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Diagnostic value and prognostic implications of early cardiac magnetic 

resonance in survivors of out of hospital cardiac arrest 

SUPPLEMENTAL FILE 

 

 

Supplemental methods 

Cardiac magnetic resonance 

 Cardiac magnetic resonance (CMR) was performed on a 1.5-Tesla scanner (Magnetom 

Avanto, Siemens Medical Solutions, Germany). Images were acquired using a steady-state free 

precession sequence (true FISP) cine images in sequential short axis views (slices thickness 6 mm, 

gap 0 mm) and 3 long- axis views. Global ventricular volumes, systolic function and LV 

myocardial mass were calculated from the short-axis cine images, excluding papillary muscles from 

the myocardium, using dedicated software (CMR42, Circle Cardiovascular Imaging Myocardial 

edema was identified according to the workflow published in the Society for Cardiovascular 

Magnetic Resonance position statement [1]. 

 For detection of myocardial edema, T2 triple inversion recovery (TIRM) sequences were 

applied before contrast administration and acquired at the same location of cine images. The 

presence of myocardial edema on T2-weighted images was diagnosed using a dark blood 

preparation on sequences to reduce artifacts and surface coil reception field inhomogeneity; 

moreover, to avoid misdiagnosis of subendocardial edema resulting from “slow flow artifacts”, T2-

weighted images were compared with the corresponding cine images, using a side by side approach 

on the same cardiac phase [1]. Semi quantitative analysis was performed using regional T2-ratio 

method and the presence of myocardial edema was diagnosed in the presence of an increased signal 

intensity, i.e., >2 standard deviations above skeletal muscle, as previously recommended [1]. 

Myocardial edema was defined as “transmural” when it extended from the epicardium to the 

endocardium by more than 75% of the LV thickness in ≥2 adjacent segments [2]. 
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 Ten minutes after intravenous administration of contrast agent (gadobenate dimeglumine, 

Multihance, Bracco, 0.2 mmol/kg of body weight). 2-dimensional segmented fast low-angle shot 

inversion recovery sequences were acquired in the same views of cine images, covering the entire 

ventricles. Inversion times were adjusted to null normal myocardium using the Look-Locker 

sequence and images were repeated in 2 separate phase-encoding directions to exclude artifacts. and 

all edematous regions were confirmed in two perpendicular views. Myocardial late gadolinium 

enhancement was assessed with an automated thresholding and considered present if SI was >3 

standard deviations above remote myocardium, as previously recommended [1]. Isolated junctional 

LGE was not considered. 

 The images of CMR were evaluated and analyzed independently by 2 observers, blinded to 

clinical findings, ECG features and coronary angiography findings, with the use of dedicated 

software (CMR42, Circle Cardiovascular Imaging Inc). In case of disagreement a third observer 

was consulted. 

 

Supplemental Results 

 

Incremental diagnostic value of CMR in patients with no obstructive CAD 

 Five patients who had had a diagnosis of OHCA on structurally normal heart according to 

routine evaluation, based on myocardial abnormalities unmasked by CMR were ultimately 

diagnosed with arrhythmogenic cardiomyopathy (N=1), acute myocarditis (N=2) and isolated non-

ischemic LV scar involving the subepicardial region of the infero-lateral LV wall (N=2). In two 

patients with the initial suspicious of cardiac arrest due to arrhythmic mitral valve prolapse, the 

CMR findings led to a diagnosis of acute myocarditis and dilated cardiomyopathy, respectively. In 

1 patient with a moderate stenosis of the left descending coronary artery, demonstration in 

myocardial edema and late enhancement in the mid-apical antero-septal LV segments led to a final 

diagnosis of acute myocardial infarction. In one patient with a suspected HCM based on borderline 

LV hypertrophy, the evidence of transmural LGE in the mid-apical LV septum was consistent with 
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the clinical diagnosis of previous myocardial infarction with normal coronary arteries. One patient 

with suspected acute coronary syndrome was finally diagnosed with Tako-Tsubo cardiomyopathy 

as suggested by wall motion abnormalities and transmural myocardial edema involving all mid-

apical segments of the LV in the absence of LV LGE. One patient with a suspected acute 

myocarditis was diagnosed with biventricular arrhythmogenic cardiomyopathy. 

