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EDITORIAL

The Bright Side of Myocardial Edema
Daniel E. Clark , MD, MPH; Sean G. Hughes, MD

Sudden cardiac arrest (SCA) is the abrupt cessa-
tion of cardiac activity in the absence of a clear 
noncardiac cause (drowning, trauma, electro-

cution, drug overdose, etc). Sudden cardiac death, 
the gravest of potential consequences, is defined as 
death occurring within 1 hour of the onset of symp-
toms. Sudden cardiac death poses a significant public 
health problem, representing ≈50% of all cardiovascu-
lar deaths—≈300  000 deaths per year in the United 
States alone. Although the highest risk of sudden car-
diac death occurs among patients with systolic heart 
failure and a left ventricular ejection fraction <30%, the 
largest absolute number of events occur in the pre-
viously healthy. In nearly one quarter of victims, sud-
den cardiac death is the incident symptomatic cardiac 
event.1

Predicting who will suffer from recurrent SCA 
events is difficult, yet the stakes could not be higher. 
Without clear identification of the underlying cause 
for SCA, therapeutic ambiguity will undoubtedly 
exist. Additionally, although the management of 
SCA associated with acute myocardial infarction or 
underlying cardiomyopathies1–3 is well established, 
evidence-based guidance is limited for patients with 
other causes of SCA. Patients without preexisting 
cardiac conditions represent an increasing propor-
tion of SCA events.1

T2-weighted imaging is a widely used and versa-
tile magnetic resonance imaging technique with varied 
clinical applications. Within cardiology, T2-weighted 

imaging accurately detects myocardial edema (ME) in 
ischemic and nonischemic diseases. This technique is 
a critical component for the formal cardiac magnetic 
resonance (CMR) diagnosis of myocarditis4 and delin-
eates the myocardium at risk immediately after acute 
myocardial infarction that may be salvaged by revas-
cularization.5,6 Identification of ME enhances the diag-
nostic yield in myocardial infarction with nonobstructed 
coronary arteries,7 adds prognostic information in am-
yloid light-chain amyloidosis,8 and is the most sensitive 
CMR technique for the detection of acute allograft re-
jection in recipients of heart transplants.9

Early CMR improves the diagnostic yield in myo-
cardial infarction with nonobstructed coronary arter-
ies7 and myocarditis, as ME typically resolves within a 
few weeks after presentation.4 The persistence of ME 
6 months after the diagnosis of acute myocarditis im-
parts a favorable prognosis, as edema-associated late 
gadolinium enhancement is more likely to resolve.10 
Thus, apart from infiltrative cardiomyopathies (such as 
amyloidosis), ME assessed by T2-weighted imaging 
may indicate reversible myocardial injury.

In this issue of the Journal of the American Heart 
Association (JAHA), Zorzi et al11 present a multicenter, 
retrospective cohort study of survivors of out-of-
hospital cardiac arrest (OHCA) over an 11-year period 
at 9 Italian centers. Survivors of OHCA without acute 
myocardial infarction or other clinically apparent cause 
for SCA were included and underwent “early CMR” 
(within 1 month post-SCA; median 11 days). The au-
thors hypothesized that early evidence of ME may rep-
resent reversible injury of the myocardial substrate and 
thus may portend a favorable prognosis in SCA. The 
cohort of 101 survivors of OHCA was representative of 
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SCA epidemiology with middle-aged men comprising 
the largest demographic (median age 47 years, 71% 
male). Interestingly, 16% of the cohort suffered SCA 
during sports participation. All the subjects underwent 
invasive coronary angiography except for the 10% of 
the cohort that had a clearly identifiable nonischemic 
cause of SCA. No patients were lost to follow-up (me-
dian 47 months). The final cause for SCA was deter-
mined to be due to structural (50%), ischemic (21%), 
or primary arrhythmogenic/inherited channelopathy 
(29%).

T2-short tau inversion recovery imaging (all on 1.5 T 
magnets) was the basis for CMR ME assessment and 
was made by 2 readers at each site blinded to the clin-
ical data with a third reader at the core laboratory serv-
ing as a tiebreaker. ME was defined as myocardial T2 
signal intensity greater than twice that of skeletal mus-
cle. Nearly one fifth (18%) of the cohort had ME; 11/18 
were classified as ischemic injury and 7/18 inflamma-
tory (only 4 meeting modified Lake Louise criteria4 for 
myocarditis). The presence of ME was associated with 
a higher survival free from appropriate implantable 
cardioverter-defibrillator (ICD) therapy (89% versus 
73%, P=0.04) and was an independent predictor of 
better arrhythmic outcome. ME was present to an equal 
extent between ischemic (N=8) and nonischemic sub-
strate (N=8) in those without appropriate ICD therapy 
at follow-up. The 2 patients with ME who experienced 
appropriate ICD interventions had underlying ischemic 
cardiomyopathy with left ventricular ejection fraction 
<35%, significant late gadolinium enhancement bur-
den, and ischemia-induced SCA with no revascular-
ization targets. An entirely normal CMR (without ME or 
late gadolinium enhancement) identified a population 
in which genetic testing for channelopathies was high 
yield (34% were identified to have long QT or Brugada 
syndromes). The authors therefore concluded that ME, 
as identified by T2-weighted CMR imaging, confers a 
positive prognosis for survivors of OHCA.

