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ABSTRACT
Background: We assessed whether cardiovascular magnetic resonance imaging (CMR) of
peri-infarct ischemia provides prognostic information in severe ischemic cardiomyopathy (ICM)
patients referred for revascularization. Methods: Twenty-one patients with severe ICM were
recruited prospectively for combined stress adenosine perfusion, late gadolinium enhancement, and rest perfusion studies. The patients were followed for in-hospital and post-discharge
cardiovascular events. Results: During 12 ± 9.8 months follow-up, 67% of the patients with
peri-infarct ischemia and 13% of the patients without peri-infarct ischemia had cardiovascular
events (p = 0.03). Conclusion. In severe ICM patients, the presence of peri-infarct ischemia was
associated with a higher incidence of cardiovascular events.

INTRODUCTION
Congestive heart failure (CHF) has become a widespread
public health concern with approximately 5 million patients in
the United States. Over 550,000 new cases and 300,000 deaths
are reported annually (1). The most common cause of CHF is
coronary artery disease with the highest mortality rate seen in
patients with severe left ventricular (LV) dysfunction (2).
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The high morbidity and mortality of CHF have been associated with the incidence of ventricular arrhythmia and LV remodeling (3, 4). The post-infarction LV remodeling provides
an important substrate for triggering high-grade ventricular arrhythmia (5). Peri-infarct ischemia has been recognized as a trigger for ventricular arrhythmias, and studies have demonstrated
that revascularization of ischemic territories result in lower incidence of ventricular arrhythmias (4–9). In addition, peri-infarct
ischemia has been related to pathological remodeling. Revascularization of ischemic region has significantly reduced LV dilatation in patients with severe ischemic cardiomyopathy (ICM)
(10). Although peri-infarct ischemia determined by technetium99m sestamibi tomography has demonstrated increased cardiovascular events and death, this imaging modality is limited by
temporal and spatial resolutions (11). Therefore, this study was
conducted to determine whether peri-infarct ischemia can be
detected by cardiovascular magnetic resonance imaging (CMR)
and also predict the future cardiovascular events in high-risk
patient population with severe ICM.
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Table 1. Patient characteristics

Age, years
Gender, male/female
Risk factors, n (%)
Hypertension
Hypercholesterolemia
Diabetes
Smoking
Coronary anatomy, n (%)
2 vessel (include P-LAD or LMT)
3 vessel disease
Scar volume, cm3
Scar % of myocardium volume,%
LVEF, %
Cardiovascular events, n (%)

All
(n = 21)

Revascularization
(n = 4)

No
revascularization
(n = 17)

p

54 ± 11
19/2

55 ± 7.8
4/0

54 ± 12
15/2

NS
NS

4(19)
11(52)
4(19)
10(48)

1 (25)
3 (75)
2 (50)
3 (75)

3 (18)
8 (47)
2 (12)
7 (41)

NS
NS
NS
NS

9(43)
12(57)
25 ± 19
17 ± 13
23 ± 12
6 (29)

0 ( 0)
4 (100)
26 ± 25
16 ± 17
19 ± 4.3
2 (50)

9 (53)
8 (47)
25 ± 19
18 ± 13
25 ± 13
4 (24)

NS
NS
NS
NS

Values are expressed as a mean ±SD. LVEF = left ventricular ejection fraction; P-LAD = proximal left anterior decsending artery; LMT = left main
trunk.

Materials AND METHODS
Patient population
Twenty-one patients (19 men, 2 women, age 54 ± 11, range
36 to 74 years) with severe coronary artery disease (three vessel,
left main trunk, or two vessel with proximal left anterior decsending artery) and severe LV dysfunction scheduled to undergo
medical therapy +/− implantable cardiac defibrillator (ICD)
placement were recruited prospectively for CMR. All patients
underwent diagnostic coronary angiography before MR examination. Coronary artery stenosis was defined as a lumen diameter
narrowing of more than 50%. The baseline characteristics of the
patient population are given in Table 1. After MR examination, 4
patients underwent CABG, 17 patients received medical therapy
+/− ICD placement.
Patients with recent infarction, unstable angina pectoris,
asthma, pulmonary disease, severe valvular disease, or contraindications to the MR examination were excluded. To ensure
a maximal vasodilatory response to adenosine, patients were instructed to refrain from smoking and drinking tea or coffee for 24
hours before the examination. The study protocol was approved
by the Human Subjects Committee at Stanford University.

