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 Acute Myocardial Infarction: 
Serial Cardiac MR Imaging Shows a 
Decrease in Delayed Enhancement of 
the Myocardium during the 1st Week 
after Reperfusion  1     
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  Thomas   Hackl ,  MD  
  Stephan G.   Nekolla ,  PhD  
  Martin   Breuer ,  MD  
  Michael   Feldmair ,  MD  
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 Purpose: To evaluate the time course of delayed gadolinium en-
hancement of infarcted myocardium by using serial con-
trast agent–enhanced (CE) cardiac magnetic resonance 
(MR) images obtained during the acute, subacute, and 
chronic stages of infarction.

 Materials and 
Methods: 

The study protocol was reviewed and approved by the lo-
cal ethics committee, and written informed consent was 
obtained. Seventeen patients with reperfused acute myo-
cardial infarction (AMI) underwent cine and CE cardiac 
MR a median of 1, 7, 35, and 180 days after reperfu-
sion. Infarct size determined on the basis of delayed en-
hancement MR imaging at different times was compared 
by using nonparametric tests and Bland-Altman analysis. 
Extent of myocardial enhancement was compared with 
single photon emission computed tomographic (SPECT) 
measures of infarct size with Spearman correlation. Re-
gional myocardial enhancement extent and contractility 
were analyzed with nonparametric tests.

 Results: Infarct size was 18.3% of total myocardial LV volume on 
day 1 after AMI and decreased to 12.9% on day 7, 11.3% 
on day 35, and 11.6% on day 180 (all  P   ,  .001). Esti-
mated infarct size on day 7, as compared with day 1 en-
hancement size, declined by 57.1% within the epicardium 
and by 6.3% within the endocardium (both  P   ,  .001). 
Infarct size on day 7 showed only minor changes at subse-
quent imaging and yielded a high correlation with SPECT 
measurements of infarct size ( r  = 0.84). Infarct size on 
day 7 inversely correlated with long-term wall thickening 
( P    ,   .0001) and allowed prediction of contractile function.

 Conclusion: In patients with AMI and successful coronary reperfusion, 
the size of delayed gadolinium enhancement at CE cardiac 
MR imaging signifi cantly diminished during the 1st week 
after infarction. Thus, timing of CE cardiac MR imaging 
is crucial for accurate measurement of myocardial infarct 
size early after AMI.
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 Materials and Methods 

 Patient Population 
 The study protocol was reviewed and 
approved by the local ethics committee. 
Written informed consent was obtained 
prior to inclusion of a patient in our 
study. We included patients with AMI 
who successfully underwent percutane-
ous coronary reperfusion by implan-
tation of a bare metal stent within 12 
hours of the onset of symptoms. Diagno-
sis of AMI was established on the basis 
of the presence of chest pain lasting at 
least 20 minutes associated with electro-
cardiographic changes (eg, ST-segment 
elevation, new left bundle branch block). 
Patients with a history of prior infarction 
or contraindications to cardiac MR were 
excluded from our study. 

 Twenty patients with AMI were 
evaluated for study entry. One patient 
with myocardial reinfarction and two 
patients with claustrophobia were ex-
cluded. Seventeen patients who met 
the inclusion criteria were enrolled. 
All patients successfully underwent 
cardiac MR imaging 1, 7, 35, and 180 
days after infarction. Additionally, sin-
gle photon emission computed tomo-
graphic (SPECT) imaging at rest was 
also performed in all patients 7 days 
after infarction. No patient had any 
clinical evidence of recurrent myocar-
dial infarction during the study period. 
All patients had normal renal func-
tion and received therapy consisting of 

 While some investigators ( 9 ) sup-
port the notion that delayed enhance-
ment exclusively refl ects necrotic 
myocardium, researchers in several 
experimental studies ( 5,6,10,11,17 ) 
have indicated that myocardial contrast 
enhancement may overestimate the 
size of true infarction when imaging is 
performed early ( , 48 hours) after rep-
erfusion. Moreover, the fi ndings of an 
animal study ( 11 ) of serial CE cardiac 
MR performed during the acute setting 
of infarction have shown that the size of 
delayed gadolinium enhancement may 
signifi cantly change during the 1st 2 
days after reperfusion, suggesting that 
the enhanced region encompasses not 
only nonviable tissue but also viable 
portions of ischemically injured myo-
cardium. 

