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Introduction:

Late gadolinium enhancement (LGE) cardiac MRI is the current imaging standard of reference for the detection of replacement myocardial fibrosis [START_REF] Kim | Relationship of MRI delayed contrast enhancement to irreversible injury, infarct age, and contractile function[END_REF][START_REF] West | Cardiovascular Magnetic Resonance Imaging of Myocardial Infarction, Viability, and Cardiomyopathies[END_REF] and is being used to characterize and predict patient outcomes in a wide range of ischemic and non-ischemic cardiac pathologies [START_REF] Ganesan | Impact of Late Gadolinium Enhancement on mortality, sudden death and major adverse cardiovascular events in ischemic and nonischemic cardiomyopathy: A systematic review and meta-analysis[END_REF][START_REF] Marco | Late Gadolinium Enhancement and the Risk for Ventricular Arrhythmias or Sudden Death in Dilated Cardiomyopathy: Systematic Review and Meta-Analysis[END_REF][START_REF] Halliday | Outcome in Dilated Cardiomyopathy Related to the Extent, Location, and Pattern of Late Gadolinium Enhancement[END_REF]. Traditionally, LGE has been performed using 2 dimensional (2D) magnitude inversion recovery (IR) or phase sensitive inversion recovery (PSIR) sequence 10-30 minutes following the administration of gadolinium [START_REF] Weingärtner | Free-breathing combined three-dimensional phase sensitive late gadolinium enhancement and T1 mapping for myocardial tissue characterization[END_REF][START_REF] Foley | Feasibility study of a single breath-hold, 3D mDIXON pulse sequence for late gadolinium enhancement imaging of ischemic scar[END_REF]. These protocols require multiple breath-holds to achieve full heart coverage increasing acquisitions times and the chance for misregistration and imaging artifacts [START_REF] Kellman | Cardiac Imaging Techniques for Physicians : Late Enhancement[END_REF]. Furthermore, conventional LGE sequences cannot easily differentiate between fibrosis and intramyocardial fat (as both appear bright on T1W sequences). The presence of unwanted fat signal within the image may lead to chemical shift artifacts or completely obscure the subepicardial portion of the myocardium posing a significant diagnostic challenge, especially in the diagnosis of myocarditis with typical subepicardial LGE [START_REF] Kellman | Cardiac Imaging Techniques for Physicians : Late Enhancement[END_REF][START_REF] Kellman | Myocardial Fat Imaging[END_REF].

With the introduction of three dimensional (3D) LGE techniques, acquisitions can be performed in a single breath-hold [START_REF] Kino | Three-dimensional phase-sensitive inversion-recovery turbo FLASH sequence for the evaluation of left ventricular myocardial scar[END_REF][START_REF] Saranathan | Three-dimensional dixon fat-water separated rapid breathheld imaging of myocardial infarction[END_REF][START_REF] Bratis | Image-navigated 3-dimensional late gadolinium enhancement cardiovascular magnetic resonance imaging: Feasibility and initial clinical results[END_REF][START_REF] Bratis | Clinical evaluation of three-dimensional late enhancement MRI[END_REF]. However, long breath-hold durations (>20 seconds) are difficult in some patients and introduce motion artifacts affecting overall image quality. Furthermore, to achieve a single breath-hold acquisition, a compromise is made between acquisition time and spatial resolution, potentially impacting diagnostic performance [START_REF] Kellman | Cardiac Imaging Techniques for Physicians : Late Enhancement[END_REF][START_REF] Peukert | 3D and 2D Delayed-Enhancement Magnetic Resonance Imaging for Detection of Myocardial Infarction: Preclinical and Clinical Results[END_REF][START_REF] Goetti | Acute, subacute, and chronic myocardial infarction: Quantitative comparison of 2D and 3D late gadolinium enhancement MR imaging[END_REF].

The more recent 3D mDIXON LGE [START_REF] Foley | Feasibility study of a single breath-hold, 3D mDIXON pulse sequence for late gadolinium enhancement imaging of ischemic scar[END_REF] has potential advantages, such as an increased signal-tonoise ratio (SNR), which is traded to increase the sensitivity encoding (SENSE) acceleration factor to reduce breath-hold time. But, it could also be used to increase the spatial resolution in combination with a navigated free breathing acquisition.

The aim of this study was to evaluate the technical and diagnostic performance of a free breathing 3D mDIXON sequence compared to two single breath-hold sequences using 3D inversion recovery fast recalled gradient echo (VIAB) sequence and a 3D spectral presaturation with inversion recovery (SPIR) sequence.