assess peri-infarct ischemia with 0.05 mmol/kg Gadolinium
R
DTPA bolus (Gd-DTPA, Magnevist , Schering AG, Germany)
injected at 3 mL/sec. Cine images of the LV in short and long
axes were acquired using steady-state free precession sequence
(SSFP, TR 3.8 ms, TE 1.6 ms, FA 45◦ , slice thickness 10mm,
slice gap 0). Late gadolinium enhancement images (segmented
k-space inversion recovery sequence, TR 7.1 ms, TE 3.1 ms, TI
200-250 ms, FA 20◦ , FOV 32 to 40 cm, slice thickness 10mm,
slice gap 0) were performed with 16 segments acquired every
cardiac cycle resulting in a breath-hold duration of 16 heart
beats throughtout the entire LV starting at 20 min following
administration of a total of 0.2mmol/kg Gd-DTPA. The inversion time set to null the signal of normal myocardium after
Gd-DTPA administration was adjusted during the course of the
scan as necessary. Rest perfusion study was performed using
0.1 mmol/kg Gd-DTPA bolus at the end of the study (12). At
least 30 minute intervals follow the stress myocardial perfusion
study. The higher dose of Gd-DTPA was used for the resting
myocardial perfusion study to obtain better signal-to-noise ratio (SNR) and contrast-to-noise ratio (CNR) due to the residual
Gd-DTPA in the myocardium from the previous stress and late
gadolinium enhancement study.

Image analysis

Imaging protocols
All images were acquired on a 1.5-Tesla whole-body scanner (Signa, GE, Milwaukee, WI, USA) with the patient in a
supine position using a 8-element phased-array radiofrequency
coil with breath-holding and cardiac gating. Stress myocardial
perfusion images (Fast Gradient Echo-Echotrain, repetition time
(TR) 6.6 ms, echo time (TE) 1.2 ms, inversion-recovery time
180 ms, flip angle (FA) 25◦ , field of view (FOV) 32 to 40 cm,
matrix 128 × 128, in-plane resolution 2.5 to 3.1 × 2.5 to 3.1mm,
slice thickness 10 mm, 4 to 6 slices) were acquired during adenosine infusion (140 mcg/kg/min for 4 minutes) in 22 patients to
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Two observers blinded to patient information performed myocardial volume measurement and myocardial perfusion analysis before reviewing the late gadolinium enhancement images. Any disagreement between the two blinded observers was
resolved by consensus.

Myocardial volume
The calculation of LVEF was performed by automatic tracing
with manual adjustment of endocardial and epicardial borders
from the short-axis images using the MASS analysis software
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Figure 1. The total myocardial and scar area in each of the 8 to 11
short-axis images were traced manually. Myocardial and scar volume for each slice were calculated as (Areamyocardium or Areascar ×
slice thickness of 10 mm).

(MASS Analysis Plus Version 5.1, Leiden University, The
Netherlands) as shown in Fig. 1.

Myocardial perfusion
A myocardial perfusion defect was defined as delayed or
absence of signal enhancement during Gd-DTPA infusion. The

definition of the myocardial defects (reversible, irreversible, and
artifacts) was classified with 2 × 2 table in Fig. 3A as the following: normal–area of normal resting perfusion and normal stress
perfusion; revesible defect–area of normal resting perfusion and
stress perfusion defect and also larger area of stress perfusion
defect in the peri-infarct area compared to resting perfusion defect; scar–area of stress perfusion defect matching with area of
resting perfusion defect; artifact–area of resting perfusion defect
and normal stress perfusion. It was necessary to obtain and analyze the resting perfusion images to rule out imaging artifacts in
the stress perfusion images. The perfusion defect area per sector
was traced manually as shown in Fig. 2 B,C. The peri-infarct
ischemia was defined as a stress-induced perfusion defect area
adjacent to and larger than the scar area as shown in Fig. 2 D.
Sample images of peri-infarct ischemia in the anterior and inferior (left anterior decsending artery and right coronary artery)
region of a patient are shown in Fig. 2.

