

G
u
id
e
li
n
e
s
fo
r
C
li
n
ic
a
l
U
se

o
f
R
a
d
io
n
u
c
li
d
e

Im
a
g
in
g
,
J.
A
m

C
o
ll
C
a
rd

2
0
0
3
;
4
2
:1
3
1
8
p
a
g
e
s
1
3
2
0
–3

,
1
3
2
6

Journal of Nuclear Cardiology Wolinsky et al

Single photon myocardial perfusion imaging



T
a
b
le

2
.
c
o
n
ti
n
u
e
d

A
p
p
li
ca

b
le

IC
D
-9

co
d
e
a

A
p
p
ro

p
ri
a
te

cl
in
ic
a
l

in
d
ic
a
ti
o
n
s
fo

r
co

n
d
u
ct
in
g

a
n
M
P
I

L
it
e
ra
tu

re
su

p
p
o
rt
in
g
M
P
I
st
u
d
y

A
p
p
ro

p
ri
a
te

u
se

cr
it
e
ri
a
w
h
ic
h

su
p
p
o
rt
s
co

n
d
u
ct
in
g
M
P
I
st
u
d
y

4
1
4
.0
,
4
1
3
.9
,
4
1
4
.8
,

7
8
6
.0
9
,
7
8
6
.5
0
.

P
a
ti
e
n
ts

w
it
h
a
n
a
b
n
o
rm

a
l

st
a
n
d
a
rd

st
re
ss

te
st

w
h
o

a
re

h
a
v
in
g
M
P
I
to

d
e
te
rm

in
e
th
e
e
x
te
n
t
o
f

is
c
h
e
m
ia

to
g
u
id
e
fu
tu
re

th
e
ra
p
y

(1
)
K
lo
c
k
e
FJ
,
B
a
ir
d
M
G
,
B
a
te
m
a
n
T
M
,
B
e
rm

a
n
D
S
,
C
a
ra
b
e
llo

B
A
,

C
e
rq
u
e
ir
a
M
D
,
e
t.
a
l.
A
C
C
/A

H
A
/A

S
N
C
G
u
id
e
li
n
e
s
fo
r
th
e
c
li
n
ic
a
l
u
se

o
f

c
a
rd
ia
c
ra
d
io
n
u
c
li
d
e
im

a
g
in
g
.
C
ir
c
u
la
ti
o
n
2
0
0
3

A
U
C

in
d
ic
a
ti
o
n
(s
)
2
9
a
n
d
3
0

(2
)
H
a
c
h
a
m
o
v
it
c
h
R
,
H
a
y
e
s
S
,
Fr
ie
d
m
a
n
JD

,
C
o
h
e
n
I,
S
h
a
w

L
J,
G
e
rm

a
n
o
G
,

B
e
rm

a
n
D
S
.
D
e
te
rm

in
a
n
ts

o
f
ri
sk

a
n
d
it
s
te
m
p
o
ra
l
v
a
ri
a
ti
o
n
in

p
a
ti
e
n
ts

w
it
h
n
o
rm

a
l
st
re
ss

m
y
o
c
a
rd
ia
l
p
e
rf
u
si
o
n
sc
a
n
s:

w
h
a
t
is

th
e
w
a
rr
a
n
ty

p
e
ri
o
d
o
f
a
n
o
rm

a
l
st
re
ss

m
y
o
c
a
rd
ia
l
p
e
rf
u
si
o
n
sc
a
n
:
J
A
m

C
o
ll
C
a
rd
io
l

2
0
0
3
;
4
1
:1
3
2
9
–1

3
4
0

(3
)
H
a
c
h
a
m
o
v
it
c
h
R
,
D
i
C
a
rl
i
M
F.
C
o
n
te
m
p
o
ra
ry

re
v
ie
w
s
in

c
a
rd
io
v
a
sc
u
la
r

m
e
d
ic
in
e
:
M
e
th
o
d
s
a
n
d
li
m
it
a
ti
o
n
s
o
f
a
ss
e
ss
in
g
n
e
w

n
o
n
in
v
a
si
v
e
te
st
s.

O
u
tc
o
m
e
s-
b
a
se

d
v
a
li
d
a
ti
o
n
a
n
d
re
li
a
b
il
it
y
a
ss
e
ss
m
e
n
t
o
f
n
o
n
in
v
a
si
v
e

te
st
in
g
C
ir
c
u
la
ti
o
n
2
0
0
8
;
1
1
7
:2
7
9
2
–2

8
0
2

(4
)
H
a
c
h
a
m
o
v
it
c
h
R
,
B
e
rm

a
n
D
S
,
K
ia
t
H
,
C
o
h
e
n
I,
Fr
ie
d
m
a
n
JD

,
S
h
a
w

L
J.

V
a
lu
e
o
f
st
re
ss

m
y
o
c
a
rd
ia
l
p
e
rf
u
si
o
n
si
n
g
le

p
h
o
to
n
e
m
is
si
o
n

c
o
m
p
u
te
d
to
m
o
g
ra
p
h
y
in

p
a
ti
e
n
ts

w
it
h
n
o
rm

a
l
re
st
in
g

e
le
c
tr
o
c
a
rd
io
g
ra
m
s:
a
n
e
v
a
lu
a
ti
o
n
o
f
in
c
re
m
e
n
ta
l
p
ro
g
n
o
st
ic

v
a
lu
e
a
n
d

c
o
st
-e
ff
e
c
ti
v
e
n
e
ss
.
C
ir
c
u
la
ti
o
n
2
0
0
2
;
1
0
5
:8
2
3
–8

2
9

(5
)
H
a
c
h
a
m
o
v
it
c
h
R
,
H
a
y
e
s
S
,
Fr
ie
d
m
a
n
j,
C
o
h
e
n
i,
B
e
rm

a
n
D
S
.
S
tr
e
ss

m
y
o
c
a
rd
ia
l
p
e
rf
u
si
o
n
S
P
E
C
T
is

c
li
n
ic
a
lly

e
ff
e
c
ti
v
e
a
n
d
c
o
st

e
ff
e
c
ti
v
e
in

ri
sk

st
ra
ti
fi
c
a
ti
o
n
o
f
p
a
ti
e
n
ts

w
it
h
a
h
ig
h
li
k
e
li
h
o
o
d
o
f
C
A
D

b
u
t
n
o

k
n
o
w
n
C
A
D
.
J
A
m

C
o
ll
C
a
rd
io
l
2
0
0
4
;
4
3
:2
0
0
–2

0
8

(6
)
H
a
c
h
a
m
o
v
it
c
h
R
,
B
e
rm

a
n
D
S
,
K
ia
t
H
,
C
a
b
ic
o
JA

,
Fr
ie
d
m
a
n
J,
D
ia
m
o
n
d

G
A
.
E
x
e
rc
is
e
m
y
o
c
a
rd
ia
l
p
e
rf
u
si
o
n
S
P
E
C
T
in

p
a
ti
e
n
ts

w
it
h
o
u
t
k
n
o
w
n

c
o
ro
n
a
ry

a
rt
e
ry

d
is
e
a
se

:
in
c
re
m
e
n
ta
l
p
ro
g
n
o
st
ic

v
a
lu
e
a
n
d
u
se

in
ri
sk

st
ra
ti
fi
c
a
ti
o
n
.
C
ir
c
u
la
ti
o
n
1
9
9
6
;
9
3
:9
0
4
–9

1
4

4
1
1
.0
,4
1
2
,
4
1
3
.9
,

7
8
6
.5
0
,
7
8
6
.5
1
,

7
8
6
.5
9
,
7
8
6
.0
5

P
a
ti
e
n
ts

w
it
h
k
n
o
w
n
C
A
D

w
h
o
h
a
v
e
n
e
w

o
n
se

t
o
f

a
n
g
in
a
,
a
n
g
in
a

e
q
u
iv
a
le
n
ts
,
o
r
si
g
n
ifi
c
a
n
t

c
h
a
n
g
e
in

sy
m
p
to
m
s

(1
)
H
e
n
d
e
l
R
C
,
B
e
rm

a
n
D
S
,
M
D
,
D
i
C
a
rl
i
M
F,

e
t
a
l.
A
C
C
F/
A
S
N
C
/A

C
R
/

A
H
A
/A

S
E
/S

C
C
T
/S

C
M
R
/S

N
M

2
0
0
9
A
p
p
ro
p
ri
a
te

U
se

C
ri
te
ri
a
fo
r

C
a
rd
ia
c
R
a
d
io
n
u
c
li
d
e
Im

a
g
in
g
.
J.
A
m
.
C
o
ll.

C
a
rd
io
l.
2
0
0
9
;
5
3
;
2
2
0
1
–

2
2
2
9

A
U
C

in
d
ic
a
ti
o
n
(s
)
4
a
n
d
5

4
1
4
.0
–4

1
4
.0
7
,
4
1
1
,

4
1
0
–4

1
0
.9
2
,
4
2
8
.0
–

4
2
8
.9
0

P
a
ti
e
n
ts

w
it
h
a
h
is
to
ry

o
f

C
A
D

a
n
d
re
c
e
n
t

m
y
o
c
a
rd
ia
l
in
fa
rc
ti
o
n
in

w
h
o
m

M
P
I
is

p
e
rf
o
rm

e
d

to
d
e
fi
n
e
th
e
p
re
se

n
c
e
o
f

p
o
st
-M

I
is
c
h
e
m
ia
,

m
y
o
c
a
rd
iu
m

a
t
ri
sk
,
a
ss
e
ss

m
y
o
c
a
rd
ia
l
v
ia
b
il
it
y
,
a
n
d

a
ss
e
ss

L
V
fu
n
c
ti
o
n
(u
si
n
g

g
a
te
d
M
P
I
te
c
h
n
iq
u
e
s)

(1
)
H
e
n
d
e
l
R
C
,
B
e
rm

a
n
D
S
,
M
D
,
D
i
C
a
rl
i
M
F,

e
t
a
l.
A
C
C
F/
A
S
N
C
/A

C
R
/

A
H
A
/A

S
E
/S

C
C
T
/S

C
M
R
/S

N
M

2
0
0
9
a
p
p
ro
p
ri
a
te

u
se

c
ri
te
ri
a
fo
r
c
a
rd
ia
c

ra
d
io
n
u
c
li
d
e
im

a
g
in
g
.
J.
A
m
.
C
o
ll.

