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Introduction

The infarct size is a critical parameter in
the prediction of left ventricular remodeling
and congestive heart failure. In clinical
practice it is usually assessed at transtho-
racic echocardiography and single-photon
emission computed tomography (SPECT),
which respectively detect kinetic abnormal-
ities and perfusion defects due to necrotic
myocardium or scarring. The extent of a
myocardial infarction (MI) may also be as-
sessed at magnetic resonance imaging
(MRI), which directly visualizes necrotic
myocardium and scarring using gadolini-
um-based contrast agents1-6. Interestingly,
MRI is an imaging technique which does
not expose the patient to ionizing radiations
and which yields highly defined images
whose quality is very good in patients who
are able to tolerate short periods of apnea
(10-15 s). Moreover, the image quality of

MRI is not modified by the patient’s char-
acteristics such as a suboptimal acoustic
window or high body mass index. The MI
size as evaluated at contrast-enhanced MRI
(CE-MRI) seems to have a reproducibility
at least comparable to that of SPECT7. Fur-
thermore, infarct mass estimations by CE-
MRI and SPECT have been shown to be
very similar7. The aim of the present study
was to determine whether the MI area, as
assessed at CE-MRI and SPECT, is compa-
rable to mass evaluation. In addition, the MI
area estimated at CE-MRI and SPECT were
compared with the extent of wall motion ab-
normalities as assessed at echocardiography
and kinetic MRI (cine-MRI).

Methods

The study was approved by the Institu-
tional Review Board. Cardiac MRI was
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Background. In the assessment of myocardial infarction (MI) mass, contrast-enhanced magnetic
resonance imaging (CE-MRI) is comparable to single-photon emission computed tomography
(SPECT). The aim of the present study was to determine whether the MI area, as assessed at CE-MRI
and SPECT, is comparable to mass evaluation. We also compared CE-MRI and SPECT estimates of
the MI area with functional evaluations made at echocardiography and kinetic MRI (cine-MRI).

Methods. We used a 1.0 Tesla MRI scanner and an inversion-recovery turboFLASH sequence, a
tomographic gamma-camera and second-harmonic ultrasound systems. Two blinded operators as-
sessed the extent of scarring, expressed as a percentage of the whole left ventricle (LV), using a 16-
segment model. We studied 55 consecutive patients with a clinically stable healed MI (50 Q wave, 5
non-Q wave).

Results. The scar mass was 19 ± 23% of the LV at CE-MRI and 21 ± 25% at SPECT; the scar area
was 29 ± 23% of the LV at CE-MRI, 41 ± 28% at SPECT, 29 ± 31% at cine-MRI, and 32 ± 29% at
echocardiography. The Bland-Altman bias between CE-MRI and SPECT mass estimations was -2%
of the LV with a ± 23% limit of agreement (LOA), while the bias between the area assessments was
-12% with a ± 42% LOA. Bias between CE-MRI and functional evaluation by cine-MRI and echocar-
diography was 0% with a ± 39% LOA and -3% with a ± 36% LOA respectively. Comparing SPECT
with cine-MRI and echocardiography the bias was 12% with a ± 52% LOA and 9% with a ± 56%
LOA respectively. 

Conclusions. CE-MRI has proved to be comparable to SPECT in the assessment of the healed MI
mass. Conversely, a high systematic error (high bias and LOA) renders CE-MRI and SPECT assess-
ments of the MI area incomparable. Similarly (high bias and/or LOA) CE-MRI and SPECT estimations
of the MI area cannot be compared with functional evaluation by echocardiography or cine-MRI.
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performed, after informed consent, in a group of pa-
tients referred to our Division for clinically stable
chronic MI. Routine evaluation of these patients in-
cludes SPECT and echocardiographic studies. A stan-
dard 16-segment partition of the left ventricle (LV) was
used for all imaging techniques (Fig. 1). A semiquanti-
tative assessment of the segmental contractility, de-
layed enhancement and perfusion status (Table I) was
obtained by consensus of two skilled operators for each
technique, blinded with respect to the results of the oth-
er tests. For all evaluations, the MI area was calculated
as the percent of the LV showing any morphologic, per-
fusion or kinetic abnormalities. For CE-MRI and
SPECT an estimation of the MI mass was obtained by
assuming a segmental score to reflect the progressive
transmural extent of the scar. This is true for MRI and
may also be an acceptable approximation for SPECT.

