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Introduction Fat infiltration and muscle water changes are common manifestations of neuromuscular disease. Both fatty and 
inflammatory processes can elevate muscle tissue apparent T2 (1). Quantifying muscle-water T2 (T2w) changes due to e.g. 
inflammation, independently of fat-driven changes is an increasingly important task as trials of new therapies commence (2). In fatty 
muscle, T2w can be determined with fat-suppressed relaxometry or by fitting non-fat-suppressed spin-echo data to a multi-exponential 
model (3) with fat and water component amplitudes fixed a priori using separately acquired chemical shift based fat-fraction data (4). 
The IDEAL-CPMG approach differs by combining fat-water separation with multi-echo Carr-Purcell-Meiboom-Gill (CPMG) T2 
estimation in the same acquisition, providing simultaneous independent measures of T2 for each of the separated water and fat 
components (5). In this work we performed IDEAL-CPMG acquisitions in a group of healthy individuals to determine 4-week scan-
rescan reproducibility, and in a group of patients with a condition displaying both inflammatory and fatty changes to assess how 
sensitively T2w can be measured in the presence of fatty pathology. 

Methods The mid-calf muscles of 11 healthy adult individuals (9male, 40.6±10.3yrs) were scanned twice with a 4-week interval (Scan 
A/B) at 3T (Siemens TIM Trio) in a feet first supine position using surface array coils.  10 patients with hypokalemic periodic 
paralysis (HypoPP) were also imaged once with the same protocol (7male, 41.4±12.0yrs). The IDEAL-CPMG sequence was 
implemented (TR=3000ms, 3x10mm slices, 192x96 matrix, 41x20.5cm field of view) with 16 spin-echoes from 12ms with a 12ms 
interval and (5π/6, π/2, 11π/6) gradient echo phase shifts. Short-tau-inversion recovery fat-suppressed (STIR) images 
(TR/TE=5500/56ms, 9x10mm slices, 256x120matrix) were also acquired for qualitative comparison and high-resolution gradient echo 
images were acquired for muscle segmentation. Data was exported and processed offline using the Python programming language to 
perform fat-water separation using the iterative IDEAL algorithm and a 7-peak model of the fat spectrum. The fat (F) and water (W) 
signals were combined to create fat-fraction maps (f.f.=F/(W+F)x100%). Least squares fitting to minimize the residual difference 
between a single mono-exponential decay function and echoes 2 to 16 of the water images determined the amplitude, decay time 
(T2w) and offset at each pixel. Manual segmentations of six muscles (Table 1) were performed and the segments resampled and 
eroded to eliminate boundary effects. The segmentations were used to mask the T2w and f.f maps to obtain the mean and standard 
deviation (s.d.) for each muscle. Bland-Altman (BA) analysis was used to assess inter-scan reproducibility using ±2s.d. limits of 
agreement (LOA). 
Results Representative healthy volunteer T2w and f.f maps are shown in Fig 1a) and b) with respective 4-week repeat images in d) 
and e). The healthy volunteer group BA bias and LOA were (0.16, -2.58, 2.90)ms (T2w) and (0.04,-2.79, 2.87)% (f.f). In contrast to 
the majority of repeat measurements, in this individual the medial gastrocnemius (MG) muscle (arrows) showed isolated elevated T2w 
in Scan A compared to Scan B, confirmed as a true biological change in the STIR images in Fig 1c&f). The T2w decay curves and 
mono-exponential fits for measurements A and B in the MG of this subject are plotted in Fig 1g). Table 1 gives group mean values for 
the 6 muscles. All paired t-tests for inter-scan differences were non-
significant for T2w and f.f.. T2w is plotted against f.f. for all 
muscles in the patient group in Fig 1h). The Spearman rank 
correlation coefficients between T2w and f.f were 0.54 (p<0.01) in 
patients, and non-significant in volunteers (ρ=0.01; p=0.9). 

 
Discussion Muscle-by-muscle, 4 week T2w and f.f. scan-rescan 
reproducibility was excellent, demonstrated by the BA analysis and 
in Table 1. On an individual case basis, the method was sufficiently 
sensitive to reveal subtle T2w changes in individual muscles e.g. the 
volunteer in Fig 1 who’s isolated MG T2w reduced by 4.5ms over a 
4 week period. In disease, fat infiltration and muscle water changes 
can occur both independently and simultaneously; the weak association between T2w and f.f. here (Fig 1h) likely reflects genuine 
pathological T2w changes temporally correlated with but mechanistically independent of f.f.. IDEAL-CPMG provides T2w 
independently of concurrent underlying fatty changes, negating the need for post hoc T2 fat-correction, with sensitivity sufficient to 
provide T2w outcome measures sensitive to early-stage, potentially reversible pathology. 
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