 Findings of human studies ( 18–22 ) 
in which CE cardiac MR was performed 
during the acute ( , 1 week) and chronic 
(several months later) stages of infarc-
tion have indicated that contrast en-
hancement diminishes over a period 
of time. However, to our knowledge, 
no clinical studies that systematically 
examine the myocardial infarct region 
with serial MR imaging during the acute 
setting of infarction are available. The 
purpose of our study was to evaluate 
the time course of delayed gadolinium 
enhancement of infarcted myocardium 
by using serial CE cardiac MR imaging 
performed during the acute, subacute, 
and chronic stages of infarction. We 
hypothesize that delayed gadolinium 
enhancement assessed early after AMI 
will be reduced at subsequent CE car-
diac MR imaging. 

           C    oronary   reperfusion substantially 
reduces mortality in patients 
with acute myocardial infarction 

(AMI) ( 1 ). The principle mechanism by 
which patients benefi t from reperfusion 
is salvage of the myocardium at risk, 
leading to a smaller infarct size ( 2,3 ). 
Since using mortality as an end point 
requires an extremely large number of 
patients to achieve adequate statistical 
power, investigators who are assessing 
the effectiveness of reperfusion thera-
pies are increasingly using infarct size 
as a surrogate end point, which allows 
a substantial reduction in the required 
sample size ( 4 ). 

 Delayed contrast agent–enhanced 
(CE) cardiac magnetic resonance (MR) 
imaging with gadolinium-based contrast 
agents can depict both acute and chron-
ic myocardial infarctions ( 5–16 ). The 
underlying mechanism of myocardial 
tissue enhancement with nonspecifi c 
extracellular contrast agents is gener-
ally owing to an increased distribution 
volume for these molecules within the 
infarct region, which is associated with 
a delayed washout as compared with 
healthy myocardium ( 6,8 ). In chronic 
myocardial infarction, delayed gadolin-
ium enhancement is closely related to 
scar-tissue formation ( 9,12 ). However, 
its value in acute and subacute infarc-
tion following reperfusion is less clearly 
defi ned because the myocardium under-
goes a complex healing process consist-
ing of acute edema, infl ammation, and 
replacement of necrotic cardiomyocytes 
at that time. 

 Implications for Patient Care 

 To properly estimate infarct size  n

in patients with AMI, contrast-
enhanced cardiac MR imaging 
should be performed about 7 
days after reperfusion therapy. 

 Timing of imaging should be con- n

sidered in the design of AMI rep-
erfusion trials that use infarct 
size on cardiac MR images as a 
surrogate end point. 

 Advances in Knowledge 

 Delayed gadolinium enhancement  n

size on contrast agent–enhanced 
cardiac MR images signifi cantly 
decreases between days 1 and 7 
after reperfusion of acute myo-
cardial infarction (AMI), particu-
larly within the epicardial region. 

 Myocardial contrast enhancement  n

7 days after reperfusion is in 
close agreement with that at 
imaging performed after 35 or 
180 days and allows measure-
ment of the fi nal infarct size 
early after the acute event. 
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fi ed as a percentage of the LV by using 
a 50% threshold, as described previ-
ously ( 24 ). 

 Statistical Analysis 
 All data are expressed as medians, with 
ranges in parentheses. Categorical vari-
ables at multiple times were compared 
by using the McNemar test and Bonfer-
roni adjustment for multiple hypothesis 
testing. Continuous variables at multi-
ple times were fi rst compared by using 
the Friedman test. In cases of statistical 
signifi cance, further comparison with 
the Wilcoxon signed rank test was per-
formed. Enhancement size on cardiac 
MR images at different times during 
the study was also compared by using 
Bland-Altman analysis. The relation of 
MR enhancement size and SPECT per-
fusion defect was examined by using 
the Spearman correlation coeffi cient. A 
 P  value of less than .05 was considered 
to indicate a signifi cant difference. 