Magnetic resonance imaging. We used a 1.0 Tesla
scanner (Magneton Harmony, Siemens) with a 20 mT
gradient and a phased-array coil. Breath-hold ECG-gat-
ed cine gradient-echo sequences (repetition time 45 ms,

echo time 6.1 ms, flip angle 20°, matrix 126 � 256,
field of view 350 mm) for wall motion analysis, and in-
version-recovery turboFLASH sequences (echo time
2.6 ms, flip angle 8°, inversion time 260-360 ms, ma-
trix 96 � 256, field of view 400 mm) for scar detection
5 min after the intravenous injection of 0.15 mmol/kg
gadopentetate-dimeglumine or gadomenate-dimeglu-
mine (Magnevist; Schering; Multihance, Bracco), were
taken. Full ventricular coverage was obtained with 10
mm thick multiple (usually 8) short-axis views. Mov-
ing from the base to the apex of the LV, slices 1-3 were
considered as covering the basal segment, slices 4-6 the
mid segment, and slices 7-8 the apex of the LV. The
transmural extent of delayed enhancement was scored
using a 4-point scale1 (Table I). The score of each of the
16 segments was then calculated from the average of
the three values (two values for the apical ones). The
acquisition and evaluation of the images lasted approx-
imately 30 min.

Single-photon emission computed tomography.
SPECT study was performed 45-60 min after the ad-
ministration of 740 MBq tetrofosmin at rest, equivalent
to an effective dose of 5.36 mSv for a 70 kg patient. A
large field of view tomographic gamma-camera (Apex-
SP6, Elscint) equipped with a high resolution collima-
tor and a 20% window centered on the 140 KeV photo-
peak of technetium-99m, was used. Images were re-
constructed by filtered back-projection with no attenu-
ation or scatter correction. Tracer activity was normal-
ized on the maximal left ventricular activity. Color en-
coded short-axis images were used to build a bull’s-eye
display of activity. A 16-segment model of the LV (Fig.
2) was superimposed on the polar plots and the tracer
activity was scored using a 4-point system8,9 (Table I).
Horizontal long-axis, vertical long-axis and short-axis
slices were simultaneously available and used to con-
firm the polar map assessments.

Echocardiography. The regional left ventricular sys-
tolic function was evaluated by assessing wall thicken-
ing and endocardial excursion (radial shortening)10,11 at
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Figure 1. Sixteen-segment model of the left ventricle used to evaluate
contrast-enhanced magnetic resonance imaging, single-photon emission
computed tomography and echocardiographic images. The left anterior
descending coronary artery territory includes 6 segments (white seg-
ments): the anterior septum (AS), anterior wall (A), septal apex, and an-
terior apex. The circumflex coronary artery territory includes 5 segments
(dark grey segments): the antero-lateral wall (AL), postero-lateral wall
(PL), and lateral apex. The right coronary artery territory includes 5
segments (light grey): the inferior wall (I), inferior septum (IS), and in-
ferior apex.

Table I. Semiquantitative assessment of the segmental contractility, delayed enhancement and perfusion.