Late gadolinium enhancement
The short-axis late gadolinium enhancement images were
evaluated for the presence of scar and traced manually to measure total scar volume as shown in Fig. 2 (A). Myocardial
and scar volume were calculated as (Areamyocardium or Areascar ×
slice thickness of 10 mm). The scar percentage of myocardial

Figure 2. (A) Scar in late gadolinium enhancement image (top). Manual tracing of the scar using black cross line (middle) and an illustration
(bottom). (B) Rest perfusion defect image (top). Manual tracing of rest perfusion defect using white-gray line (middle) and an illustration (bottom).
(C) Stress-induced perfusion defect image (top). Manual tracing of stress-induced perfusion defect (middle) and an illustration (bottom). (D) Periinfarct ischemia from stress-induced perfusion defect area adjacent to and larger than the scar is obtained from superimposing stress-induced
perfusion defect to the scar image.
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Statistical analysis
Data are expressed as the mean value ± SD. The comparisons between groups were performed with Student’s t test,
χ 2 or Fisher’s exact tests. A p value <0.05 was considered
significant.

RESULTS
Patient characteristics
and angiographic findings

Figure 3. (A) Normal: area of normal resting perfusion and normal
stress perfusion. Revesible defect : area of normal resting perfusion and stress perfusion defect and also larger area of stress perfusion defect in the peri-infarct area compared to resting perfusion
defect. Scar: area of stress perfusion defect matching with area of
resting perfusion defect. Artifact: area of resting perfusion defect
and normal stress perfusion. (B). Twenty-one patients underwent
stress myocardial perfusion using CMR. Perfusion defect was seen
in 17 patients and of which 9 patients demonstrated a reversible
defect indicative of ischemia. Of the 9 patients with ischemia, 6 had
peri-infarct ischemia. Four of the 6 patients (67%) with peri-infarct
ischemia had cardiovascular events while 2 of the 15 patients
(13%) without peri-infarct ischemia had cardiovascular events
(p = 0.03).

volume was also expressed as percentage of the total myocardial volume (Volumescar /Volume myocardium × 100) as shown
in Fig. 1.

Relationship between peri-infarct ischemia
and cardiovascular events
Perfusion defect was seen in 17 patients, 9 of which demonstrated reversible defect indicative of ischemia. Of the 9 patients
with ischemia, 6 had peri-infarct ischemia. Four of the 6 (67%)
patients with peri-infarct ischemia had cardiovascular events
while 2 of the 15 (13%) without peri-infarct ischemia had cardiovascular events (p = 0.03) as demonstrated in Fig. 3. There
was no difference in the occurrence of cardiovascular events
between the presence of reversible or non-reversible perfusion
defect groups. In addition, LVEF, age, and severity of coronary artery disese did not corelate with cardiovascular events
(Table 2).
Table 2. Stress myocardial perfusion, late gadolinium enhancement
study and cardiovascular events

Event follow-up
Clinical follow-up was obtained in all patients for a period up
to 31 months (mean of 12 ± 9.8 months, range 1 to 31 months).
Cardiovascular events were defined as cardiac death, incidence
of ventricular arrythmia (ventricular tachycardia or fibrillation)
or hospitalization due to unstable angina, myocardial infarction,
worsening CHF. Survival status and occurrence of cardiovascular events were obtained by telephone contact with the patients,
their relatives, or the referring physician and from review of inpatient or clinic records. The mean period and ranges of clinical
follow-up for patients with and without events were 14 ± 9.8
months (5 to 31 months) and 10 ± 10 months (1 to 28 months),
respectively. The mean period and ranges of clinical follow-up
for patients with and without peri-infarct ischemia were also
9.8 ± 6.6 months (1 to 17 months) and 12 ± 11 months (1 to 31
months), respectively.
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During the follow-up period, 6 of the 21 patients (29%) had
cardiovascular events: 1 cardiac death, 4 ventricular arrhythmias, 1 recurrent CHF. In addition, patient characteristics were
compared between revascularization (CABG) and no revascularization groups (medical therapy +/− ICD placement). There
was no significant difference in the incidence of cardiovascular
events between the two groups (Table 1). All patients underwent diagnostic coronary angiography before CMR examination. Nine of the 21 patients (43%) had 2 vessel disease (Left
main trunk, or two vessel with proximal left anterior descending
artery), and 12 of the 22 patients (57%) had 3 vessel disease.