C
a
rd
io
l.
2
0
0
9
;
5
3
:2
2
0
1
–2

2
2
9

A
U
C
in
d
ic
a
ti
o
n
(s
)
5
0
,
5
2
,
5
6
,
a
n
d
6
2

Wolinsky et al Journal of Nuclear Cardiology

Single photon myocardial perfusion imaging



T
a
b
le

2
.
c
o
n
ti
n
u
e
d

A
p
p
li
ca

b
le

IC
D
-9

co
d
e
a

A
p
p
ro

p
ri
a
te

cl
in
ic
a
l

in
d
ic
a
ti
o
n
s
fo

r
co

n
d
u
ct
in
g

a
n
M
P
I

L
it
e
ra
tu

re
su

p
p
o
rt
in
g
M
P
I
st
u
d
y

A
p
p
ro

p
ri
a
te

u
se

cr
it
e
ri
a
w
h
ic
h

su
p
p
o
rt
s
co

n
d
u
ct
in
g
M
P
I
st
u
d
y

7
8
6
.5
0
–7

8
6
.5
9
,
4
1
4
.0
–

4
1
4
.0
7
,
4
1
1

P
a
ti
e
n
ts

w
it
h
a
c
u
te

c
o
ro
n
a
ry

sy
n
d
ro
m
e
s
w
h
o
h
a
v
e

b
e
c
o
m
e
st
a
b
le

o
n
m
e
d
ic
a
l

th
e
ra
p
y
a
n
d
a
re

u
n
d
e
rg
o
in
g
M
P
I
to

a
ss
e
ss

is
c
h
e
m
ic

b
u
rd
e
n
o
n

m
e
d
ic
a
l
th
e
ra
p
y
,
a
n
d

w
h
e
th
e
r
o
r
n
o
t

a
n
g
io
g
ra
p
h
y
a
n
d

re
v
a
sc
u
la
ri
z
a
ti
o
n
a
re

in
d
ic
a
te
d

(1
)
M
a
d
se

n
JK
,
S
tu
b
g
a
a
rd

M
,
U
tn
e
H
E
,
H
a
n
se

n
JF
,
v
a
n
D
u
ij
v
e
n
d
ij
k
K
,

R
e
ib
e
r
JH

,
C
h
ri
st
o
ff
e
rs
e
n
K
.
P
ro
g
n
o
si
s
a
n
d
th
a
lli
u
m
-2

0
1
sc
in
ti
g
ra
p
h
y
in

p
a
ti
e
n
ts

a
d
m
it
te
d
w
it
h
c
h
e
st

p
a
in

w
it
h
o
u
t
c
o
n
fi
rm

e
d
a
c
u
te

m
y
o
c
a
rd
ia
l

in
fa
rc
ti
o
n
.
B
r
H
e
a
rt

J.
1
9
8
8
;
5
9
(2
):
1
8
4
–9

A
U
C

in
d
ic
a
ti
o
n
(s
)
5
0
a
n
d
5
1

(2
)
Z
h
u
Y
Y
,
C
h
u
n
g
W
S
,
B
o
tv
in
ic
k
E
H
,
D
a
e
M
W
,
L
im

A
D
,
P
o
rt
s
T
A
,

D
a
n
fo
rt
h
JW

,
W
o
lf
e
C
L
,
G
o
ld
sc
h
la
g
e
r
N
,
C
h
a
tt
e
rj
e
e
K
.
D
ip
y
ri
d
a
m
o
le

p
e
rf
u
si
o
n
sc
in
ti
g
ra
p
h
y
:
th
e
e
x
p
e
ri
e
n
c
e
w
it
h
it
s
a
p
p
li
c
a
ti
o
n
in

o
n
e

h
u
n
d
re
d
se

v
e
n
ty

p
a
ti
e
n
ts

w
it
h
k
n
o
w
n
o
r
su

sp
e
c
te
d
u
n
st
a
b
le

a
n
g
in
a
.

A
m

H
e
a
rt

J.
1
9
9
1
;
1
2
1
(1

P
t
1
):
3
3
–4

3
(3
)
Y
o
u
n
is

L
T
,
B
y
e
rs

S
,
S
h
a
w

L
,
B
a
rt
h
G
,
G
o
o
d
g
o
ld

H
,
C
h
a
it
m
a
n
B
R
.

P
ro
g
n
o
st
ic

v
a
lu
e
o
f
in
tr
a
v
e
n
o
u
s
d
ip
y
ri
d
a
m
o
le

th
a
lli
u
m

sc
in
ti
g
ra
p
h
y

a
ft
e
r
a
n
a
c
u
te

m
y
o
c
a
rd
ia
l
is
c
h
e
m
ic

e
v
e
n
t.
A
m

J
C
a
rd
io
l.
1
9
8
9
;

6
4
(3
):
1
6
1
–6

(4
)
S
tr
a
tm

a
n
n
H
G
,
Y
o
u
n
is

L
T
,
W
it
tr
y
M
D
,
A
m
a
to

M
,
M
il
le
r
D
D
.
E
x
e
rc
is
e

te
c
h
n
e
ti
u
m
-9

9
m

m
y
o
c
a
rd
ia
l
to
m
o
g
ra
p
h
y
fo
r
th
e
ri
sk

st
ra
ti
fi
c
a
ti
o
n
o
f

m
e
n
w
it
h
m
e
d
ic
a
lly

tr
e
a
te
d
u
n
st
a
b
le

a
n
g
in
a
p
e
c
to
ri
s.

A
m

J
C
a
rd
io
l.

1
9
9
5
;
7
6
(4
):
2
3
6
–4

0
(5
)
S
tr
a
tm

a
n
n
H
G
,
T
a
m
e
si
s
B
R
,
Y
o
u
n
is

L
T
,
W
it
tr
y
M
D
,
A
m
a
to

M
,
M
il
le
r

D
D
.
P
ro
g
n
o
st
ic

v
a
lu
e
o
f
p
re
-d

is
c
h
a
rg
e
d
ip
y
ri
d
a
m
o
le

te
c
h
n
e
ti
u
m

9
9
m

se
st
a
m
ib
i
m
y
o
c
a
rd
ia
l
to
m
o
g
ra
p
h
y
in

m
e
d
ic
a
lly

tr
e
a
te
d
p
a
ti
e
n
ts

w
it
h

u
n
st
a
b
le

a
n
g
in
a
.
A
m

H
e
a
rt

J.
1
9
9
5
;
1
3
0
(4
):
7
3
4
–4

0
(6
)
B
ro
w
n
K
A
,
H
e
lle

r
G
V
,
L
a
n
d
in

R
S
,
S
h
a
w

L
J,
B
e
lle

r
G
A
,
P
a
sq

u
a
le

M
J,

H
a
b
e
r
S
B
.
E
a
rl
y
d
ip
y
ri
d
a
m
o
le

(9
9
m
)T
c
-s
e
st
a
m
ib
i
si
n
g
le

p
h
o
to
n

e
m
is
si
o
n
c
o
m
p
u
te
d
to
m
o
g
ra
p
h
ic

im
a
g
in
g
2
to

4
d
a
y
s
a
ft
e
r
a
c
u
te

m
y
o
c
a
rd
ia
l
in
fa
rc
ti
o
n
p
re
d
ic
ts

in
-h
o
sp

it
a
l
a
n
d
p
o
st

d
is
c
h
a
rg
e
c
a
rd
ia
c

e
v
e
n
ts
:
c
o
m
p
a
ri
so

n
w
it
h
su

b
m
a
x
im

a
l
e
x
e
rc
is
e
im

a
g
in
g
.
C
ir
c
u
la
ti
o
n
.

1
9
9
9
;
1
0
0
(2
0
):
2
0
6
0
–6

(7
)
M
a
h
m
a
ri
a
n
JJ
,
S
h
a
w

L
J,
Fi
li
p
c
h
u
k
,
N
G
,
D
a
k
ik
,
H
A
.
A

M
u
lt
in
a
ti
o
n
a
l

S
tu
d
y
to

E
st
a
b
li
sh

th
e
V
a
lu
e
o
f
E
a
rl
y
A
d
e
n
o
si
n
T
e
c
h
n
e
ti
u
m
-9

9
M

S
e
st
a
m
ib
i
M
y
o
c
a
rd
ia
l
P
e
rf
u
si
o
n
Im

a
g
in
g
in

In
d
e
n
ti
fi
n
g
a
L
o
w

R
is
k

G
ro
u
p
fo
r
E
a
rl
y
H
o
sp

it
a
l
D
is
c
h
a
rg
e
a
ft
e
r
A
c
u
tu
e
M
y
o
c
a
rd
ia
l
In
fa
rc
ti
o
n
.

