Journal of Cardiovascular Magnetic Resonance (2005) 7, 639–647
Copyright D 2005 Taylor & Francis Inc.
ISSN: 1097-6647 print / 1532-429X online
DOI: 10.1081/JCMR-200065602

DELAYED CONTRAST ENHANCEMENT

Scar detection by contrast-enhanced magnetic resonance
imaging in chronic coronary artery disease: a comparison
with nuclear imaging and echocardiography
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We compared contrast-enhanced MRI (CeMRI) with the most widely used imaging techniques for myocardial infarct (MI) diagnosis,
SPECT and Echo, in unselected patients with chronic coronary artery disease (CAD). Two blinded operators assessed scars on MRI, SPECT
and Echo images using a 16-segments LV model. We studied 105 consecutive patients: 50 had Q-wave MI (Q-MI), 19 non Q-wave MI or
rest angina (nonQ-MI/RA) and 36 effort angina (EA) history. CeMRI was positive, respectively, in 96%, 37%, and 6%, SPECT in 90%,
53%, and 44%, and Echo in 84%, 32%, and 28% of patients (within Q-MI: CeMRI vs. SPECT p < 0.03, vs. Echo p < 0.001; within EA
CeMRI vs. SPECT and ECHO p < 0.001; all trends p < 0.001, pseudo r-square: 0.56 – 0.75 for CeMRI, 0.18 – 0.28 for SPECT and 0.23 –
0.37 for Echo). CeMRI and SPECT agreed in 83 patients (79%); negative SPECT with 1 ± 0 segments subendocardial delayed enhancement
(DE) was found in 4 (4%); negative CeMRI with 4 ± 3 segments perfusion defects in 18 (17%), 16 of whom were obese or showed LBB
or sub-occlusion of related coronary. CeMRI and Echo agreed in 78 patients (75%); negative Echo with 2 ± 1 segments subendocardial
DE was found in 13 (12%) and negative CeMRI with 11 ± 7 segments kinetic abnormalities in 14 (13%), in 10 confirmed by Cine-MRI.
In Q-MI, CeMRI detects DE more frequently than perfusion defects and, especially, kinetic abnormalities are found by SPECT and Echo,
respectively. CeMRI identifies small areas of DE also in some patients with nonQ-MI or RA but usually not in patients with EA. This
biologically plausible decreasing trend is shown by CeMRI more clearly than by SPECT and Echo. Disagreement between CeMRI
and SPECT or Echo may be reduced, but perhaps not fully eluded, performing dobutamine Echo and SPECT after maximal epicardial
coronary dilatation.
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1.

Introduction

Necrotic myocardium and scar, resulting from myocardial
infarct (MI), may be distinguished from normal myocardium
by magnetic resonance imaging (MRI) (1,2), an operator
independent technique, which does not expose the patient to
ionizing radiations. Contrast enhanced MRI (CeMRI) seems
to be clinically useful and reproducible in scar detection (1,3).
In patients with MI history, CeMRI was able to detect
subendocardial infarcts missed by SPECT (4). Also in
patients without MI history, precisely after successful
percutaneous coronary angioplasty, CeMRI was able to detect
micro-infarcts in the presence of (mild) creatinine-kinase
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elevation, also in absence of electrocardiographic (ECG) and
left ventricle (LV) wall motion abnormalities (5).
Since SPECT and ecocardiography (Echo) are the most
widely used imaging techniques for MI diagnosis, we
compared CeMRI, SPECT, and Echo scar detection ability
in unselected patients with chronic CAD.

2.