Segmental score

Applied to 0 1 2 3

Wall thickening/ Cine-MRI Normal Hypokinesia Akinesia Dyskinesia or reduced thickness*
radial shortening and echo

Delayed enhancement CE-MRI Absent < 25% 25-75% > 75%
(% of wall thickness)

Perfusion SPECT Normal Mildly reduced Moderately reduced Severely reduced or absent

CE-MRI = contrast-enhanced magnetic resonance imaging; echo = transthoracic echocardiography; SPECT = single-photon emission
computed tomography. * < 5 mm.



second harmonic two-dimensional echocardiography
(Sequoia, Acuson; Sonos 5500, Hewlett Packard). A
multisection approach was used by assessing the para-

sternal short- and long-axis views and the 3-, 4-, and 5-
chamber apical views. The regional contractility was
scored on a 4-point scale (Table I).
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Figure 2. Examples of myocardial infarctions assessed as delayed enhancement at magnetic resonance imaging and as rest perfusion defect at single-
photon emission computed tomography. In each panel magnetic resonance imaging long-axis views (more appropriate ones) and contiguous multiple
short-axis views of the contrast-enhanced magnetic resonance imaging study (upper part) and color encoded bull’s-eye display of single-photon emis-
sion computed tomography rest perfusion assessment (lower part) are shown. Panel A: small subendocardial scarring in the basal segment of the pos-
tero-lateral wall (arrow tip) and medium size transmural scarring involving the septal-apical and inferior-apical segments detected at contrast-enhanced
magnetic resonance imaging (arrows) as well as at single-photon emission computed tomography. Panel B: medium size subendocardial scarring of the
mid-anterior wall detected at contrast-enhanced magnetic resonance imaging (arrows) as well as at single-photon emission computed tomography. Pan-
el C: large subendocardial scarring involving the mid-distal segment of the infero-lateral wall and the apical segments of the septum and lateral wall as
seen at contrast-enhanced magnetic resonance imaging (arrows) as well as at single-photon emission computed tomography. Panel D: small subendo-
cardial scarring in the mid-segment of the postero-lateral wall, as seen at contrast-enhanced magnetic resonance imaging (arrow tip) but not at single-
photon emission computed tomography, and medium size scarring involving the mid-distal segment of the anterior septum as seen at contrast-enhanced
magnetic resonance imaging (arrows) and at single-photon emission computed tomography. Mild perfusion defect in the basal segment of the inferior
and infero-lateral walls at single-photon emission computed tomography without the related delayed enhancement at magnetic resonance imaging, sug-
gesting attenuation.



Statistical analysis. Discrete variables are expressed
as counts or percentages. Continuous variables are ex-
pressed as means ± SD. The Bland-Altman method was
used for intertechnique comparison of the infarct size12.
Statistical significance was assessed using the Wilcox-
on signed-rank test. A p value < 0.05 was considered as
statistically significant.

Results

Fifty-seven consecutive patients met the enrolment
criteria of the study. Two (4%) were excluded because
they were claustrophobic and 55 were evaluated: 50
had a history of Q wave MI and 5 of non-Q wave MI.
MRI was performed within 7 ± 8 and 8 ± 9 days of
echocardiography and SPECT respectively. In all pa-
tients the MRI and SPECT image quality was judged to
be adequate. The echo image quality was considered
insufficient in 5 patients, who however were not ex-
cluded from the analysis as an approximate judgment
on the segmental contractility was all the same provid-
ed by the echocardiographers. The clinical features of
the patient population are reported in table II. 

The MI mass estimation was 19 ± 23% of the LV as
assessed by means of delayed enhancement at CE-MRI
and 21 ± 25% as assessed by means of perfusion defect
at SPECT (Wilcoxon signed-rank test, p = NS). There-
fore, the average difference (Bland-Altman bias) was
-2% of the LV with a ± 23% limit of agreement (LOA). 

The MI area was 29 ± 23% of the LV at CE-MRI
and 41 ± 28% at SPECT (p = 0.000). The average dif-
ference was -12% of the LV with a ± 42% LOA. The MI
area assessed as the extent of kinetic abnormalities was
29 ± 31% at cine-MRI and 32 ± 29% at echocardiogra-
phy. The average differences between the functional
evaluation at cine-MRI and echocardiography and the
delayed enhancement estimation at CE-MRI were 0%
and -3% of the LV (p = NS for both) with a ± 39% and
± 36% LOA respectively. The corresponding biases
with the area of perfusion defect at SPECT were 12 and
9% (p = 0.003 and p = 0.022) with a ± 52% and ± 56%
LOA respectively.

