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Introduction: Quantitative Susceptibility Mapping (QSM) aims to quantify the interior or foreground susceptibility distribution dχ(r) from phase data. In 
this process, magnitude data of the exterior morphology can be used to estimate and remove unwanted background fields [1], and magnitude data of the 
interior morphology can be used to guide the ill-posed dipole inversion [2,3]. Here we explore if an initial estimation of the dχ distribution based on other 
tissue parameters can be used to improve QSM. 
Problem definition: QSM is an ill-posed problem, generally solved using regularization, causing the resulting dχ(r) to suffer from streaking artifacts [4], 
underestimation [2,5] and blurring of edges/small details especially near sharp edges in the orientation of the magic angle. Such errors may be related to 
invalid background field removal, and by the ill-posed dipole inversion.  
Aim of this work: to explore if an initial estimate of the dχ distribution based on prior knowledge can precondition (flatten) the input field of QSM, aiming 
at reduction of the inaccuracies inherent to QSM, such as streaking and underestimation, so that the final reconstructed susceptibility distribution closer 
resembles the true distribution. 
Rationale: The use of initial independent estimates of dχ based on some predetermined tissue parameter, might lead to a better distinction between 
foreground and background field, so that less error is propagated into the process of dipole inversion. Moreover, prior knowledge of interior dχ could be 
used to ‘relax’ or ‘flatten’ the input field of dipole inversion, thereby reducing streaks and blurring. 
Approach: a conventional regularized QSM-method (rQSM) was performed on an experimentally acquired field map, both with and without 
preconditioning the input field. Since in vivo data lacks a gold standard, an experimental phantom was created, both yielding a gold standard for 
accurate dχ-quantification as well as providing prior knowledge about the dχ-distribution that can be used to ‘precondition’ the field.  
 
Methods: Phantom setup: In an agar-filled polymer container (H=9.5,R=5.2cm) five smaller cylinders (H=6, R=0.8cm) were embedded parallel to the 
main field, with five different concentrations of paramagnetic Holmium MicroSpheres [HoMS], with dχ ranging from 0 to 1.5 ppm. The medium in the 
entire phantom consisted of 2% agarose, doped with MnCl2.H2O (25 mg/L). 
Imaging settings: A 3D multi-gradient echo was performed to image the phantom from which the field map, the magnitude image and an R2* estimate 
could be reconstructed. The phantom was positioned such that the cylinders were parallel to B0. Imaging parameters included: field strength = 3T 
(Achieva 3.0T, Philips Healthcare, Best, The Netherlands); scan matrix =128x128x106; voxel size = 1x1x1 mm3; TR/TE1/dTE = 25/1.38/2.8ms; flip = 20; 
read BW = 1102Hz; total acquisition time = 260 seconds.  
Data-processing: Reference values for the bulk dχ in the cylinders were determined based on the phase in the central region of the cylinders, and 
calculated using dχ = 3∆ϕ/(γB0∆t). The initial estimate of the underlying dχ was based on two parameters; the estimated T2*- map and the magnitude 
data. The T2*-map was used to estimate local varieties in the dχ-distribution, using the relation ∆χ = R2’ 9√3/(2πγB0) [6]. The magnitude image was used 
to estimate the shape of the phantom, providing a first estimate of the background field [1]. The calculated [7] field of the local and global dχ estimation 
was subtracted from the input field of the QSM reconstruction, and the output of the QSM was again added to the initially estimated dχ.  
The rQSM was implemented with Projection onto Dipole Field (30 iterations) for background field removal [8], followed by ℓ2 regularized dipole inversion 
[9]. Results of rQSM with and without preconditioning were assessed visually and compared to the reference dχ-values.  
 
Results: Qualitative assessment: Figure 1a shows the calculated foreground dχ of conventional rQSM, yielding inhomogeneous outcomes within 
regions that may be expected to be piecewise continuous. Figure 1b shows that preconditioning effectively eliminates the diagonal streaking seen in 
(1a), mainly caused by a better distinction between foreground and background fields. Preconditioning caused a shift of the L-curve from which the 
optimal regularization parameter is determined in dipole fitting [9], leading to a lower regularization parameter. The resulted in a sharper image, and the 
difference images (1c) shows that higher dχ-values are reconstructed. Less visible, is a reduction of ringing artefacts at the border of the ROI, and the 
elimination of a horizontal band artifact caused by the dipole fitting. These latter two improvements were only seen when the overall shape of the 
phantom was incorporated in the initial dχ-estimation.  
Quantitative comparison: Figure 2 gives the reconstructed dχ-values in the five samples, compared to the mean background dχ. The calculated 
reference values extracted from the phase data corresponded well with the used HoMS concentrations. Conventional rQSM underestimated the dχ in 
each sample by 20%-25%. The initial estimation based on prior knowledge was found to overestimate the reference values with 10% -15%, however this 
was corrected in the following rQSM of the residual field. Adding the rQSM outcome to the initial estimate led to values close to the reference dχ. 
 
a) conventional rQSM b) preconditioned rQSM c) difference  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Discussion: Preconditioning the input field of rQSM based on prior knowledge of the underlying dχ-distribution can improve the final reconstruction, due 
to a better distinction between the foreground and background field and a more flattened input field for dipole inversion, reducing streaking, 
underestimation and blurring. In a somewhat similar way, preconditioning CT-data using prior information can suppress streak artifacts induced by high 
electron densities, such as metal and/or bone [10]. The succes of such approaches depends on the quality of the initial estimation, however, high data 
consistency is ensured since the complete residual between estimate and measurement is accounted for in the following rQSM reconstruction. In this 
proof of concept prior knowledge was obtained from the estimated T2

*- map and the overall shape of the phantom, however, other imaging parameters 
and prior knowledge of different tissue types could be used as well.  
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◄ Fig. 1) Coronal (upper row) and 
transversal (lower row) cross-sections 
of reconstructed dχ-distributions of 
the experimental phantom. The five 
cylindrical subcompartments 
contained paramagnetic 
microspheres, in a linear increasing 
concentration. These cylinders are 
aligned parallel to the main magnetic 
field. The dotted lines mark where 
both crosssections intersect. 
 

Fig. 2) ► 
Reconstructed dχ values relative to 

the background for each sample. 
As a reference the dχ is given , 

derived from the bulk phase data. 
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