Methods:

Patient population:

A retrospective institutional data base search for all patients with a cardiac magnetic resonance (CMR) examination for a known or suspected myocardial lesion (ischemic, inflammatory, hypertrophic, or infiltrative), from January to June 2019 was performed. Patients with a CMR exam containing all three (3D mDIXON, 3D VIAB, and 3D SPIR) sequences were included.

Image acquisition:

All examinations were performed in supine position in a 1.5 Tesla (T) Philips Ingenia MR scanner (Philips Medical Systems, Best, The Netherlands) using a 32 channel phased array cardiac coil. Images were acquired using a routine protocol in which steady state free precision (SSFP) cine images in 4-cavity and long axis views (using 148x145 matrix size, 250 mm field of view (FOV), 6mm slice thickness, and 0mm gap), short axis views (using 156x155 matrix size, 280 mm FOV, 8mm slice thickness, and 0 mm gap), and left ventricular outflow tract (LVOT 1 and LVOT2) views (using 172x165 matrix size, 250 mm FOV, 6mm slice thickness, and 0mm gap) were acquired. For LGE imaging, an intravenous bolus of 0.1 ml/kg of Gadoteric acid (Dotarem, Guerbet) was administered. In 3D Inversion recovery based sequences (3D VIAB, and 3D SPIR), a Look-Locker sequence was performed after 8 minutes to select the inversion time (TI) needed to null the left ventricle (LV) myocardium. 3D acquisitions were performed 10 minutes after contrast agent injection.

Imaging parameters were as follows: (i) 3D mDIXON: axial respiratory navigated free breathing sequence covering the full LV in 150 slices with 300 mm FOV, slice thickness 1.8 mm with 50% overlap, repetition time (TR) 7ms, echo time (TE1=2.4, TE2=4.7) ms, and flip angle 20°. (ii) 3D VIAB: single breath-hold short axis T1 inversion recovery sequence covering the full LV in 30 slices with a field of view (FOV) of 320 mm, slice thickness 8mm with 50% overlap, TR 3ms, TE 1ms, and flip angle 15°. (iii) 3D SPIR: single breath-hold short axis view covering the full LV in 30 slices with a FOV 320 mm, slice thickness 8mm with 50% overlap, TR 3ms, TE 2ms, and flip angle 15°. Table 1 shows the detailed imaging parameters for each of the 3D LGE sequences.

Image processing and analysis:

All examinations were processed and evaluated by two independent readers (a radiologist with 5 years of cardiac imaging experience and a fourth year radiology resident) blinded to both the clinical history of patients and type of sequence. First, all 3D sequences were evaluated on the imaging portal (Philips IntelliSpace Portal, Best, the Netherlands) in multiplanar reformat (MPR) mode to ensure adequate left ventricular coverage. To mitigate differences between acquisition parameters and standardize evaluation between sequences, short axis 3mm thick slices were reconstructed by placing the vertical cursor parallel to the interventricular septum and the horizontal cursor perpendicular to the vertical cursor, followed by adjustment of slice thickness (figure 2). Short axis images where then used to compare the technical and diagnostic performance of the three sequences. In patients with subepicardial LGE, additional four chamber images were viewed to establish confidence in diagnosis of subepicardial enhancement (figures 3 and 4).

Evaluation of technical performance

All examinations were evaluated for various parameters of image quality, including motion, blurring or misregistration, adequacy of myocardial nulling, and artifacts (i.e. wrap around or chemical shift). A four-point scale (1-excellent: no motion artifacts/blurring or misregistration/image artifacts with adequate myocardial nulling; 2-good: fine or minor motion artifacts/blurring or misregistration/image artifacts or minor issues with myocardial nulling not affecting LGE detection; 3-fair: mild to moderate motion artifacts /blurring or misregistration/image artifacts or mild to moderate issues with partial myocardial nulling; 4poor: bad or severe motion artifacts /blurring or misregistration/ image artifacts (with doubling or discontinuity)/ or absence of myocardial nulling) was used to grade overall image quality. For any quality score more than 1, the main reason for image degradation was noted (Table 2, supplementary Table 1). After exclusion of all patients with a poor image quality (score 4), each reader used a predefined window setting (window width and level = 965/555 and 1860/1070 for 3D mDIXON, and both 3D VIAB and 3D SPIR sequences, respectively) to make a visual assessment of the presence or absence of LGE in each sequence using a simple yes or no answer.

