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ABSTRACT

To study whether thrombolytic therapy affects Gd-DTPA–enhanced pattern and
whether its pattern indicates myocardial viability, Gd-DTPA–enhanced magnetic
resonance imaging (MRI) was performed in 43 patients with reperfused acute myo-
cardial infarction 14.8 � 5.0 days after onset with breathhold scanning on a 1.5-
T whole body system. The hypoenhanced area at 90 sec after contrast injection was
defined as a perfusion defect (PD). Patients were divided into PD(�) and PD(�)
groups. The PD was detected in 77.8% of patients treated with direct percutaneous
transluminal coronary angioplasty (PTCA) and in 28.6% of patients treated by
thrombolytic therapy with or without PTCA in the thrombolysis in myocardial in-
farction grade 3 group (p � 0.05). The myocardial wall was divided into seven
segments based on the American Heart Association committee report. Wall motion
of each segment was classified by one of six patterns (wall motion score [WMS]:
dyskinesis, �1; akinesis, 0; severe hypokinesis, 1; hypokinesis, 2; slight hypokinesis,
3; normal, 4). By echocardiography, the average WMS and ejection fraction were
similar between the PD(�) group and the PD(�) group on admission. Those param-
eters were significantly worse in the PD(�) group than in PD(�) group 1 month
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after onset. The change in WMS was significantly lower in the PD(�) group than
in the PD(�) group. The number of patients and segments with more than two
grades of improvement of WMS in the PD(�) group was significantly lower than
that in the PD(�) group. Angiographically, left ventricular ejection fraction and
WMS of the PD(�) group were significantly lower than those of the PD(�) group
3 months later. PDs were detected significantly less frequently in patients treated
with thrombolytic therapy, suggesting that microvascular embolization related to
formation of the no-reflow phenomenon.
Key Words: Acute myocardial infarction; Contrast-enhanced MRI; No-reflow
phenomenon; Thrombolysis; Viability

INTRODUCTION

Over the past several years, a number of experimental
studies have suggested that contrast-enhanced magnetic
resonance imaging (MRI) could be used to characterize
microvascular perfusion (1–11). Early studies using spin
echo imaging required several minutes to obtain each im-
age of the heart (4–8). More recently, several groups used
fast MRI to characterize the myocardial first pass of MR
contrast agents after bolus administration (2,9–12). In a
canine model, MRI hypoenhanced regions are character-
ized by profoundly reduced blood flow, with 90% of the
myocardium nonviable (13). MRI hypoenhanced regions
are also seen in humans, and these regions correlate with
poorer global left ventricular function (14,15) and more
frequent postmyocardial infarction complications (9,15).
Therefore, the extent of hypoenhancement has important
prognostic significance after acute myocardial infarction.
We studied whether thrombolytic therapy has an effect
on Gd-DTPA enhancement pattern.

MATERIALS AND METHODS

The study group consisted of 43 consecutive patients
(37 men and 6 women, mean age, 59 � 11 years) with
reperfused acute myocardial infarction. Twenty-six pa-
tients suffered from anteroseptal myocardial infarction,
9 had inferior myocardial infarctions, and 8 had posterior
myocardial infarctions. Gd-DTPA–enhanced MRI was
performed 14.8 � 5.0 days after myocardial infarction
onset on a 1.5-T whole body system (Shimazu). T2-
weighted images were acquired in vertical LV longitudi-
nal sections to determine infarct location. High signal
intensity area was seen in infarcted area on those T2-
weighted images. A single short-axis slice including the
infarct zone was chosen using those T2-weighted vertical
LV longitudinal images. Gd-DTPA (0.2 mmol/kg) was
injected for 20 sec by hand. Images were then acquired
30, 60, and 90 sec and 7 min after injection at this slice

location. An LV short-axis slice image was obtained with
use of a flip angle of 25 degrees, an echo time of 4.7 ms,
repetition time of 11–14 msec, inversion recovery time
of 400–500 msec, segmentation of seven to nine, one
number of excitation, a field of view of 30 cm, and matrix
of 109 � 256 or 163 � 256 in almost all patients. The flip
angle and echo time were changed to obtain the optimal
images in some patients, and Tl, segmentation, and ma-
trix size were changed because of patient’s R-R interval
and breathhold period variability. Two observers ana-
lyzed the images.

