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Introduction  
The analysis of breast dynamic contrast-enhanced (DCE) examinations is susceptible to error due to subject movement, which may impact on the classification of 
contrast agent (CA) uptake curves. Post-processing by using rigid registration of the breast volume is sometimes used to compensate for this motion. Since an in-plane 
resolution of <1 mm is recommended [1], an evaluation of image registration effectiveness on small enhancing structures is particularly pertinent, as the use of high 
resolution images presumes correct registration between consecutive datasets. This abstract retrospectively considers the enhancement of axillary vessels in the breast in 
order to approximate the effect of rigid in-plane registration on the CA uptake curves derived from small enhancing structures.  
Method 
MRI Protocols: Routine clinical DCE breast examinations were performed at 1.5T (Philips Intera) using a dedicated breast coil and 3D fat-suppressed spoiled gradient 
echo sequences [TR/TE = 4.7/2.3 ms; FA = 14°; In-plane reconstructed resolution = 0.68 x 0.68 mm2; Slice thickness = 1.25 mm, 125 slices]. Patients were positioned 
at the coil centre by experienced radiographers. A single dose of DOTAREM (Guerbet, France) was administered at 3 ml/s (MedRad, USA) in a standardized 
procedure, and each dynamic series consisted of one pre-contrast and eight post-contrast axial images. Between May 2011 and June 2012, 10 patients were selected at 
random and anonymised. Retrospective analysis of patient examinations was approved by the Clinical Audit Committee. 
Registration and CA Uptake Curve Analysis: In each examination, the central axial slice was selected and the most inferior axillary vessel located within the right 
breast. Rigid in-plane registration, based on a cross-correlation algorithm, was applied separately to (i) a region of interest (ROI) encompassing the right breast 
(180x180 pixel2) and (ii) a smaller ROI containing the vessel itself (18x18 pixel2) to provide a global and local registration, respectively. A 3x3 pixel2 ROI was applied 
to the vessel in the most enhanced dynamic frame, and used to construct an average CA uptake curve for the unregistered, globally and locally registered image sets. 
The area under the curve (AUC) was calculated for each 
CA uptake curve. In addition, the signal enhancement 
ratio (SER = (SIlast – SI0)/(SIfirst – SI0)) was determined to 
provide a quantitative measure of post-contrast behaviour: 
<0.9 = wash-out, 0.9-1.1 = plateau, >1.1 = continuous 
enhancement [2]. The maximum in-plane vessel 
displacement, recorded with sub-pixel resolution by the 
registration algorithm, was defined and calculated as the 
vector sum of the maximum excursions in  and y. 
Data Analysis: Values of maximum displacement (d) 
were compared between the globally and locally registered 
image sets using a paired Student’s t-test (p<0.05 
indicating significance). AUC and SER values between 
globally and locally registered data versus unregistered 
data, respectively were compared using Student’s t-tests 
(p<0.05 indicating significance), applying the Bonferroni 
correction for multiple comparisons. In addition, the effect 
of registration on curve shape was further investigated by 
measuring the correlation between maximum 
displacement and the difference in AUC for globally and 
locally registered data against unregistered image sets.   
Results & Discussion 
Figure 1 displays the central slice on a dataset affected by 
patient motion. Over the examinations analysed, patient 
movement was most pronounced between the pre-contrast 
and the first post-contrast images, and towards the end of 
the dynamic series. The maximum in-plane vessel 
displacement, d, was significantly greater under local 
(dlocal) rather than global (dglobal) registration (7.1±2.4 and 
5.4±0.9 pixels respectively, p=0.02). Ladder plots for 
AUC and SER values are shown in Figure 2. Differences 
in AUC and SER values between globally registered and unregistered data were not statistically significant (753±221 vs. 723±229, p=0.10 and 0.87±0.48 vs. 0.70±0.60, 
p=0.11, respectively). In contrast, the equivalent difference between locally registered and unregistered image sets was found to be significant (827±197 vs. 723±229, 
p=0.005 and 1.18±0.32 vs. 0.70±0.60, p=0.016, respectively). Although global registration changed the classification of CA uptake curves in 10% of cases, this 
increased to 40% under local registration (see Figure 3). dglobal and dlocal were both found to correlate with the absolute percentage difference in AUC for globally and 
locally registered images sets against unregistered data (R2 = 0.75 and 0.59, respectively) (see Figure 4). 
Conclusion 
Global rigid registration was unable to fully compensate for structure motion across the dynamic series, impacting on the shape of the CA uptake curves derived from 
the examinations. Greater motion across the dynamic series equated to a greater change in the CA uptake curves. This work examines the effect of motion on CA 
uptake curves derived from a 2 mm2 ROI, centred on an axillary vessel to approximate a small enhancing structure. Even though sub-pixel resolution is recommended, 
this study indicates that CA uptake curves drawn on a 2 mm2 ROI are likely to be unreliable, despite use of global registration. This work suggests high in-plane 
resolution in itself may not necessarily improve the ability to detect small cancers by analysis of DCE uptake curves. Further work is required to explore registration 
strategies (3D, non-rigid) on a larger number of patients. 
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