In case of disagreement on the presence of LGE, a repeat consensus read was performed.

Evaluation of diagnostic performance

Examinations in which a LGE was present were evaluated in consensus using both qualitative and quantitative parameters. Qualitative assessment of visualization (how clearly the margins and extent of LGE was seen), quality of fat suppression (in 3D mDIXON and 3D SPIR), and confidence in subepicardial LGE was performed using the same four point scale (1=excellent, 2=good, 3=fair, 4=poor) previously described for technical performance. Location of LGE was assessed using a six point scale as follows: 1-none; 2-subendocardial; 3subepicardial; 4-midwall; 5-transmural; and 6-patchy/heterogeneous. The extent or percentage thickness of myocardial involvement on LGE was evaluated using a three point scale as follows:

1-none; 2-<50% involvement; 3-≥50% involvement.

Quantitative assessment of the conspicuity of myocardial enhancement was assessed by measuring the SNR and CNR of the enhancing myocardium. SNR was calculated by placing equal size regions of interest on the contrast enhancing myocardium at the site of maximal enhancement (SI myo.contrast ), remote non enhancing myocardium (SI myo ), and in a region of air in the lungs to measure the standard deviation (SD air ) on the same 3mm short axis image (equation 1). CNR (CNR myo.contrast ) was calculated by subtracting mean myocardial signal for remote non enhancing myocardium from the signal of the enhancing myocardium (SI myo.contrast ), then dividing it by SD air multiplied by 0.655 to account for the Rayleigh noise distribution [START_REF] Kaufman | Measuring signal-to-noise ratios in MR imaging[END_REF] (equation 2). used for statistical analysis. All statistical tests were performed using 95% confidence interval and any p-value less than 0.05 was considered statistically significant.

Results

Patient population:

Seventy-eight patients (age 49±18 years, male to female ratio 1.8:1) with 3D mDIXON, 3D VIAB, and 3D SPIR sequences were included. All 3D sequences had adequate LV coverage.

Technical performance:

Qualitative assessment of image quality

Overall quality scores were rated either excellent or good for 3D mDIXON, 3D VIAB, and 3D SPIR sequences (median scores 2, 1, 1 and 2, 1, 2 for readers one and two respectively) (Supplementary table 1). The most frequent reason for impaired image quality (grades 2 to 4) was blurring/misregistration in 3D VIAB and 3D mDIXON and inadequate myocardial nulling in 3D SPIR sequence (Table 2). Statistically significant differences in overall quality scores were found among the three sequences by both readers (p<0.001). On comparing individual sequences, significantly lower image quality was found in 3D mDIXON versus 3D VIAB, 3D mDIXON versus 3D SPIR and 3D SPIR versus 3D VIAB (p<0.001, p=0.004 and 0.002, and p=0.020 and 0.004 for readers one and two respectively). Unweighted Cohen's Kappa showed excellent agreements between both readers for image quality scores (0.91-0.96, p<0.001) (Supplementary table 2). Nineteen (19/78) patients were excluded from further analysis due to poor image quality scores (grade 4).

Diagnostic performance:

In order to evaluate the diagnostic performance of the different sequences, consensus was made in 3 patients with disagreement on the presence of LGE, followed by exclusion of patients for which LGE was not present (figure 1). Thus, 29 patients (age 44±16, male to female ratio=1.2:1) were excluded from further analysis. The final 30 patients (age 54±17 years, male to female ratio=3:1) had presence of LGE (figure 1). Supplementary table 3. shows the baseline characteristics and clinical indication for LGE among in the final patient population.

