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flow areas. 2D ToF techniques (Figure 2) may be utilized
when imaging long vessels that have slower flow rates. 
In pulsatile vessels, the sequence should be gated to the
patient•s heart rate to mitigate artifacts.

Steady-state free precession sequences such as FIESTA
(Figure 3) are excellent for fast scans done in a breath hold.
When targeted to specific vascular anatomy, high in-plane
resolution is easily achievable.

Phase contrast techniques provide excellent background
subtraction resulting in 3D volumes (Figure 4) that are easily
rotated into any viewing plane. 3D phase contrast techniques
are significantly slower that the breath hold times seen with
contrast enhanced techniques; however, when combined
with a CINE acquisition, the phase contrast techniques 
are capable of quantifying flow in any vessel.

Figure 4.3D Phase Contrast

Figure 5.CINE Phase
Contrast of middle 
cerebral artery and
resulting flow 
measurements.

Peak Positive Velocity (cm/s) 83.1

Peak Negative Velocity (cm/s) -6.07

Avg. flow (ml/beat) 3.122

Avg. Positive Flow (ml/beat) 3.158

Avg. Negative Flow (ml/beat) -0.036

Phase contrast techniques are also sensitive to the flow
direction of the blood … any flow from Left, Inferior or
Posterior is shown as black and flow from Right, Superior
and Anterior shown as white. Flow within the right middle
cerebral artery (Figure 5) is from the left to the right and
hence is black on the phase image. Also note that 3.122 mLs
of blood passes through this vessel with each heart beat;
multiplying this by the patient•s heart rate (55 beats/min)
generates the vessel flow rate at 171 mLs/min.

Future Pulse Sequences

Despite the comprehensive suite of non-contrast MRA
sequences, GE Healthcare continues to evaluate improved
techniques for imaging vascular structures without a
gadolinium injection. FIESTA-based sequences that utilize
various tissue preparation pulses are very promising 
in their ability to depict vascular structures in various 
anatomical locations.

Summary

MR provides robust visualization of vascular anatomy. In the
subset of patients that are deemed unsuitable for a contrast
injection, it is reassuring that many techniques exist on the
Signa HDx and HDe scanners to image vascular anatomy
and quantify flow. These techniques may prolong the exam
time, but can be used to achieve the imaging goal. �
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•For our non-contrast MRA studies, we
generally rely on two complimentary
techniques: 2D Time of Flight (to obtain
images with venous suppression) 
and Steady-State Free Precession 
(i.e. FIESTA), that has very few flow 
artifacts. However, today most MRA
studies are performed with sequences
like eFGRE or using multi-phase, time-resolved techniques
(e.g. TRICKS), which are very accurate and provide high
diagnostic confidence. An additional advantage of these
techniques is that one can also assess the dynamics of
blood flow. This can be especially helpful in patients with
shunts, fistulas or vascular malformations.Ž
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