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INTRODUCTION 
Triple-quantum filtered sodium images (TQF) mainly originate from intracellular sodium 
ions and can therefore detect small changes in the sodium ion homeostasis, an early indicator 
for the development of pathologies [1]. However, TQF sodium images suffer from a  low 
signal to noise ratio (SNR). Fiege et al. [2] recently showed that a tissue sodium 
concentration weighted image (TSC) can be acquired during the triple-quantum pulse train 
without affecting the TQF signal. In this work a difference image method (DIM) is presented 
which improves the SNR of TQF images significantly by acquiring a TSC image and a 
single-quantum filtered (SQF) image in one acquisition and subtracting these images. 
MATERIALS & METHODS 
The pulse sequences were implemented on a 3-Tesla whole-body MR system (Magnetom 
Trio, Siemens, Erlangen, Germany). A double-resonant birdcage coil (Rapid Biomed GmbH, 
Würzburg, Germany) was used for the measurements. The main sequence diagram of the 
sequences is shown in Fig. 1. A TSC and a SQF image are acquired during the two readout 
gradients. The images are weighted to account for T2

* relaxation of the cerebrospinal fluid 
(CNF) and subtracted to generate a TQF image: 
TQF = TSC - exp((-TE1+τ1+τ2+TE2)/T2

*) * SQF. 
Single-Quantum Filtration: 
Two different methods were used to filter single-quantum signal. Both methods are based on 
a triple-quantum preparation with three hard RF pulses of 90° flip angle. A density adapted 
3D radial readout scheme [3] was chosen to acquire two images during the pulse train. 
First a conventional phase cycling (pc) approach with a set of six cycles was applied [2]. By 
post-processing a SQF and a TQF image can be generated from the same dataset. The second 
approach utilizes gradient selection (gs) to filter single-quantum coherences by applying a 
matching pair of gradient pulses before and after the last pulse [4]. This allows shorter 
acquisition times since only one acquisition is required. 
Both methods were used for phantom and in vivo imaging. The phantom consists of two 
concentric cylinders with inner diameters of 62 and 140 mm filled with 0.9% NaCl in 5% 
agar gel and pure NaCl solution (0.9%), respectively. Additionally, the phantom contains a 
third cylinder (inner diameter 190 mm) which is filled with distilled water for better field 
homogeneity through the phantom. 
Sequence parameters Fig. 2: TE1/TE2/TR = 0.3/11/100 ms, τ1 = 11 ms, TRO = 10 ms, ∆x3 = 
(5.6 mm)3, averages = 2, projections = 3000, TA = 10 min, τ2 = 520 µs. 
Sequence parameters Fig. 3: TE1/TE2/TR = 0.3/11/100 ms, τ1 = 11 ms, TRO = 10 ms, ∆x3 = 
(8.4 mm)3, averages = 6, projections = 2000, TA = 20 min, τ2 was kept as short as possible 
50/520 µs (pcDIM/gsDIM). For gsDIM the RF pulse phases are kept constant for all 
acquisitions (0°, 90°, 90°). 
RESULTS & DISCUSSION 
TQF images with good fluid suppression can be calculated from TSC and SQF images 
(Fig. 2). The acquired TSC (Fig. 2a, 2d) and SQF (Fig. 2b, 2e) images and the difference 
images resulting in TQF contrast (Fig. 2c, 2f). All implemented methods allow the 
acquisition of TQF images with good suppression of signal originating from sodium ions in 
pure NaCl solution (Fig. 2c) and CSF (Fig. 2f, Fig. 3). 
DIM images of a healthy subject are compared to conventional phase cycling (PC) in Fig. 3. 
The first column (Fig. 3a, 3d) shows TQF images acquired with conventional phase cycling. The other images are TQF images of the same slices 
acquired with gsDIM (Fig. 3b, 3e) and pcDIM (Fig. 3c, 3f). The pcDIM images (Fig. 3c, 3f) are generated from the same dataset as the PC images in 
column one (Fig. 3a, 3d). Eyes and ventricles show reduced signal intensity. SNR is improved by a factor of 2.4 and 3.0 for gsDIM and pcDIM, 
respectively. The top row images (Fig. 3a-c) show that images generated with pcDIM are less affected by artifacts (cf. arrows) in regions which are 
prone to B0-inhomogeneities. 
CONCLUSION 
In this study a new method for generating TQF images is presented. Generated images show an up to 3 fold improved SNR and phase cycled DIM 
images are less sensitive to main magnetic field inhomogeneities. Measurement time can be reduced using gradient selection or a 4-step phase cycling 
scheme to filter single-quantum coherences. 
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Fig.1: Scheme of DIM sequences. Additional 
gradients (dotted lines) are required for gsDIM. 
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Fig.2: TSC (left), SQF (middle) and resulting TQF 
(right) sodium images of phantom (a-c) and 
human brain (d-f) acquired with gsDIM. 
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Fig.3: Transversal slices of TQF images acquired 
with the three methods. 
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