 

Supplemental discussion 

 

Previous studies 

Previous studies reported the incremental diagnostic value of CMR in patients who survived 

an OHCA owing to the ability of this imaging technique to evaluate cardiac morphology and 

function as well as myocardial tissue characterization in a single setting [14-17]. However, the 

CMR scan protocols were not uniform and particularly T2-weighted sequences for myocardial 

edema were not included [17] or limited to a subset of patients [15-16]. Data on management and 

outcome were lacking in all but the study of Neilan et al. [17] who found that the presence and 

extent of LGE were the strongest predictors of adverse arrhythmic outcome after OHCA. However, 

in this study T2-weighted sequences for myocardial edema were not evaluated. 

White et al. [14] previously evaluated the diagnostic utility of CMR including both T2-

weighted and post-contrast sequences in 31 patients presenting with resuscitated OHCA. LGE was 

found in half of cases and T2-weighted sequences provided incremental information by revealing 

regional signal abnormalities suggesting myocardial edema in one third of patients. Although the 

study by White et al. was the first to evaluate the diagnostic yield of a comprehensive tissue 

characterization protocol in the setting of OHCA, CMR was performed over a wide time range (1–

28 days after the event) with a sizeable proportion of patients undergoing delayed scan because of 

transfer from referring hospital or other clinical care limitations. In patients undergoing delayed 

CMR, the sensitivity of T2-weighted sequences for myocardial edema is expected to be reduced and 
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the clinical utility underestimated. Most importantly, follow-up data to assess the prognostic value 

of CMR tissue characterization were lacking in the White’s study. 

 

Myocardial damage secondary to resuscitation 

 The diagnostic accuracy of CMR has been definitely demonstrated in non-OHCA patients 

and it is now applied in a variety of cardiac conditions [3-4]. However, clinical interpretation of 

tissue abnormalities in survivors of OHCA poses additional challenges because all patients received 

cardiopulmonary resuscitation (CPR) that may cause cardiac contusion. Myocardial hematoma 

usually involving the ventricular septum has been observed at autopsy in a sizeable proportion of 

victims of cardiac arrests who received CPR [5]. The histological pattern of traumatic cardiac 

contusion is very similar to that found in myocardial infarction, although with more preeminent 

hemorrhagic areas and a distinct boundary between the normal and contused tissue [6-7]. Clinically, 

cardiac contusion may mimic acute coronary syndrome as it is characterized by chest pain, troponin 

elevation, ST segment-T wave abnormalities and regional wall motion abnormalities [6]. At CMR, 

typical findings of cardiac contusion include regional wall motion abnormalities and myocardial 

edema, with or without LGE [8-12]. According to a recent meta-analysis, the prevalence of 

myocardial contusion/hematoma in patients receiving CPR detected clinically or at postmortem is 

1.7% [13] but the prevalence of tissue changes resulting from the trauma of resuscitation has not 

been investigated by CMR. A single case report described right ventricular regional wall motion 

abnormalities and LGE with dark zones (suggesting myocardial hemorrhage) secondary to CPR 

[14].  

In our study we found no signs suggestive of post-resuscitation myocardial contusions. In 

particular, right ventricular LGE was evidenced only in a patient with right ventricular infarction 

due to right coronary artery thrombosis and in two patients with arrhythmogenic cardiomyopathy. 

In patients with obstructive CAD, left ventricular myocardial edema was always evidenced in the 

myocardium tributary to coronary arteries with critical stenosis, strongly suggesting an ischemic 
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mechanism. In patients with no-obstructive CAD, myocardial edema was found only in a minority 

of cases and showed regional distribution and transmural arrangement characteristic of the 

underlying myocardial disease. The implications of these findings are twofold: first, cardiac 

contusion secondary to CPR is a rare finding in survivors of arrhythmic OHCA; second, myocardial 

edema at T2-weighted sequences in patients with OHCA likely reflect the acute damage related to 

the underlying disease rather than a non-specific post-resuscitation injury. 
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Supplemental Figures 

Supplemental Figure 1 – Schematic summary of the study 

Supplemental Figure 2 – Summary of the study with angiographic and cardiac magnetic resonance 

images 
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Supplemental Figure 1 
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Supplemental Figure 2 

 

 