Methods

The study was approved by the Institutional Review Board. It
was retrospective; patients referred to our division from
December 1, 2001 to March 31, 2003 for chronic CAD
evaluation, who routinely underwent SPECT and Echo, were
the reference population. After informed consent, patients
also underwent cardiac MRI. According to clinical history,
which was recorded in the electronic database of our division,
patients were divided into three groups: Q-wave MI (Q-MI),
non Q-wave MI or rest angina (nonQ-MI/RA) and effort
angina (EA). Q-MI was diagnosed if a Q wave (with duration
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Figure 1. Sixteen segments model of LV used to evaluate CeMRI, SPECT, and Echo images. Panel A shows segmentation on the
parasternal long-axis view (LAX), on the parasternal short-axis views at mitral valve (SAX MV), papillary muscles (SAX PM) and apex
(SAX AP) levels and on the apical two-chamber (2C) and four-chamber (4C) views. Panel B shows the equivalent position of segments on a
polar map. Different colours depicts ‘‘a priori’’ distribution of coronary arteries. Left anterior descending coronary artery territory includes 6
segments (white): anterior septum (segments 1 – 2), anterior wall (14 – 15), apical septum (5) and anterior apex (16). Circumflex coronary
artery territory includes 5 segments (dark grey): lateral wall (11 – 12), posterior wall (9 – 10) and lateral apex (13). Right coronary artery
territory includes 5 segments (light grey): inferior wall (6 – 7), septum (3 – 4) and inferior apex (8).

 40 msec) was found on admission ECG in at least two
contiguous leads.
A standard 16 segment partition of LV (6) was used for all
imaging techniques (Fig. 1). A semi-quantitative assessment
of segmental contractility, delayed enhancement and perfusion status was obtained by consensus of two skilled
operators for each technique, blinded with respect to the
other tests results and patients’ history. For all evaluations MI
area was calculated as the number of segments showing any
morphologic, perfusion, or kinetic abnormality. We supposed
an a priori distribution of coronary artery territories (Fig. 1,
panel B). Scar was assigned to a coronary territory when the
most part of delayed enhancement, rest perfusion defect, or
kinetic abnormalities was located within it.
2.1.

ces (repetition time 45 msec; Echo time [TE] 6.1 msec; flip angle
[FA] 20°; matrix 126  256; field of view [FOV] 350 mm)
for wall motion analysis, and inversion-recovery turboFLASH
sequences (TE 2.6 msec, FA 8°, inversion time 260–360 msec,
matrix 96  256; FOV 400 mm) for scar detection, 5 minutes
after 0.15 mmol/kg intravenous injection of gadopentetatedimeglumine or gadomenate-dimeglumine (Magnevist; Schering,
Berlin, Germany; Multihance, Bracco, Milan, Italy). Full ventricle
coverage was obtained with 10 mm thick multiple (usually 8)
short-axis views. Moving from the base to the apex of LV, slice
1–3 were considered to cover basal portion, slice 4–6 mid portion
and slice 7–8 the apex of LV. Transmural extent of delayed
enhancement was scored using a four point scale (1) (Table 1).
Score of each of the 16 segments was then calculated from
the average of three values (two values for apical ones).

MRI

We used a 1.0 Tesla scanner (Magneton Harmony, Siemens,
Erlangen, Germany) with 20 mT gradient and a phased-array coil.
We performed breath-hold ECG-gated cine gradient-echo sequen-

2.2.

SPECT

SPECT study was performed 45–60 min after 740 MBq
Tetrofosmin administration at rest. A large FOV tomographic
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Table 1. Semi-quantitative assessment of segmental contractility, delayed enhancement, and perfusion

Segmental score
Applied to

0

1

2

3

Wall thickening/radial
shortening (10)

CineMRI
and Echo

normal

hypokinesia
(moderately reduced)

dyskinesia or
reduced thickness*

Delayed enhancement
(% of wall thickness) (1)
Perfusion (7 – 9)

CeMRI

absent

< 25%

akinesia
(severely reduced
or absent)
25 – 75%

SPECT

normal

mildly reduced

moderately reduced

> 75%
severely reduced
or absent

CineMRI = kinetic magnetic resonance imaging; CeMRI = contrast-enhanced magnetic resonance imaging; SPECT = single photon emission tomography;
Echo = echocardiography.
*
Less than 5 mm.

gamma-camera (Apex-SP6, Elscint, Haifa, Israel) with high
resolution collimator and a 20% window centred on the 140
KeV photo-peak of Technetium-99m was used. Images were
reconstructed by filtered back-projection with no attenuation
or scatter correction. Tracer activity was normalized on
maximal LV activity. Colour encoded short axis images were
used to build a bull’s-eye display of activity. On bull’s-eye
polar plots the 16 segments model of LV was superimposed
and tracer activity was scored using a 4-point system (7–9)
(Table 1). Horizontal long axis, vertical long axis, and short
axis slices were simultaneously available and used to confirm
polar map assessments.