Peri-infarct ischemia, n (%)
Scar volume, cm3
Scar % of myocardial volume, %
LVEF, %
Age, years
Coronary anatomy, n (%)
2 vessel (include P-LAD or LMT)
3 vessel disease
Treatment, n (%)
Revascularization (n = 4)
Non-revascularization (n = 17)

Events (+)
(n = 6)

Events(−)
(n = 15)

4 (67)
31 ± 19
21 ± 13
24 ± 4.1
51 ± 12

3 (13)
21 ± 19
16 ± 13
23 ± 13
54 ± 11

3 (50)
3 (50)

6 (40)
9 (60)

2 (50)
4 (24)

2 (50)
13 (76)

p
0.03
NS
NS
NS
NS
NS

NS

Values are expressed as a mean ± SD. LVEF = left ventricular
ejection fraction, P-LAD = proximal left anterior decsending artery,
LMT = left main trunk.
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Relationship between myocardial viability
and cardiovascular events
All 21 patients underwent myocardial viability using CMR.
The scar volume was 31 ± 19 cm3 in patients who suffered cardiovascular events, and 21 ± 19 cm3 in those without cardiovascular events (p = 0.38). The scar percentage of myocardial
volume was 21 ± 13% in patients who suffered cardiovascular
events, and 16 ± 13% in those without cardiovascular events
(p = 0.18). The total scar volume and the scar percentage of
myocardial volume did not demonstrate statistical significant
correlation with cardiovascular events as shown Table 2. High
intraobserver and interobserver correlations were found in the
mesurement of scar volume with r = 0.997 ( p = 0.0002) and
r = 0.991 (p = 0.001), respectively.

Comparison between resting perfusion
and myocardial viability
Myocardial scar was seen by late gadolinium enhancement
MRI in all patients. While resting perfusion image could detect
perfusion defect in 17 of 21 patients. Resting perfusion was
rather insensitive than delayed enhancement to detect scar.

DISCUSSION
CHF is the leading diagnosis associated with hospital admissions resulting in approximately 300,000 deaths annually (1).
Over the last several decades, advances in medical and surgical interventions provided significant improvement in the treatment of ischemic cardiomyopathy (ICM). However, the average
5-year survival today remains at a dismal 50% (13). To date,
prognostic information and clinical decision in this patient population are based mostly on the evaluation of coronary anatomy
(14, 15), LVEF (2, 14, 17) and comorbidities (14).
This is the first study to investigate whether CMR assessment
of peri-infarct ischemia through comprehensive evaluation of
myocardial perfusion and viability will predict the occurrence
of cardiovascular events in ICM patients with severe LV dysfunction. In order to address this issue, we conducted this study
to determine whether peri-infarct ischemia can be detected reliably and whether prognostic information can be generated from
detection of peri-infarct ischemia. We found that the presence of
peri-infarct ischemia determined by CMR was associated with
higher incidence of cardiovascular events in patients with severe
ICM. However, age, LVEF and the severity of coronary artery
disease did not corelate with the occurrence of cardiovascular
events in this high risk patient population. In addition, the measurement of scar volume and the scar percentage of myocardial
volume did not demonstrate statistically significanct correlation
with cardiovascular events. The assessment of peri-infarct ischemia may provide a more sensitive measure to predict future
cardiovascular events in this high risk patient population than
the assessment of myocardial viability or traditional assessment
of LVEF or severity of coronary artery disease.

