Identification of viable myocardium in patients
with chronic coronary artery disease and left
ventricular dysfunction: Role of magnetic

resonance imaging

Nineteen patients (16 men and 3 women, mean age 51 years) with previous anterior myocardial
infarction and severe stenosis (=90%) of the left anterior descending coronary artery were
studied by magnetic resonance imaging (MRI) without and with contrast media to verify the
capability of MRI in identifying viable myocardium in areas of severe systolic dysfunction. In
corresponding left ventricular segments, a comparison was made between regional signal
intensities (Sl) determined on MRI images before and 4, 8, 12, and 30 minutes after
administration of paramagnetic contrast media (gadolinium diethylenetriaminepentaacetic acid,
0.4 mmol/kg intravenously) and metabolic parameters determined by iodine 123
phenylpentadecanoic acid (IPPA) scintigraphy. The Sl and the time of maximum postcontrast
enhancement were analyzed by dividing the left ventricle into 11 segments. Each segment was
classified as normal (group 1, n = 116), hibernating (group 2, n = 50), or necrotic (group 3,

n = 43) on the basis of the IPPA washout rate (>30%, 10% to 30%, and <10%, respectively).
Regional Sl demonstrated significant differences in absolute values at 12 minutes (group 3:
1.62 = 0.58 vs group 1: 1.32 + 0.52, p < 0.01, and vs group 2: 1.34 + 0.48, p < 0.05) and at 30
minutes (group 3: 1.71 = 0.47 vs group 1: 1.21 + 0.55, p < 0.01, and vs group 2: 1.49 + 0.57,

p < 0.05) and in temporal distribution. These results suggest that MRI has a potential role in
differentiating viable from necrotic myocardium in patients with chronic severe systolic

dysfunction. (Am HeaRT J 1994;128:484-9.)

Francesco Fedele, MD,4 Teresa Montesano, MD,? Marco Ferro-Luzzi, MD,?
Ernesto Di Cesare, MD,? Paolo Di Renzi, MD,? Francesco Scopinaro, MD,¢

Luciano Agati, MD,* Maria Penco, MD,? Franco Serri, MD, Antonio Vitarelli, MD,2
and Armando Dagianti, MD, FESC? L’Aquila and Rome, Italy

After reperfusion of acute myocardial infarctions,
clinical evidence of lack of contraction does not nec-
essarily indicate irreversible myocardial damage.
Regional wall motion abnormality at rest may be the
result of persistently depressed blood flow or to pro-
longed myocardial cellular dysfunction after tran-
sient ischemia, myocardial necrosis, or myocardial
scarring. In patients with apparently infarcted myo-
cardium, differentiating viable but functionally im-
paired myocardium from irreversibly infarcted myo-
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cardium is important if revascularization is contem-
plated for treatment.

Although echocardiography is extremely useful for
assessing the mechanical consequences of ischemic or
necrotic processes, it tends to overestimate infarcted
areas and to be unable to discriminate reversible
from irreversible myocardial injuries. 2 Serial stud-
ies are needed to demonstrate myocardial viability by
functional improvement in previously injured areas
(myocardial stunning). The pharmacologic approach
(echocardiography with dobutamine) is still under
investigation.? Among the noninvasive cardiac imag-
ing techniques, only positron emission tomography
(PET) has proven adequate for distinguishing be-
tween reversible and irreversible ischemic tissue in-
jury.*® The combined evaluation of blood flow and
glucose utilization aims to identify compromised but
viable myocardium when wall motion is equally im-
paired in necrotic and reversibly damaged tissue.

More recently, magnetic resonance imaging (MRI)
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has been used clinically and experimentally in the
early detection of myocardial ischemia and infarction
and has proven capable of distinguishing between
occlusive and reperfused infarctions.” The diagnos-
tic potential of contrast agents for improving MRI of
reperfused and nonreperfused myocardial infarction
also has been shown.1% 11 However, the role of MRI
in differentiating viable from necrotic tissue in pa-
tients with chronic ischemic heart disease has not
been defined. The aim of this study was to determine
whether MRI without and with contrast media has
the capability of identifying viable myocardium in
areas of severe systolic dysfunction and to discrimi-
nate reversibly from irreversibly damaged zones.
Comparisons were made in corresponding left ven-
tricular segments of regional perfusion and metabo-
lism as determined by iodine 123 phenylpentade-
canoic acid (IPPA) scintigraphy and regional signal
intensity on MRI images obtained before and after
administration of paramagnetic contrast media.