2.3.

Echocardiography

2.4.

Continuous variables were expressed as means ± standard
deviation, discrete variables as counts or percentages.
Between groups, differences for continuous variables were
tested by one-way analysis of variance (ANOVA). CeMRI,
SPECT and Echo outcomes, entered as binary variables
(positive or negative test), were tested by chi-square for
within groups difference and by ordinal logistic regression
and likelihood ratios for trends between groups. Goodness of
fit of the models was assessed by Cox & Snell and McFadden
pseudo r-square calculation. Statistical significance was
considered with P values < 0.05.

3.

Regional LV systolic function was evaluated by assessing
wall thickening and endocardial excursion (radial shortening)
with second harmonic two dimensional echocardiography
(Sequoia, Acuson; Sonos 5500, Hewlett Packard, Philips,
Andover, MA). A multi-views approach was used assessing
parasternal short (at mitral valve, papillary muscles and apical
level) and long axis views and 2 and 4 chamber apical views.
In patients with very poor parasternal imaging windows, the
apical 3 chamber view was used. Regional contractility was
scored on a 4-point scale (10) (Table 1).

Statistical analysis

Results

One hundred and ten consecutive patients were suitable for
the study. Five of them (4%) were excluded for claustrophobia and 105 were evaluated: 50 had a history of Q-MI, 19 of
RA or nonQ-MI, 36 of EA. MRI was performed within 7 ± 8
and 8 ± 9 days, respectively, of Echo and SPECT. In all
patients, MRI image quality was adequate although breath
holding was poor in 4 (4%) and ECG triggering difficult in 2
(2%). Clinical features in the three groups of patients are
reported in Table 2. As expected, LV ejection fraction was

Table 2. Clinical features of study population

Sex (male/female)
Age (years)
MI site
Anterior
Inferior/lateral
Non-Q wave
LVEF (%)

Q-wave MI

Non Q-wave MI/rest angina

Effort angina

38/12
65 ± 9

16/3
64 ± 9

22/14
64 ± 13

n.s.
n.s.

24
26
–
48 ± 14

–
–
5
64 ± 7

–
–
–
61 ± 7

–
–
–
*
p < 0.001

MI = myocardial infarction; LVEF = left ventricle ejection fraction.
*
Q-MI vs. nonQ-MI/RA and Q-MI vs. EA.

P
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Figure 2. Proportions of positive CeMRI, SPECT, and Echo assessments in patients with Q-wave MI, non Q-wave MI/rest angina and effort
angina history (upper part) and in patients with MI, rest angina, and effort angina history (lower part).

significantly lower in Q-MI patients than in the other two
groups (ANOVA p < 0.001). There was also a difference in
sex distribution but it had no statistical value.
3.1.

CeMRI, SPECT and Echo scar detection

Forty-eight patients (96%) with Q-MI had a positive CeMRI
study. Two patients without delayed enhancements and three
more patients with 1 ± 0 segment subendocardial delayed
enhancements (segmental score: 1.3 ± 0.5) had a negative
SPECT. Thus, 45 patients with Q-MI (90%) showed rest
perfusion defects at SPECT. Wall motion abnormalities were
detected at Echo in 42 patients (84%), of which only one
had a negative CeMRI. We found 2 ± 1 segments subendocardial (score: 1.6 ± 0.9) delayed enhancements when kinesis
was normal.

Figure 3. Agreement between CeMRI and SPECT results.