JA
C
C

2
0
0
6
;
4
8
(1
2
):
2
4
4
8
–5

7
(8
)
H
e
n
d
e
l
R
C
,
B
e
rm

a
n
D
S
,
M
D
,
D
i
C
a
rl
i
M
F,

e
t
a
l.
A
C
C
F/
A
S
N
C
/A

C
R
/

A
H
A
/A

S
E
/S

C
C
T
/S

C
M
R
/S

N
M

2
0
0
9
a
p
p
ro
p
ri
a
te

u
se

c
ri
te
ri
a
fo
r
c
a
rd
ia
c

ra
d
io
n
u
c
li
d
e
im

a
g
in
g
.
J.
A
m
.
C
o
ll.

C
a
rd
io
l.
2
0
0
9
;
5
3
;
2
2
0
1
–2

2
2
9

7
8
6
.0
5
–0

9
P
a
ti
e
n
ts

w
it
h
p
o
o
r
fu
n
c
ti
o
n
a
l

c
a
p
a
c
it
y
w
h
ic
h
is

fe
lt
to

b
e

a
n
in
d
e
p
e
n
d
e
n
t
m
a
rk
e
r
o
f

c
o
ro
n
a
ry

ri
sk

to
a
ss
e
ss

fo
r

p
re
se

n
c
e
o
f
si
g
n
ifi
c
a
n
t

c
o
ro
n
a
ry

a
rt
e
ry

d
is
e
a
se

(1
)
H
e
n
d
e
l
R
C
,
A
b
b
o
tt

B
G
,
B
a
te
m
a
n
T
M
,
B
la
n
k
st
e
in

R
,
C
a
ln
o
n
D
A
,
e
t
a
l.

A
S
N
C

In
fo
rm

a
ti
o
n
S
ta
te
m
e
n
t.
T
h
e
ro
le

o
f
ra
d
io
n
u
c
li
d
e
m
y
o
c
a
rd
ia
l

p
e
rf
u
si
o
n
im

a
g
in
g
fo
r
a
sy

m
p
to
m
a
ti
c
in
d
iv
id
u
a
ls
.
J
N
u
c
l
C
a
rd
io
l
2
0
1
1
;

1
8
(1
):
3
–1

5

A
U
C

c
ri
te
ri
o
n
(s
)
2
,
3
,
4
,
a
n
d
5

Journal of Nuclear Cardiology Wolinsky et al

Single photon myocardial perfusion imaging



T
a
b
le

2
.
c
o
n
ti
n
u
e
d

A
p
p
li
ca

b
le

IC
D
-9

co
d
e
a

A
p
p
ro

p
ri
a
te

cl
in
ic
a
l

in
d
ic
a
ti
o
n
s
fo

r
co

n
d
u
ct
in
g

a
n
M
P
I

L
it
e
ra
tu

re
su

p
p
o
rt
in
g
M
P
I
st
u
d
y

A
p
p
ro

p
ri
a
te

u
se

cr
it
e
ri
a
w
h
ic
h

su
p
p
o
rt
s
co

n
d
u
ct
in
g
M
P
I
st
u
d
y

4
1
0
–4

1
0
.9
2
,
4
1
1
,
4
1
2
,

4
1
3
.9
,
4
1
4
.0
–4

1
4
.0
7
,

4
1
4
.8
–4

1
4
.9
0
,

4
2
9
.1
0
,
7
8
6
.0
5
–

7
8
6
.0
9
,
7
8
6
.5
0
–

7
8
6
.5
9
,
7
9
4
.3
0

R
is
k
a
ss
e
ss
m
e
n
t
o
f
p
a
ti
e
n
ts

w
it
h
te
st

re
su

lt
s
a
n
d
/o

r
k
n
o
w
n
c
h
ro
n
ic

st
a
b
le

C
A
D
.
(3

su
b
g
ro
u
p
s
li
st
e
d

b
e
lo
w
)

(1
)
H
e
n
d
e
l
R
C
,
B
e
rm

a
n
D
S
,
M
D
,
D
i
C
a
rl
i
M
F,

e
t
a
l.
A
C
C
F/
A
S
N
C
/A

C
R
/

A
H
A
/A

S
E
/S

C
C
T
/S

C
M
R
/S

N
M

2
0
0
9
A
p
p
ro
p
ri
a
te

U
se

C
ri
te
ri
a
fo
r

C
a
rd
ia
c
R
a
d
io
n
u
c
li
d
e
Im

a
g
in
g
.
J.
A
m
.
C
o
ll.

C
a
rd
io
l.
2
0
0
9
;
5
3
;
2
2
0
1
–

2
2
2
9

A
U
C
in
d
ic
a
ti
o
n
(s
)
5
8
,[

5
y
e
a
rs

p
o
st
-

C
A
B
G

(2
)
H
e
n
d
e
l
R
C
,
A
b
b
o
tt

B
G
,
B
a
te
m
a
n
T
M
,
B
la
n
k
st
e
in

R
,
C
a
ln
o
n
D
A
,
e
t
a
l.

A
S
N
C

In
fo
rm

a
ti
o
n
S
ta
te
m
e
n
t.
T
h
e
ro
le

o
f
ra
d
io
n
u
c
li
d
e
m
y
o
c
a
rd
ia
l

p
e
rf
u
si
o
n
im

a
g
in
g
fo
r
a
sy

m
p
to
m
a
ti
c
in
d
iv
id
u
a
ls
.
J
N
u
c
l
C
a
rd
io
l
2
0
1
1
;

1
8
(1
):
3
–1

5

A
U
C
in
d
ic
a
ti
o
n
(s
)
5
7
,\

5
y
e
a
rs

p
o
st
-

C
A
B
G

(3
)
S
h
a
ri
r
T
,G

e
rm

a
n
o
G
,
K
a
v
a
n
a
g
h
P
B
,
L
a
iS

,
C
o
h
e
n
I,
L
e
w
in

H
C
,
Fr
ie
d
m
a
n

JD
,
Z
e
llw

e
g
e
r
M
J,
B
e
rm

a
n
D
S
.
In
c
re
m
e
n
ta
l
p
ro
g
n
o
st
ic

v
a
lu
e
o
f
p
o
st
-

st
re
ss

le
ft
v
e
n
tr
ic
u
la
r
e
je
c
ti
o
n
fr
a
c
ti
o
n
a
n
d
v
o
lu
m
e
b
y
g
a
te
d
m
y
o
c
a
rd
ia
l

p
e
rf
u
si
o
n
si
n
g
le

p
h
o
to
n
e
m
is
si
o
n
c
o
m
p
u
te
d
to
m
o
g
ra
p
h
y
.
C
ir
c
u
la
ti
o
n

1
9
9
9
S
e
p
7
;
1
0
0
(1
0
):
1
0
3
5
–4

2

A
U
C
in
d
ic
a
ti
o
n
(s
)
6
0
,[

2
y
e
a
rs

p
o
st
-

P
C
I

(4
)
M
a
th
u
r
S
,
S
h
a
h
A
R
,
A
h
lb
e
rg

A
W
,
K
a
tt
e
n
D
M
,
H
e
lle

r
G
V
.
B
lu
n
te
d
h
e
a
rt

ra
te

re
sp

o
n
se

a
s
a
p
re
d
ic
to
r
o
f
c
a
rd
ia
c
d
e
a
th

in
p
a
ti
e
n
ts

u
n
d
e
rg
o
in
g

v
a
so

d
il
a
to
r
st
re
ss

te
c
h
n
e
ti
u
m
-9

9
m

se
st
a
m
ib
i
g
a
te
d
S
P
E
C
T
m
y
o
c
a
rd
ia
l

p
e
rf
u
si
o
n
im

a
g
in
g
.
J
N
u
c
l
C
a
rd
io
l
2
0
1
0
A
u
g
;
1
7
(4
):
6
1
7
–2

4
(5
)
N
a
v
a
re

S
M
,
M
a
th
e
r
JF
,
S
h
a
w

L
J,
Fo

w
le
r
M
S
,
H
e
lle

r
G
V
.
C
o
m
p
a
ri
so

n
o
f

ri
sk

st
ra
ti
fi
c
a
ti
o
n
w
it
h
p
h
a
rm

a
c
o
lo
g
ic

a
n
d
e
x
e
rc
is
e
st
re
ss

m
y
o
c
a
rd
ia
l

p
e
rf
u
si
o
n
im

a
g
in
g
:
a
m
e
ta
-a
n
a
ly
si
s.

J
N
u
c
l
C
a
rd
io
l
2
0
0
4
S
e
p
–O

c
t;

1
1
(5
):
5
5
1
–6

1

4
1
0
–4

1
0
.9
2
,
4
1
1
,
4
1
2
,

4
1
3
.9
,
4
1
4
.0
–4

1
4
.0
7
,

4
1
4
.8
–4

1
4
.9
0
,

4
2
9
.1
0
,
7
8
6
.0
5
–

7
8
6
.0
9
,
7
8
6
.5
0
–

7
8
6
.5
9
,
7
9
4
.3
0

S
u
b
g
ro
u
p
1
:
P
a
ti
e
n
ts

tw
o
o
r

m
o
re

y
e
a
rs

re
m
o
v
e
d
fr
o
m

a
n
a
b
n
o
rm

a
l
in
d
e
x
S
P
E
C
T

M
P
I
st
u
d
y

(1
)
H
e
n
d
e
l
R
C
,
B
e
rm

a
n
D
S
,
M
D
,
D
i
C
a
rl
i
M
F,

e
t
a
l.
A
C
C
F/
A
S
N
C
/A

C
R
/

A
H
A
/A

S
E
/S

C
C
T
/S

C
M
R
/S

N
M

2
0
0
9
A
p
p
ro
p
ri
a
te

U
se

C
ri
te
ri
a
fo
r

C
a
rd
ia
c
R
a
d
io
n
u
c
li
d
e
Im

a
g
in
g
.
J.
A
m
.
C
o
ll.

