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reactive hyperemia and leakage from damaged capillaries.5 At
revascularization, the cellular debris from the ruptured atherosclerotic culprit lesion(s) and the released soluble vasoconstrictive, thrombogenic, and inflammatory substrates contribute to
microvascular flow impairment.4 In addition, the myocardial I/R
impairs microcirculation directly as demonstrated in the experimental occlusion and reperfusion of nonatherosclerotic coronary
arteries in the preclinical animal models.2 These studies demonstrated that the swelling of the endothelial cells, obstruction
of the capillary bed by platelet aggregation, and compression
of the vasculature by interstitial edema result in microvascular
obstruction (MVO) or no-reflow phenomenon.2 Furthermore,
advanced capillary destruction leads to intramyocardial hemorrhage (IMH). At the end of this complex post-injury physiology,
MVO and IMH emerge in an anatomically dependent location.
Using late gadolinium enhancement and T2-WI MRI, these
lesions are delineated reliably as contrast void and low signal
intensity, respectively, with excellent histological correlation.6
Most importantly, these I/R injury–associated MRI findings predict the major adverse cardiac events (MACE).7
Although the current standard methods to detect and evaluate the severity of the I/R injury include electrocardiographic
evidence of persistent ST-segment elevation, angiographic finding of no-reflow or poor TIMI (thrombolysis in myocardial infarction) blush grade, and poor myocardial salvage on SPECT
(single-photon emission computed tomography), the integrative
ability of cardiac MRI has also been recognized. This imaging
technique combines T1-WI to identify the myocardial edema to
delineate the MaR and late gadolinium enhancement to assess the
IS, MVO, and IMH. Myocardial edema appearing in the early
stages of the reperfused STEMI corresponds well with the histological IS in an animal model.8 Myocardial salvage index evaluated by cardiac MRI is reported to be a useful predictor of MACE.9
However, careful attention must be paid in evaluating the
MaR and IS by cardiac MRI because they undergo dynamic
changes, especially, during the first week of myocardial infarction. The extent of myocardial edema affected by the several
clinical or pathological factors, including ischemic duration,
concomitant diseases, and reperfusion injury, may confound
the evaluation of MaR. In a clinical study, MaR by T2-WI
obtained at 5 to 7 days post-intervention corresponded well
with the initial perfusion defect on SPECT. However, in an
individual case-by-case review, T2-WI showed a significantly
different size of MaR compared with SPECT depending on
the occlusion time and presence of spontaneous reperfusion.10
Thus, the measurement of myocardial edema on T2-WI may
evaluate the extent of I/R injury more reliably and provide a
more accurate prediction of MACE in this highly vulnerable
patient population.

Although the advances in revascularization therapy have drastically decreased the mortality after ST-segment–elevation myocardial infarction (STEMI), the number of patients who develop
heart failure after the reperfusion therapy continues to increase.
More than 30% of the patients who survive STEMI develop heart
failure long-term.1 Clinical studies have demonstrated that the
larger infarct size (IS) and the resultant left ventricular dysfunction at the time of initial treatment significantly correlate with
the likelihood of future adverse ventricular remodeling and arrhythmia.2 Thus, the efforts to minimize the IS by prompt reperfusion therapy is the primary rational in the treatment of STEMI
in preventing heart failure and catastrophic cardiovascular events.
Myocardial salvage determined by the initial perfusion defect,
that is, myocardium at risk (MaR) and the final IS, is a surrogate marker of a successful reperfusion therapy to predict clinical outcome.3 Despite significant technological advances in the
reperfusion therapy, myocardial reperfusion injury substantially
decreases the myocardial salvage and increases the final tissue
injury, which may account for ≤50% of the final IS.4 Even though
various pre- or post-conditioning strategies, including stress (reversible ischemia, exercise, and hypothermia) and pharmaceutical intervention, may help to protect the heart from the ischemia/
reperfusion (I/R) injury, the efficacy of these treatments has not
been sufficiently demonstrated in clinical studies. Thus, a robust
imaging modality to assess the I/R injury and predict future cardiovascular events addresses a critical unmet clinical need.