METHODS

Nineteen patients (16 men and 3 women, mean age 51
years) with anterior myocardial infarction and severe
stenosis (=90% ) of the left anterior descending (LAD) ar-
tery were studied. Selection criteria included severe hy-
pokinesis, akinesis, or diskinesis in anterior, septal, and/or
apical regions (without asynergy in other segments) on
x-ray left ventriculography and on two-dimensional (2D)
echocardiography. Although all patients had evidence of
previous myocardial infarction, we studied only patients
with chronic stable coronary artery disease; no patient had
suffered from an acute myocardial infarction or unstable
angina within 3 months of the study. Coronary angiography
showed single-vessel disease in 9 patients, two-vessel dis-
ease in 3 patients, and three-vessel disease in 1 patient.
Collateral vessels were present in 8 patients (42%). Pa-
tients underwent IPPA scintigraphy and magnetic reso-
nance imaging after discontinuation of all antianginal
medications.

Magnetic resonance imaging. MRI examinations were
performed with a 0.2 T permanent magnet. Cardiosyn-
chronized spin-echo sequences wereacquired (TR = R — R,
TE = 25 msec, where TR = repetition time and TE = end
time; matrix 128 X 256) with 10 mm slice thickness and,
depending on the cardiac rate, an acquisition time of 2
minutes and 50 seconds to 3 minutes and 10 seconds.
Short-axis scans were acquired on the mitral valve and
papillary muscle levels and at the apical level.

Acquisitions with the same characteristics were repeated
at 4, 8, 12, and 30 minutes after contrast medium admin-
istration. Gadolinium-diethylenetriaminepentaacetic acid
(GA-DTPA) (Magnevist, Schering), 0.4 mmol/kg was ad-
ministered by rapid intravenous injection of 0.2 mmol/kg
before the first acquisition and by infusion, lasting the
whole acquisition time, of the remaining 0.2 mmol/kg to
preserve a steady state of contrast in the plasma. Signal
intensity (SI) analysis was performed by dividing the left

Fedele et al. 485

ventricle into 11 segments, 5 (anterior, anteroseptal, pos-
teroseptal, posterior, and lateral) at the mitral valve and
papillary muscles levels and 1 at the apical level: this sub-
division is similar to that applied to 2D echocardiographic
images. The SI was calculated before administration of
contrast medium and serially during the subsequent ac-
quisitions: by a manual cursor system 11 regions of inter-
est (ROIs) corresponding to the identified segments were
analyzed. SI values of all ROIs were normalized with the SI
of the subcutaneous fat. The time of maximum postcon-
trast enhancement also was determined.

Myocardial scintigraphy. Before the scintigraphic
study, patients ate a no-fat breakfast and then fasted for
4 to 8 hours; 1 ml of Lugol’s solution was given orally 30 to
60 minutes before the injection of IPPA. Three to 6 mCi of
IPPA was injected intravenously with the patient upright
at rest.

Planar imaging was performed with a standard—field-of-
view gamma camera (General Electric) equipped with a
general-purpose, low-energy, parallel-hole collimator in-
terfaced to a dedicated nuclear medicine computer for data
acquisition, storage, and analysis (Starcam 2000). Energy
discrimination was provided by a 20% window centered on
the 159 keV photopeak of iodine 123. Images were acquired
in the 40- and 70-degree anterior oblique and anterior pro-
jections with a digital resolution of 128 X 128 at 4 and 30
minutes after IPPA injection. Each view was divided into
5 segments, for a total of 15 segments, by method proposed
by Rigo et al.!2 Although this segmental analysis does not
provide a perfect correspondence with the subdivision ap-
plied on magnetic resonance and on 2D echocardiographic
images, it allows precise identification of the same 11 an-
atomic myocardial territories.

Quantitative analysis of regional myocardial IPPA ac-
tivity was performed after background correction. Activity
within each region was normalized to the mean activity
of all segments within the image. Segmental washout
rates were calculated from the mean activity in each seg-
ment before normalization, according to the formula:
(total counts at 4 minutes — background counts at 4 min-
utes) — (total counts at 30 minutes — background counts
at 30 minutes)/(total counts at 4 minutes — background
counts at 4 minutes) X 100. IPPA washout rates were clas-
sified as normal (>30% ), reduced (10% to 30% ), or absent
(<10%). The regions with normal or reduced IPPA activ-
ity and washout were considered to indicate myocardial vi-
ability; IPPA segmental distribution and washout absence
were considered to represent irreversibly damaged myo-
cardium (necrotic or fibrotic).