Qualitative assessment of LGE

Visualization of LGE was rated good for 3D mDIXON, 3D VIAB, and 3D SPIR sequences (median scores 2, 2, and 2 respectively) with no overall statistical significance among sequences (p=0.08). On individual sequence comparison, 3D mDIXON provided significantly better visualization (p=0.02) and good versus fair quality of fat suppression than 3D SPIR (median scores 2 and 3, p=0.001) (Figures 5 and6). Confidence in diagnosis of pericardial enhancement was rated excellent for 3D mDIXON (median score of 1), poor for 3D VIAB (median score of 4), and good for 3D SPIR sequences (median score of 2) respectively. 3D mDIXON provided higher overall and individual confidence in diagnosis of pericardial enhancement than 3D VIAB or 3D SPIR sequences (p-values=0.007, 0.034 and 0.025, respectively) (Supplementary table 4, figures 3 and 4). Regarding location and extent of LGE, 3D VIAB missed the most areas of LGE and 3D mDIXON and 3D SPIR equally identified more areas of subepicardial LGE than 3D VIAB. 3D mDIXON identified the largest number of lesions involving ≥50% of the myocardial thickness and 3D SPIR identified the largest number of myocardial lesions and lesions involving <50% of the myocardial thickness. Subendocardial, transmural, and patchy/heterogeneous LGE were all equally identified on the three sequences (Tables 3 and4). No significant difference in location or extent of LGE were found among or between sequences (all p-values >0.05) (Supplementary table 4).Quantitative assessment of SNR and CNR Mean enhancing myocardial SNR was lower in 3D mDIXON than 3D VIAB or 3D SPIR (SNR myo.contrast =34±18, 42±17, and 44±29 respectively) with a significant overall difference among sequences (p=0.049). Individual sequence comparisons showed lower SNR myo.contrast for 3D mDIXON versus 3D VIAB, and 3D mDIXON versus 3D SPIR sequences (p=0.035 and 0.023 respectively). Mean enhancing myocardial CNR was also lower in 3D mDIXON than 3D VIAB or 3D SPIR (CNR myo.contrast =490±233, 698±262, and 668±328 respectively) with a significant overall and individual difference among sequences (all p-values <0.001). No significant differences were found between SNR myo.contrast and CNR myo.contrast for 3D VIAB versus 3D SPIR sequences (p=0.722 and 0.513 respectively) (Table 5).

Discussion:

In this study, we evaluated the technical and diagnostic performance of clinically available 3D LGE sequences (namely 3D mDIXON, 3D VIAB, and 3D SPIR) with special focus on comparisons between the newer 3D mDIXON and more widely used 3D VIAB and 3D SPIR sequences. Main findings were: 1) 3D mDIXON had higher diagnostic performance, especially in cases where subepicardial enhancement is being evaluated or fat suppression is necessary; 2) 3D VIAB had higher technical performance, but lower diagnostic performance than 3D mDIXON or 3D SPIR, especially in cases where subepicardial enhancement is being evaluated or fat suppression is necessary. 3) 3D SPIR had intermediate technical and diagnostic performance, outperforming 3D mDIXON from the technical aspect and 3D VIAB from the diagnostic aspect.

Three dimensional LGE acquisitions have now been widely introduced into clinical

practice owing to their technical feasibility and good diagnostic performance [START_REF] Bratis | Clinical evaluation of three-dimensional late enhancement MRI[END_REF]. Typically, 3D

LGE techniques have lower quality scores and comparable or even higher diagnostic performance than their 2D counterparts [START_REF] Goetti | Acute, Subacute , and Chronic Myocardial Infarction: Quantitative Comparison of 2D and 3D Late Gadolinium Enhancement MR Imaging[END_REF][START_REF] Jablonowski | Infarct quantification using 3D inversion recovery and 2D phase sensitive inversion recovery; validation in patients and ex vivo[END_REF][START_REF] Shin | Rapid single-breath-hold 3D late gadolinium enhancement cardiac MRI using a stack-of-spirals acquisition[END_REF][START_REF] Morita | Comparison of 3D Phase-Sensitive Inversion-Recovery and 2D Inversion-Recovery MRI at 3.0 T for the Assessment of Late Gadolinium Enhancement in Patients with Hypertrophic Cardiomyopathy[END_REF]. Improved diagnostic performance could be explained by the increased spatial resolution achieved through a near isotropic [START_REF] Menon | Free breathing threedimensional late gadolinium enhancement cardiovascular magnetic resonance using outer volume suppressed projection navigators[END_REF] or isotropic voxel size [START_REF] Rutz | Improved border sharpness of post-infarct scar by a novel self-navigated freebreathing high-resolution 3D whole-heart inversion recovery magnetic resonance approach[END_REF], which reduces the partial volume and/or blurring of the LGE regions. On the other hand, lower image quality may be due to incorrect inversion time, low SNR, or patient motion [START_REF] Hu | REPAIRit: Improving Myocardial Nulling and Ghosting Artifacts of 3D Navigator-Gated Late Gadolinium Enhancement Imaging During Arrhythmia[END_REF]. In our 3D LGE acquisitions, respiratory motion was compensated using breath-hold in 3D IR based sequences (VIAB and SPIR) and respiratory gating in 3DmDIXON due to longer TR thus longer acquisition time needed for mDIXON sequence. This being said, we traded-off an isotropic voxel (in VIAB and SPIR sequences) to meet the time restraints of a single breathhold acquisition [START_REF] Kino | Three-dimensional phase-sensitive inversion-recovery turbo FLASH sequence for the evaluation of left ventricular myocardial scar[END_REF][START_REF] Amano | Free-breathing high-spatial-resolution delayed contrast-enhanced three-dimensional viability MR imaging of the myocardium at 3.0T: A feasibility study[END_REF]. The added advantage of using respiratory navigation is the clinical feasibility in patients with respiratory difficulty.