Dose of Gd-DTPA at perfusion study
In previous studies, the dose of gadolinium contrast administered in the studies varied 6-fold, with doses ranging from 0.025
to 0.15 mmol/kg (12, 18, 19). Different dosages performed differently depending on type of data analysis, i.e., quantitative (at
lower dosage [19]) versus semi-automatic quantitative stressonly analyses (at higher dosage, [20]). The multicenter doseranging study has been reported that a low dose of 0.05mmol/kg
gadolinium contrast media was at least as efficacious as higher
doses (19). At this time no general recommendation can be made
regarding the dosage when both myocardial perfusion and late
gadolinium enhancement study will be performed at the same
time. In this investigation, we performed stress myocardial perfusion study with 0.05mmol/kg Gd-DTPA first, and rest myocardial perfusion study with 0.10 mmol/kg Gd-DTPA. We used
different dose of Gd-DTPA to obtain a better resting perfusion
signal from myocardium because of the residual Gd-DTPA in
the circulation and myocardium as a result from the previous
stress perfusion and late gadolinium enhancement studies.

Prognostic value of stress-induced
peri-infact ischemia
Myocardial perfusion can be assessed reliably with CMR at
rest and stress. This approach has been reported to be highly sensitive for the detection of myocardial ischemia with a sensitivity
of 88% and specificity of 90% (18). Furthermore, recent studies
have also demonstrated reliable imaging of myocardial infarction (21, 22). The advantages of CMR over other conventional
imaging modalities consist of comprehensive characterization
of the myocardial tissue including myocardial perfusion and viability through exquisite tissue contrast mechanism and high
temporal and spatial resolution (23). There were several studies
that combined perfusion and viability studies by CMR. Previous studies reported that late gadolinium enhancement image is
more accurate than resting perfusion at differentiating normal
from nonviable myocardium (24, 25). In the present study, resting perfusion image could not also detect perfusion defect in 4
of 21 patients with scar. Resting perfusion might be rather insensitive than late gadolinium enhancement to detect scar. This
study was designed to exploit such features of CMR to diagnose
peri-infarct ischemia detected by the presence of stress-induced
perfusion defect adjacent to and larger than the scar. This capability has been tested clinically to determine the prognosis in
severe ICM patients in whom therapeutic options are frequently
limited. This investigation demonstrated that significantly higher
number of patients with peri-infarct ischemia developed cardiovascular events.

Prognostic value of viability
The CMR late gadolinium enhancement study can distinguish
between viable and non-viable myocardium independent of wall
motion through evaluation of the transmural extent of infarction (26, 27). The transmural extent of infarction determined by
late gadolinium enhancement study has been found to predict
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future recovery of contractile function in patients undergoing
coronary revascularization (21, 28). However correlation between the transmural extent of infarction and future cardiovascular events have not been well demonstrated. In this investigation,
the measurement of scar volume and the scar percentage of myocardial volume in patients with cardiovascular events did not
demonstrate any statistical significant correlation although this
may have been due to the limited sample size and end-stage
nature of patients with severe ICM.

The small sample size of patients in this study is mainly due
to difficulty in recruiting patients with severe coronary artery
disease and LV dysfunction. Since a highly selected patient population was enrolled, the results of this study are applicable only
to those with extensive coronary artery disease and advanced LV
dysfunction considered for possible revascularization. In previous studies, LVEF, severity of coronary disease and scar volume
had been shown to be associated with patient outcome (29,31).
However, this study did not generate these findings most likely
due to the highly selected patient population. Future studies may
evaluate the effecacy of peri-infarct ischemia to predict the incidence of cardiovascular events between patients undergoing
revascularization versus medical therapy.

CONCLUSION

REFERENCES

3.

4.

5.

6.

7.

778

11.

12.

13.

14.

15.

Patients with severe ICM demonstrating peri-infarct ischemia
are pre-disposed to a higher risk of developing cardiovascluar
events. CMR may enable accurate prognostication in this highrisk patient population to help guide appropriate therapeutic decision.

2.

9.

10.

Study limitations

1.

8.

16.

17.