Statistical analysis. Results are expressed as mean
values + SD or as proportions. Univariate analysis of mean
data between groups was performed by Student’s ¢ test
with pooled variance or one-way analysis of variance.
Univariate analysis of proportions between groups was
performed by the chi square test. A p value <0.05 was con-
sidered significant.

RESULTS
Regional fatty acid metabolism and function. Of the
209 myocardial regions evaluated of the 19 patients,
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Table I. Signal intensities classified by metabolic pattern
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Time after Group 1I:
gadolinium-DTPA Group I: Reduced Group III:
administration Normal metabolism TvsIl metabolism IT vs I11 No metabolism T ws IIT
(min) (n =116) (p) (n = 50) (p) (n=43) (p)
Baseline 1.12 + 0.45 <0.03 1.32 + 0.45 NS 1.20 + 0.54 NS
4 1.30 + 0.52 <0.01 1.57 £ 0.59 NS 1.47 + 0.20 <0.05
8 -1.20 = 0.43 <0.01 1.38 + 0.34 <0.03 1.50 = 0.20 <0.01
12 1.32 = 0.52 NS 1.34 + 0.58 <0.05 1.62 = 0.58 <0.01
30 1.21 + 0.55 <0.01 1.49 + 0.57 <0.05 171 + 0.47 <0.01
NS, Not significant.
Table Il. Time of maximum postcontrast enhancement distribution
Time after Group II:
gadolinium-DTPA Group I: Reduced Group III:
administration Normal metabolism TvsIT metabolism IT vs IIT No metabolism I vs IIT
(min) (n=116) (p) (n =50) (p) (n=43) (p)
4 53 (45.7%) NS 32 (64.0%) <0.001 6 (13.9%) <0.01
8 36 (31.0%) NS 8 (16.0%) NS 4 (9.3%) <0.05
12 16 (13.8%) NS 4 (8.0%) NS 4(9.3%) <0.05
30 11 (9.5%) NS 6 (12.0%) <0.001 29 (67.5%) <0.0001

NS, Difference not significant.

116 (55.5%) had normal IPPA distribution and
washout; 50 (24.0%) showed a pattern of reduced
metabolism; and in 43 (20.5% ) fatty acid activity was
absent. The relations between regional metabolic
pattern and regional myocardial function as evalu-
ated by 2D echocardiography were follows. A normal
metabolism was found in 91 of 121 segments showing
normal wall motion and in 25 of 88 regions with ab-
normal wall motion; reduced metabolism was present
in 20 of 121 normally functioning areas and in 30 of
88 dysfunctioning ones; finally, in 10 of 121 segments
with normal function and 33 of 88 with asynergy,
metabolism was absent.

Regional fatty acid metabolism and magnetic reso-
nance imaging parameters. The data relative to values
of MRI ST calculated before and after Gd-DTPA ad-
ministration in the regions classified as having nor-
mal (group 1), reduced (group 2), or no (group 3) me-
tabolism are shown in Table I. The differences
between regions without metabolism and the other
regions were significant at 12 minutes (group 3:
1.62 + 0.58 vs group 1: 1.32 + 0.52, p < 0.01, and vs
group 2: 1.34 + 0.48, p < 0.05) and at 30 minutes
(group 3:1.71 + 0.47vsgroup1:1.21 + 0.55,p < 0.01,
and vs group 2: 1.49 + 0.57, p < 0.05).

The results relative to time peak of maximum
postcontrast enhancement demonstrated signifi-
cantly different distribution among the three groups
(Table II). The segments classified as metabolically

inactive had a time peak significantly delayed com-
pared with regions with normal or reduced fatty acid
activity: at 30 minutes, 29 (67.5%) of 43 segments of
group 3 had attained the maximum enhancement as
compared with group 1 (11 [9.5% ] of 116, p < 0.0001)
and with group 2 (6 [12.0%] of 50, p < 0.001).