Our respiratory navigated mDIXON sequence showed higher confidence in diagnosis of pericardial enhancement than the breath-hold 3D VIAB and 3D SPIR acquisitions. Furthermore, 3D mDIXON had significantly better fat suppression than 3D SPIR. This finding agreed with a previous studies by Saranathan and Glockner, and Foley et al., in which there was a significantly better diagnostic performance in favor of the DIXON sequence [START_REF] Foley | Feasibility study of a single breath-hold, 3D mDIXON pulse sequence for late gadolinium enhancement imaging of ischemic scar[END_REF][START_REF] Saranathan | Three-dimensional dixon fat-water separated rapid breathheld imaging of myocardial infarction[END_REF]. Regarding other diagnostic qualitative aspects, 3D mDIXON was comparable to 3D VIAB and 3D SPIR in identification of location and extent of LGE. However, 3D mDIXON detected more LGE and subepicardial lesions than VIAB and detected more lesions involving >50% of myocardial thickness than both 3D VIAB and 3D SPIR. These findings agreed with a previous study by Bratis et al. in which no significant differences in pattern or segmental detection of LGE was found on comparing between 2D breath-hold and 3D free breathing LGE sequences [START_REF] Bratis | Image-navigated 3-dimensional late gadolinium enhancement cardiovascular magnetic resonance imaging: Feasibility and initial clinical results[END_REF]. Nevertheless, 3D mDIXON had an overall lower technical performance (lower image quality and more motion artifacts) than 3D VIAB and 3D SPIR. These findings are in agreement with findings by Saranathan and Glockner, in which 3D DIXON sequence had significantly lower overall image quality and more motion artifacts than 2D IR fast gradient recalled echo technique [START_REF] Saranathan | Three-dimensional dixon fat-water separated rapid breathheld imaging of myocardial infarction[END_REF]. Also, the 3D mDIXON was generally performed following 3D IR (VIAB and SPIR) sequences in our study. This was when patients' heart rates were higher. Furthermore, errors in respiratory navigation (exclusively used in 3D mDIXON) may have added an extra source of image degradation which was not present in either 3D VIAB or 3D SPIR (which utilized single breath-hold technique). Pencil beam respiratory navigators provide an indirect measure of the motion of the heart, which explains the impact on image quality. Advances in image navigator techniques that allow respiratory motion correction of the heart have a high potential in reducing such errors [START_REF] Shin | Rapid single-breath-hold 3D late gadolinium enhancement cardiac MRI using a stack-of-spirals acquisition[END_REF]. Furthermore, the use of non-cartesian trajectories such as stack of spirals, can effectively reduce respiratory ghosting artifacts due to their inherent robustness to motion [START_REF] Munoz | Motion-corrected 3D whole-heart water-fat high-resolution late gadolinium enhancement cardiovascular magnetic resonance imaging[END_REF].

3D mDIXON had significantly lower enhancing myocardial SNR and CNR when compared with 3D VIAB or 3D SPIR. This is likely due to the much smaller slice thickness of 3D mDIXON (1.8mm) compared to 3D VIAB and 3D SPIR sequences (8mm), leading to overall lower SNR. This trade-off is ultimately gained as high spatial resolution isotropic voxels, allowing improved visualization of smaller lesions in all reconstruction planes. Lower CNR of scar to non-enhancing myocardium were also previously demonstrated by Bratis et al., Foley et al.,Amano et al.,and Kino et al.,when comparing 3D to 2D LGE sequences [START_REF] Foley | Feasibility study of a single breath-hold, 3D mDIXON pulse sequence for late gadolinium enhancement imaging of ischemic scar[END_REF][START_REF] Kino | Three-dimensional phase-sensitive inversion-recovery turbo FLASH sequence for the evaluation of left ventricular myocardial scar[END_REF][START_REF] Bratis | Image-navigated 3-dimensional late gadolinium enhancement cardiovascular magnetic resonance imaging: Feasibility and initial clinical results[END_REF][START_REF] Amano | Free-breathing high-spatial-resolution delayed contrast-enhanced three-dimensional viability MR imaging of the myocardium at 3.0T: A feasibility study[END_REF].

