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Multimodality MR Imaging
Assessment of Myocardial
Viability: Combination of
First-Pass and Late Contrast
Enhancement to Wall Motion
Dynamics and Comparison
with FDG PET—Initial
Experience1

PURPOSE: To combine three magnetic resonance (MR) imaging modalities—do-
butamine stress cine, first pass, and late contrast material–enhanced T1-weighted
imaging—and to compare the results with 2-[fluorine 18]fluoro-2-deoxy-D-glucose
(FDG) positron emission tomography (PET) in the assessment of unviable myocardium
in coronary artery disease.

MATERIALS AND METHODS: Ten patients with multivessel coronary artery dis-
ease underwent MR imaging before and 6 months after bypass surgery. Left ventric-
ular cine MR imaging was performed at rest and during dobutamine infusion. Inversion-
recovery gradient-echo images were obtained to study myocardial contrast
enhancement at first pass and 5 minutes later. FDG PET was performed with orally
administered acipimox before surgery.

RESULTS: With dobutamine cine MR imaging, unviable myocardium was detected
with a sensitivity of 79% and a specificity of 93%; postoperative wall thickening was
the standard. First-pass analysis increased these values to 97% and 96%; analysis of
late enhancement with T1-weighted imaging, to 62% and 98%. FDG PET had a
sensitivity of 81% and a specificity of 86%.

CONCLUSION: The combination of first-pass enhancement analysis and wall mo-
tion assessment with stress significantly increases the specificity of MR imaging in
the detection of unviable sectors.

Assessment of myocardial viability with a clinical magnetic resonance (MR) imager would
increase the feasibility of MR imaging in coronary artery disease. Dobutamine stress cine
imaging has been used for both ischemia induction (1) and viability assessment (2).
Compared with echocardiography, MR imaging is more accurate in viability assessment
because MR images can be acquired with reproducible quality independent of the exam-
iner or patient anatomy (3). First-pass contrast enhancement with the use of T1-weighted
fast sequences has shown promise in the detection of ischemia and infarction (4), espe-
cially when combined with pharmacologic stress and the administration of dipyridamole (5)
or adenosine (6), which specifically increase coronary artery flow. Contrast enhancement on
T1-weighted images of acutely infarcted myocardium in patients was reported in 1988 (7), but
this phenomenon has not been used for clinical purposes. The combination of these tech-
niques at one MR imaging session has been tested in only a few recent studies (8–10).

The purpose of our study was to determine the effect of the addition of information
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from first-pass MR imaging and from late
enhancement on T1-weighted images to
dobutamine stress cine imaging. We
compared MR imaging results to those
obtained with 2-[fluorine 18]fluoro-2-de-
oxy-D-glucose (FDG) positron emission to-
mography (PET), a method that has been
shown to depict unviable myocardium
with great accuracy (11). Left ventricular
wall thickening was assessed with MR im-
aging 6 months after bypass surgery, and
the findings of wall thickening at rest were
used as the standard.

MATERIALS AND METHODS

Study Protocol

The study protocol was approved by
the local ethics committee. Ten consecu-
tive patients with multivessel coronary
artery disease and regional wall motion ab-
normality depicted at angiography and
with need of revascularization were in-
cluded. FDG PET and MR imaging were
performed within 10 days. All patients un-
derwent bypass surgery after imaging. Six
months after surgery, MR imaging was re-
peated for assessment of myocardial re-
sponse to revascularization.

Patients

Informed consent was obtained from
all patients before they entered the study.
The mean age of the patients was 69
years (range, 64–71 years); eight were
men, two were women. Four patients be-
longed to group III, five to group II, and
one to group I according to the New York
Heart Association functional classifica-
tion. Seven patients had a history of
myocardial infarction, and the mean
time from last infarction to MR imaging
was 16 months (range, 3–60 months). In
addition to coronary artery disease, pa-
tients had diabetes (n 5 3), hypertension
(n 5 2), psoriasis (n 5 2), and/or hyper-
cholesterolemia (n 5 1).

Coronary Angiography and
Interpretation of Findings

Coronary angiography was performed
with 6-F catheters and imaging in multi-
ple projections. Iobitrol (Xenetix; Guer-
bet, Aulnay-Sous-Bois, France) with 350
mg of iodine per milliliter was used as the
intraarterial contrast material. Left ven-
tricular cine angiograms were obtained
in the 30° right anterior oblique projec-
tion. The images were interpreted by an
experienced angiographer (L.T.). The
level and degree of stenosis in the main
branches of the coronary arteries were

visually estimated, and reduction in cor-
onary artery diameter of more than 70%
was considered significant. The presence of
dyskinetic anatomic regions was estimated
from left ventricular cine angiograms.

