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Target Audience 
Researchers and clinicians interested in breast imaging and CDT-VIBE imaging 
Purpose 
The overall acquisition time for dynamic contrast-enhanced (DCE) MRI in the breast commonly used in clinical practice is 5-10 minutes. This duration is 
not desirable, in particular due to patient comfort. The recently developed CAIPIRINHA-DIXON-TWIST VIBE (CDT-VIBE) technique allows high temporal 
and spatial resolution and therefore enables to derive accurate pharmacokinetic parameters while preserving morphological information.1 However, no 
clinical study has yet focused on the adequate duration of the bolus-tracking time for the pharmacokinetic analysis when the CDT-VIBE is used for breast 
DCE MRI.  
In this study, we have investigated the stability of pharmacokinetic parameters for various bolus tracking times in different malign as well as benign 
lesions. Final aim was to find a minimum scanning time for CDT-VIBE breast imaging, which still allows reliable pharmacokinetic parameterization. .  
Methods 
27 women with 32 pathology-proven breast lesions (18 benign and 14 malignant) were enrolled into this study and scanned in a MAGNETOM Skyra 3T 
MRI scanner (Siemens AG, Erlangen, Germany) equipped with a 4-channel breast coil. The whole DCE scanning consists of 1min 9s for T1 mapping 
and 8min 20s  for contrast dynamics using the CDT-VIBE (40 phases in total). The Gadodiamide (Omniscan) was injected in the fourth phase with a rate 
of 3mL/s. The transversal CDT-VIBE protocol shared the same FOV (320mm × 320mm × 154mm) and spatial resolution (1mm × 1mm × 1mm) as the 
T1-mapping protocol. A parallel acceleration factor of 4 (CAIPIRINHA 2x2-1) was applied with 50% slice oversampling.  For water-fat separation based 
on the Dixon method, echo times were chosen for in- and opposed-phase conditions (2.46ms and 3.69ms). The TWIST view-sharing parameters were 
chosen to be A=20% and B=20%, resulting in a temporal resolution of 11.9s for each phase except the first one. A two-flip-angle (2̊̊̊ &14̊) method was 
used for T1 mapping. The pharmacokinetic parameters (Ktrans and kep) were calculated from different bolus-tracking time intervals (ranging from 1 min 
to 7 min after the contrast injection) using Siemens Tissue 4D software. The ROI was defined as 60 ~ 90% of lesion area and manually drawn on the 
same area in different time phases. Receiver operating characteristic (ROC) analysis was performed by using Medcalc (Version 12.5.7). 
Results  
Figs. 1 and 2 show how the mean Ktrans and kep change over 
different bolus-tracking time intervals for benign and malignant lesions. 
In malignant lesions, the Ktrans calculated from the first minute is 
higher than that from the first 2 minutes and reaches a stable level for 
longer bolus-tracking intervals. In contrast, the changes over different 
time intervals in benign lesions are mild. Similar but more apparent 
changes are observed for kep in both benign and malignant lesions. 
The calculated areas under the ROC curve (AUC) of the ROC curve of 
Ktrans and kep for different time intervals are summarized in Table 1. 
The highest AUC value of Ktrans is observed for a 2-minute time 
interval. The AUC of kep consistently increases and reaches its highest 
value of 0.845 for the 5 min. However, the differences among the AUC 
values of different time points are not significant. 

Table 1. AUC of Ktrans and kep for different bolus tracking intervals 

Time Interval 
[min] 

________AUC________ 
Ktrans kep 

1 0.810 0.790 
2 0.825 0.817 
3 0.823 0.833 
4 0.756 0.837 
5 0.798 0.845 
6 0.726 0.815 
7 0.738 0.825 

 
Discussion and Conclusion 
Dynamic Contrast-Enhanced (DCE) imaging of breast tumors normally 
shows peak enhancement at 1min ~ 2min, and washout starts as early 
as 2min ~ 3min after the injection of contrast.2 This study demonstrates 
that the pharmacokinetic parameters of Ktrans and kep have reached a 
steady level 3min after the injection of contrast. Therefore, a scanning 
time of 3min after the injection of contrast for CDT-VIBE breast imaging 
might be adequate to yield reliable pharmacokinetic parameters and 
can be used for the evaluation of the enhancement of breast lesions 
with reasonable accuracy in clinical settings. Longer acquisition time 
may not benefit the estimation of pharmacokinetic parameters. Given 
the limit of small sample size, more clinical practice is needed to verify 
our results. 

 

Fig 1. Mean Ktrans (1/min) values for benign and malignant lesions 
calculated for different time intervals (min). 

 

Fig 2. Mean kep (1/min) values for benign and malignant lesions 
calculated for different time intervals (min). 
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