In patients with nonQ-MI or RA history, CeMRI, SPECT
and Echo were positive respectively in 7 (37%), 10 (53%) and
6 (32%) cases. Six of seven patients with positive CeMRI
(2 ± 2 segments; score 1.9 ± 1.0) showed rest perfusion
defects too (4 ± 2 segments; score 1.5 ± 0.6).
In patients with EA history, CeMRI, SPECT, and Echo
were positive in 2 (6%), 16 (44%) and 10 (28%) cases,
respectively. Both patients with positive CeMRI (1 ± 1
segments, score 1.6 ± 0.9) showed also rest perfusion defects
at SPECT (2 ± 1 segments, score 1.3 ± 0.5).
Thus, in the three groups of patients (Q-MI history, nonQMI/RA and EA), CeMRI was positive in 96%, 37%, and 6%,
SPECT in 90%, 53%, and 44%, and Echo in 84%, 32%, and
28% of cases, respectively (Fig. 2, upper part). A significant
statistical difference was found between CeMRI and SPECT
(chi-square p < 0.03) within Q-MI group of patients and,
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Figure 4. Examples of CeMRI and SPECT assessments: short-axis CeMRI view (panels A, A’, A@), long-axis CeMRI view (B, B’, B@) and
rest SPECT bull’s-eye (C, C’, C@) are shown. First column: a patient with Q-MI history who showed a large inferior, posterior, and apical
delayed enhancement (A and B) and a comparable perfusion defect (C). Second column: a patient with RA history who showed small midanterior delayed enhancement (A’ and B’) without perfusion defect (C’). Third column: an obese (BMI = 36) male patient with EA history
who had not delayed enhancement (A@ and B@) and showed a mild inferior perfusion defect (C@).

above all, between CeMRI and Echo (p < 0.001) in the same
group, and between CeMRI and SPECT (p < 0.001) and
ECHO (p < 0.001) in EA group. A borderline statistical
difference was found between CeMRI and SPECT in nonQMI/RA group (p = 0.08), and between SPECT and Echo in
the same group (p = 0.06) and in EA group (p = 0.05).
Between groups difference in proportion of positive tests was
statistically significant for CeMRI (likelihood ratio of ordinal
logistic regression; p < 0.001) as well as for SPECT
(p < 0.001) and Echo (p < 0.001). However, model goodness

of fit was better for CeMRI (pseudo r-square: 0.56–0.75) than
for SPECT (0.18–0.28) or Echo (0.23–0.37).
3.2.

Comparison of CeMRI and SPECT

Agreement between CeMRI and SPECT (Figs. 3 and 4,
Table 3) was found in 83 cases (79%). When CeMRI and
SPECT were both positive (n = 53), scar was in the same
coronary territory in 46 patients (87%). Four patients (4%),
three with Q-MI and one with RA history, had a negative

Table 3. Clinical history and scar extent in patients with agreeing or disagreeing results of CeMRI and SPECT

CeMRI

and SPECT

CeMRI + and SPECT +

CeMRI + and SPECT

CeMRI

and SPECT +

n° patients
Q-MI
nonQ-MI/Rest angina
Effort angina

2
8
20

44
6
3

1
3
–

–
4
14

n° segments
Delayed enhancement
Perfusion defect

–
–

5±4
7±4

1±0
4±3
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Figure 5. Agreement between CeMRI and Echo results.

SPECT but exhibited 1 ± 0 segment subendocardial (score:
1.3 ± 0.5) delayed enhancements at CeMRI. Eighteen
patients (17%), of which only three with nonQ-MI and one
with RA history, had a negative CeMRI but showed totally at
SPECT twenty-five mild (score: 1.3 ± 0.6) rest perfusion
defects of 4 ± 3 segments. Six defects were placed in the
anterior septum or anterior wall in patients with left bundle
block (LBB), with both female sex and body mass index
(BMI) greater than 30 or with all these features. Ten defects of
the inferior or posterior wall were found in male patients
all with BMI greater than 25 (in two cases greater than 30).
Five defects in the anterior wall, anterior septum, anteriorlateral or posterior walls and inferior wall were found in
patients with a sub-occlusion of, respectively, the first
diagonal branch, the left anterior descending, the circumflex,
and the right coronary artery. Four defects had not a reasonable explanation.
In patients in whom CeMRI and SPECT where both
positive, we looked for coarse disagreement of segmental
scores, and we found delayed enhancements of less than 25%
transmural extent (score 0 or 1) and sever perfusion defects
(score 3) in 21 of 848 segments (2.5%). On the other hand, we
found delayed enhancements of more than 75% transmural
extent (score 3) and no or mild perfusion defects (score 0 or
1) in 28 of 848 segments (3.3%).
3.3.