Discussion

Our study confirms that assessments of MI mass at
CE-MRI and SPECT are comparable. The Bland-Alt-
man bias and LOA we obtained (-2% and ± 23% of the
LV) are very similar to the results reported by
Mahrholdt et al.7 (-0.5% and ± 19.2%). 

Although scarring is detected directly at CE-MRI
through a morphologic evaluation and indirectly at
SPECT through the resulting perfusion abnormalities,
assessment of MI mass seems to be useful for compar-
ing these two imaging techniques.

On the contrary, we found the estimations of the MI
area at CE-MRI to be significantly lower than those ob-
tained at SPECT (average bias -12% of the LV). An
overestimation of the radial extent of scarring at SPECT,
due to its low spatial resolution, may partly explain this
difference. Moreover, SPECT may misleadingly identi-
fy areas of the LV showing the attenuation phenomenon
as scar segments. This is especially true in case of obe-
sity, rest ischemia or left bundle branch block, condi-
tions which increase the incidence of artifacts. These
conditions might contribute to an overestimation of the
MI area at SPECT. Assessment of MI mass implied
weighting the contribution of each segment by the de-
gree of involvement (segmental score). As the reduc-
tions in radiotracer activity due to attenuation, a fre-
quent pitfall in SPECT evaluation, but also to left bun-
dle branch block are usually mild, the resulting inaccu-
racy is probably less significant for mass assessment. 

The area of perfusion abnormalities at rest SPECT
was found to be significantly larger than the extent of
wall motion abnormalities at echocardiography and
cine-MRI (average bias 12 and 9% of the LV, respec-
tively). Besides confirming an overestimation of the MI
area at SPECT, this finding discloses the intuitive idea
that imaging techniques with very different information
contents (perfusion, contractility) cannot be used indif-
ferently to assess the MI size. On average, the area of
delayed enhancement at CE-MRI was similar to the ex-
tent of wall motion abnormalities at echocardiography
and cine-MRI (average bias 0 and -3% of the LV, re-
spectively). Although the differences were not signifi-
cant, the high LOA (± 39% and ± 36% of the LV, re-
spectively) renders this comparison biologically mean-
ingless confirming that also morphologic and function-
al assessment of the MI cannot be easily compared. The
high LOA may be due to the presence of delayed en-
hancements without wall motion abnormalities in case
of very small scars and, on the other hand, to the oc-
currence of kinetic abnormalities without scar due to
hibernation (stunned myocardium is expected to be in-
frequent in chronic MI).

Study limitations. We used a semiquantitative evalua-
tion of MI mass and area consisting of a visual score for
each of the 16 segments into which the LV was divid-
ed. Consequently we introduced some approximations
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Table II. Clinical features of the study population.

Sex (M/F) 43/12
Age (years) 65 ± 9
Myocardial infarction site

Anterior 24
Inferior/lateral 26
Non-Q 5

LVEF (%)
≤ 30 8
31-40 7
41-50 12
> 50 28

LVEF = left ventricular ejection fraction.



in MI assessment due to: segmentation, as the area of
the various segments is not perfectly identical, hetero-
geneity of left ventricular wall thickness, for (asym-
metric) hypertrophy or thinning of some transmural
scarring and, above all, to the need of classifying a seg-
ment as being entirely scarred (with different transmur-
al scores) when it was largely, but not completely, in-
volved by MI (overestimation) and, conversely, as nor-
mal when it showed lesser involvement (underestima-
tion). The results of our study are however very similar
to those reported by Mahrholdt et al.7, who used a quan-
titative approach. This indirectly confirms the adequa-
cy of the method we used.

In conclusion, CE-MRI proved to be comparable to
SPECT for the assessment of the infarct mass in pa-
tients with a healed MI. The same cannot be said for the
estimation of the scar area as a high systematic error
was found when we compared CE-MRI to SPECT.
Moreover, the extent of scarring as assessed at CE-MRI
and SPECT cannot be compared with functional evalu-
ation at echocardiography or cine-MRI.
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