MR Imaging Protocol

Combined MR imaging was performed
in all patients before and 6 months after
multivascular bypass surgery. An 18-gauge
catheter was inserted into the antecubital
vein for dobutamine (Dobuject; Leiras,
Helsinki, Finland) infusion and gado-
pentetate dimeglumine (Magnevist; Scher-
ing, Helsinki, Finland) injection. Patients
were positioned supine on the table of a
1.5-T imager (Magnetom Vision; Sie-
mens, Erlangen, Germany), and imaging
was performed with the body array coil as
a receiver. Transverse, oblique sagittal,
and double-oblique left ventricular long-
axis scout images were obtained to deter-
mine the final short-axis imaging plane.
A left ventricular short-axis orientation
was selected for MR imaging to minimize
partial volume effects and to enable com-
parison between myocardial regions per-
fused by different arteries and between
MR imaging and PET findings.

Blood pressure was monitored before
and during dobutamine infusion, and
continuous heart rate monitoring was
performed during MR imaging. In addi-
tion, two-way audio communication and
video monitoring of the patient were
maintained.

Regional systolic wall thickening was
monitored with an electrocardiographi-
cally gated breath-hold cine sequence.
The imaging parameters for the series
were as follows: repetition time msec/
echo time msec, 40/4.8; matrix, 126 3
256; field of view, 240 3 320 mm; and
section thickness, 8 mm. Five short-axis
sections 15 mm apart were imaged at
rest, and three of these with regional hy-
pokinesia were imaged during dobut-
amine infusion of 5 mg per kilogram of
body weight per minute.

To monitor the first transit of bolus
injection of contrast agent during dobut-
amine infusion, electrocardiographically
gated, inversion-recovery gradient-echo
images were acquired in the same three
left ventricular short-axis planes with the
following parameters: 3.3/1.4; matrix,
62 3 128; field of view, 240 3 320 mm;
section thickness, 10 mm; and flip angle,
8°. An inversion time of 400 msec was
selected to nullify the myocardial signal
before contrast material administration.
Perfused with gadopentetate dimeglu-
mine, the myocardium would show rela-

tively increased signal intensity because
of the predominant T1 shortening.

Sets of 60 images were acquired, with
the three sections imaged repeatedly.
Each set of images in the three sections
was obtained every four to six R-R inter-
vals (approximately 4 seconds), and one
inversion-recovery preparation pulse was
followed by an imaging sequence for a
single section. After the third set of the
three sections, gadopentetate dimeglu-
mine (0.05 mmol/kg) was injected intra-
venously with a rate of 5 mL/sec.

After the first-pass study, dobutamine
infusion was discontinued, and 5 min-
utes later, inversion-recovery gradient-
echo images were obtained. Increased
signal intensity would be a sign of in-
creased extracellular volume, as in myo-
cardial infarction.

MR Image Analysis

In each patient, the three left ventric-
ular short-axis sections were divided into
eight 45° sectors from the interventricu-
lar groove in a clockwise fashion (Fig 1).
These sectors were analyzed for systolic
wall thickening, first-pass enhancement,
and late enhancement with NIH IMAGE

1.59 (Bethesda, Md; available at rsb.info
.nih.gov/nih-image), an image analysis
program. One author (K.L.) performed
the analysis of each MR modality (en-
hancement on cine, first-pass, and late T1-

Figure 1. Anatomic basis for MR imaging and
PET image analysis. Left ventricular short-axis
MR images were divided into eight sectors (1–8)
in a clockwise fashion by using the interven-
tricular groove as the starting point. On the
MR images, systolic wall thickening at rest and
with stress, first-pass enhancement, and late
enhancement on T1-weighted images were mea-
sured in each sector. On PET images, the FDG
uptake was determined in corresponding sectors.
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weighted contrast-enhanced images) sepa-
rately and was blinded to the rest of the
results.