Comparison of CeMRI and Echo

Agreement between CeMRI and Echo (Fig. 5) was found in
78 cases (75%). When CeMRI and Echo were both positive
(n = 44), scar was in the same coronary territory in 36
patients (81%). Thirteen patients (12%) presented 2 ± 1
segments subendocardial (score 1.4 ± 0.6) late enhancements
without Echo contractile anomalies. Cine-MRI showed 2 ± 1
segments wall motion abnormality in 4 of them. Fourteen
cases (13%) showed 11 ± 7 segments kinetic abnormalities
(82% hypokinetic, 18% akinetic) at Echo without CeMRI scar
evidence. Cine-MRI showed 8 ± 7 segments wall motion
abnormalities in 10 of them.
In patients in whom CeMRI and Echo where both positive,
we looked for coarse disagreement of segmental scores, and
we found delayed enhancements of less than 25% transmural
extent (score 0 or 1) and akinesia or dyskinesia (score 2 or 3)
in 73 of 704 segments (10%). On the other hand, we found

delayed enhancements of more than 75% transmural extent
(score 3) and normal contraction or hypokinesia (score 0 or 1)
in 28 of 704 segments (4%).

4.

Discussion

In patients with history of Q-MI, CeMRI, and SPECT showed
high sensibility in detection of scar, confirming the results of
Wagner et al. (4), who reported high concordance between
CeMRI and SPECT in case of transmural scars. The relatively
low sensibility of Echo is due to the possible absence of wall
motion abnormalities in case of small subendocardial scars,
rather commonly observed in clinical practice.
CeMRI identified subendocardial scars of small size (2
segments on the average) in about one third of patients with
nonQ-MI or RA history. Very small subendocardial scars (1
segment) were found at CeMRI in a negligible proportion of
patients with EA history.
Moving from a clinical setting of remarkable myocardial
necrosis (Q-MI) to scenarios of minor or uncertain (nonQ-MI
or RA) or generally absent (RA) myocardial damage,
decreasing detection of scar tissue seems to have a biological
plausibility. This was highlighted by trends analysis which
showed a good correlation between CeMRI and clinical
history. SPECT and Echo decreasing trends also were
statistically significant. However, correlation with clinical
history was much weaker because positive SPECTs were
relatively high both in nonQ-MI/RA and EA groups and
positive Echos were high in EA group.
Independently of patients’ history, CeMRI and SPECT
agreement for scar detection was incomplete (79% of cases).
Few patients, all of them with MI or RA history, did not
showed rest perfusion defect at SPECT but had a positive
CeMRI. In these cases, scars, which were very small (1
segment) and subendocardial, might not be unmasked by
SPECT because of its low spatial resolution as it has been
shown by Wagner et al. (4) too. Most of incongruous cases, of
whom only one fifth had nonQ-MI or RA history, did not
showed delayed enhancements but had medium size (4 segments) rest perfusion defects at SPECT. The misleading
identification of a scar segment in case of LBB, rest ischemia
or tracer activity attenuation (above all in obese patients), might
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account for an overestimation of scar at SPECT examination in
most of them. Rest ischemia could be eluted by epicardial
coronary dilatation with maximal IV nitrate therapy, whose
application is unfortunately difficult in routine evaluations.
Agreement between CeMRI and Echo for scar detection
was incomplete too (75% of cases). Half of incongruous cases
showed delayed enhancements at CeMRI without wall
motion abnormalities at Echo, probably because scars were
very small (2 segment) and located in subendocardium.
However high spatial resolution, high dynamic range and full
LV coverage by cine-MRI allowed the detection of minor
kinetic abnormalities in some of these patients. Another half
of inconsistent cases did not show delayed enhancements but
had wide wall motion abnormalities at Echo, mostly
confirmed by cine-MRI. Although stunned myocardium was
expected to be infrequent in a population of chronic MI,
hibernation could not be excluded and might explain those
kinetic abnormalities. Low dose dobutamine might be useful
for assessing viable from scar segments but it is more difficult
to perform than rest Echo.
Concordance between CeMRI and SPECT in location of
scar in the same coronary territory was good (87%) and
slightly higher than between CeMRI and Echo (81%). An
adequate agreement of segmental score was seen in a higher
proportion of segments comparing CeMRI with SPECT then
comparing CeMRI with Echo (84% vs. 76%) too.
Comparing different techniques, imperfect overlapping of
segments and of coronary territories might have occurred
although the same segmentation of LV was used. Difference
in diagnostic content of the various imaging technique must
be considered too. Indeed when we compared Cine-MRI with
Echo, both assessing LV contractility, MI site concordance
was very good (92%).
4.1.