2002 Heart and stroke statistical update. Dallas. American Heart
Association 2001.
Emond M, Mock MB, Davis KB, Fisher LD, Holmes DR, Jr., Chaitman BR, Kaiser GC, Alderman E, Killip T, 3rd. Long-term survival
of medically treated patients in the Coronary Artery Surgery Study
(CASS) Registry. Circulation 1994;90:2645–57.
Wong M, Staszewsky L, Latini R, Barlera S, Glazer R, Aknay N,
Hester A, Anand I, Cohn JN. Severity of left ventricular remodeling
defines outcomes and response to therapy in heart failure: Valsartan heart failure trial (Val-HeFT) echocardiographic data. J Am
Coll Cardiol 2004;43:2022–7.
Poole-Wilson PA, Uretsky BF, Thygesen K, Cleland JG, Massie
BM, Ryden L. Mode of death in heart failure: findings from the
ATLAS trial. Heart 2003;89:42–8.
St. John Sutton M, Lee D, Rouleau JL, Goldman S, Plappert T, Braunwald E, Pfeffer MA. Left ventricular remodeling
and ventricular arrhythmias after myocardial infarction. Circulation
2003;107:2577–82.
Brugada J, Aguinaga L, Mont L, Betriu A, Mulet J, Sanz G. Coronary artery revascularization in patients with sustained ventricular
arrhythmias in the chronic phase of a myocardial infarction: effects
on the electrophysiologic substrate and outcome. J Am Coll Cardiol
2001;37:529–33.
Every NR, Fahrenbruch CE, Hallstrom AP, Weaver WD, Cobb LA.
Influence of coronary bypass surgery on subsequent outcome of

18.

19.

20.

21.

22.

23.

patients resuscitated from out of hospital cardiac arrest. J Am Coll
Cardiol 1992;19:1435–9.
Kelly P, Ruskin JN, Vlahakes GJ, Buckley MJ, Jr., Freeman
CS, Garan H. Surgical coronary revascularization in survivors of
prehospital cardiac arrest: its effect on inducible ventricular arrhythmias and long-term survival. J Am Coll Cardiol 1990;15:
267–73.
Manolis AS, Rastegar H, Estes NA, 3rd. Effects of coronary artery
bypass grafting on ventricular arrhythmias: results with electrophysiological testing and long-term follow-up. Pacing Clin Electrophysiol 1993;16:984–91.
Kim RJ, Wu E, Rafael A, Chen EL, Parker MA, Simonetti O, Klocke
FJ, Bonow RO, Judd RM. The use of contrast-enhanced magnetic
resonance imaging to identify reversible myocardial dysfunction.
N Engl J Med 2000;343:1445–53.
Elhendy A, Schinkel AF, van Domburg RT, Bax JJ, Poldermans D.
Differential prognostic significance of peri-infarction versus remote
myocardial ischemia on stress technetium-99m sestamibi tomography in patients with healed myocardial infarction. Am J Cardiol
2004;94:289–93.
Slavin GS, Wolff SD, Gupta SN, Foo TKF. First-pass myocardial
perfusion MR imaging with interleaved notched saturation: Feasibility study. Radiology 2001;219:258–63.
Roger VL, Weston SA, Redfield MM, Hellermann-Homan JP, Killian J, Yawn BP, Jacobsen SJ. Trends in heart failure incidence
and survival in a community-based population. JAMA 2004;292:
344–50.
Drenth DJ, Veeger NJ, Grandjean JG, Mariani MA, van Boven
AJ, Boonstra PW. Isolated high-grade lesion of the proximal LAD:
a stent or off-pump LIMA? Eur J Cardiothorac Surg 2004;25:
567–71.
Hueb W, Soares PR, Gersh BJ, Cesar LA, Luz PL, Puig LB,
Martinez EM, Oliveira SA, Ramires JA. The medicine, angioplasty, or surgery study (MASS-II): a randomized, controlled clinical trial of three therapeutic strategies for multivessel coronary
artery disease: one-year results. J Am Coll Cardiol 2004;43:
1743–51.
Davierwala PM, Maganti M, Yau TM. Decreasing significance of
left ventricular dysfunction and reoperative surgery in predicting
coronary artery bypass grafting-associated mortality: a twelveyear study. J Thorac Cardiovasc Surg 2003;126:1335–44.
Harris PJ, Harrell FE, Jr, Lee KL, Behar VS, Rosati RA. Survival in medically treated coronary artery disease. Circulation
1979;60:1259–69.
Nagel E, Klein C, Paetsch I, Hettwer S, Schnackenburg B,
Wegscheider K, Fleck E. Magnetic resonance perfusion measurements for the noninvasive detection of coronary artery disease.
Circulation 2003;108:432–7.
Wolff SD, Schwritter J, Coulden R, Friedrich MG, Bluemke DA,
Biederman RW, Martin ET, Lansky AJ, Kashanian F, Foo TKF, Licato PE, Comeau CR. Myocardial First-Pass Perfusion Magnetic
Resonance Imaging. Circulation 2004;110:732–37
Giang TH, Nanz D, Coulden R, Friedrich M, Graves M, Al-Saadi
N, Luscher TF, von Schulthess GK, Schwitter J. Detection
of coronary artery disease by magnetic resonance myocarial perfusion imaging with various contrast mediumdose: first
european multi = center experience. Europ Heart J 2004;25:
1657–65
Kim RW, Ugurlu BS, Tereb DA, Wackers FJ, Tellides G, Elefteriades
JA. Effect of left ventricular volume on results of coronary artery
bypass grafting. Am J Cardiol 2000;86:1261–4.
Choi KM, Kim RJ, Gubernikoff G, Vargas JD, Parker M, Judd RM.
Transmural extent of acute myocardial infarction predicts longterm improvement in contractile function. Circulation 2001;104:
1101–7.
Wu KC, Zerhouni EA, Judd RM, Lugo-Olivieri CH, Barouch LA,
Schulman SP, Blumenthal RS, Lima JA. Prognostic significance

