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 TARGET AUDIENCE: Clinicians and scientists involved in developing and applying free-breathing dynamic Oxygen Enhanced-MRI (OE-MRI) techniques for lung imaging, either clinically or pre-clinically. PURPOSE: Temporal sampling constraints have previously confined dynamic OE-MRI techniques to a single slice or few slices within the chest, limiting regional characterisation of lung function1. 3D-MPRAGE sequences are available on standard clinical MRI scanners and may enable the capture of the whole lung volume within a breathing cycle, but have not previously been employed for dynamic OE-MRI. In this work we evaluate a novel quantitative whole lung 3D dynamic OE-MRI (3D dOE-MRI) protocol based on a single shot 3D-MPRAGE sequence2. Based on the mathematical model of the MPRAGE signal2 and hardware limitations, we optimise the sequence to maximise contrast in the lungs when switching between air and oxygen during free breathing. METHODS: To maximise T1 weighting (T1W), we use an inversion recovery preparation module and fill 3D k-space following a centre-out strategy. From the standard inversion recovery signal equation, the inversion time (TI) is calculated to maximize the proton signal difference in the lung tissue between breathing air (21% O2) and 100% O2 and to suppress blood inflow artefacts4. K-space line TR and TE are minimised in order to maximise speed of acquisition and minimise T2* effects.  For a given TI, TR and T1, the flip angle θ determines how fast the signal decays towards the steady state level5. θ can be optimised to minimise signal decay during readout, thereby reducing image blurring and maintaining T1W. In practice, T1 changes during the dynamic acquisition, but θ remains constant. A good approximation for optimum θ is then given by the average of the optimum θ values corresponding to the T1 in lung tissue while breathing air and oxygen (Fig. 1). The following free-breathing protocol was implemented on a 1.5T Philips Achieva MRI scanner: TR/TE/TI = 2.1/0.5/1100ms, θ = 6°, matrix = 128x128x15, FOV(XYZ) = 450x450x225mm, time resolution = 10s/volume. We estimate baseline T1 using the same sequence with different TI (3.7, 50, 300, 1100, 2000 & 5000ms). Six healthy volunteers (40±11y) were scanned twice, one week apart at the same time of day. Baseline T1 maps were acquired while the patients breathed medical air (21% O2), followed by a 15min dynamic acquisition (90 volumes), during gas switch from air to 100% O2, and back to air. Images were registered to correct for breathing motion, T1 maps calculated3 and change in partial pressure of oxygen, ΔpO2 was determined from the dynamic time series1. RESULTS: Fig. 2a shows an example T1 map in the lung overlaid on one of the dynamic series (only 6 slices shown). Fig. 2b shows the wash-in rate of oxygen uptake in the lungs for the same subject. Fig. 2c shows the mean ∆pO2 over the whole lungs for all the subjects on each visit, along with the standard error of the mean.  CONCLUSIONS: We have shown the feasibility of volumetric whole lung dynamic OE-MRI during free breathing. By optimizing TI, θ and K-space trajectory we can capture the whole lungs with good temporal resolution. The protocol shows reproducible T1 measurements and dynamic series.  
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Figure 1: Evolution of Mz during 
IR and gradient echo readout at 
optimum (θ=5.5°&6.2°) and 
compromise (θ=5.9°) flip angles.
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