Left Ventricular Systolic Wall
Thickening

Diastolic wall thickness for each sector
was measured from the first image of the
cine sequence; and systolic wall thick-
ness, from the image with the smallest
left ventricular chamber volume. Systolic
wall thickening was calculated from these
values. Sectors were divided into three
groups according to systolic wall thicken-
ing at rest and during dobutamine infu-

sion, as shown in Figure 2. Sectors with
systolic wall thickening of least 2 mm at
rest were considered normal (12). Sectors
with systolic wall thickening of less than
2 mm at rest were classified to Dobu1
and Dobu2 groups, depending on their
response to dobutamine infusion. During
infusion, Dobu1 sectors had systolic wall
thickening of at least 2 mm; and Dobu2
sectors, of less than 2 mm. The hypoki-
netic sectors (systolic wall thickening , 2
mm) that responded to bypass surgery
(systolic wall thickening $ 2 mm at rest)
were classified as hibernating, and those
that did not were classified as unviable.

First-Pass Enhancement

The effect of gadopentetate dimeglu-
mine injection was quantified by mea-
suring signal intensity changes in left
ventricular chamber blood, the eight
myocardial sectors on each imaged sec-
tion, and subcutaneous fat. The size (40
mm2 6 13 [SD]; range, 24–71 mm2) and
shape of the irregular myocardial regions
of interest were kept constant through-
out the analysis of each sector, but the
sectors were individually traced from im-
age to image because of breathing mo-
tion. Signal intensity–time curves were
generated for regional first-pass enhance-
ment analysis (Fig 2). The rate of increase
in signal intensity in the myocardial sec-
tors was assessed from the upslope of sig-
nal intensity–time curves of each perfu-
sion study and was calculated with the
equation slope 5 signal intensity increase/
time, as described previously (5).

Late Enhancement on T1-weighted
Images

The last T1-weighted inversion-recov-
ery gradient-echo images that were ob-
tained 5 minutes after contrast injection
were used for the late enhancement anal-
ysis. A circumferential 5-mm region of in-
terest was drawn on the myocardium, and
care was taken to avoid pixels in the blood
pool or epicardial fat. The signal intensity
profile was produced by plotting the mean

Figure 2. Assessment of (a) sectional left ventricular systolic wall thickening and (b) first-pass enhancement. Sectors (n 5 240) were divided into
three groups: normal myocardium (wall thickening $ 2 mm at rest), Dobu1 group (wall thickening , 2 mm at rest but $ 2 mm during dobutamine
infusion), and Dobu2 group (wall thickening , 2 mm at rest and no response to dobutamine). (b) Mean signal intensity–time curves of 43 sectors
in each group. Fastest enhancement was observed in normal sectors, and clear hypoperfusion was shown in Dobu2 sectors. The intensity curve of
Dobu2 sectors differs significantly (P , .05) from normal and Dobu1 curves when tested by using analysis of variance with repeated measures. SI 5
signal intensity.

Figure 3. Sensitivity and specificity of single and combined MR
imaging modalities in the detection of unviable myocardium in pa-
tients with regional left ventricular hypokinesia and comparison with
FDG PET. Numbers are percentages.
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signal intensity of the three pixels against
the angular position (13). The mean plus
or minus the SD of signal intensity in the
normal myocardium in the lower-intensity
region was calculated for each section, and
the sectors with a signal intensity of 2 SDs
above the mean were classified to represent
the areas with larger extracellular volume
(Fig 3).

Left Ventricular Ejection Fraction

All left ventricular short-axis images
were planimetered with a mouse-driven
cursor, and left ventricular volumes were
summed to give the total cavity volume
at diastole and systole according to the
Simpson rule algorithm.

FDG PET and Comparison
with MR Imaging

All patients underwent FDG PET before
bypass surgery (Fig 4). Acipimox (Olbetam,
Stabilimento di Ascoli Piceno, Marino del
Tronto, Italy; 250 mg) was orally adminis-
tered to patients 3.0 and 1.5 hours before
FDG was injected. Dynamic PET was per-
formed for 60 minutes; the imaging proce-
dure and analysis were described in detail
previously (11). FDG was synthesized with
an automatic apparatus by using a modi-
fied method of Hamacher et al (14). The
patients were positioned supine on a 15-
section tomograph (Ecat 931/08-12; Sie-
mens/CTI, Knoxville, Tenn) with a mea-
sured axial resolution of 6.7 and 6.5 mm in
plane, and 250 MBq 6 35 of FDG was in-
jected intravenously over 30 seconds. Dy-
namic imaging of the thoracic region was
started simultaneously and continued for
60 minutes.