 Results 

 Patient characteristics of the study pop-
ulation are shown in  Table 1  . 

 Serial Cardiac MR Imaging 
 All patients successfully underwent car-
diac MR imaging. The fi rst imaging ses-
sion was performed a median of 19.0 
hours (range, 11.5–24.0 hours) after 
reperfusion. Cardiac MR imaging was 
repeated at a median   of 7 (range, 5–9 
days), 35 (range, 21–63 days), and 180 
(range, 150–210 days) days. Delayed 
myocardial contrast enhancement was 
detectable in all patients at all times 
throughout the study. Images from a 
representative patient are shown in 
 Figure 1  . Microvascular obstruction was 
seen in one patient with anterior in-
farction on days 1 and 7, but a homo-
geneous enhancement pattern was ob-
served at later studies. 

 Size of Myocardial Enhancement 
 The quantitative measurements of the 
infarct sizes at each time are shown in 
 Table 2  . Absolute enhancement volume 
and total LV myocardial volume sig-
nifi cantly changed throughout follow-
up ( P   ,  .001). On the basis of these 

the data were scaled, with the mini-
mum value set to zero and the maxi-
mum value manually adjusted to pro-
vide optimal image contrast. Endo- and 
epicardial contours and myocardial en-
hancement, if present, were manually 
drawn on every short-axis image, and 
enhancement size was calculated as 
the percentage of total left ventricular 
(LV)   myocardial volume. Moreover, the 
transmural extent of enhancement was 
assessed on the basis of a 34-segment 
model applied on basal (12 segments), 
midventricular (12 segments), and dis-
tal (eight segments) short-axis images, 
as well as on a vertical long-axis image 
(two-chamber view) to assess the apex 
(two segments). Each segment was de-
fi ned visually by two observers (T.H. 
and M.B.) in consensus by using a fi ve-
point scale: 0 = no enhancement, 1 = 
1%–25% enhancement extent accord-
ing to the segmental wall thickness, 2 = 
26%–50% enhancement extent, 3 = 
51%–75% enhancement extent, and 4 = 
76%–100% enhancement extent ( 23 ). 
Endo- and epicardium were defi ned as 
the inner 50% (score  �  2) and outer 
50% (score  �  3), respectively, of the 
segmental wall thickness. For trans-
murality assessment, the summed en-
hancement score was calculated within 
both regions. 

 LV volumes and ejection fraction 
derived from cine cardiac MR imag-
ing were analyzed by another observer 
(M.F.), who was unaware of the CE 
cardiac MR results, by using a soft-
ware package (Syngo Argus Ventricular 
Function; Siemens Medical Solutions). 
On the basis of these endo- and epi-
cardial tracings, regional percentage 
systolic wall thickening was calculated 
on short-axis images from the same lo-
cation and segmentation as were used 
for the determination of CE cardiac 
MR enhancement extent, by using the 
following equation: [( W  es   2   W  ed )/ W  ed ] · 
100, where  W  es  is end-systolic wall 
thickness and  W  ed  is end-diastolic wall 
thickness. 

 SPECT images were analyzed in 
the scintigraphic core laboratory at 
our institution by operators who were 
blinded to the MR imaging results. The 
myocardial perfusion defect was quanti-

aspirin, clopidogrel, a  b -blocker, an 
angiotensin-converting enzyme inhibi-
tor, and statins. 