Limits of the study

Patients with MI history included in the study had this
diagnosis in a very wide period of time before MRI
evaluation, ranging from 1 month to 30 years (about 50%
less than 1 year; 25% from 1 to 10 years; and 25% more
than 10 years before) so it was impossible for us to use an
unique biochemical marker of myocardial necrosis to define
them (furthermore this data lacked in half of patients). This is
a limit of our study, which is related to its retrospective
nature. However to assess data consistency, we repeated
statistical analysis comparing patients with enzyme proved
MI, rest angina, and effort angina, and we found similar
results as comparing Q-MI, nonQ-MI/RA and EA (Fig. 2,
lower part).
We did not use gated SPECT. This may be a limit of the
study as in clinical practice rest defects without contraction
abnormalities could be simply considered artefacts (attenuation, movement, conduction block, etc.) due to their low
prognostic significance. However, this approximation is
not acceptable if we are testing SPECT sensibility in
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detecting scar, as subendocardial scars can sometimes not
cause kinetic abnormalities but can be detected by SPECT as
mild or moderate perfusion defects. Concordance between
fixed perfusion defect and kinetic abnormalities at gated
SPECT has been shown indeed to be variable (11–14) in
patients with MI history. In our study, 8 of 50 patients (16%)
with Q-MI did not showed kinetic abnormalities at Echo
study, but perfusion defects (and delayed enhancements) were
found in 6 of them. Then, adding contractility to perfusion
data would have meant underestimated SPECT sensibility.
Probably in patients with preceding acute coronary syndrome
other than Q-MI contractility data also would not have been
useful. In this setting, 4 of 8 patients showed perfusion
defects without kinetic abnormalities but all of them had an
enzyme proved MI history (and small delayed enhancements
at CeMRI). Vice versa adding contractility data would rule
out 14 of 16 perfusion defects (and work out 9 of 14
incongruities between CeMRI and SPECT) in patients with
effort angina. So gated SPECT might be useful in a clinical
setting of very low probability of scar (effort angina) but not
when probability is moderate or high (acute coronary
syndrome history).
We used a Technetium based rest perfusion study instead
of a Thallium-201 (rest-redistribution or reinjection) based
evaluation, which is considered the best SPECT method to
distinguish viable myocardium from scar. However, many
studies have demonstrated an equivalence of the two methods (15–19) above all after administration of nitrates
(20,21). Indeed, guidelines for the clinical use of cardiac
radionuclide imaging (22) classified both resting sestamibi
and thallium rest-redistribution imaging as Class I, level of
evidence B for assessment of myocardial viability. Although
our patients were studied without wash-out from their
coronary-active therapy, we did not administer nitrates before SPECT, and this might have caused an overestimation
of scar.

5.

Conclusions

Our study demonstrates that CeMRI almost always identifies
areas with DE in patients with Q-MI history, in whom
perfusion defects and, above all, kinetic abnormalities may
not be found by SPECT and Echo, respectively. CeMRI
identifies small amounts of scar tissue also in some patients
with chronic CAD and previous nonQ-MI or RA but usually
not in patient with EA history. This biologically plausible
decreasing trend, in clinical settings with progressively
reducing probability of myocardial necrosis, is disclosed by
CeMRI more clearly than by SPECT and Echo.
Disagreement between CeMRI and SPECT as well as Echo
may be reduced, but perhaps not fully eluded, performing
low-dose dubutamine Echo and SPECT after maximal
epicardial coronary dilatation, whose application is more
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difficult in routine evaluations. Gated SPECT may be useful in
patients without clinical history of acute coronary syndrome.
Findings of our study should be confirmed by properly
designed prospective studies.