All data were corrected for dead time,
decay, and measured photon attenua-
tion. The three myocardial short-axis sec-
tions that corresponded to the sections
imaged with MR were selected by mea-
suring their distance from left ventricular
apex and were divided into eight sectors
by one author (T.J.). The sectors were
aligned by defining the anterior interven-
tricular groove visible with both imaging
methods. Fractional utilization constants
of FDG(Ki) and rates of myocardial glu-
cose utilization were calculated for each
sector, and results were compared with
viability results obtained from MR imag-
ing. The cutoff value for viability was set
to 80% of normal myocardium in the
lateral left ventricular wall (11).

Statistical Analysis

All values were expressed as the mean
plus or minus the SD. The significance of
differences in signal intensity–time curves,

slopes, and late enhancement of sector
groups was determined by means of repeated
analysis of variance, or ANOVA, measures
with multiple comparison of mean values by
using the Scheffe f test. Differences in left
ventricular ejection fraction before and after
surgery on MR cine images were tested with
the paired Student t test. A significance level
of less than 5% was used.

RESULTS

Coronary Angiography

At coronary angiography, all patients
had at least 70% stenosis in two main

coronary arteries and at least 50% steno-
sis in the third. On the right anterior
oblique projection, all patients had re-
gional dysfunction, six in the posterior
wall and four in anterior wall. The mean
ejection fraction was 46% 6 15 (range,
30%–80%).

MR Imaging

The mean left ventricular ejection frac-
tion measured from short-axis cine sec-
tions increased from 44% before to 51%
after surgery (ranges, 16%–62% before
and 20%–69% after; P , .004). Systolic
wall thickening at rest was normal ($2

Figure 4. Assessment of late enhancement at T1-weighted imaging and comparison with FDG
PET. (a, c) Contrast-enhanced T1-weighted MR images were obtained with an inversion-recovery
gradient-echo sequence (repetition time msec/echo time msec/inversion time msec, 3.3/1.4/400;
flip angle, 8°; section thickness, 10 mm; field of view, 240 3 320 mm; and matrix, 62 3 128.)
(a) Image was obtained at the left ventricular short-axis apical level 5 minutes after gadopentetate
dimeglumine injection. The arrow indicates the hyperintense zone in the posterior part of the left
ventricular wall, which is a marker of larger extracellular volume and possible infarction. (b) FDG PET
image shows decreased activity at the same site. (c) Circumferential region of interest was drawn on
a from the interventricular groove clockwise to measure the signal intensity, site, and size of the
hyperintense zone. (d) Plot of signal intensity (SI) in the circumferential region of interest versus the
angular position on the left ventricular wall. The line at 29 arbitrary units indicates the cutoff value
calculated as the signal intensity mean plus 2 SD from the value in normal myocardium, and the peak
of the curve above it represents the hyperintense zone.
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mm) in 154 sectors and hypokinetic (,2
mm) in 86 sectors (Fig 2a). Of the hypo-
kinetic sectors, 43 responded to dobut-
amine infusion, and 43 did not. Six
months after bypass surgery, 211 sectors
had normal systolic wall thickening.
Twenty-nine were still hypokinetic and
were therefore labeled unviable. The 57
preoperatively hypokinetic sectors that
had recovered after surgery were labeled
hibernating. Figure 3 illustrates the high
sensitivity and specificity of dobutamine
cine and wall motion analysis (79% and
93%), as well as those of other MR mo-
dalities, for the detection of unviable sec-
tors.

The six sectors with a response of at
least 2 mm to dobutamine but with no
recovery after surgery were observed in
four different patients, and the 14 sectors
with a response of less than 2 mm to
dobutamine but with normal systolic
wall thickening after surgery were ob-
served in nine different patients. The ma-
jority of the false-positive and false-neg-
ative sectors were seen in the posterior
left ventricular wall, as listed in the Table.
Figure 5 illustrates the depiction of a pos-
terior unviable sector, as confirmed at
postoperative cine imaging and FDG
PET, with all MR modalities.