We congratulate the authors for this large study of 
survivors of OHCA that adds to a growing body of lit-
erature supporting the role of CMR in this population. 
OHCA survivorship is rare (merely 10%), and more than 
half of survivors have obstructive coronary lesions on 
angiography.1 This study is relevant for the minority of 
survivors of OHCA without clear angiographic expla-
nation for SCA (15% of the 684 eligible survivors of 
OHCA), but an important group in whom secondary 
prevention ICD is currently recommended.1 Although 
guidelines do not advocate the routine use of CMR in 
survivors of OHCA, this technology may elucidate the 
underlying cause for SCA, detect potentially reversible 
myocardial injury, and identify high-risk features and/
or irreversible damage. CMR has been shown to en-
hance diagnostic certainty in survivors of OHCA12–14 
and confers additional prognostic information. As with 

most diseases, the presence and extent of late gad-
olinium enhancement predicts adverse events in this 
population.15 ME has previously been shown to be a 
favorable prognostic factor among survivors of OHCA 
at a single center in a smaller cohort of patients with 
shorter follow-up and in whom secondary ICD was not 
uniformly deployed.16

This study suggests that ME on CMR is an imag-
ing biomarker of a transient arrhythmogenic substrate 
and thus its presence is a favorable finding associ-
ated with a reduced risk of recurrent arrhythmogenic 
events. It is postulated that the demonstration of 
ME discriminates between patients with reversible 
ischemia (with or without the presence of obstruc-
tive CAD, and thus at lower risk for subsequent SCA 
after appropriate medical therapy and/or percutane-
ous coronary intervention), transient nonischemic ME 
(myocarditis, Takotsubo cardiomyopathy; lower risk) 
from higher risk myocardial pathology without ME (re-
placement fibrosis, idiopathic ventricular fibrillation). 
The authors correctly state that their work is hypoth-
esis generating; larger studies must be performed to 
confirm these findings before identification of ME can 
be formally incorporated into risk stratification of sur-
vivors of SCA. Given the exceptional stakes, supreme 
diagnostic confidence in the demonstration of ME 
(and the associated clinical diagnosis) will be required 
to imply a lower future risk of SCA and potentially 
withhold ICD therapy.

The basis for CMR ME assessment in this study 
was T2-short tau inversion recovery imaging, not T2 
parametric mapping. Although the authors took care 
to avoid bias by having 2 independent, blinded CMR 
reads at each site, the inherent subjectivity of more 
qualitative and binary T2-short tau inversion recovery 
sequence assessment may limit the real-world gen-
eralizability of these results. T2 mapping has increas-
ingly replaced T2-short tau inversion recovery imaging 
methods owing to its feasibility, image quality, repro-
ducibility, and quantitative detection of ME.17 However, 
this technique is not without its own challenges. 
Comprehensive analysis (with multiple short- and long-
axis views and/or whole-heart mapping) may be nec-
essary to provide the highest diagnostic confidence. 
Parametric mapping ideally requires the establishment 
of normative values specific for each individual mag-
net.18 Even when this is achieved, the editorial authors 
suspect a high level of interobserver and interinstitu-
tional variance in the interpretation of this technique. 
Identification of regional abnormalities may be some-
what arbitrary. What is the appropriate size/location of 
a region of interest to sample? What statistical devia-
tion from normal defines pathology? Societal guidance 
is needed to define optimal methods for standardized 
analysis and interpretation of parametric mapping in 
the clinical and research arenas.



J Am Heart Assoc. 2021;10:e023731. DOI: 10.1161/JAHA.121.023731� 3

Clark and Hughes� CMR T2W Imaging for OHCA

The evolution of whole-heart CMR parametric map-
ping, machine learning in image analysis, and larger 
scale OHCA registries will certainly influence our ability 
to comprehensively phenotype cardiac structure and 
function and permit the deployment of precision medi-
cine for patient-level ICD decisions. CMR is an efficient, 
safe, and comprehensive imaging technique that aug-
ments the diagnostic and prognostic assessment in an 
ever-expanding variety of cardiac conditions. Larger 
studies using modern techniques should be encour-
aged to further refine the relevance of myocardial 
edema, inflammation, and fibrosis in survivors of SCA 
and other cardiac diseases.
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