Article, see p 439
In ischemic heart disease, myocardial edema detected by
magnetic resonance imaging (MRI) as high signal intensity on
T2-weighted imaging (T2-WI) is a phenomenon associated with
reperfusion. It is known that a permanent occlusion of the coronary artery leads to minimal myocardial edema.5 The restoration
of coronary blood flow increases the swelling of individual cardiomyocytes and exacerbates the interstitial edema secondary to
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This study by Fernández-Jiménez et al11 showed that the detection of myocardial edema with longer T2 relaxation times
represents the complex pathophysiology post-I/R injury. The
investigation systematically demonstrated that the myocardial
edema does not correspond with the MaR detected by the initial
perfusion defect. The authors confirmed the dynamic bimodal
pattern of myocardial edema during the first week post-I/R
injury. IS also changed dynamically during this period, suggesting the inaccuracy of myocardial salvage evaluated by T2
and late gadolinium enhancement. The authors compared the
areas with T2 edema to the true MaR area with initial perfusion
defect detected by arterial MDCT (multidetector computed tomography). The cardioprotective procedures and the duration
of ischemia significantly affected the myocardial edematous
waves. Although myocardial edema on T2-WI overestimated
the MaR because of myocardial swelling in the hyperacute
phase of 120 minutes post-I/R, it corresponded well with MaR
at days 4 and 7. Interestingly, cardioprotection (preconditioning or short ischemic duration) diminished both hyperacute
and deferred edematous waves, resolving edema at an earlier
phase and leading to the underestimation of the area at risk. T2WI severely underestimated the MaR at day 1 because of the
resolution of edema in all I/R groups with or without cardioprotection. Furthermore, severe edema was associated with the
higher degree of I/R injury represented by MVO/IMH, larger
IS, and poor ejection fraction. The study characterized the dynamic myocardial tissue changes represented by myocardial
edema, IMH/MVO, and IS taking place in the acute phase of
I/R injury. The preconditioning and the duration of ischemia
significantly affected the homeostatic balance between myocardial tissue injury and repair in a complex temporal pattern
during the week after I/R injury. This study reminds us that we
need to consider the timing, imaging modality, and cardioprotective conditions to evaluate the MaR, IS, and myocardial salvage. Although the feasibility to evaluate myocardial salvage
evaluation needs further examination, detection of myocardial
edema correlates well with I/R injury and may test the efficacy
of novel cardioprotective strategies.

Future Perspectives
The temporal and spatial changes of edema formation post-I/R
injury should be confirmed in clinical studies and correlated
with clinical events. Evaluation of prolongation of T2 relaxation times, representing myocardial edema, could be a promising method to reveal the complex mechanisms of I/R injury
and understand the potential cardioprotective strategies. An
optimized analysis of T2-WI, preconditioning pattern, coronary anatomy, imaging protocol, culprit lesion, and TIMI flow
grade may enable precise insight into the extent of myocardial
I/R injury and salvage to provide better tissue characterization. Reliable evaluation of myocardial edema may provide a
precise prognosis of STEMI patients by establishing a predictive algorithm, combining index ischemia and tissue composition, to determine the likelihood of the occurrence of MACE.
Second, the pathological significance of myocardial edema should be clarified in future studies. Edema itself may have

adverse effects on cardiac remodeling as it is known to exacerbate myocardial cell stunning.12 The pathological significance
of the 2 waves of edema peaks has not yet been clarified. T2
does not merely represent myocardial edema but is also influenced by IMH/MVO to diminish the T2 values, leading to
an apparent second peak.13 Previous study by the authors also
demonstrated that the myocardial water content does not normalize while the T2 signal does between the first and second
peaks of myocardial edema.5 Although the authors claimed in
their previous article that the deferred edematous wave is associated with the healing inflammation, the specific roles of
the inflammatory process in myocardial repair, remodeling,
and dysfunction after I/R and the effects of cardioprotection
have yet to be clarified.5
Finally, the importance of heterogeneous tissue characteristics of the infarcted myocardium has been noted recently. Heterogeneous characteristics of the peri-infarct zones
characterized by uneven distribution of the gadolinium- and
manganese-based contrast studies have important prognostic
importance with regard to cardiac dysfunction, arrhythmogenesis, and mortality.14 Peri-infarct ischemia is a critical prognostic factor in post-infarct MACE.15 The infarct and peri-infarct
zones most likely display different T2 relaxation times, which
are expected to vary temporally. The role of I/R injury and
myocardial edema in the formation of heterogeneous infarct
tissues and eventual MACE needs to be elucidated. Postinfarct ischemia, arrhythmogenesis, and left ventricular remodeling, which all represent significant clinical events, must
be addressed by accurate characterization of the myocardium.
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