Magnetic resonance imaging parameters and viable
myocardium in dysfunctional areas. When we consider
only the dysfunctioning regions on 2D echocardiog-
raphy (n = 88), classified as viable (normal or re-
duced metabolism, group 1A, n = 55) or as irrevers-
ibly damaged (absent metabolism, group 2A, n = 33),
results relative to MRI parameters can be summa-
rized as follows. (1) The mean SI in postcontrast im-
ages was significantly different between the two
groups at 12 minutes (group 1A: 1.29 + 0.68 vs group
2A: 1.68 + 0.54, p < 0.01) and at 30 minutes (group
1A: 1.17 + 0.61 vs group 2A: 1.65 = 0.55, p < 0.01)
(Table III). (2) The distribution of time peaks of
maximum contrast enhancement were significantly
different between the two groups: at 30 minutes, only
7 (12.7%) of 55 segments of group 1A had attained
the maximum postcontrast enhancement as com-
pared to 22 (66.7%) of 33 of group 2A (p < 0.001)
(Table 1V).

DISCUSSION

The results of this study confirm the high incidence
(62.5%) of viable myocardium in regions of abnormal
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wall motion at rest in patients with previous infarc-
tion and chronic coronary artery disease.!?16 In these
patients, ventricular function may improve consid-
erably after revascularization. Thus left ventricular
dysfunction in chronic coronary artery disease may
be reversible, and the identification of viable myo-
cardium has important clinical implications. In this
setting the assessment of myocardial viability on the
basis of regional ventricular function measurements
at rest, obtained by contrast ventriculography, radi-
onuclide angiography, or echocardiography, is often
imprecise, as confirmed also by our data. Although
enhanced regional left ventricular function during
nitroglycerin administration,'” during postextrasys-
tolic potentiation,'® during low-dose catecholamine
infusion,® 12 or immediately after exercise?” has been
proposed to identify more accurately viable myocar-
dium in patients with chronic regional asinergy, the
application of these techniques during contrast, ra-
dionuclide, or ultrasonic ventriculography has yet to
gain widespread clinical acceptance.

The presence of viable myocardium in areas of se-
vere dysfunction might be ascribed to stunning or
hibernating myocardium. The first was brilliantly
defined by Jennings et al.?! as “prolonged contractile
dysfunction exhibited by viable myocardium which
has been damaged by ischemia and salvaged by
reperfusion”; the term “hibernated myocardium”
was introduced by Rahimtoola® to define left ven-
tricular dysfunction due to chronic and profound is-
chemia.

Because dysfunction and viability are common to
both pathophysiologic conditions, precise differenti-
ation requires knowledge of the perfusional pattern:
stunned myocardium has normal perfusion, whereas
hibernated myocardium is hypoperfused. At present,
only simultaneous metabolic and perfusional PET
imaging has emerged as a promising method for
identifying viable myocardium and for differentiat-
ing stunned from hibernated myocardium. The met-
abolic imaging technique that we used does not allow
this distinction; however, IPPA scintigraphy was
demonstrated to be an accurate method for studying
metabolic markers in various pathophysiologic con-
ditions (chronic and acute ischemia and myocardial
infarction).?-2% The choice of fatty acid scintigraphy
seems appropriate to the aim of this study: it allows
identification of different metabolic patterns and
satisfying differentiation between viable and unvia-
ble myocardium, as recently demonstrated by com-
parison with myocardial biopsy specimens and post-
operative outcomes.?® Furthermore, fatty acid scin-
tigraphy with respect to PET offers the advantages
of a wider diffusion and reduced cost.
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Table Ill. Signal intensities in viable and irreversibly dam-
aged dysfunctioning segments

Time after Group IA:

gadolinium- Normal or Group ITA:
DTPA reduced I No
administration metabolism vs IT metabolism
(min) (n = 55) (p) (n=233)

Baseline 1.02 + 0.50 NS 1.11 + 0.59
4 1.24 + 0.63 NS 1.39 + 0.65
8 1.01 + 0.46 NS 1.13 £ 0.52
12 1.29 =+ 0.68 <0.01 1.68 + 0.54
30 1.17 + 0.61 <0.01 1.65 = 0.55

NS, Not significant.

Table IV. Time of maximum contrast enhancement distri-
bution between viable and irreversibly damaged dysfunc-
tioning segments

Time after Group IA:
gadolinium- Normal or Group ITA:
DTPA reduced I No
administration metabolism vs IT metabolism
(min) (n = 55) (p) (n=233)
4 31 (56.4%) <0.001 4 (12.1%)
8 10 (18.2%) NS 4 (12.1%)
12 7T(12.7%) NS 3(9.1%)
30 7 (12.7%) <0.001 22 (66.7%)

NS, Not significant.