First-pass enhancement curves of the
sectors that did not respond to dobut-
amine were significantly lower that those
of the sectors that did (P 5 .03) (Fig 2b).
As shown in Figure 6a, the slope of the
signal intensity–time curve [(intensity
change/fat intensity)/seconds] was high-
est in sectors with normal systolic wall
thickening and lowest in sectors with no
response to dobutamine (P , .002). The
range of slopes in normal, hibernating,

and unviable sectors is illustrated in Fig-
ure 6b. There was only one unviable sector
with a slope of more than 1.0. With a slope
of 1 as the cutoff value, sensitivity and
specificity in the detection of unviable
sectors was 97% and 91% (Fig 3). The 18
viable sectors with slope of less than 1
were seen in seven patients (Table).

There were 52 sectors that had a signal
intensity on contrast-enhanced T1-weighted
images that was 2 SDs higher than that of
normal myocardium. The mean relative
signal intensity value in unviable sectors
was significantly higher than that of hiber-
nating or normal sectors (P , .001) (Fig 6c).
The sensitivity and specificity of contrast
enhancement on T1-weighted images in
the detection of unviable myocardium
were lower than those of other MR modal-
ities (Fig 3). The majority of false-positive
sectors were seen in the anterior left ven-
tricular wall in all 10 patients, and false-
negative sectors were seen in five patients
(Table).

The combination of first-pass slope
analysis and dobutamine cine systolic
wall thickening assessment increased
sensitivity and specificity to 97% and
96%, respectively, in the detection of
unviable sectors. Late enhancement in-
creased the specificity to 98% but de-
creased the sensitivity to 62% (Fig 3). In
comparison, FDG PET in the same sectors
had a sensitivity and specificity of 81%
and 86%, respectively.

DISCUSSION

The question of myocardial viability in
coronary artery disease can be answered
with the use of scintigraphy and echo

methods, but only with MR imaging can
the combination of wall motion, perfu-
sion, and tissue characteristics be as-
sessed with good regional accuracy. Al-
though authors of many review articles
(15–17) recommend the use of cine MR
imaging in combination with other MR
techniques, to our knowledge only a few
original reports (8,9) are available. We
studied the effect of combining contrast-
enhanced MR imaging sequences with
low-dose dobutamine cine assessment.

The major finding of this study was the
significantly higher first-pass enhance-
ment slope in myocardial hypokinetic
sectors that did respond to dobutamine
stressing compared with those that did
not respond. Also, the slope was greatly
decreased in sectors that appeared unvi-
able after bypass grafting. As a single MR
imaging modality for assessment of unvi-
able sectors, first-pass imaging provided
the best sensitivity and specificity results.
Contrast enhancement on T1-weighted
images was seen in several sectors that
had normal wall thickening or that had
recovered after surgery; therefore, this ap-
proach should not be used as a single
method for viability analysis. The combi-
nation of cine, stress, and first-pass imag-
ing was the best approach to MR viability
analysis in patients with multivessel coro-
nary artery disease. Compared with FDG
PET, multimodality MR imaging had
good accuracy in the detection of unvi-
able myocardium.

Our finding that low-dose dobutamine
cine imaging and systolic wall thickening
assessment depicts hibernating and unvi-
able myocardium with good sensitivity
and specificity is in agreement with those
of earlier articles (3,18,19). Dobutamine

Anatomic Distribution of False-Positive and False-Negative Sectors in the MR Imaging Assessment of Unviable Myocardium

Location

Dobutamine Stress Cine First-Pass Contrast-enhanced Late Contrast-enhanced T1-weighted

False-Positive False-Negative False-Positive False-Negative False-Positive False-Negative

Apex
Anterior* 2 0 0 2 9 0
Lateral† 2 0 1 2 5 0
Posterior‡ 2 1 0 3 4 2

Middle
Anterior* 0 1 0 1 3 2
Lateral† 0 0 0 1 2 2
Posterior‡ 2 1 0 4 1 1

Base
Anterior* 2 0 0 2 6 1
Lateral† 0 1 0 0 3 1
Posterior‡ 4 2 0 3 1 2

Note.—Data are the number of sectors. Findings at left ventricular cine MR imaging performed 6 months later were used for the standard.
* 89°–315°.
† 90°–224°.
‡ 225°–314°.
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infusion with increasing doses does in-
crease the specificity of the wall motion
analysis (12), but this method is more
time-consuming. On the other hand,
first-pass imaging at the single-dose level
is fast and requires less image processing
and image analysis time.