C
a
rd
io
l.
2
0
0
9
;
5
3
:2
2
0
1
–

2
2
2
9

A
U
C

in
d
ic
a
ti
o
n
(s
)
5
8

(2
)
H
e
n
d
e
l
R
C
,
A
b
b
o
tt

B
G
,
B
a
te
m
a
n
T
M
,
B
la
n
k
st
e
in

R
,
C
a
ln
o
n
D
A
,
e
t
a
l.

A
S
N
C

In
fo
rm

a
ti
o
n
S
ta
te
m
e
n
t.
T
h
e
ro
le

o
f
ra
d
io
n
u
c
li
d
e
m
y
o
c
a
rd
ia
l

p
e
rf
u
si
o
n
im

a
g
in
g
fo
r
a
sy

m
p
to
m
a
ti
c
in
d
iv
id
u
a
ls
.
J
N
u
c
l
C
a
rd
io
l
2
0
1
1
;

1
8
(1
):
3
–1

5
(3
)
S
h
a
ri
r
T
,G

e
rm

a
n
o
G
,
K
a
v
a
n
a
g
h
P
B
,
L
a
iS

,
C
o
h
e
n
I,
L
e
w
in

H
C
,
Fr
ie
d
m
a
n

JD
,
Z
e
llw

e
g
e
r
M
J,
B
e
rm

a
n
D
S
.
In
c
re
m
e
n
ta
l
p
ro
g
n
o
st
ic

v
a
lu
e
o
f
p
o
st
-

st
re
ss

le
ft
v
e
n
tr
ic
u
la
r
e
je
c
ti
o
n
fr
a
c
ti
o
n
a
n
d
v
o
lu
m
e
b
y
g
a
te
d
m
y
o
c
a
rd
ia
l

p
e
rf
u
si
o
n
si
n
g
le

p
h
o
to
n
e
m
is
si
o
n
c
o
m
p
u
te
d
to
m
o
g
ra
p
h
y
.
C
ir
c
u
la
ti
o
n

1
9
9
9
S
e
p
7
;
1
0
0
(1
0
):
1
0
3
5
–4

2
(4
)
M
a
th
u
r
S
,
S
h
a
h
A
R
,
A
h
lb
e
rg

A
W
,
K
a
tt
e
n
D
M
,
H
e
lle

r
G
V
.
B
lu
n
te
d
h
e
a
rt

ra
te

re
sp

o
n
se

a
s
a
p
re
d
ic
to
r
o
f
c
a
rd
ia
c
d
e
a
th

in
p
a
ti
e
n
ts

u
n
d
e
rg
o
in
g

v
a
so

d
il
a
to
r
st
re
ss

te
c
h
n
e
ti
u
m
-9

9
m

se
st
a
m
ib
i
g
a
te
d
S
P
E
C
T
m
y
o
c
a
rd
ia
l

p
e
rf
u
si
o
n
im

a
g
in
g
.
J
N
u
c
l
C
a
rd
io
l
2
0
1
0
A
u
g
;
1
7
(4
):
6
1
7
–2

4
(5
)
N
a
v
a
re

S
M
,
M
a
th
e
r
JF
,
S
h
a
w

L
J,
Fo

w
le
r
M
S
,
H
e
lle

r
G
V
.
C
o
m
p
a
ri
so

n
o
f

ri
sk

st
ra
ti
fi
c
a
ti
o
n
w
it
h
p
h
a
rm

a
c
o
lo
g
ic

a
n
d
e
x
e
rc
is
e
st
re
ss

m
y
o
c
a
rd
ia
l

p
e
rf
u
si
o
n
im

a
g
in
g
:
a
m
e
ta
-a
n
a
ly
si
s.

J
N
u
c
l
C
a
rd
io
l
2
0
0
4
S
e
p
–O

c
t;

1
1
(5
):
5
5
1
–6

1

Wolinsky et al Journal of Nuclear Cardiology

Single photon myocardial perfusion imaging



T
a
b
le

2
.
c
o
n
ti
n
u
e
d

A
p
p
li
ca

b
le

IC
D
-9

co
d
e
a

A
p
p
ro

p
ri
a
te

cl
in
ic
a
l

in
d
ic
a
ti
o
n
s
fo

r
co

n
d
u
ct
in
g

a
n
M
P
I

L
it
e
ra
tu

re
su

p
p
o
rt
in
g
M
P
I
st
u
d
y

A
p
p
ro

p
ri
a
te

u
se

cr
it
e
ri
a
w
h
ic
h

su
p
p
o
rt
s
co

n
d
u
ct
in
g
M
P
I
st
u
d
y

4
1
0
–4

1
0
.9
2
,
4
1
1
,
4
1
2
,

4
1
3
.9
,
4
1
4
.0
–4

1
4
.0
7
,

4
1
4
.8
–4

1
4
.9
0
,

4
2
9
.1
0
,
7
8
6
.0
5
–

7
8
6
.0
9
,
7
8
6
.5
0
–

7
8
6
.5
9
,
7
9
4
.3
0

S
u
b
g
ro
u
p
2
:
P
a
ti
e
n
ts

tw
o
o
r

m
o
re

y
e
a
rs

re
m
o
v
e
d
fr
o
m

a
P
C
I

(1
)
H
e
n
d
e
l
R
C
,
B
e
rm

a
n
D
S
,
M
D
,
D
i
C
a
rl
i
M
F,

e
t
a
l.
A
C
C
F/
A
S
N
C
/A

C
R
/

A
H
A
/A

S
E
/S

C
C
T
/S

C
M
R
/S

N
M

2
0
0
9
A
p
p
ro
p
ri
a
te

U
se

C
ri
te
ri
a
fo
r

C
a
rd
ia
c
R
a
d
io
n
u
c
li
d
e
Im

a
g
in
g
.
J.
A
m
.
C
o
ll.

C
a
rd
io
l.
2
0
0
9
;
5
3
:2
2
0
1
–

2
2
2
9

A
U
C

in
d
ic
a
ti
o
n
(s
)
5
7

(2
)
H
e
n
d
e
l
R
C
,
A
b
b
o
tt

B
G
,
B
a
te
m
a
n
T
M
,
B
la
n
k
st
e
in

R
,
C
a
ln
o
n
D
A
,
e
t
a
l.

A
S
N
C

In
fo
rm

a
ti
o
n
S
ta
te
m
e
n
t.
T
h
e
ro
le

o
f
ra
d
io
n
u
c
li
d
e
m
y
o
c
a
rd
ia
l

p
e
rf
u
si
o
n
im

a
g
in
g
fo
r
a
sy

m
p
to
m
a
ti
c
in
d
iv
id
u
a
ls
.
J
N
u
c
l
C
a
rd
io
l
2
0
1
1
;

1
8
(1
):
3
–1

5
(3
)
S
h
a
ri
r
T
,G

e
rm

a
n
o
G
,
K
a
v
a
n
a
g
h
P
B
,
L
a
iS

,
C
o
h
e
n
I,
L
e
w
in

H
C
,
Fr
ie
d
m
a
n

JD
,
Z
e
llw

e
g
e
r
M
J,
B
e
rm

a
n
D
S
.
In
c
re
m
e
n
ta
l
p
ro
g
n
o
st
ic

v
a
lu
e
o
f
p
o
st
-

st
re
ss

le
ft
v
e
n
tr
ic
u
la
r
e
je
c
ti
o
n
fr
a
c
ti
o
n
a
n
d
v
o
lu
m
e
b
y
g
a
te
d
m
y
o
c
a
rd
ia
l

p
e
rf
u
si
o
n
si
n
g
le

p
h
o
to
n
e
m
is
si
o
n
c
o
m
p
u
te
d
to
m
o
g
ra
p
h
y
.
C
ir
c
u
la
ti
o
n

1
9
9
9
S
e
p
7
;
1
0
0
(1
0
):
1
0
3
5
–4

2
(4
)
M
a
th
u
r
S
,
S
h
a
h
A
R
,
A
h
lb
e
rg

A
W
,
K
a
tt
e
n
D
M
,
H
e
lle

r
G
V
.
B
lu
n
te
d
h
e
a
rt

ra
te

re
sp

o
n
se

a
s
a
p
re
d
ic
to
r
o
f
c
a
rd
ia
c
d
e
a
th

in
p
a
ti
e
n
ts

u
n
d
e
rg
o
in
g

v
a
so

d
il
a
to
r
st
re
ss

te
c
h
n
e
ti
u
m
-9

9
m

se
st
a
m
ib
i
g
a
te
d
S
P
E
C
T
m
y
o
c
a
rd
ia
l

p
e
rf
u
si
o
n
im

a
g
in
g
.
J
N
u
c
l
C
a
rd
io
l
2
0
1
0
A
u
g
;
1
7
(4
):
6
1
7
–2

4
(5
)
N
a
v
a
re

S
M
,
M
a
th
e
r
JF
,
S
h
a
w

L
J,
Fo

w
le
r
M
S
,
H
e
lle

r
G
V
.
C
o
m
p
a
ri
so

n
o
f

ri
sk

st
ra
ti
fi
c
a
ti
o
n
w
it
h
p
h
a
rm

a
c
o
lo
g
ic

a
n
d
e
x
e
rc
is
e
st
re
ss

m
y
o
c
a
rd
ia
l

p
e
rf
u
si
o
n
im

a
g
in
g
:
a
m
e
ta
-a
n
a
ly
si
s.

