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Introduction Myocardial BOLD MRI is an emerging non-contrast approach for the assessment of ischemic heart disease. Current BOLD MR methods 
(T2-weighted, T2*-weighted or bSSFP) are limited in part by poor spatial coverage, heart rate dependency and image artifacts (e.g. coil bias, B1 and 
B0 inhomogeneities), particularly at 3T. To address these limitations, we developed a heart-rate independent, free-breathing 3D T2 mapping 
technique at 3T that utilizes near 100% imaging efficiency, which can be completed within 3 minutes; thus allowing for complete data acquisition 
within the standard duration (4-6 minutes) of provocative stress. We tested our approach in a canine model and validated our findings with 
simultaneously acquired 13N-ammonia PET perfusion data in a clinical hybrid PET-MR system. 
Pulse Sequence Design: Previous studies have shown that motion-corrected, fast, 
free-breathing 3D T2 mapping with hybrid trajectory at 3T is possible (1). While 
this approach minimizes the heart rate dependency of T2 measurements, the use 
of 2 R-R intervals for signal recovery between segmented acquisitions extends 
the overall acquisition time and limits its use for whole-heart myocardial BOLD 
MRI, where data acquisition needs to be performed relatively fast (i.e. within the 
limited duration of provocative stress (4-6 minutes)). To increase the imaging 
speed while ensuring robust T2 measurements during provocative stress at 3T, a highly time-efficient and heart rate independent 3D T2 mapping 
sequence was developed. To eliminate the heart rate dependency, a saturation recovery (SR) pulse was used to ensure that the recovery of 
longitudinal magnetization in each heartbeat (2) was from zero such that the T2 preparation is always preceded by a constant recovery time. After 
the recovery period, standard navigator pulses were played out, followed by adiabatic T2 preparation and centric GRE readout with hybrid 
trajectory for highly efficient, motion-corrected, reconstruction as previously described (1).  The timing diagram for the proposed approach is 
summarized in Fig. 1. The effect of heart-rate dependence on T2 measurement using the proposed SR-preparation and without SR-preparation was 
estimated using Bloch-equations. Calculations showed that an approach not employing SR preparation can lead to an underestimation in T2 by 
approximately 5% when the heart rate is doubled from a baseline level of 60 beats/min to a hyperemic state of 120 beats/min. Such 
underestimation in T2 can be a significant confounder as it can decreases the myocardial BOLD sensitivity between baseline and hyperemic states.  
Methods: Healthy mongrel dogs (n=3) were studied with a state of the art PET-MR system (Biograph mMR, Siemens Healthcare, Germany). After 
scouting and whole-heart shimming, proposed sequence was prescribed at rest and under adenosine stress (140 μg/min/kg) with the following 
scan parameters: TR/TE =3.4/1.7 ms, flip angle = 15°, recovery time=350ms, imaging resolution = 2 x 2 x 6 mm3 with 14 partitions, adiabatic T2 prep 
pulses (with T2 durations of 0, 24 and 55 ms). For validation, dynamic 13N-ammonia PET scans were acquired along with MR data. MR images were 
reconstructed using a respiratory motion-correction frame work (1) and then fitted using a mono-exponential model to derive pixel-wise T2 values. 
PET images were analyzed using qPET (Cedars-Sinai Medical Center, US). On T2 maps, epi- and endo-cardial contours were drawn to segment the 
myocardium and mean myocardial T2 (T2avg) values were measured from basal, mid and apical slices at rest and adenosine stress. The 
corresponding slices were matched to 13N-ammonia PET images and mean myocardial perfusion (Qavg) values were measured. Myocardial BOLD 
reserve (T2avg (stress):T2avg(rest)) and perfusion reserve (Qavg (stress):Qavg(rest)) were computed on a slice basis and regressed. 
Results A representative set of BOLD and PET images acquired from a canine under rest and adenosine stress are collected in Fig. 2. T2avg values 
measured under adenosine stress were significantly higher than at rest (T2avg: 36.5±2.5 ms (rest) vs. 40.0±3.3 ms (stress), p<0.05)). As expected, 
Qavg values were significantly higher during adenosine stress relative to rest (Qavg: 0.8±0.1 ml/mg/min (rest) vs. 2.0±0.9 ml/mg/min (stress); 
p<0.05). Linear regression of BOLD and perfusion reserves showed high correlation (R2=0.6, p<0.05). 
Conclusion This is the first study to examine heart-rate independent, whole-heart, quantitative myocardial BOLD MRI at 3T and validate the 
findings against quantitative myocardial perfusion estimates in the state-of-the art whole-body hybrid PET-MR scanner. Our findings that BOLD 
response is highly correlated with PET perfusion suggest that the proposed BOLD MR method is a viable non-contrast approach for imaging 

myocardial perfusion.  Further studies 
are required to examine its utility in 
the setting of ischemic heart disease. 
 
Fig. 2. Representative basal, mid, and 
apical short-axis images from BOLD 
and PET acquisitions at rest and stress 
are shown in (A). BOLD and PET 
images acquired at stress showed 
significant signal elevation compared 
to the corresponding rest images. 
Mean myocardial perfusion (Qavg) and 
BOLD (T2avg) measured from matched 
slices at rest and stress are shown in (B) 
and (C), respectively. Qavg during 
adenosine stress was significantly 
higher than at rest (B). Similar results 
were observed for BOLD (C).  

Fig. 1 Pulse sequence timing diagram 
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