
 
Fig.2: Bright iron imaging for visualization of a thoracic aortic s
(a,b,c) and for the visualization of iron-oxide particle at
concentrations (d,e). a,d: no OMPP; b,c,e: OMPP; c: volume 
representation of b . 
 

Fig.1: Off-resonance modulating 
preparation scheme   
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Introduction 
In this contribution, a new off-resonance modulating pre-pulse (OMPP) is applied for bright-iron imaging. The p
enables the modulation of the longitudinal magnetization according to the local magnetic field distortion. While ma
signal from off-resonant spins, it can especially be applied for cancellation of the MR signal from on-resonant spin
enabling direct imaging of off-resonant spins. 
Methods 

 
The proposed technique utilizes an off-resonance sensitive preparation sequen
1). The preparation comprises a non slice-selective (nss) 90° excitation pulse follo
an nss -90° restore pulse with 90° excitation phase, which is succeeded by a
gradient. Between the two RF pulses, the transversal magnetization Mxy(r) freely
in the xy-plane for a given time interval ΔT. During ΔT, the local off-resonance
cause a phase accrual Δφ(r) = 2π Δω(r) ΔT. The restored magnetization Mz

R is w
by the sine of the accrued phase with additional weighting by the local T2* re
resulting to: Mz

R= Mz
0 sin(2π Δω(r) ΔT)exp(-ΔT/T2*). For magnetization rotating a

Δω = 0,  Mz
R results to almost 0, whereas for magnetization rotating at Δω = 1

maximal signal can be achieved, thus enabling direct visualization of off-resonant
The proposed technique was tested at 3T for visualization of a thoracic aor
embedded in agarose gel and for visualization of iron oxide particle distrib

different concentrations (I: 28µg Fe/ml; II: 14µg Fe/ml; III 7µg Fe/ml; IV: 3.5µg Fe/ml) after injection of the particle
chicken breast. Acquisitions were performed applying a three-dimensional multi spin echo technique (T
9.5ms/728ms; AP/RL/FH = 300mm/150mm/32mm; resolution = 1x1x1mm³; 16 echoes; acquisition time 6min30s
ΔT = 0.5ms).  
Results 
Fig.2 shows images of the stent (a,b,c) and the iron 
particles (d,e) without (a,d) and with (b,c) the proposed 
off-resonance modulating preparation pulse (OMPP). As 
expected, images without OMPP show signal voids in the 
vicinity of the stent and the iron oxide particle cause a 
local signal decay, which is proportional to the iron 
concentration.  
In direct comparison, the images with OMPP show an 
almost inverted image contrast resulting in a bright image 
signal in the vicinity of the stent rods and a clear 
enhancement of the regions containing iron oxide 
particles. Since the resulting frequency shift depends on 
the local iron concentration, the degree of enhancement 
show a respective dependency.  
A substantial influence of the superimposed T2* weighting 
could not be observed. 
 
Discussion 
The off-resonance modulating pre-pulse was successfully 
applied to bright iron imaging. In contrast to other 
approaches [1-8] the proposed technique utilizes a pre-
pulse and, hence maintains full flexibility in choosing the 
final image acquisition technique. Whether the sensitivity 
and final accuracy will be sufficiently high remains to be 
proven.  
 
References: [1] MRM 53:999-1005; [2] MRM 52:147-153; [3] MRM 58:1072-1077; [4] MRM 55:126-135; [5] Phys
51:4201-4215; [6] ISMRM 2006:431; [7] MRM 55:92-97; [8] MRM 50:784-790  
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