Three patterns of myocardial signal enhancement
were identified, as described earlier (11,13). In nonin-
farcted myocardium, signal intensity rose rapidly during
the first 30 sec after contrast injection and then decayed
over 7 min. Infarcted myocardium generated a signal that
also rapidly rose in intensity during the first 90 sec after
contrast injection. This caused hyperenhancement of in-
farcted myocardium relative to normal myocardium by 7
min after contrast injection. The third pattern was a grad-
ual increase in signal intensity over the first 90 sec after
contrast injection. Such areas are hypoenhanced relative
to surrounding myocardium and correspond to regions
of microvascular obstruction or ‘‘no reflow’’ (9–11,
13,16,17). Hypoenhancement persisted for 90 sec and
was located in the subendocardium of the infarct core.
The hypoenhancement area at 90 sec surrounded by the
hyperenhanced area at 7 min after contrast injection was
defined as perfusion defect (PD). Patients were divided
into two groups, PD(�) and PD(�).

The infarcted area at 7 min after contrast injection was
not estimated quantitatively. The short-axis slice of the
infarcted zone did not seem to provide enough data to
quantitatively calculate the infarcted area.

The study took 1.5 hr to get images, so long that we
did not get fast echo cine. Additionally, MRI was per-
formed about 2 weeks after the onset; therefore, it was
not appropriate to compare the LV function in the acute
phase with that in the chronic phase.

Emergent coronary angiography (CAG) was per-
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formed. The occluded coronary artery was reperfused by
means of percutaneous transluminal coronary angio-
plasty (PTCA) or thrombolytic therapy using tissue plas-
minogen activator. Although the first choice was direct
PTCA for acute myocardial infarction, some patients
were injected with tissue plasminogen activator in other
hospitals before admission to our hospital or after PTCA.
Because this is a retrospective study, selection of reperfu-
sion therapy did not depend on sex, age, infarct size, or
interval from onset to admission. The degree of success
of thrombolysis in myocardial infarction (TIMI) (18)
after reperfusion was evaluated and graded.

Two-dimensional echocardiography (Toshiba) was
performed to evaluate LV function on admission and 1
month after onset. Restudy CAG and left ventriculogra-
phy (LVG) were done 3 months after onset. Echocardiog-
raphy studies were omitted at 3 months. To assess the
LV function in the acute phase, echocardiography was
used instead of LVG, which would cause an overload on
the left ventricle. LVG was performed at 3 months with
restudy CAG, so that echocardiography could be omitted.
Many studies support that echocardiographic LV wall
motion assessment is similar to LVG (19–21).

To assess the LV contraction by echocardiography
and LVG by the same criteria, the images of the LV wall
were divided into seven segments based on the American
Heart Association committee report (22). Wall motion of
the each segment was classified by six patterns and given
a wall motion score (WMS) (dyskinesis, �1; akinesis, 0;
severe hypokinesis, 1; hypokinesis, 2; slight hypo-
kinesis, 3; normal, 4). Left ventricle four-chamber and
two-chamber views were used to assess WMS by echo-
cardiography. The total WMS of the seven segments was
calculated. The number of segments that showed im-
provement of more than two grades of WMS and the
number of patients who had more than two grades of im-
provement of WMS were obtained by echocardiography.
The change in WMS was calculated by subtracting WMS
on admission from the one obtained at 1 month after on-
set. The number of akinetic segments, by both echocardi-
ography and LVG, was calculated.

LV ejection fraction (LVEF) was evaluated by echo-
cardiography using the modified Simpson method and by
LVG using the centerline method. Serum creatine kinase
(CK)-MB was measured every 4 hr for at least 24 hr, and
peak CK-MB values had to be twice more than the cut-
off (�20 mU/ml).

Statistic Analysis

All continuous variables were expressed as means �
SD and categorical data as absolute values and percent-

ages. Unpaired Student’s t-test with chi-square and Fisher
exact tests were used to compare differences in various
parameters between PD(�) and PD(�) groups. A p �
0.05 was considered statistically significant. Multiple
regression and stepwise regression analyses were per-
formed to determine which factors were independently
associated with the change in WMS. Variables included
as independent factors were gender, age, the average time
interval between CAG and the onset, peak CK-MB,
LVEF, and PD.