M. Tsukiji et al.

24.

25.

26.

27.

of microvascular obstruction by magnetic resonance imaging in
patients with acute myocardial infarction. Circulation 1998;97:
765–72.
London J, Schussheim A, Marrota C, Konkus C, Jacobacci J,
Verma H, Cohen B. A comparison of delayed hyper-enhancement
to resting first pass perfusion for stress perfusion MRI. J Cardiovasc Magn Reson 2002;4:140.
Chun WC, Nina MC, Wynnie WM, Kin YC, John ES. Combined
first-pass perfuion and viability study at MR imaging in patients with
non-ST segment-elevation acute coronary syndromes: Feasibility
study. Radiology 2003;226:717.
Kim RJ, Wu E, Rafael A, Chen EL, Parker MA, Simonetti O, Klocke
FJ, Bonow RO, Judd RM. The use of contrast-enhanced magnetic
resonance imaging to identify reversible myocardial dysfunction.
N Engl J Med 2000;343:1445–53.
Fieno DS, Kim RJ, Chen EL, Lomasney JW, Klocke FJ, Judd
RM. Contrast-enhanced magnetic resonance imaging of myocardium at risk: distinction between reversible and irreversible

28.

29.

30.

31.

injury throughout infarct healing. J Am Coll Cardiol 2000;36:
1985–91.
Schvartzman PR, Srichai MB, Grimm RA, Obuchowski NA, Hammer DF, McCarthy PM, Kasper JM, White RD. Nonstress delayedenhancement magnetic resonance imaging of the myocardium
predicts improvement of function after revascularization for chronic
ischemic heart disease with left ventricular dysfunction. Am Heart
J 2003;146:535–41.
Dorian P, Connolly S, Yusuf S. The impact of left ventricular dysfunction on outcomes with the implantable defibrillator. Am Heart
J 1994;127:1159–63.
Eltchaninoff H, Franco I, Whitlow PL. Late results of coronary angioplasty in patients with left ventricular ejection fractions < or =
40%. Am J Cardiol 2004;73:1047–52.
Borger van der Burg AE, Bax JJ, Boersma E, Pauwels Ernest KJ,
van der Wall EE, Schalij MJ. Impact of viability, ischemia, scar tissue, and revascularization on outcome after aborted sudden death.
Circulation 2003;108:1954–59.

Peri-Infarct Ischemia Predicts Cardiac Events

779