J
N
u
c
l
C
a
rd
io
l
2
0
0
4
S
e
p
–O

c
t;

1
1
(5
):
5
5
1
–6

1

4
1
0
–4

1
0
.9
2
,
4
1
1
,
4
1
2
,

4
1
3
.9
,
4
1
4
.0
–4

1
4
.0
7
,

4
1
4
.8
–4

1
4
.9
0
,

4
2
9
.1
0
,
7
8
6
.0
5
–

7
8
6
.0
9
,
7
8
6
.5
0
–

7
8
6
.5
9
,
7
9
4
.3
0

S
u
b
g
ro
u
p
3
:
P
a
ti
e
n
ts

fi
v
e
o
r

m
o
re

y
e
a
rs

re
m
o
v
e
d
fr
o
m

c
o
ro
n
a
ry

b
y
p
a
ss

su
rg
e
ry

(1
)
H
e
n
d
e
l
R
C
,
B
e
rm

a
n
D
S
,
M
D
,
D
i
C
a
rl
i
M
F,

e
t
a
l.
A
C
C
F/
A
S
N
C
/A

C
R
/

A
H
A
/A

S
E
/S

C
C
T
/S

C
M
R
/S

N
M

2
0
0
9
A
p
p
ro
p
ri
a
te

U
se

C
ri
te
ri
a
fo
r

C
a
rd
ia
c
R
a
d
io
n
u
c
li
d
e
Im

a
g
in
g
.
J.
A
m
.
C
o
ll.

C
a
rd
io
l.
2
0
0
9
;
5
3
;
2
2
0
1
–

2
2
2
9

A
U
C

in
d
ic
a
ti
o
n
(s
)
6
0

(2
)
H
e
n
d
e
l
R
C
,
A
b
b
o
tt

B
G
,
B
a
te
m
a
n
T
M
,
B
la
n
k
st
e
in

R
,
C
a
ln
o
n
D
A
,
e
t
a
l.

A
S
N
C

In
fo
rm

a
ti
o
n
S
ta
te
m
e
n
t.
T
h
e
ro
le

o
f
ra
d
io
n
u
c
li
d
e
m
y
o
c
a
rd
ia
l

p
e
rf
u
si
o
n
im

a
g
in
g
fo
r
a
sy

m
p
to
m
a
ti
c
in
d
iv
id
u
a
ls
.
J
N
u
c
l
C
a
rd
io
l
2
0
1
1
;

1
8
(1
):
3
–1

5
(3
)
S
h
a
ri
r
T
,G

e
rm

a
n
o
G
,
K
a
v
a
n
a
g
h
P
B
,
L
a
iS

,
C
o
h
e
n
I,
L
e
w
in

H
C
,
Fr
ie
d
m
a
n

JD
,
Z
e
llw

e
g
e
r
M
J,
B
e
rm

a
n
D
S
.
In
c
re
m
e
n
ta
l
p
ro
g
n
o
st
ic

v
a
lu
e
o
f
p
o
st
-

st
re
ss

le
ft
v
e
n
tr
ic
u
la
r
e
je
c
ti
o
n
fr
a
c
ti
o
n
a
n
d
v
o
lu
m
e
b
y
g
a
te
d
m
y
o
c
a
rd
ia
l

p
e
rf
u
si
o
n
si
n
g
le

p
h
o
to
n
e
m
is
si
o
n
c
o
m
p
u
te
d
to
m
o
g
ra
p
h
y
.
C
ir
c
u
la
ti
o
n

1
9
9
9
S
e
p
7
;
1
0
0
(1
0
):
1
0
3
5
–4

2
(4
)
M
a
th
u
r
S
,
S
h
a
h
A
R
,
A
h
lb
e
rg

A
W
,
K
a
tt
e
n
D
M
,
H
e
lle

r
G
V
.
B
lu
n
te
d
h
e
a
rt

ra
te

re
sp

o
n
se

a
s
a
p
re
d
ic
to
r
o
f
c
a
rd
ia
c
d
e
a
th

in
p
a
ti
e
n
ts

u
n
d
e
rg
o
in
g

v
a
so

d
il
a
to
r
st
re
ss

te
c
h
n
e
ti
u
m
-9

9
m

se
st
a
m
ib
i
g
a
te
d
S
P
E
C
T
m
y
o
c
a
rd
ia
l

p
e
rf
u
si
o
n
im

a
g
in
g
.
J
N
u
c
l
C
a
rd
io
l
2
0
1
0
A
u
g
;
1
7
(4
):
6
1
7
–2

4
(5
)
N
a
v
a
re

S
M
,
M
a
th
e
r
JF
,
S
h
a
w

L
J,
Fo

w
le
r
M
S
,
H
e
lle

r
G
V
.
C
o
m
p
a
ri
so

n
o
f

ri
sk

st
ra
ti
fi
c
a
ti
o
n
w
it
h
p
h
a
rm

a
c
o
lo
g
ic

a
n
d
e
x
e
rc
is
e
st
re
ss

m
y
o
c
a
rd
ia
l

p
e
rf
u
si
o
n
im

a
g
in
g
:
a
m
e
ta
-a
n
a
ly
si
s.

J
N
u
c
l
C
a
rd
io
l
2
0
0
4
S
e
p
-O

c
t;

1
1
(5
):
5
5
1
–6

1

Journal of Nuclear Cardiology Wolinsky et al

Single photon myocardial perfusion imaging



T
a
b
le

2
.
c
o
n
ti
n
u
e
d

A
p
p
li
ca

b
le

IC
D
-9

co
d
e
a

A
p
p
ro

p
ri
a
te

cl
in
ic
a
l

in
d
ic
a
ti
o
n
s
fo

r
co

n
d
u
ct
in
g

a
n
M
P
I

L
it
e
ra
tu

re
su

p
p
o
rt
in
g
M
P
I
st
u
d
y

A
p
p
ro

p
ri
a
te

u
se

cr
it
e
ri
a
w
h
ic
h

su
p
p
o
rt
s
co

n
d
u
ct
in
g
M
P
I
st
u
d
y

4
1
0
–4

1
0
.9
2
,
4
1
2
.

P
a
ti
e
n
ts

w
it
h
k
n
o
w
n

c
o
ro
n
a
ry

d
is
e
a
se

a
n
d
le
ft

v
e
n
tr
ic
u
la
r
d
y
sf
u
n
c
ti
o
n

w
h
o
a
re

h
a
v
in
g
M
P
I
to

id
e
n
ti
fy

th
e
p
re
se

n
c
e
o
f

m
y
o
c
a
rd
ia
l
v
ia
b
il
it
y
,
a
n
d

d
e
te
rm

in
e
su

it
a
b
il
it
y
fo
r

re
v
a
sc
u
la
ri
z
a
ti
o
n

p
ro
c
e
d
u
re
s

(1
)
H
u
n
t
S
A
,
A
b
ra
h
a
m

W
y
,
C
h
in

M
H
,
Fe

ld
m
a
n
A
M

e
t
a
l.
2
0
0
9
Fo

c
u
se

d
U
p
d
a
te

in
c
o
rp
o
ra
te
d
in
to

th
e
A
C
C
/A

H
A

2
0
0
5
G
u
id
e
li
n
e
s
fo
r
th
e

D
ia
g
n
o
si
s
a
n
d
M
a
n
a
g
e
m
e
n
t
o
f
H
e
a
rt

fa
il
u
re

in
a
d
u
lt
s:

A
re
p
o
rt

o
f
th
e

A
C
C
Fo

u
n
d
a
ti
o
n
/A

H
A

T
a
sk

fo
rc
e
o
n
th
e
p
ra
c
ti
c
e
g
u
id
e
li
n
e
s
d
e
v
e
lo
p
e
d

in
c
o
lla

b
o
ra
ti
o
n
w
it
h
th
e
In
te
rn
a
ti
o
n
a
l
S
o
c
ie
ty

fo
r
H
e
a
rt

a
n
d
L
u
n
g

tr
a
n
sp

la
n
ta
ti
o
n
.
JA

C
C

2
0
0
9
;
5
3
:e
1
–9

0

A
U
C

in
d
ic
a
ti
o
n
(s
)
1
,
3
,
a
n
d
6
2

(2
)
A
llm

a
n
K
C
,
S
h
a
w

L
J,
H
a
c
h
a
m
o
v
it
c
h
R
e
t
a
l.
M
y
o
c
a
rd
ia
l
v
ia
b
il
it
y
te
st
in
g

a
n
d
im

p
a
c
t
o
f
re
v
a
sc
u
la
ri
z
a
ti
o
n
o
n
p
ro
g
n
o
si
s
in

p
a
ti
e
n
ts

w
it
h
c
o
ro
n
a
ry

a
rt
e
ry

d
is
e
a
se

a
n
d
le
ft

v
e
n
tr
ic
u
la
r
d
y
sf
u
n
c
ti
o
n
:
A

m
e
ta
-
a
n
a
ly
si
s.