RESULTS

A 67-year-old man with acute inferior myocardial in-
farction was admitted to our coronary care unit (Fig. 1).
Emergent CAG was performed 6 hr after the onset. The
right coronary artery was totally occluded. It was reper-
fused by direct PTCA, and then 25% stenosis with TIMI
grade 3 flow was finally observed. Electrocardiogram
(ECG)-gated Gd-DTPA–enhanced MRI was performed
11 days after the onset. PD area was seen in the sub-
endocardial inferior wall on the image obtained 90 sec
after contrast injection. The inferior wall had delayed en-
hancement on the image obtained 7 min after contrast
injection. The delayed enhanced area was larger than the
PD area.

PD was observed in 32 of 43 patients (74%). All 11
patients of the PD(�) group had TIMI grade 3 flow after
reperfusion. In the PD(�) group, 12 patients had TIMI
grade 2 flow and 20 patients had TIMI grade 3 flow. TIMI
grade 3 flow was obtained in 31 patients. In this group,
PD was detected in 77.8% of patients treated with direct
PTCA and in only 28.6% of patients treated by thrombo-
lytic therapy with or without PTCA. The time interval
between CAG and the onset was similar in the PD(�)
group and the PD(�) group (6.0 � 3.9 vs. 4.8 � 2.2 hr,
not significant, t-test).

Peak CK-MB of the PD(�) group was significantly
higher than that of the PD(�) group (402 � 219 vs.
135 � 65 mU/ml, p � 0.0006, t-test). LVEF by echocar-
diography was not significantly different in the acute
phase (49.9 � 8.6% vs. 55.2 � 7.0%, not significant, t-
test) but at 1 month after onset was significantly lower
in the PD(�) group than in the PD(�) group (54.9 �
7.4% vs. 60.1 � 4.5%, p � 0.0454, t-test) (Fig. 2). Total
WMS by echocardiography was not different for the
acute phase (16.7 � 5.2 vs. 17.5 � 1.35.2, not significant,
t-test) and was significantly lower in the PD(�) group
than in the PD(�) group at 1 month after onset (18.3 �
3.5 vs. 23.1 � 2.6, p � 0.0004, t-test) (Fig. 3). The num-
ber of patients who had an akinetic area by echocardiog-
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Figure 1. (A) ECG-gated Gd-DTPA–enhanced field echo MRI at 90-sec postcontrast administration. A PD area was seen in the
subendocardial inferior wall of the LV short-axis MRI. (B) ECG-gated Gd-DTPA–enhanced field echo MRI at 7 min after injection.
The inferior wall had delayed enhancement. The delayed enhanced inferior area was larger than the PD area at 30 sec after injection.

raphy was not significantly different on acute phase (20/
28 vs. 2/8, not significant, chi-square test) but was sig-
nificantly higher in the PD(�) group than in the PD(�)
group at 1 month after onset (15/28 vs. 1/10, p � 0.002,
chi-square test) (Fig. 4).

The number of akinetic areas by echocardiography

Figure 2. LVEF by echocardiography was not different in the
acute phase and was significantly lower in the PD(�) group at
1 month after onset.

was not significantly different between groups for the
acute phase (54/196 vs. 23/70, not significant, chi-square
test) but was significantly higher in the PD(�) group than
in the PD(�) group at 1 month after onset (28/196 vs.
1/70, p � 0.0005, chi square test) (Fig. 5). The change

Figure 3. Total WMS by echocardiography was not different
in the acute phase and was significantly lower in the PD(�)
group at 1 month after onset.
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Figure 4. The shaded bars show the number of patients who
had akinetic areas by echocardiography. This number in the
PD(�) group was not different significantly from the PD(�)
group in the acute phase but was significantly higher at 1 month
after onset in the PD(�) group as compared with the PD(�)
group.

Figure 5. The shaded bars show the number of segments that
showed akinetic segments. This number in the PD(�) group
was not different from the PD(�) group in the acute phase but
was significantly higher at 1 month after onset in the PD(�)
group compared with the PD(�) group.