 Imaging Protocols 
 Cardic MR imaging was performed 

with a 1.5-T imager (Sonata; Siemens 
Medical Solutions, Erlangen, Germany) 
equipped with a cardiac phased-array 
surface coil. Images were obtained with 
electrocardiographic gating in contiguous 
short-axis and representative long-axis 
sections during repeated breath holds. 
For cine cardiac MR imaging, we used 
a steady-state free precession sequence 
(repetition time msec/echo time msec, 
35/1.5; fl ip angle, 80°; section thickness, 
8 mm; voxel size, 1.5  3  1.5 mm). CE 
cardiac MR was performed 20 minutes 
after injection of 0.2 mmol per kilogram of 
body weight gadopentetate  dimeglumine 
(Magnevist; Schering, Berlin-Wedding, 
Germany) with a three-dimensional seg-
mented inversion-recovery turbo fast 
low-angle shot T1-weighted sequence 
(4.0/1.5; fl ip angle, 30°; section thick-
ness, 4 mm; voxel size, 1.5  3  1.5 mm). 
This technique allowed us to acquire be-
tween 20 and 30 sections during three to 
four breath holds in every patient. The 
inversion time was individually chosen to 
nullify   healthy myocardium. 

 SPECT with technetium 99m ses-
tamibi was performed by using a cam-
era system (MultiSPECT 3; Siemens) 
equipped with low-energy parallel-hole 
collimators. Images were acquired with 
electrocardiographic gating in a 64  3  
64 data matrix with an acquisition time 
of 40 seconds per projection. Data were 
reconstructed over 180°, from a 45° 
right anterior oblique angle to a 45° 
left posterior oblique oblique, by using 
a Butterworth fi lter. 

 Image Analysis 
 Serial cardiac MR studies of all pa-
tients were analyzed (T.I., T.H., M.B., 
and M.F.,   with  . 10, 5, 5, and 3 years 
experience with cardiac MR, respec-
tively) in a randomized order. The size 
of delayed enhancement was quanti-
fi ed (T.I.) by using computer-assisted 
planimetry software (MunichHeart; 
 http://www.munichheart.de/ ) ( 13 ). To 
facilitate the manual infarct defi nition, 
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peak troponin T levels ( r  = 0.74) and 
myocardial perfusion defect at SPECT 
imaging ( r  = 0.84) ( Figs 4, 5  ). 

 Extent of Myocardial Enhancement 
 The total number of segments that dis-
played contrast enhancement was signifi -
cantly higher on MR images obtained 
on day 1 after AMI as compared with 
those obtained subsequently ( P   ,  .0001) 
( Table 3  ). More than half (96 of 180) 

by 33.3% (range, 8.8–80.4) on day 
35, and by 34.8% (range, 14.1–94.8) 
on day 180 (all  P   ,  .001). Enhance-
ment size on day 1 systematically over-
estimated that on day 7 by a mean of 
6.9%  6  13.4% (2 standard deviations) 
( Fig 3a  ). However, enhancement size 
on day 7 showed close agreement with 
that at subsequent MR imaging ( Fig 3b, 
3c ) and yielded a high correlation with 
other measures of infarct size, such as 

measurements, infarct size signifi cantly 
( P   ,  .001) decreased between days 1 
and 7 after infarction but was stable 
at subsequent imaging ( Fig 2  ). Patient-
by-patient analysis demonstrated that, 
compared with enhancement size on 
day 1, enhancement size was reduced 
by 34.2% (range, 4.4–84.8) on day 7, 

 Table 1 

 Characteristics of 17 Patients 

Characteristic Datum

Age (y) *  56 (46–86)
Sex
 Female 1 (5.9)
 Male 16 (94.1)
Arterial hypertension 14 (82.4)
Diabetes 3 (17.6)
Current smoker 8 (47.1)
Hypercholesterolemia 13 (76.5)
Prior angioplasty 1 (5.9)
Electrocardiographic 
  abnormality
 ST-segment elevation 16 (94.1)
 New left bundle branch 
  block

1 (5.9)

Killip class
 1 15 (88.2)
 2 1 (5.9)
 3 0
 4 1 (5.9)
Peak creatine kinase 
 level (U/L)  *  

1316 (254–
 7158)

Peak troponin T level 
 (ng/mL)  *  

4.5 (0.5–15.6)

Creatinine level (mg/dL)  * † 0.9 (0.5–1.3)
Time from symptom onset 
 to intervention (h) * 