8.

Abbreviations
BMI
CAD
Echo
LBB
LV
SPECT

body mass index (calculated as weight [kg]
divided by the square of height [m])
coronary artery disease
trans-thoracic echocardiography
left bundle block
left ventricle
single-photon emission tomography
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della Ricerca.’’
We thank Mrs. De Conti for her worthy collaboration in
putting our study into practice.

References
1. Kim RJ, Wu E, Rafael A, Chen EL, Parker MA, Simonetti O, Klocke
FJ, Bonow RO, Judd RM. The use of contrast-enhanced magnetic
resonance imaging to identify reversible myocardial dysfunction.
N Engl J Med 2000; 343:1488 – 1490.
2. Wu E, Judd RM, Vargas JD, Klocke FJ, Bonow RO, Kim RJ.
Visualisation of presence, location, and transmural extent of healed Qwave and non-Q-wave myocardial infarction. Lancet 2001; 357:21 –
28.
3. Mahrholdt H, Wagner A, Holly TA, Elliott MD, Bonow RO, Kim RJ,
Judd RM. Reproducibility of chronic infarct size measurement by
contrast-enhanced magnetic resonance imaging. Circulation 2002;
106:2322 – 2327.
4. Wagner A, Mahrholdt H, Holly TA, Elliott MD, Regenfus M,
Parker M, Klocke FJ, Bonow RO, Kim RJ, Judd RM. Contrastenhanced MRI and routine single photon emission computed
tomography (SPECT) perfusion imaging for detection of subendocardial myocardial infarcts: an imaging study. Lancet 2003;
361:374 – 379.
5. Ricciardi MJ, Wu E, Davidson CJ, Choi KM, Klocke FJ, Bonow RO,
Judd RM, Kim RJ. Visualization of discrete microinfarction after
percutaneous coronary intervention associated with mild creatine
kinase-MB elevation. Circulation 2001; 103:2780 – 2783.
6. Schiller NB, Shah PM, Crawford M, DeMaria A, Devereux R,
Feigenbaum H, Gutgesell H, Reichek N, Sahn D, Schnittger I.
Recommendations for quantitation of the left ventricle by twodimensional echocardiography. American Society of Echocardiography Committee on Standards, Subcommittee on Quantitation of
Two-Dimensional Echocardiograms. J Am Soc Echocardiogr 1989;
2:358 – 367.
7. Danias PG, Ahlberg AW, Travin MI, Mahr NC, Abreu JE, Marini D,
Mann A, Mather JF, Boden WE, Heller GV. Visual assessment of left
ventricular perfusion and function with electrocardiography-gated