Figure 6. The change in WMS by echocardiography was sig-
nificantly lower in the PD(�) group.

in WMS was significantly lower in the PD(�) group than
in the PD(�) group (2.0 � 2.9 vs. 6.4 � 4 .8, p � 0.0019,
t-test) (Fig. 6). Results of multiple regression and step-
wise regression analysis showed that PD was a significant
independent factor of the change in WMS (r � �0.703,
p � 0.0031). The gender, age, time interval between
CAG and the onset, peak CK-MB, and LVEF were not
significant independent factors of the change in WMS.
The number of patients who had improvement more than
two grades of WMS were 8 of 20 in the PD(�) group
and 8 of 10 in the PD(�) group (p � 0.0042, chi-square
test) . The number of segments that showed more than
two grades of improvement of WMS were 13 of 196 seg-
ments in the PD(�) group and 14 of 70 segments in the
PD(�) group (p � 0.0027, chi-square test) (Fig. 7). By

Figure 7. The number of segments that showed improvement
more than two grades of WMS was significantly lower in the
PD(�) group. The number of patients who had more than two
grades improvement of WMS was significantly lower in the
PD(�) group.
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Figure 8. LVEF and total WMS by LVG were significantly
lower in the PD(�) group.

LVG 3 months after onset, LVEF (54.7 � 10.3% vs. 64.7
� 9.4%, p � 0.0293) and total WMS (17.0 � 2.7 vs.
21.4 � 4.1, p � 0.016) of the PD(�) group were signifi-
cantly lower than those of the PD(�) group (Fig. 8).

DISCUSSION

Myocardial infarction is caused by prolonged occlu-
sion of the epicardial coronary artery. Release of the cor-
onary artery occlusion, if performed within the early
hours after the initiation of the occlusion, restores coro-
nary blood flow and limits infarct size. However, studies
in animal models have reported that even after release of
prolonged coronary artery occlusion, blood flow may not
return to normal in the previously ischemic tissue. Ames
et al. (23) first reported this phenomenon in the rabbit
brain and termed it the no-reflow phenomenon. The no-
reflow phenomenon was then observed in the canine heart
by Kloner et al. (24). The no-reflow phenomenon is de-
fined as the occurrence of areas with heterogeneous or
extremely low flow after reperfusion (23).

The mechanism of the no-reflow phenomenon is not
clear but is most likely a multifactorial condition estab-
lished both during ischemia and at the time of reperfu-
sion. Several mechanisms have been proposed to explain
the no-reflow phenomenon. These include cell edema,
microvascular damage, plugging of capillaries by red or
white blood cells, and damage to endothelial cells from
free radicals formed at the time of reperfusion (25–36).

Anderson et al. (37) demonstrated in the TEAM-3
study that it was difficult to distinguish angiographically
between patients in whom treatment led to TIMI perfu-
sion grade 2 at the 1-day determination of patency from

patients with grade 0 or 1 perfusion by ventriculographic,
enzyme, and ECG index of infarct size. In contrast, pa-
tients with grade 3 flow differed significantly from those
with grade 0 or 1 and 2, suggesting that a significantly
smaller infarct occurred in those patients who achieved
‘‘complete’’ perfusion. However, the no-reflow phenom-
enon was observed with echocardiography in not only
TIMI grade 2 but also TIMI grade 3 (14).

Judd et al. (13) demonstrated a relation between MR
contrast enhancement patterns and the extent and type of
myocardial injury. Comparison of contrast-enhanced MR
images and histologic sections showed that in hearts sub-
jected to 90 min of left anterior descending artery occlu-
sion followed by 48 hr of reperfusion, hypoenhanced re-
gions were related to the no-reflow phenomenon and 90%
of the myocardium within hypoenhanced regions was
nonviable.