5.0 (1.8–15.0)

Glycoprotein IIb/IIIa receptor 
 inhibitor

10 (58.8)

Severity of coronary artery 
 disease
 Single vessel 3 (17.6)
 Two vessels 7 (41.2)
 Three vessels 7 (41.2)
Infarct-related artery
 Left anterior descending 
  artery

8 (47.1)

 Left circumfl ex artery 6 (35.3)
 Right coronary artery 3 (17.6)

Note.—Unless otherwise specifi ed, data are numbers 
of patients, with percentages in parentheses.
 *  Data are medians, with ranges   in parentheses.

 †  Multiply by 88.4 to convert to Système International 
units of micromoles per liter.

 Figure 1 

  
  Figure 1:  Serial contrast-enhanced cardiac MR images in a patient with anteroseptal infarction. Day 1 
contrast enhancement revealed a nearly transmural anterior wall extent, which demonstrated a circumferen-
tial and epicardial decrease at follow-up. Day 1 enhancement size (area within white border) was 45% of LV; 
day 7, 24%; day 35, 21%; and day 180, 27%.  Mid  = midventricular.   
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was reduced by 57.1%   (range, 0%–
100%) on day 7, by 71.4% (range, 0%–
100%) on day 35, and by 66.7% (range, 
0%–100%) on day 180 (all  P   ,  .001). 
Endocardial enhancement on day 1 de-
creased by 6.3% (range, 0%–91.3%) 
on day 7, by 18.5% (range, 0%–69.6%) 
on day 35, and by 13.3% (range, 0%–
100%) on day 180 (all  P   ,  .005). 

 Myocardial Function 
 LV function of the entire patient popula-
tion is summarized in  Table 2 . Although 
ejection fraction showed stepwise im-
provement throughout the study, these 
changes were not signifi cant. Regional 
myocardial function in segments that 
displayed contrast enhancement was 
signifi cantly reduced compared with 
that in segments without enhancement 
( Table 4  ). Enhanced segments demon-
strated a trend toward improvement 
of regional wall thickening throughout 
the study; however, this was not signifi -
cant. Transmural extent of myocardial 
contrast enhancement at day 7 showed 
an inverse relation to myocardial wall 
thickening assessed at day 180 ( Fig 7  ). 

 Discussion 

 The major fi ndings of our study are that 
serial gadolinium-enhanced cardiac MR 
images in patients with AMI demonstrate 
signifi cantly decreased enhancement 
within the infarcted region between days 
1 and 7 after coronary reperfusion and 
that the extent of myocardial contrast 
enhancement seen on day 7 is in close 
agreement with that at subsequent MR 
imaging on days 35 and 180 and with 
scintigraphic measures of infarct size. 

 Coronary occlusion and reperfusion 
initiate a progression of changes within 
the myocardium that result in signal in-
tensity increases on T1-weighted gado-
linium-enhanced cardiac MR images. It 
is generally thought that delayed gado-
linium enhancement within ischemical-
ly injured myocardium is related to an 
increase in interstitial space caused by 
the loss of cellular integrity in necrotic 
myocytes and/or by the development of 
tissue edema. Owing to the nonspecifi c 
properties of gadolinium-based contrast 
agents, some authors ( 5,6,10,17 ) have 

more often defi ned as nontransmural 
( � 50%). The major decrease of myo-
cardial enhancement after day 1 oc-
curred within the epicardium, and en-
hancement also decreased, to a lesser 
extent, in the endocardium ( Fig 6  ). On 
the basis of a patient-by-patient analy-
sis, epicardial enhancement on day 1 

of the segments with enhancement on 
day 1 showed a decrease in the trans-
mural extent of enhancement on later 
MR images. While the majority of seg-
ments with enhancement on day 1 dis-
played transmural or nearly transmu-
ral ( . 50%) enhancement, myocardial 
contrast enhancement at follow-up was 

 Table 2 

   Quantitative Analysis of Serial MR Imaging 

Measurement Day 1 Day 7 Day 35 Day 180

Enhancement at CE MR Imaging
Absolute enhancement 
 volume (mL)