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

SPECT has high intraobserver and interobserver reproducibility
among experienced nuclear cardiologists and cardiology trainees.
J Nucl Cardiol 2002; 9:263 – 270.
Danias PG, Ahlberg AW, Clark BA III, Messineo F, Levine MG,
McGill CC, Mann A, Clive J, Dougherty JE, Waters DD, Heller GV.
Combined assessment of myocardial perfusion and left ventricular
function with exercise technetium-99m sestamibi gated single-photon
emission computed tomography can differentiate between ischemic
and nonischemic dilated cardiomyopathy. Am J Cardiol 1998;
82:1253 – 1258.
Candell-Riera J, Llevadot J, Santana C, Castell J, Aguade S, Armadans
L, Bermejo B, Oller G, Garcia-del-Castillo H, Soler-Peter M, SolerSoler J. Prognostic assessment of uncomplicated first myocardial
infarction by exercise echocardiography and Tc-99m tetrofosmin gated
SPECT. J Nucl Cardiol 2001; 8:122 – 128.
Armstrong WF, Pellikka PA, Ryan T, Crouse L, Zoghbi WA. Stress
echocardiography: recommendations for performance and interpretation of stress echocardiography. Stress Echocardiography Task Force
of the Nomenclature and Standards Committee of the American
Society of Echocardiography. J Am Soc Echocardiogr 1998; 11:97 –
104.
Chua T, Kiat H, Germano G, Maurer G, van Train K, Friedman J,
Berman D. Gated technetium-99m sestamibi for simultaneous
assessment of stress myocardial perfusion, postexercise regional
ventricular function and myocardial viability. Correlation with
echocardiography and rest thallium-201 scintigraphy. J Am Coll
Cardiol 1994; 23:1107 – 1114.
Fleischmann S, Koepfli P, Namdar M, Wyss CA, Jenni R, Kaufmann
PA. Gated (99m)Tc-tetrofosmin SPECT for discriminating infarct from
artifact in fixed myocardial perfusion defects. J Nucl Med 2004;
45:754 – 759.
DePuey EG, Rozanski A. Using gated technetium-99m-sestamibi
SPECT to characterize fixed myocardial defects as infarct or artifact. J
Nucl Med 1995; 36:952 – 955.
Wahba FF, Bavelaar-Croon CD, Baur LH, Zwinderman AH, van
Roosmalen RP, Pauwels EK, van der Wall EE. Detection of residual
wall motion after sustained myocardial infarction by gated 99Tcmtetrofosmin SPECT: a comparison with echocardiography. Nucl Med
Commun 2001; 22:175 – 182.
Dilsizian V, Arrighi JA, Diodati JG, Quyyumi AA, Alavi K,
Bacharach SL, Marin-Neto JA, Katsiyiannis PT, Bonow RO. Myocardial viability in patients with chronic coronary artery disease.
Comparison of 99mTc-sestamibi with thallium reinjection and
[18F]fluorodeoxyglucose. Circulation 1994; 89:578 – 587. Erratum
in: Circulation 1995; 91: 3026.
Udelson JE, Coleman PS, Metherall J, Pandian NG, Gomez AR,
Griffith JL, Shea NL, Oates E, Konstam MA. Predicting recovery of
severe regional ventricular dysfunction. Comparison of resting
scintigraphy with 201Tl and 99mTc-sestamibi. Circulation 1994;
89:2552 – 2561.
Kauffman GJ, Boyne TS, Watson DD, Smith WH, Beller GA.
Comparison of rest thallium-201 imaging and rest technetium-99m
sestamibi imaging for assessment of myocardial viability in patients
with coronary artery disease and severe left ventricular dysfunction. J
Am Coll Cardiol 1996; 27:1592 – 1597.
Matsunari I, Fujino S, Taki J, Senma J, Aoyama T, Wakasugi T,
Hirai J, Saga T, Ichiyanagi K, Hisada K. Myocardial viability
assessment with technetium-99m-tetrofosmin and thallium-201
reinjection in coronary artery disease. J Nucl Med 1995;
36:1961 – 1967.
Galassi AR, Tamburino C, Grassi R, Foti R, Mammana C, Virgilio A,
Licciardello G, Musumeci S, Giuffrida G. Comparison of technetium
99m-tetrofosmin and thallium-201 single photon emission computed
tomographic imaging for the assessment of viable myocardium
in patients with left ventricular dysfunction. J Nucl Cardiol 1998;
5:56 – 63.

Contrast-Enhanced MRI in Chronic CAD
20.

Bisi G, Sciagra R, Santoro GM, Fazzini PF. Rest technetium-99m
sestamibi tomography in combination with short-term administration
of nitrates: feasibility and reliability for prediction of postrevascularization outcome of asynergic territories. J Am Coll Cardiol 1994;
24:1282 – 1289.
21. Galli M, Marcassa C, Imparato A, Campini R, Orrego PS,
Giannuzzi P. Effects of nitroglycerin by technetium-99m sestamibi
tomoscintigraphy on resting regional myocardial hypoperfusion in

647
stable patients with healed myocardial infarction. Am J Cardiol
1994; 74:843 – 848.
22. ACC/AHA/ASNC guidelines for the clinical use of cardiac radionuclide imaging—executive summary: a report of the American College
of Cardiology/American Heart Association Task Force on Practice
Guidelines (ACC/AHA/ASNC Committee to revise the 1995 guidelines for the clinical use of cardiac radionuclide imaging). Circulation
2003; 108:1404 – 1418.