We found a significant difference in
the first-pass enhancement slope of hy-
pokinetic myocardial sectors that did re-
spond to dobutamine when they were
compared with the ones that did not and
to normal sectors. Similar MR imaging
results have not been reported before. We
suggest that the difference indicates the
dependence of wall motion and perfu-
sion on stress in coronary artery disease.
The slope of the enhancement curve is a
result of several physiologic factors, such
as cardiac output, coronary vasodilata-
tion, and extravasation of low-molecular-

weight contrast agent into the myocar-
dial extracellular space (20). The slope is
also dependent on the MR imaging pa-
rameters and amount of contrast agent
used (21). The slope partly reflects re-
gional perfusion, and, according to our
findings, wall motion recruitment is tightly
dependent on perfusion reserve.

The unviable sectors had a severely de-
creased first-pass enhancement slope,
which distinguished them from viable
sectors, with a good sensitivity and spec-
ificity. On the other hand, cine imaging
showed the hypokinetic sectors, which
would recover after treatment. Therefore,
the combination of cine and perfusion
imaging would be the best MR imaging
tool for use in the assessment of both
hibernation and viability. MR cine and
perfusion imaging with low-dose dobut-
amine stressing and contrast material

injection is safe, fast, and feasible, but
image analysis without proper postpro-
cessing tools is time-consuming and is
the limiting step for clinical applications.

Contrast enhancement on T1-weighted
images alone was the least accurate MR
modality in detection of unviable sectors.
In earlier studies (22), the size of the hyper-
intense region was larger than the infarc-
tion size assessed with control methods. It
has been suggested that the tissue sur-
rounding infarction may be edematous
and may, therefore, consist of larger extra-
cellular spaces and an increased distribu-
tion volume for the contrast agent (23).

In our patients, the enhancement could
have been a result of high signal intensity
in subendocardial infarction and the sur-
rounding edema. The response to treat-
ment, therefore, would depend on the
transmural extent of the infarction (8),

Figure 5. Three MR modalities illustrate posterior unviable myocardium in the left ventricular short-axis section imaged at the level of the
papillary muscles. (a) End-diastolic cine image. (b) End-systolic cine image obtained during dobutamine infusion. Arrow indicates the site of a
nonresponding sector on the posterior wall. (c) First-pass image obtained during early myocardial contrast enhancement. Arrow indicates the sector
with a slower-enhancing posterior wall. (d) Arrow indicates the late enhancement in the same sector on this image obtained 5 minutes after contrast
agent injection. (e) Image of the same left ventricular short-axis section at end systole obtained 6 months after bypass surgery. There is no recovery
of systolic wall thickening in the unviable sector. Arrow indicates the site of the nonresponding sector. (f) Arrow on the PET image indicates low
FDG uptake in the corresponding region. (a, b, e) Rest and stress cine images used in the analysis of systolic wall thickening were obtained with
an electrocardiographically gated breath-hold sequence (40/4.8; section thickness, 8 mm; field of view, 240 3 320 mm; matrix, 126 3 256).
(c, d) First-pass MR images and late-enhanced T1-weighted MR images were obtained with an inversion-recovery gradient-echo sequence
(3.3/1.4/400; flip angle, 8°; section thickness, 10 mm; field of view, 240 3 320 mm; and matrix, 62 3 128).
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which was not assessable with the fast se-
quence we used. The false-positive sectors
on contrast-enhanced images were more
often anterior, probably because they were
closer to the body array coil. On the other
hand, other myocardial diseases such as
viral myocarditis (24) and hypertrophic
cardiomyopathy (25) have increased signal
intensity after contrast agent injection.
The high signal intensity on T1-weighted
MR images of ischemic myocardium need
further study and sector-to-sector compar-
ison with scintigraphic imaging findings.

In the current study, the number of pa-
tients was small. Before groups with greater
numbers of patients are studied, more au-
tomated methods should be developed for
quantitative analysis of wall thickening,
first-pass imaging, and late enhancement
analysis. Because neither angiography nor
PET was performed after surgery for con-
trol, success in revascularization was not
directly assessed. Because first-pass MR im-
aging with gradient-echo sequences was
limited to three left ventricular short-axis
sections (5), the entire left ventricular myo-
cardium was not assessed for viability. In
the future, faster gradient-echo imaging
with inversion recovery (26) or saturation
preparation (27), echo-planar sequences
(28–30), or a combination of these (31)
should be used for whole-heart perfusion
and viability imaging.
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