20.6 (1.1–58.5) 14.2 (0.8–50.1) * 12.0 (0.6–52.1) * 11.1 (0.5–45.3) * 

Total LV myocardial 
 volume (mL)

112.7 (71.6–167.6) 110.2 (65.3–175.2) 101.9 (60.0–142.7) * 97.5 (55.3–135.6) * 

Enhancement size (%)  †  18.3 (1.5–45.2) 12.9 (1.3–37.4) * 11.3 (1.0–40.5) * 11.6 (0.9–37.3) * 
LV Function from Cine MR Imaging

End-diastolic volume 
 (mL)

160.1 (95.8–204.8) 158.1 (115.2–206.4) 151.6 (107.2–237.2) 150.4 (99.0–254.1)

End-systolic volume 
 (mL)

77.1 (47.9–133.4) 76.3 (41.3–152.7) 76.4 (39.1–170.5) 69.9 (29.5–186.6)

Ejection fraction (%) 48.2 (31.3–61.9) 50.2 (24.5–65.3) 52.9 (28.1–65.0) 53.7 (26.6–70.2)
Myocardial mass (g) 128.2 (74.6–191.7) 126.4 (81.6–182.4) 118.1 (77.6–163.6)  ‡  115.1 (69.2–152.2)  ‡  

Note.—Data are medians, with ranges in parentheses  .

*  P   ,  .001 for comparison with day 1. 

 †  Enhancement size given as a percentage of total LV myocardial volume.

 ‡   P   ,  .01 for comparison with day 1.

 Figure 2 

  
  Figure 2:  Box and whisker plot of serial measurements of enhancement size 
as a percentage of total LV myocardial volume  (% LV) . Enhancement size on 
day 1 was signifi cantly ( �  =  P   ,  .001) larger than that at subsequent imaging. 
 n.s.  = not signifi cant,  �  = outlier  .   



Radiology: Volume 254: Number 1— January 2010 n radiology.rsna.org 93

CARDIAC IMAGING: Acute Myocardial Infarction: Serial MR Imaging Ibrahim et al

fi cient and constant time of 20 minutes 
after gadolinium injection, it is unlikely 
that these observations may be caused 
by inappropriate timing of imaging. 
The diminishing tissue enhancement 
may be explained by a resolution of 
interstitial edema in reversibly injured 
myocardium within the periinfarction 
zone, which leads to overestimation 
of the true infarct size at early CE MR 
imaging. This is supported by audiora-
diographic examinations in a rat model 

rial CE cardiac MR data in animals have 
indicated a noticeable decline in the 
size of gadolinium enhancement within 
the 1st 2 days following infarction ( 11 ). 
Likewise, our serial MR measurements 
in humans reveal a substantial decrease 
in gadolinium enhancement during the 
1st week after reperfusion, suggesting 
overestimation of the true infarct size 
with CE cardiac MR imaging 1 day after 
reperfusion. Because all MR imaging in 
our patients was performed with a suf-

suggested that the gadolinium-enhanced 
region may overestimate the true in-
farct size when CE cardiac MR imag-
ing is performed soon after reperfusion 
of an AMI. Moreover, dynamic imaging 
has demonstrated that the size of the 
region with delayed enhancement may 
vary with the time imaging is performed 
after gadopentetate dimeglumine injec-
tion, and overestimation can be particu-
larly observed with early ( , 10 minutes 
after injection) acquisition ( 13,25 ). Se-