Clinically, hypoenhanced zones are characterized by
large human infarcts, associated with prolonged obstruc-
tion of the infarct-related artery. On MRI, they are char-
acterized by central dark zones surrounded by hyperen-
hanced regions (9,11). Microvascular obstruction occurs
in humans and correlates with poorer global left ventricu-
lar function (14,15) and more frequent postmyocardial
infarction complications (9,15). This has important prog-
nostic significance after acute myocardial infarction.
Myocardial contrast echocardiography (14,15,38) has
correlated the presence of contrast defects with poor
functional recovery of postischemic myocardium despite
restored infarct-related artery flow (14,38). Unlike MRI,
however, it currently requires intracoronary injection of
microbubbles, necessitating cardiac catheterization in our
hospital, and should be performed in the acute phase (39).

Myocardial perfusion is reduced in the hypoenhanced
zone in dogs. Microvascular obstruction measured by
contrast echocardiography corresponds in spatial location
to microvascular obstruction by MRI and thioflavin (10).
The noninvasive technique of contrast-enhanced MRI has
been used to depict microvascular obstruction (11,13,16),
with validation against the histopathologic standards
(13,16).

Wu et al. (9) reported that the presence of MRI micro-
vascular obstruction acutely predicted long-term progno-
sis in patients with myocardial infarction. But they de-
scribed that infarct size did not correlate with peak
creatine phosphokinase, and LVEF was similar between
the PD(�) group and the PD(�) group acutely and at 6
months. They estimated global LVEF but not regional
wall motion. In our study, the peak CK-MB of the PD(�)
group was significantly higher than that of the PD(�)
group. Infarct size was also larger in the PD(�) group.
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Peak CK-MB does not describe infarct size directly, but
it is considered to be a factor of infarct size. Holman et
al. (40) showed that the infarct size determined by Gd-
DTPA–enhanced MRI and peak CK-MB in plasma cor-
related significantly. Because the time interval between
CAG and the onset was similar in the two groups, the
peak CK-MB was estimated as the infarct size indicator
in this study. Experimentally, large reperfused infarcts
are more often associated with regions of no reflow than
small infarctions (9,41).

Those experimental studies support the present re-
sults. In our study, LV wall contraction was estimated in
detail. We evaluated not only LVEF but also regional LV
wall motion. Because the LVEF and WMS assessed by
echocardiography on admission did not show a signifi-
cant difference between the PD(�) and PD(�) groups,
accordingly the initial risk area seemed to be the same.
In the PD(�) group, LVEF and WMS were worse in the
chronic phase. We clinically proposed that the MRI PD
was the same as the no-reflow phenomenon and the PD
area was irreversible. The PD was observed in all patients
of the TIMI grade 2 group and in 20 (65%) patients of
the TIMI grade 3 group. Although the PD was detected
in 77.8% of patients treated with direct PTCA, PDs were
detected in only 28.6% of patients treated by thrombo-
lytic therapy with or without PTCA in the TIMI grade 3
group.

Reperfusion therapy has significantly improved sur-
vival after acute myocardial infarction (42,43). However,
it is difficult to gauge if ‘‘optimal reperfusion’’ has oc-
curred (44). A ‘‘patent’’ infarct-related epicardial coro-
nary artery by angiography is an inadequate marker of
tissue-level reperfusion (14,44). The entire mechanism
and treatment of no-reflow phenomenon are not clear yet,
but it is suggested that microvascular embolization is re-
lated to the occurrence of no-reflow phenomenon. MRI
is not available for unstable patients, because it is difficult
to perform cardiopulmonary resuscitation in the MR
room. Accordingly, PD observed in the subacute phase
by MRI has not been used to choose reperfusion therapy.
Contrast-enhanced MRI will be useful, however, to esti-
mate the effect of reperfusion therapy and predict LV
function recovery in the subacute phase.

Limitations of This Study

Although this study was retrospective and patient
selection was not randomized, age, gender, site of in-
farction, and the average time interval between CAG and
the onset were similar in the PD(�) group and the PD(�)
group. Different methods of LV function and wall motion

assessment (echocardiography vs. LVG) were used at dif-
ferent times in the study. However, many articles support
that echocardiographic LV wall motion assessment is
similar to LVG (19–21).

CONCLUSION

The PD was detected in a significantly larger number
of patients treated with direct PTCA than those treated
by thrombolytic therapy with or without PTCA in the
TIMI grade 3 group. The thrombolytic therapy had an
effect on the Gd-DTPA–enhanced pattern.
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