JS
C
C

2
0
0
2
;
3
9
:1
1
5
1
–5

8
(3
)
C
a
m
ic
,
P
ra
sa

d
S
J,
R
im

o
ld
i
O
E
.
S
tu
n
n
in
g
,
h
ib
e
rn
a
ti
o
n
a
n
d
th
e

a
ss
e
ss
m
e
n
t
o
f
m
y
o
c
a
rd
ia
l
v
ia
b
il
it
y
.
C
ir
c
u
la
ti
o
n
2
0
0
8
;
1
1
7
:1
0
3
–1

1
4

7
4
6
.8
–7

4
6
.8
9
,
4
2
9
.2
,

4
1
4
.8
–4

1
4
.9
0
,
4
1
4
.0
–

4
1
4
.0
7

T
o
d
e
fi
n
e
fu
n
c
ti
o
n
a
l
se

v
e
ri
ty

o
f
k
n
o
w
n
C
A
D

b
y
p
ri
o
r

te
st
in
g
su

c
h
a
s
c
o
ro
n
a
ry

a
n
g
io
g
ra
p
h
y
o
r
c
o
ro
n
a
ry

C
T
A

D
o
n
a
ld
so

n
R
M
,
R
a
p
h
a
e
l
M
,
R
a
d
le
y
-S
m
it
h
R
,
Y
a
c
o
u
b
M
H
,
R
o
ss

D
N
.
A
n
g
io
g
ra
p
h
ic

id
e
n
ti
fi
c
a
ti
o
n
o
f
p
ri
m
a
ry

c
o
ro
n
a
ry

a
n
o
m
a
li
e
s

c
a
u
si
n
g
im

p
a
ir
e
d
m
y
o
c
a
rd
ia
l
p
e
rf
u
si
o
n
.
C
a
th
e
te
ri
z
a
ti
o
n
a
n
d

C
a
rd
io
v
a
sc
u
la
r
D
ia
g
n
o
si
s.

1
9
8
3
;
9
(3
):
2
3
7
–4

9

A
U
C

in
d
ic
a
ti
o
n
(s
)
3
2

4
1
4
.0
1

P
a
ti
e
n
ts

w
h
o
h
a
v
e
c
o
ro
n
a
ry

c
a
lc
ifi
c
a
ti
o
n
o
n
C
T
sc
a
n

w
h
ic
h
is

q
u
a
n
ti
fi
e
d
b
y
a
n

A
g
a
ts
to
n
sc
o
re

g
re
a
te
r

th
a
n
,
o
r
e
q
u
a
l
to
,
1
0
0

(1
)
R
o
z
a
n
sk
i
A
,
G
ra
n
sa

r
H
,
W
o
n
g
N
D
,
e
t
a
l.
C
li
n
ic
a
l
o
u
tc
o
m
e
s
a
ft
e
r
b
o
th

c
o
ro
n
a
ry

c
a
lc
iu
m

sc
a
n
n
in
g
a
n
d
e
x
e
rc
is
e
m
y
o
c
a
rd
ia
l
p
e
rf
u
si
o
n

sc
in
ti
g
ra
p
h
y
.
J
A
m

C
o
ll
C
a
rd
io
l
2
0
0
7
;
4
9
:1
3
5
2
–6

1

A
U
C

sc
o
re
s
o
f
3
5
,
3
6

(2
)
2
0
0
3
A
C
C
/A

S
N
C
/A

H
A

G
u
id
e
li
n
e
s
fo
r
C
li
n
ic
a
l
U
se

o
f
R
a
d
io
n
u
c
li
d
e

Im
a
g
in
g
,
J.
A
m

C
o
ll
C
a
rd

2
0
0
3
;
4
2
:1
3
1
8
p
a
g
e
s
1
3
2
4
–5

2
5
0
.0
0
–2

5
0
.9
,
4
1
0
.0
–

4
1
0
.9

4
1
4
.0

A
s
th
e
in
it
ia
l
te
st

in
p
a
ti
e
n
ts

w
it
h
d
ia
b
e
te
s
m
e
lli
tu
s,

w
it
h
o
u
t
sy

m
p
to
m
s
o
f

su
sp

e
c
te
d
a
n
g
in
a
o
r

c
o
ro
n
a
ry

d
is
e
a
se

(1
)
B
a
x
JJ
,
B
o
n
o
w

R
O
,
T
sc
g
o
p
e
D
,
e
t
a
l.
G
lo
b
a
l
d
ia
lo
g
u
e
g
ro
u
p
fo
r
th
e

e
v
a
lu
a
ti
o
n
o
f
c
a
rd
io
v
a
sc
u
la
r
ri
sk

in
p
a
ti
e
n
ts

w
it
h
d
ia
b
e
te
s:

T
h
e

p
o
te
n
ti
a
l
o
f
m
y
o
c
a
rd
ia
l
p
e
rf
u
si
o
n
sc
in
ti
g
ra
p
h
y
fo
r
ri
sk

st
ra
ti
fi
c
a
ti
o
n
o
f

a
sy

m
p
to
m
a
ti
c
p
a
ti
e
n
ts

w
it
h
ty
p
e
2
d
ia
b
e
te
s.

JA
C
C

2
0
0
6
;4
8
:7
5
4
–6

0

A
U
C

in
d
ic
a
ti
o
n
(s
)
1
4
,
1
5

(2
)
W
a
c
k
e
rs

FJ
T
,
Y
o
u
n
f
L
H
,
In
z
u
c
c
h
i
S
E
,
e
t
a
l.
D
e
te
c
ti
o
n
o
f
si
le
n
t

m
y
o
c
a
rd
ia
l
is
c
h
e
m
ia

in
a
sy

m
p
to
m
a
ti
c
d
ia
b
e
ti
c
su

b
je
c
ts
.
T
h
e
D
IA

D
st
u
d
y
.
D
ia
b
e
te
s
C
a
re

2
0
0
4
;
2
7
:1
9
5
4
–6

1
(3
)
R
a
ja
g
o
p
o
la
n
N
,
M
il
le
r
T
D
,
H
o
d
g
e
D
O
,
Fr
y
e
R
L
,
G
ib
b
o
n
s
R
J.
Id
e
n
ti
fy
in
g

h
ig
h
-r
is
k
a
sy

m
p
to
m
a
ti
c
d
ia
b
e
ti
c
p
a
ti
e
n
ts

w
h
o
a
re

c
a
n
d
id
a
te
s
fo
r

sc
re
e
n
in
g
st
re
ss

si
n
g
le
-
p
h
o
to
n
e
m
is
si
o
n
c
o
m
p
u
te
d
to
m
o
g
ra
p
h
y

im
a
g
in
g
.
JA

C
C

2
0
0
5
;
2
0
0
5
:4
3
–4

9
(4
)
S
c
h
o
lt
e
A
J,
B
a
x
JJ
,
W
a
c
k
e
rs

FJ
.
S
c
re
e
n
in
g
o
f
a
sy

m
p
to
m
a
ti
c
p
a
ti
e
n
ts

w
it
h
ty
p
e
2
d
ia
b
e
te
s
m
e
lli
tu
s
fo
r
si
le
n
t
c
o
ro
n
a
ry

a
rt
e
ry

d
is
e
a
se

:
C
o
m
b
in
e
d
u
se

o
f
st
re
ss

m
y
o
c
a
rd
ia
l
p
e
rf
u
si
o
n
im

a
g
in
g
a
n
d
c
o
ro
n
a
ry

c
a
lc
iu
m

sc
o
ri
n
g
.
J
N
u
c
l
c
a
rd

2
0
0
6
;
1
3
:1
1
–1

8
(5
)
A
m
e
ri
c
a
n
D
ia
b
e
te
s
A
ss
n
.
S
ta
n
d
a
rd
s
o
f
m
e
d
ic
a
l
c
a
re

in
d
ia
b
e
te
s-
2
0
1
0
.

D
ia
b
e
te
s
C
a
re

2
0
1
0
;
3
3
:S
1
1
–6

1

Wolinsky et al Journal of Nuclear Cardiology

Single photon myocardial perfusion imaging



T
a
b
le

2
.
c
o
n
ti
n
u
e
d

A
p
p
li
ca

b
le

IC
D
-9

co
d
e
a

A
p
p
ro

p
ri
a
te

cl
in
ic
a
l

in
d
ic
a
ti
o
n
s
fo

r
co

n
d
u
ct
in
g

a
n
M
P
I

L
it
e
ra
tu

re
su

p
p
o
rt
in
g
M
P
I
st
u
d
y

A
p
p
ro

p
ri
a
te

u
se

cr
it
e
ri
a
w
h
ic
h

su
p
p
o
rt
s
co

n
d
u
ct
in
g
M
P
I
st
u
d
y

4
0
3
–4

0
4
.9

C
h
ro
n
ic

k
id
n
e
y
d
is
e
a
se

(1
)
H
e
n
d
e
l
R
C
,
A
b
b
o
tt

B
G
,
B
a
te
m
a
n
T
M
,
B
la
n
k
st
e
in

R
,
C
a
ln
o
n
D
A
,
e
t
a
l.

