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Introduction: Delayed enhancement imaging is a reference standard for assessment of myocardial scar. The standard approach for myocardial 
delayed enhancement imaging involves breath-held (BH) segmented gradient recalled echo sequence with a 180 degree inversion pulse applied to 
maximize contrast between normal and scarred myocardium. This technique has evolved with the use of free-breathing single shot steady state free 
precession (SSFP) based delayed enhancement sequences. Recently motion corrected delayed enhancement free breathing (FB) SSFP imaging has 
demonstrated utility for the assessment of ischemic cardiomyopathy (1). Unrecognized late gadolinium enhancement (LGE) may have clinical 
significance and prognostic value in patients without a history of prior myocardial infarct (2). In patients with non-ischemic cardiomyopathy (NICM, 
e.g. hypertrophic cardiomyopathy or myocarditis) there may often be concomitant arrhythmias or comorbidities precluding adequate breatholding for 
segmented delayed enhancement techniques.  Our aim was to compare the performance of free-breathing, fully-automated motion corrected single-
shot SSFP delayed enhancement imaging (MOCO-SSFP) to standard free breathing single-shot SSFP (SS-SSFP) and segmented breath-held GRE 
(BH-GRE) delayed enhancement sequences to detect non-ischemic scar in patients at 3T. 
 
Methods: Patients referred for MRI for assessment of myocardium for non-ischemic indications performed on 3T MRI system (MAGNETOM Skyra, 
Siemens AG, Erlangen, Germany) were included in the study. Only patients that underwent free breathing, motion–corrected single shot steady-state 
free procession (MOCO-SSFP), free breathing single shot steady-state free procession (SS-SSFP), and breath held segmented GRE (BH-GRE) were 
included. The MOCO-SSFP is an investigational prototype sequence which includes fully automated inline non-rigid motion compensation, and was 
acquired with slice thickness 8 mm, inter-slice spacing 10 mm, matrix 256 x 144, TR 896 ms, TE 1.19 ms, and flip angle 40˚. SS-SSFP delayed 
enhancement was acquired with slice thickness 8mm, inter-slice spacing 6 mm, matrix 224 x 126, TR 700 ms, TE 1.06 ms, and flip angle 40˚. BH-
GRE delayed enhancement sequences were acquired with slice thickness 8mm, inter-slice spacing 6 mm, matrix 256 x 140, TR 750 ms, TE 1.96 ms, 
and flip angle 20˚. The images were rated for image quality (1-5), diagnostic confidence (0-3) and presence of artifact (0-3). Using the American 
Heart Association (AHA) 17-segment model, cardiac segments were assessed individually for the presence of late gadolinum enhancement, and if 
present, this was scored as 0 = no mural enhancement, 1 = LGE less than 50% mural thickness, 2 = LGE greater than 50% but less than 100% mural 
thickness and 3 = transmural LGE. Images were reviewed by a single blinded reviewer. Paired two-tailed student’s t-test was performed to calculate 
the statistical significance between diagnostic confidence and image quality between the three techniques, with a p-value of 0.05 considered 
significant.  
Results:  13 patients comprised the study population (7 male, 6 female, mean age 49 years old). Image quality was rated superior for MOCO-SSFP 
compared to SS-SSFP (p=0.037) and BH-GRE (p=0.003) (see fig 1). Mean scores for image quality were 4.62 (MOCO-SSFP), 4.15 (SS-SSFP), and 
3.53 (BH-GRE).  Diagnostic confidence was not statistically significantly different between MOCO-SSFP and SS-SSFP (p=0.41) but was superior 
when compared to BH-GRE (p=0.03). Mean scores for diagnostic confidence were 2.77, 2.62 and 2.00 for MOCO-SSFP, SS-SSFP and BH-GRE 
respectively. 
Scoring for artifact 
was 1.15, 1.31 and 
1.62 respectively. 
Twenty-six 
matched segments 
(in 6 patients) with 
positive LGE were 
seen on SS-SSFP 
and MOCO-SSFP, 
with an additional 
segment seen on 
SS-SSFP but 
obscured by 
artifact on MOCO-
SSFP.  All but 
three of these 
segments were 
mesocardial, with 
two being graded 
as transmural and 
one segment 
subendocardial.  22 (85%) segments were identified on BH-GRE sequences. In 2 patients known to have atrial fibrillation, image quality was rated as 
5/5 for MOCO-SSFP, 4/5 for SS-SSFP and 3/5 for BH-GRE.  
Discussion / conclusion:  Delayed enhancement imaging utilizing MOCO-SSFP demonstrated superior image quality compared to both BH-GRE and 
SS-SSFP techniques with superior diagnostic confidence compared to the segmented BH-GRE approach (see fig 1) in NICM. Although the detection 
of LGE was nearly equivalent between the SS-SSFP and MOCO-SSFP sequences, the improved image quality and diagnostic confidence may yield 
superior clinical performance in a larger dataset, particularly in subjects with arrhythmia and limited breath-holding. 
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Fig (1).  BH-GRE (a), SS-SSFP (b) and MOCO-SSFP (c) in the mid-left ventricle. BH-GRE is degraded by motion artifact. MOCO shows improved definition of e.g. papillary muscles (open arrow) and of mesocardial LGE (closed arrow) compared to both BH-GRE and SS-SSFP techniques. 
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