 Figure 3 

  
  Figure 3:    Bland-Altman plots for the comparison of enhancement size as measured on MR images at various times after reperfusion.  (a)  Enhancement size on day 
1 systematically overestimated that on day 7, but  (b–d)  measurements after 1 week were in close relation with subsequent imaging. Dashed line = 2 standard devia-
tions, solid line = mean difference,  % LV  = percentage of total LV myocardial volume.   
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 In our study, several different lines 
of evidence support the hypothesis that 
early CE MR imaging results in overesti-
mation of the true infarct size owing to 
gadolinium enhancement within viable 
myocardium of the periinfarction zone. 
First, the major enhancement decline 
was noted within the subepicardium, 
the region where salvage of at-risk myo-
cardium is to be expected. Irreversible 
ischemic injury begins in the suben-
docardium and progresses as a “wave 
front” of necrosis moving toward the 
epicardium. Histopathologic character-
ization of salvaged myocardium within 
the subepicardial zone of ischemic but 
viable myocardium has shown that cel-
lular necrosis develops less frequently 
there than in the subendocardial core 
of the infarction ( 28 ). Second, coronary 
reperfusion was performed in our pa-
tients with a median time interval of 
less than 6 hours   after symptom onset. 
Investigators in previous studies ( 24,29 ) 
have shown that coronary stent place-
ment is highly effective for the rescue 
of at-risk myocardium if it is performed 
less than 12 hours after the onset of 
AMI. Therefore, a high likelihood for 
substantial amounts of ischemically in-
jured but salvageable myocardium is to 
be expected in our population. We can 
only speculate whether the decline of 
enhancement in patients with large and 
transmural infarction owing to a limited 
benefi t from reperfusion may be as high 
as that in our patients. Finally, there was 
a nonsignifi cant trend toward better pre-
diction of long-term contractility on the 
basis of enhancement extent assessed 
at day 1 imaging as compared with that 
at subsequent imaging, suggesting the 
presence of viable myocardium. 

 CE MR imaging performed 1 week 
after AMI provided accurate estimation 
of the fi nal infarct expansion. The extent 
of myocardial gadolinium enhancement 
at that time showed a close association 
with various clinical measurements of 
infarct size, including peak troponin T 
release ( 20 ) and SPECT perfusion defect 
( 7,13,30 ). Infarct sizing with MR imaging 
yielded the best   correlation with mea-
sures with SPECT; however, myocardial 
enhancement was systematically larger 
than the scintigraphic perfusion defect. 

during AMI ( , 1 week) and several 
months later, multiple mechanisms, in-
cluding infarct shrinkage, partial volume 
effects, and overestimation owing to 
early imaging, have to be considered 
for the interpretation of their fi ndings. 
In contrast, we systematically examined 
the time course of gadolinium enhance-
ment at multiple defi ned times, and our 
fi ndings demonstrated a reduction in 
enhancement during the 1st week after 
reperfusion of an infarction. 

( 26 ), in which the distribution volume 
of technetium 99m sestamibi–pentetic 
acid in the periinfarcted zone is signifi -
cantly larger than in healthy myocardi-
um but signifi cantly smaller than in the 
core of the infarcted myocardium. 

 Previous studies ( 18–22,27 ) of seri-
al MR imaging in humans have indicat-
ed that gadolinium enhancement may 
change over time following myocardial in-
farction. Because researchers in all these 
studies examined patients just twice, 

 Figure 4 

  
  Figure 4:     Short-axis (top) and long-axis (bottom)  (a–d)  CE MR and  (e,f)  SPECT perfusion images in a 
patient with anteroseptal infarction demonstrate enhancement decrease within subepicardium between days 
 (a,b)  1 and  (c,d)  7 and close agreement on day 7 between MR and SPECT imaging.   