A
S
N
C

In
fo
rm

a
ti
o
n
S
ta
te
m
e
n
t.
T
h
e
ro
le

o
f
ra
d
io
n
u
c
li
d
e
m
y
o
c
a
rd
ia
l

p
e
rf
u
si
o
n
im

a
g
in
g
fo
r
a
sy

m
p
to
m
a
ti
c
in
d
iv
id
u
a
ls
.
J
N
u
c
l
C
a
rd
io
l
2
0
1
1
;

1
8
(1
):
3
–1

5

A
U
C

in
d
ic
a
ti
o
n
(s
)
1
5

(2
)
G
o
A
S
,
C
h
e
rt
o
w

G
M
,
Fa

n
D
,
M
c
C
u
llo

c
h
C
E
,
H
su

C
Y
.
C
h
ro
n
ic

k
id
n
e
y

d
is
e
a
se

a
n
d
th
e
ri
sk
s
o
f
d
e
a
th
,
c
a
rd
io
v
a
sc
u
la
r
e
v
e
n
ts
,
a
n
d

h
o
sp

it
a
li
z
a
ti
o
n
.
N

E
n
g
l
J
M
e
d
2
2
0
4
;
3
5
1
:1
2
9
6
–1

3
0
5

(3
)
T
o
n
e
lli

M
,
W
ie
b
e
N
,
C
u
lle

to
n
B
,
e
t
a
l.
C
h
ro
n
ic

K
id
n
e
y
d
is
e
a
se

a
n
d

m
o
rt
a
li
ty

ri
sk
:
A

sy
st
e
m
a
ti
c
re
v
ie
w
.
J
A
m

S
o
c
N
e
p
h
ro
l
2
0
0
6
;
1
7
:
2
0
3
4
–

2
0
4
7

(4
)
O
k
w
u
o
sa

T
,
W
il
li
a
m
s
K
A
.C

o
ro
n
a
ry

a
rt
e
ry

d
is
e
a
se

a
n
d
n
u
c
le
a
r
im

a
g
in
g

in
re
n
a
l
fa
il
u
re
.
J
N
u
c
l
C
a
rd
io
l
2
0
0
6
;
1
3
:1
5
0
–1

5
5

(5
)
B
ro
w
n
JH

,
V
it
e
s
N
P
,
T
e
st
a
H
J,
e
t
a
l.
V
a
lu
e
o
f
th
a
lli
u
m

m
y
o
c
a
rd
ia
l

im
a
g
in
g
in

th
e
p
re
d
ic
ti
o
n
o
f
fu
tu
re

c
a
rd
io
v
a
sc
u
la
r
e
v
e
n
ts

in
p
a
ti
e
n
ts

w
it
h
e
n
d
-s
ta
g
e
re
n
a
l
fa
il
u
re
.
N
e
p
h
ro
l
D
ia
l
T
ra
n
sp

la
n
t
1
9
9
3
;
8
:4
3
3
–4

3
7

(6
)
W
e
in
e
r
D
E
,
T
ig
h
io
u
a
rt

H
,
A
m
in

M
G
,
e
t
a
l.
C
h
ro
n
ic

k
id
n
e
y
d
is
e
a
se

a
s
a

ri
sk

fa
c
to
r
fo
r
c
a
rd
io
v
a
sc
u
la
r
d
is
e
a
se

a
n
d
a
ll-
c
a
u
se

m
o
rt
a
li
ty
:
a
p
o
o
le
d

a
n
a
ly
si
s
o
f
c
o
m
m
u
n
it
y
-b
a
se

d
st
u
d
ie
s
J
A
m

S
o
c
N
e
p
h
ro
l

2
0
0
4
;1
5
:1
3
0
7
–1

3
1
5

(7
)
M
e
is
in
g
e
r
C
,
D
o
ri
n
g
A
,
L
o
w
e
l
H
,
K
O
R
A

S
tu
d
y
G
ro
u
p
C
h
ro
n
ic

k
id
n
e
y

d
is
e
a
se

a
n
d
ri
sk

o
f
in
c
id
e
n
t
m
y
o
c
a
rd
ia
l
in
fa
rc
ti
o
n
a
n
d
a
ll-
c
a
u
se

a
n
d

c
a
rd
io
v
a
sc
u
la
r
d
is
e
a
se

m
o
rt
a
li
ty

in
m
id
d
le
-a
g
e
d
m
e
n
a
n
d
w
o
m
e
n
fr
o
m

th
e
g
e
n
e
ra
l
p
o
p
u
la
ti
o
n
E
u
r
H
e
a
rt

J
2
0
0
6
;2
7
:1
2
4
5
–1

2
5
0

(8
)
M
a
n
ju
n
a
th

G
,
T
ig
h
io
u
a
rt

H
,
Ib
ra
h
im

H
,
e
t
a
l.
L
e
v
e
l
o
f
k
id
n
e
y
fu
n
c
ti
o
n

a
s
a
ri
sk

fa
c
to
r
fo
r
a
th
e
ro
sc
le
ro
ti
c
c
a
rd
io
v
a
sc
u
la
r
o
u
tc
o
m
e
s
in

th
e

c
o
m
m
u
n
it
y
J
A
m

C
o
ll
C
a
rd
io
l
2
0
0
3
;4
1
:4
7
–5

5
(9
)
M
u
n
tn
e
r
P
,
H
e
J,
H
a
m
m

L
,
L
o
ri
a
C
,
W
h
e
lt
o
n
P
K
.R

e
n
a
li
n
su

ffi
c
ie
n
c
y
a
n
d

su
b
se

q
u
e
n
t
d
e
a
th

re
su

lt
in
g
fr
o
m

c
a
rd
io
v
a
sc
u
la
r
d
is
e
a
se

in
th
e
U
n
it
e
d

S
ta
te
s
J
A
m

S
o
c
N
e
p
h
ro
l
2
0
0
2
;1
3
:7
4
5
–7

5
3

a
IC
D
-9

c
o
d
e
s
m
u
st

b
e
c
o
d
e
d
to

th
e
h
ig
h
e
st

le
v
e
l
o
f
sp

e
c
ifi
c
it
y
.

Journal of Nuclear Cardiology Wolinsky et al

Single photon myocardial perfusion imaging



T
a
b
le

3
.
In
d
ic
a
ti
o
n
s
fo
r
M
P
I
to

e
v
a
lu
a
te

th
e
e
ff
e
c
ti
v
e
n
e
ss

o
f
m
e
d
ic
a
l
th
e
ra
p
y
o
r
re
v
a
sc
u
la
ri
z
a
ti
o
n

A
p
p
li
ca

b
le

IC
D
-9

co
d
e
a

A
p
p
ro

p
ri
a
te

cl
in
ic
a
l
in
d
ic
a
ti
o
n
s

fo
r
co

n
d
u
ct
in
g
a
n
M
P
I

L
it
e
ra
tu

re
su

p
p
o
rt
in
g
M
P
I
st
u
d
y

A
p
p
ro

p
ri
a
te

u
se

cr
it
e
ri
a

w
h
ic
h
su

p
p
o
rt
s
co

n
d
u
ct
in
g

M
P
I
st
u
d
y

4
1
4
.0
–4

1
4
.0
7
,
4
1
4
.8
–4

1
4
.9
0

M
P
I
to

a
ss
e
ss

th
e
e
ffi
c
a
c
y
o
f
m
e
d
ic
a
l

th
e
ra
p
y
fo
r
re
d
u
c
ti
o
n
o
f
in
d
u
c
ib
le

m
y
o
c
a
rd
ia
l
is
c
h
e
m
ia

(1
)
R
o
u
rk
e
R
A
,
C
h
a
u
d
h
u
rt

T
,
S
h
a
w

L
,
e
t
a
l.
R
e
so

lu
ti
o
n
o
f
st
re
ss
-i
n
d
u
c
e
d
m
y
o
c
a
rd
ia
l

is
c
h
e
m
ia

d
u
ri
n
g
a
g
g
re
ss
iv
e
m
e
d
ic
a
l
th
e
ra
p
y
a
s
d
e
m
o
n
st
ra
te
d
b
y
si
n
g
le

p
h
o
to
n

e
m
is
si
o
n
c
o
m
p
u
te
d
to
m
o
g
ra
p
h
y
im

a
g
in
g
.
C
ir
c
u
la
ti
o
n
2
0
0
1
;
1
0
3
:2
3
1
5

A
U
C

in
d
ic
a
ti
o
n
(s
)
2
8

(2
)
R
o
n
a
ld

G
.
S
c
h
w
a
rt
z
,
T
h
o
m
a
s
A
.
P
e
a
rs
o
n
,
V
ij
a
y
G
.
K
a
la
ri
a
,
M
a
ri
a
L
.
M
a
c
k
in
,
D
a
n
ie
l
J.

W
il
li
fo
rd
,
A
sh

is
h
A
w
a
st
h
i,
A
b
ra
r
S
h
a
h
,
A
d
a
m

R
a
in
s,

Jo
se

p
h
J.
G
u
id
o
.
P
ro
sp

e
c
ti
v
e

se
ri
a
l
e
v
a
lu
a
ti
o
n
o
f
m
y
o
c
a
rd
ia
l
p
e
rf
u
si
o
n
th
e
fi
rs
t
si
x
m
o
n
th
s
o
f
p
ra
v
a
st
a
ti
n

th
e
ra
p
y
.
J
A
m

C
o
ll
C
a
rd
io
l
2
0
0
3
;
4
2
:6
0
0
–6

1
0

(3
)
G
o
u
ld

K
L
,
M
a
rt
u
c
c
i
JP
,
G
o
ld
b
e
rg

D
I,
H
e
ss

M
J,
E
d
e
n
s
R
P
,
L
a
ti
fi
R
,
e
t
a
l.
S
h
o
rt
-t
e
rm

c
h
o
le
st
e
ro
l
lo
w
e
ri
n
g
d
e
c
re
a
se

s
si
z
e
a
n
d
se

v
e
ri
ty

o
f
p
e
rf
u
si
o
n
a
b
n
o
rm

a
li
ti
e
s
b
y

p
o
si
tr
o
n
e
m
is
si
o
n
to
m
o
g
ra
p
h
y
a
ft
e
r
d
ip
y
ri
d
a
m
o
le

in
p
a
ti
e
n
ts

w
it
h
c
o
ro
n
a
ry

a
rt
e
ry

d
is
e
a
se

.
A

p
o
te
n
ti
a
l
n
o
n
in
v
a
si
v
e
m
a
rk
e
r
o
f
h
e
a
li
n
g
c
o
ro
n
a
ry

e
n
d
o
th
e
li
u
m
.

