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In dynamic contrast enhanced MRI studies, numerous researchers have noticed
an endocardial “dark rim” that appears when the gadolinium contrast bolus
appears in the left ventricle. This artifact typically precedes tissue uptake and is
transient in nature. When performing visual analysis of the images, this artifact is
often not difficult to read through, since it does not remain after the bolus as do
true perfusion deficits. For semi-quantitative or quantitative analysis, however,
the artifact can cause significant differences in estimated flow parameters.

There are currently 3 hypotheses regarding this type of artifact:
1) Susceptibility effects. The change in the magnetic field at the interface of
blood with high gadolinium concentration and tissue distorts the signal, causing
the artifacts.
2) Resolution (Gibbs ringing) effects. The ringing from the sharp edge causes
the artifacts.
3) Motion. Movement of the beating heart during the ~190msec acquisition
causes the artifacts.
These 3 possibilities will be explained further and relevant simulations and
experimental results will be shown as we seek a better understanding of this
artifact.
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INTRODUCTION 
The accuracy of quantitative analysis of 
myocardium perfusion derived from dynamic 
contrast enhanced T1-weighted MRI critically 
depends on the knowledge of the arterial input 
function (AIF). The AIF is typically estimated 
from the mean signal intensity of a region of 
interest (ROI) placed in the left ventricular 
cavity. In many practical cases, such an AIF can 
be unreliable due to saturation effects caused by 
high concentration of contrast agent (CA) and/or 
long saturation recovery time of the applied 
pulse sequence. 
METHODS 
In T1-weighted imaging with saturation 
recovery, effective saturation recovery time 
(eSRT) is defined by the time delay between the 
saturation RF pulse and the time when the 
central part of k-space is acquired. In a 
myocardial perfusion study, the choice of eSRT 
is a compromise between the accuracy in AIF 
estimate and the SNR of tissue enhancement 
curves. With shortening eSRT, the accuracy of 
the AIF estimate improves but myocardium 
signal decreases and vice versa. A T1-weighted 
pulse sequence with Cartesian sampling has only 
one eSRT. However, when radial sampling is 
used, each projection passes through the center 
of k-space making it possible to reconstruct a set 
of images with various eSRT by using different 
subsets of k-space projections. Images 
reconstructed from subsets with short eSRTs can 
be used to accurately estimate AIF because 
saturation effects are significantly or completely 
suppressed for the images. 

To test the proposed concept of AIF 
assessment, MRI studies were performed on a 3 
T scanner (Trio, Siemens Medical Solutions, 
Erlangen, Germany) using a T1-weighted turbo-
FLASH sequence with saturation recovery 
magnetization preparation (TR/TE=1.58/0.86 
ms, TI=24 ms, flip angle=12o, 96 projections 
with 128 readout points, FOV=380 mm, 8 mm 
slice thickness). A contrast agent bolus of 0.15 
mmol/kg of Gd-DPTA was used. The data 
sampling scheme was implemented in such a 
way that each subset of 24 time-adjacent 
projections covers 180 degrees. A set of images 
with various eSRT were reconstructed from the 
corresponding subsets of 24 projections. To 
suppress streaking artifacts, the high frequency 
components of all available projections were 
included in each image reconstruction. 

RESULTS 
Figure 1 shows AIF estimates found from the 
images reconstructed using a complete set and 
four subsets of available projections. Saturation 
effects are obvious in the AIFs corresponding to 
long eSRTs (the peaks of the AIFs with eSRT > 
70 ms are practically the same). The true AIF is 
equivalent to the function describing change in 
CA concentration in the blood during the bolus 
passage. Typically, this function cannot be 
reliably recovered from MR images with one 
eSRT. In the case of radial sampling, images 
with different eSRT can be reconstructed making 
CA concentration calculation applicable. Figure 
2 demonstrates the AIF converted to CA 
concentration using the AIFs shown in Fig. 1 and 
the analytical expression describing both 
magnetization evolution for SR-prepared turbo-
FLASH sequence and effects of the image 
reconstruction scheme employed. 
 
 
 
 
 
 
 
 
 
Figure 1. The AIFs calculated from the images 
reconstructed from a complete set and four subsets of 
available projection data. The ROI was chosen in the 
left ventricular cavity. eSRT  for the images: 1st subset 
– 43 ms, 2nd subset – 81 ms, 3rd subset – 119 ms, 4th 
subset – 157 ms, complete set – 100 ms. 
 
 
 
 
 
 
 
 
 
Figure 2.  The CA concentration curve derived using 
the AIFs shown in Fig.1 and the analytical expression 
for signal intensity. 
 

CONCLUSION 
The AIF can be accurately assessed using T1-
weighted sequences with radial sampling. Higher 
doses of CA may be applicable for quantitative 
myocardium perfusion measurements when 
sequences with radial sampling are used for 
imaging. 
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I. DESCRIPTION OF PURPOSE
Sensitivity correction has to be done on cardiac MRI
perfusion dynamic data in order to correctly estimate
kinetic parameters of the tissue. Also appropriate
segmentation of the cardiac region image is needed to
identify left ventricle and right ventricle blood pools and
the myocardium. Segmentation within the myocardium
also should be performed to estimate kinetics of different
tissue regions with less error.
The sensitivity correction and segmentation can be done
in several stages. Many algorithms exist for each stage.
An approach akin to the fuzzy c-means algorithm might
do all of the steps at once. This algorithm and its
modifications has been shown to be successful for  static
brain and breast MR images. We try to adopt this
algorithm for dynamic MR perfusion images.  The
potential advantage of this algorithm being applied to the
dynamic data is that by better modeling it can give better
handling of the errors introduced by not only the coil
sensitivity but the noise and partial volume as well.

II. METHODS
 The measured image data Y are modeled as a product of
true intensity X and spatially varying gain field G:

              Yk= Xk Gk     ∀k ∈ {1, 2, …, N }

where N – is the number of pixels in the image. After
logarithmic transformation:
             yk= xk + βk     ∀k ∈ {1, 2, …, N }

where βk  is the bias field at the k pixel. The standard
objective function for partitioning xk into c clusters [1] is
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where _i  are the prototype intensities of the clusters and
[uik]=U  is the partitioning matrix  such that U ∈ U
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The parameter p  is the degree of fuzziness of the
resulting classification.

The objective function
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minimized relative to uik,  βk and _i by the method of the
steepest descent. However to enforce U a special term
with Lagrange multiplier is added to J.
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Lagrange multiplier λ is explicitly found for the steepest

descent method using the constraint that                .

III. RESULTS

The results with 2D MR images of cardiac perfusion
shows the performance of the algorithm in sensitivity
correction Fig.1-2. Application to the dynamic data
where y and v are treated as functions of time and u and
β as constants have not yet produced positive results.
However work on modifications is underway for further
adaptation of this method to the dynamic case.

IV. DISCUSSION AND CONCLUSION
This method has a potential for better accounting of the
errors arising from noise and coil sensitivity due to
better modeling. If the method will be successful for the
dynamic case sensitivity correction and segmentation
then it may potentially be used for estimation of the
kinetic parameters by introducing two compartmental
modeling [2] in to the objective function.
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 1) Original;     2) Sensitivity corrected;     3) Sensitivity map.




