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Introduction 
Magnetic resonance angiography (MRA) has become the non-invasive imaging modality of first choice to evaluate the vascular system in different body 
regions and must be considered as the state of the art technique. However, even if technically perfect, standard MRA techniques only provide static 
morphologic information and occupy the risk of incorrect bolus timing resulting in a suboptimal arterial contrast or venous overlay. A recently introduced 
time-resolved MRA technique (TWIST – Time-resolved Angiography With Interleaved Stochastic Trajectories) combines parallel imaging with a new 3D 
view sharing implementation providing 3D datasets with excellent temporal resolution while keeping spatial resolution high. The aim of this study was to 
evaluate two different k-space acquisition protocols for dynamic 3D TWIST-MRA of thoracic vessels in patients with cardiovascular disease and to 
assess intra-individually their influence on image quality, artifacts and contrast enhancement while keeping temporal and spatial resolution constant. 
 
Methods 
20 patients (16 men, 4 women; range: 28-75 years) with a history of coronary artery disease were consecutively enrolled. All MR examinations were 
performed on a 1.5 T whole-body scanner (Magnetom Avanto; Siemens Healthcare, Germany). To cover the entire thoracic aorta two 6-element phased-
array body RF surface coils were combined with the table-integrated spine RF coils for signal reception (12 elements activated). In addition to the 
standard clinical protocol for MRI of the heart, two TWIST protocols with different k-space acquisition strategies were performed prior to the acquisition of 
the late enhancement in a randomized order within 15 minutes (table 1). The two evaluated sequences differ in the size of central region A (in 
percentage of the max k-space value) and the sampling density in region B. While for protocol 1 region A with 20% of the entire k-space (A = 20 %) and 
only every 10-th point of the sorted list is used for the B measurement (B = 10 %) parameters were chosen in a manner that A match 10 % and B 20 % . 
The parameters were chosen to achieve an identical spatial and temporal resolution in order to provide an optimal comparability between the two 
protocols. Following automatic injection of 5 ml Gadovist® (Bayer Schering, Berlin, Germany) at a flow-rate of 3 ml/sec, 15 consecutive coronal T1-
weighted 3D datasets were acquired for each protocol. The reviewers compared the two protocols in accordance to the following points: sharpness of 
vessel wall borders of the thoracic aorta and the pulmonary artery trunc, conspiciuousness of the peripheral lung vessels, overall image quality and 
image artefacts. Furthermore the modulation and sharpness of vessel borders were estimated.  
For the pulmonary trunc and the thoracic aorta the modulation was calculated for both protocols as follows: M = (vessel [SI] – surrounding area [SI]) / 
(vessel [SI] + surrounding area [SI]). The required measurements of the signal intensity [SI] were done in the thoracic aorta, the pulmonary trunc and the 
surrounding area. In order to achieve an observer independent objective quantification method for vessel border sharpness estimation, we used a 
semiautomatic routine. The algorithm approximates a point spread function and delivers a border width [mm] as a robust single quantitative measure 
which enables inter-subject and inter-examination comparisons. 
 

 
 
 
 
 
 
 
 
Results  
All examinations were successfully completed in all 20 patients. The high spatial and temporal resolution of the TWIST sequence allowed sufficient 
morphological and functional assessment of the aorta and pulmonary arteries but with significant better results using protocol 1 than protocol 2 (Fig. 1). 
Sharpness of vessels borders (4.1 mm vs. 3.3 mm, p = 0.001) as well as the image quality and image details were significant better in sequence 1 than 
in sequence 2. There was no significant difference for the modulation in the pulmonary trunc as well as for the aorta between both protocols (pulmonary 
trunc: 0.87 versus 0.86; p = 0.05; aorta: 0.83 versus 0.81, p = 0.33). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Conclusion 
Keeping spatial and temporal resolution constant the strategy of k-space acquisition has relevant influence on image quality. Acquisition of the central k- 
space seems to be more important for image quality and image details as the sampling density of the peripheral k-space. 

Fig. 1: Comparison of the image quality in protocol 
1 and protocol 2. The image quality in protocol 1 is 
significant better. The parenchymal enhancement 
in protocol 1 is clearly visible. 

 Protocol 1 Protocol 2 
TR/TE [ms], FA [°] 2.7/1.05/25 2.7/1.05/25 
Voxel size [mm3] 1.5*1.3*1.6 1.5*1.3*1.6 

Acceleration factor [GRAPPA] 2 2 
Central region A [%] 20 10 

Sampling density B [%] 10 20 
Temporal resolution per data set [sec.] 4.30 4.30 

Slices per data set 96 96 
 

Table 1: Sequence parameter of the 
TWIST protocols 

  
protocol 1                                                 protocol 2 
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