C
ir
c
u
la
ti
o
n
1
9
9
4
;
8
9
:1
5
3
0
–8

(4
)
L
e
sl
e
e
J.
S
h
a
w
,
D
a
n
ie
l
S
.
B
e
rm

a
n
,
D
a
v
id

J.
M
a
ro
n
,
G
.B
.
Jo
h
n
M
a
n
c
in
i,
S
e
a
n
W
.

H
a
y
e
s,

P
a
m
e
la

M
.
H
a
rt
ig
a
n
,
W
il
li
a
m

S
.
W
e
in
tr
a
u
b
,
R
o
b
e
rt

A
.
O
â
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Table 4. ICD-9 Codes that support medical necessity

Clinical indication
Applicable ICD-9

code

Diabetes mellitus 250.00–250.93

Overweight and obesity 278.00–278.01

Rheumatic aortic stenosis 395.2–395.90

Mitral valve and aortic valve diseases 396.0–396.9

Hypertension; benign 401.1

Hypertensive chronic kidney disease 403–403.9

Hypertensive heart and chronic kidney disease 404.0–404.9

Acute myocardial infarction 410–410.92

Other acute and subacute forms of ischemic heart disease 411

Old myocardial infarction 412

Angina pectoris; other and unspecified angina pectoris 413.9

Myocardial bridging 414.0

Coronary atherosclerosis 414.0–414.07

Aneurysm and dissection of heart 414.1–414.19

Aneurysm—chronic total occlusion of coronary artery 414.2

Chronic ischemic heart disease 414.8–414.90

Cardiomyopathy 425.0–425.9

Hypertrophic obstructive cardiomyopathy 425.10

Conduction disorders; atrioventricular block 426.10–426.93

Conduction disorders; bundle branch block 426.20–426.50

Conduction disorder; unspecified 426.90

Cardiac dysrhythmias 427.00

Paroxysmal ventricular tachycardia 427.10

Paroxysmal tachycardia 427.20

Atrial fibrillation 427.31

Atrial flutter 427.32

Cardiac arrest 427.50

Arrhythmias 427.0–427.89

Heart failure 428.00–428.90

Myocarditis; unspecified 429

Myocardial degeneration 429.10

Cardiovascular disease; unspecified 429.2

Functional disturbances following cardiac surgery 429.40

Takotsubo syndrome 429.83

Carotid artery 433.1

Atherosclerosis of the extremities with intermittent claudication 440.21

Aortic aneurysm and dissection 441.0–441.9

Other aneurysm 442

Peripheral vascular disease 443.0–443.9

Kawasaki disease 446.1

Takayasu’s disease 446.7

Chronic kidney disease 585.1–585.9

Anomalous coronary artery 746.8–746.89

Symptoms

Difficulty in walking 719.7

General symptoms; alteration of consciousness; transient alteration of awareness 780.02

Syncope and collapse 780.2

Symptoms involving nervous and musculoskeletal systems—abnormality of gate 781.2

Journal of Nuclear Cardiology Wolinsky et al

Single photon myocardial perfusion imaging



ICD-9 codes, see Table 4. All ICD-9 codes not in

Table 4 will be denied.

CPT/HCPCS Section and Benefit Category
Radiology

Drugs other than oral

Medical and surgical supplies

Medicine

Bill Type Codes for Hospital Use

Contractors may specify Bill Types to help pro-

viders identify those Bill Types typically used to report

this service. Absence of a Bill Type does not guarantee

that the policy does not apply to that Bill Type. Com-

plete absence of all Bill Types indicates that coverage is

not influenced by Bill Type and the policy should be

assumed to apply equally to all claims.

Revenue Codes for Hospital Use

Contractors may specify Revenue Codes to help

providers identify those Revenue Codes typically used

to report this service. In most instances Revenue Codes

are purely advisory; unless specified in the policy ser-

vices reported under other Revenue Codes are equally

subject to this coverage determination. Complete

absence of all Revenue Codes indicates that coverage is

not influenced by Revenue Code and the policy should

be assumed to apply equally to all Revenue Codes.

0340 Nuclear medicine-general classification

0341 Nuclear medicine-diagnostic procedure

0343 Nuclear medicine-diagnostic radiopharmaceutical

0636 Drugs requiring detailed coding

Usage notes: (a) Charges for drugs and biological

(with the exception of radiopharmaceuticals, which

are reported under Revenue Codes 0343 and 0344)

requiring specific identifications as required by the

payer (effective 10/1/04). If Healthcare Common

Procedure Coding System (HCPCS) codes are used to

describe the drug, enter the HCPCS code in Form

Locator 44. The specified units of service to be

reported are to be in hundreds (100s) rounded to the

nearest hundred (no decimal).

0960 Professional fees—general classification

0969 Professional fees—other professional fee

0982 Professional fees—outpatient services.

Table 4. continued

Clinical indication
Applicable ICD-9

code

Palpitations 785.1

Symptoms involving respiratory system and other chest symptoms 786.05–786.09

Chest pain 786.50–786.59

Nonspecific (abnormal) findings on radiological and other examination of body

structure; other intrathoracic organ

793.2

Abnormal cardiovascular study 794.30

Abnormal ECG 794.31

Adverse reaction to medications/anesthesia 995.20–995.29

Complications with heart valve surgery 996.71–996.72

Complications with heart transplant 996.83

Heart transplant V42.1

Family history ischemic heart disease V17.3/V17.41/V17.49

Heart valve surgery V42.2/V43.3

Postprocedural status; aortocoronary bypass status V45.81

Percutaneous transluminal coronary angioplasty status V45.82

Long term (current) drug use of other medications V58.69

Observation for suspected cardiovascular disease V71.7

Preoperative cardiovascular evaluation V72.80–72.84

Erectile dysfunction; with inhibited sexual excitement 302.72

Note: ICD-9 codes must be coded to the highest level of specificity.
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CPT/HCPCS Codes
78451 Myocardial perfusion imaging, tomographic

(SPECT) (including attenuation correction, qualitative

or quantitative wall motion, ejection fraction by first

pass or gated technique, additional quantification, when

performed); single study, at rest or stress (exercise or

pharmacologic).

78452 Myocardial perfusion imaging, tomographic

(SPECT) (including attenuation correction, qualitative

or quantitative wall motion, ejection fraction by first

pass or gated technique, additional quantification, when

performed); multiple studies, at rest and/or stress

(exercise or pharmacologic) and/or redistribution and/

or rest reinjection.

78453 Myocardial perfusion imaging, planar (including

qualitative or quantitative wall motion, ejection frac-

tion by first pass or gated technique, additional

quantification, when performed); single study, at rest

or stress (exercise or pharmacologic.

78454 Myocardial perfusion imaging, planar (including

qualitative or quantitative all motion, ejection fraction

by first pass or gated technique, additional quantifica-

tion, when performed); multiple studies, at rest and/or

stress (exercise or pharmacologic) and/or redistribution

and/or rest reinjection.

A9500 Technetium; Tc-99M, Sestamibi, Diagnostic,

per study dose.

A9502 Technetium; Tc-99M, Tetrofosmin, Diagnostic,

per study dose.

A9505 Thallium; TL-201, Thallous Chloride, Diag-

nostic, per millicurie.

(Note typically an initial dose of 2-4 mCi is given at

peak exercise, and imaging is performed immediately,

and then 4-6 hours later after redistribution.)

General Information

• When performing both the rest and stress portions of

the myocardial perfusion imaging for any one of the

covered indications, a multiple study procedure code

(78452, 78454) should be billed regardless of whether

the imaging occurs on the same day or two different

days.

• There are three types of studies as defined by the

myocardial perfusion code descriptions, a rest study, a

stress study, and a redistribution study. The rest and

stress studies are each considered a ‘‘single’’ study

for billing purposes. Any combination of two or more

of these studies is considered a ‘‘multiple’’ study for

billing purposes. Providers choose the appropriate

CPT code based on the number of studies performed.

• Injection procedures are considered inherent to myo-

cardial perfusion imaging studies. The edits in CMS’s

current correct coding initiative list all the adminis-

tration codes as component codes for CPT 78451-

78454 and therefore they are not additionally report-

able. This is true for most nuclear medicine imaging

procedures.

• The HCPCS Level II codes describe the radiophar-

maceuticals used for myocardial perfusion studies. If

Thallium 201 is used, bill for the total number of mCi

injected for the study. If a Tc99m myocardial

perfusion agent is used, bill for the number of doses

administered, as follows: if a single rest or stress

study is done, bill one unit; if both a rest and a stress

study are done, bill two units. Please note that HCPCS

does not describe the quantity of a Tc99m myocardial

perfusion agent by mCi, but by ‘‘per study dose’’

regardless of the actual administered injected radio-

active dose for each imaging study.

• When medically necessary, cardiovascular stress

testing can be performed in conjunction with nuclear

medicine procedures. To review related policies,

please refer to the Cardiovascular Stress Testing

CPT codes 93015-93018.
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