The results relative to the comparison between
MRI parameters and regional metabolic patterns
suggest the potential role of MRI in the identification
of viable myocardium: regional SIs demonstrate sig-
nificant differences in absolute value and temporal
distribution not only among the three groups classi-
fied by metabolic pattern but also, and even more
markedly, between the viable and unviable dysfunc-
tional segments.

Our data demonstrate that the use of contrast me-
dium is of crucial importance. The ionic contrast
agent Gd-DTPA proved capable of improving the
differences between infarcted and normal myocar-
dium in the acute phase?®’; similar good results were
achieved when Gd-DTPA was used to differentiate
reperfused from nonreperfused infarctions in animal
models.?830 However, clinical studies are lacking in
the setting of chronic ischemia.?! Although the pa-
tients we studied were affected by chronic coronary
artery disease, the administration of contrast me-
dium was useful in differentiating viable from unvi-
able myocardium. Tissue contrast depends on dif-
ferences in tissue perfusion, blood content, size of
extracellular space, and myocardial contrast agent

distribution. Although a kinetic model for Gd-DTPA
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is lacking, the high dose used and the administration
modalities (bolus plus constant infusion) were de-
signed (1) to address the problem of rapid washout of
a water-space paramagnetic agent that has a short
residence time after bolus injection,*? and (2) to avoid
the time-dependent fluctuation of the enhancement
during image acquisition.?® Although we cannot be
sure that a steady-state concentration of Gd-DTPA
was achieved, other investigators,® using the same
protocol, have demonstrated a sustained plateau in
paramagnetic effect that remained stable until Gd-
DTPA infusion was completed. Differences in re-
gional paramagnetic enhancement may be explained
by changes in the volume of distribution or compart-
mentalization (intravascular and interstitial com-
partments) of gadolinium in the myocardium. In pa-
tients with chronic coronary artery disease, these
changes are due to the complex modifications in my-
ocardial structure, metabolism, and perfusion that
occur in this condition: in particular, the more pro-
nounced and delayed paramagnetic enhancement
observed in regions without metabolism may be as-
cribed to the more profound abnormalities in mem-
brane partition coefficient between intravascular and
interstitial space and in gadolinium clearance in ar-
eas irreversibly damaged but probably still not com-
pletely fibrotic. The lack of significant modifications
of myocardial thickness on MRI images confirms the
absence of evident scarring processes.

Some limitations of our study deserve further con-
sideration. First, one might object to the lack of con-
trols; however, the absence of a patient control group
may be overcome by a segment control group, i.e., a
group of segments with normal metabolism and wall
motion. The variability of signal intensities also ob-
served in this group may affect our conclusions. Al-
though there are difficulties in comparing ventricular
segments derived from planar (fatty acid scintigra-
phy) and tomographic (MRI) imaging techniques, we
believe that the precise identification of 11 anatomic
territories corresponding to well-defined vascular
beds may be sufficient to minimize those inherent
differences. Furthermore, there is close correspon-
dence, at present commonly accepted, in segmental
wall motion assessment by planar (contrast ventric-
ulography) and tomographic (2D echocardiography)
techniques.

Our study involved patients with chronic coronary
artery disease, and thus the results may not apply to
patients with acute ischemia or to patients undergo-
ing fibrinolytic treatment or revascularization proce-
dures. Considering the relatively small number of
patients, none of whom underwent successful revas-
cularization, definitive conclusions regarding the
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overall efficacy of MRI compared with fatty acid
scintigraphy in predicting favorable outcome after
revascularization will require further experience in a
larger series.

However, our data, concerning the analysis of a
large number of myocardial regions with a variety of
metabolic patterns, do allow an evaluation of MRI
parameters in comparison with IPPA imaging in the
assessment of myocardial viability. The results sug-
gest the potential role of MRI in providing informa-
tion approximately comparable to that obtained by
fatty acid scintigraphy in identifying viable myocar-
dium in patients with chronic coronary artery disease
and left ventricular dysfunction.

We thank Dr. Charles B. Higgins, Dr. Mihai Gheorghiade, and
Paola Luciolli.
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