 Figure 5 

  
  Figure 5:  Short-axis (top) and long-axis (bottom)  (a–d)  CE MR and  (e,f)  SPECT perfusion images in a 
patient with inferoseptal infarction demonstrate enhancement decrease within subepicardium between days 
 (a,b)  1 and  (c,d)  7 and close agreement on day 7 between MR and SPECT imaging.   
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This difference may be explained by the 
intrinsically higher spatial resolution of 
MR as compared with SPECT imaging, 
enabling a more sensitive detection of 
even small and nontransmural infarction 
( 15,16 ). As previously described ( 4 ) for 
SPECT with technetium 99m sestamibi, 
timing of imaging early after reperfusion 
is crucial for the precise estimation of 
the fi nal myocardial infarct size. In most 
clinical reperfusion studies ( 24,31 ) in 
which SPECT infarct size was used as 
an end point, therefore, acquisition was 
performed 5–9 days after reperfusion to 
permit the demarcation of irreversibly 
injured myocardium. Our fi ndings with 
CE MR imaging of a major decrease in 
enhancement during the 1st week may 
be similarly explained by the dissocia-
tion of necrotic tissue from the peri-
infarction zone and emphasize the im-
portance of delaying MR imaging after 
AMI reperfusion. Compared with early 
( , 1 week) CE MR imaging, the extent 
of gadolinium enhancement 1 week af-
ter reperfusion demonstrated only mi-
nor changes at subsequent imaging, and 
these changes may be related to infarct 
shrinkage ( 28 ). 

 Enhancement extent on day 7 after 
reperfusion was closely associated with 
future development of regional contrac-
tility, thus indicating the registration of 
the fi nal infarct expansion after 1 week. 
Results of an experimental study ( 32 ) 
showed that coronary reperfusion ini-
tiated before infarction is complete is 
associated with increased myocardial 
salvage and stronger recovery of future 
contractility. Since reperfusion therapy 
was highly effective and all patients 
received optimal pharmacologic treat-
ment (eg, angiotensin-converting en-
zyme inhibitor,  b -blocker), global LV 
function was relatively preserved in our 
population, and severe adverse ventric-
ular remodeling did not occur. 

 CE MR imaging performed 1 week 
after reperfusion is a valuable and 
 attractive imaging tool for measuring the 
fi nal infarct size in patients with AMI, 
which can be used as a surrogate end 
point in clinical trials in which the effect 
of reperfusion therapies is evaluated. 
Moreover, assessment of the periin-
farction zone with CE MR imaging may 

Table 3

  Segmental Analysis of Serial CE MR Imaging  

Variable Day 1 Day 7 Day 35 Day 180
No. of segments with 
  enhancement

180 (31.1) 156 (27.0) * 149 (25.8) * 151 (26.1) * 

Transmural extent of 
  enhancement
 1%–25% 10 (1.7) 15 (2.6) 21 (3.6) 15 (2.6)
 26%–50% 44 (7.6) 76 (13.1) 75 (13.0) 80 (13.8)
 51%–75% 67 (11.6) 38 (6.6) 36 (6.2) 41 (7.1)
 76%–100% 59 (10.2) 27 (4.7) 17 (2.9) 15 (2.6)

Note.—Data are numbers of segments, with percentages in parentheses. All percentages were calculated for 578 segments 
analyzed.

*  P   ,  .0001 for comparison with day 1.

 Figure 6 

  
  Figure 6:  Box and whisker plot of changes of myocardial enhancement 
extent, as assessed with summed ehancement score for serial CE MR imaging, 
in endocardium (purple) and epicardium (orange) after AMI.  �  =  P   ,  .01 for 
comparison of day 1 and follow-up, # =  P  = .03 for comparison of days 7 and 
35,  �  = outlier,  n.s.  = not signifi cant.   

Table 4

  Percentage of Regional Systolic Wall Thickening on Serial CE MR Images  

Segment Day 1 Day 7 Day 35 Day 180
No enhancement 57.0 ( 2 1.7–165.6) 61.2 (7.0–152.3) 60.0 (6.2–158.2) 67.3 (8.3–186.0)
Enhancement 18.0 (0.7–127.0) 21.9 ( 2 7.9–125.7) 29.3 ( 2 0.3–139.1) 31.7 ( 2 12.4–167.6)

Note.—Data are given as median, with ranges in parentheses.  P   ,  .0001 for comparison of segments with and those without 
enhancement on each day.
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MR imaging may signifi cantly diminish 
during the 1st week after infarction 
and successful reperfusion therapy. To 
accurately measure the fi nal infarct 
expansion during the acute phase of in-
farction, it is necessary to perform CE 
cardiac MR imaging with an adequate 
interval following the acute event. 
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