Finally, 3D VIAB and SPIR had comparable myocardial SNR and CNR. This agrees with previous studies by Bratis [START_REF] Bratis | Image-navigated 3-dimensional late gadolinium enhancement cardiovascular magnetic resonance imaging: Feasibility and initial clinical results[END_REF][START_REF] Bratis | Clinical evaluation of three-dimensional late enhancement MRI[END_REF] and Jablonowski et.al [START_REF] Jablonowski | Infarct quantification using 3D inversion recovery and 2D phase sensitive inversion recovery; validation in patients and ex vivo[END_REF] in which IR and PSIR sequences were comparable, and the fact that imaging parameters for both sequences were the most similar.

As discussed above, one limitation of our study was the absence of randomization in the order of 3D LGE sequences. This was unfortunately not feasible in our clinical setting. The mDIXON sequence was generally performed last and might have suffered from an increase in the patients' heart rate. Other limitations were possible differences in timing between gadolinium injection and image acquisition which is inherently difficult to overcome, the retrospective nature of this study, and the absence of phase sensitive inversion recovery sequence which is preferred in some institutes. This was not of utmost importance in our study, since the main aim was to compare performance between sequences rather than compare pathologies.

Conclusion:

The high spatial resolution of the respiratory navigated 3D mDIXON make it a diagnostic problem-solving tool in cases where epicardial enhancement is being evaluated or fat suppression is necessary. Further improvement in respiratory navigator technology will allow the more widespread use of free breathing 3D LGE sequence with better technical performance.

Currently, choice of 3D LGE sequence should be based on patient's breath-hold ability, diagnostic needs, and institutional availability considering the strengths and limitations of each sequence. 

Table and
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 1 SNR myo.contrast = ( SI myo•contrast SD air ) × 0.655 2-CNR myo.contrast = ( SI myo.contrast-SI myo SD air ) × 0.655 Statistical evaluation: Descriptive statistics were used to summarize patient demographics, quantitative, and qualitative imaging parameters. Friedman and two-tailed Wilcoxon signed rank test were used to compare qualitative assessments of technical and diagnostic performance among sequences.
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 1 Figure 1. Flow chart for patient population.

Figure 2 .Figure 3 .

 23 Figure 2. Multiplanar reconstruction of short axis images

Figure 4 .

 4 Figure 4. 21-year-old male with suspected pericarditis. Short axis (A) 3D VIAB, (B) 3D SPIR, and (C) 3D mDIXON shows pericardial and subepicardial anterior left ventricular wall LGE (white arrows). On comparing in-phase 3D mDIXON (D) and water only (E) LGE sequences, suppression of apical LV pericardial fat with persistent moderately enhancing antero-apical pericardium increased diagnostic confidence.

Figure 5 .

 5 Figure 5. 41-year-old male with previous history of splenic embolism, coronary artery by-pass graft, and renal graft with suspected left atrial thrombus on ECHO. Quality scores were 1, 2, and

Figure 6 .

 6 Figure 6. 48 year old male with history of a non ST segment elevation myocardial infarction (NSTEMI) with a troponin peak of 685 ng/ml. Coronary angiography revealed a bitruncal coronary artery disease and a ramus intermedius occlusion which could not be stented. On CMR, quality scores were excellent (score=1) for all 3 sequences. Visualization of LGE in the endocardial portion of the anterolateral left ventricular wall was scored as (A) excellent (score =1) for 3D VIAB, (B) good (score =2) for 3D SPIR and (C) excellent (score =1) for 3D mDIXON.
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 1 legends Imaging parameters for all 3D pulse sequences

Table 2 .

 2 Reasons for quality scores other than excellent (grades 2-4) among sequences.

Table 3 .

 3 Frequency distribution of location of enhancement among sequences on late gadolinium enhancement (LGE).

Table 4 .

 4 Frequency distribution of percentage of myocardial involvement among sequences on late gadolinium enhancement (LGE).
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 5 Comparisons between quantitative diagnostic performance parameters using one way ANOVA.
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