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CT angiography (CTA) and contrast-enhanced MR angiogra-
phy (CEMRA) are routinely used as noninvasive alternatives 
to digital subtraction angiography for the evaluation of 
suspected vascular disorders and for pre-surgical mapping 
of vascular anatomy [1–3]. For patients with impaired  
renal function, poor venous access, or contrast allergy, 
non-contrast MRA can provide a useful alternative to  
these contrast-enhanced imaging modalities. Several 
non-contrast MRA techniques are commercially available, 
including time-of-flight MRA for the evaluation of the  
neurovascular system [4], NATIVE TrueFISP for the evalua-
tion of the renal and mesenteric arteries [5, 6], and  
quiescent interval single-shot (QISS) for the evaluation of 
the lower-extremity peripheral arteries [7, 8]. While these 
techniques have proven accurate and are straightforward 
to use, recent innovations promise further improvements. 
In this article, we will present examples of new non-con-
trast MRA techniques under development by our research 
group which aim to shorten scan time, improve reliability, 
add functional information, and expand the breadth of 
clinical applications. These techniques include radial QISS1 
[9, 10], stack-of-stars fast interrupted steady-state (FISS)1 
[11], dark blood imaging using 3D unbalanced steady-state 
free precession (3D uSSFP)1 [12], and quantitative time-of-
flight (qTOF)1 [13].

Radial QISS
Standard contrast-enhanced and non-contrast MRA  
techniques, including the commercially available versions 
of QISS, typically use a Cartesian k-space trajectory.  
Cartesian k-space trajectories have historically been  
preferred because they tended to provide more consistent  
image quality than non-Cartesian techniques, with fewer 
artifacts from static magnetic field inhomogeneity and  
gradient-induced eddy currents. However, a drawback  
of Cartesian k-space trajectories with respect to motion  

1  Work in progress. The application is currently under development and is not for 
sale in the U.S. and in other countries. Its future availability cannot be ensured.

artifact is that the center of k-space has a dominant impact 
on image contrast. As a result, any patient motion or other 
cause of inconsistent signal intensity during the acquisition 
of the central k-space lines (including respiration, highly 
pulsatile blood flow, or cardiac arrythmias) will result in  
image artifacts that manifest as repetitive ghost artifacts 
along the phase-encoding and slab-encoding directions. 

However, using state-of-the-art MRI hardware and  
software, non-Cartesian k-space trajectories can provide 
reliably good image quality. Moreover, radial techniques 

1   Patient with atrial fibrillation and irregular cardiac rhythm 
undergoing non-contrast evaluation of the lower-extremity 
peripheral arteries. (1A) ECG recording during MRI exam shows an 
irregular heart rhythm. (1B) Standard Cartesian QISS shows severe 
banding artifacts that render the study non-diagnostic. (1C) Radial 
QISS shows few artifacts and provides a diagnostic examination.
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are known to be less sensitive to patient motion than  
Cartesian ones [14]. In this regard, we have begun explor-
ing the use of a non-Cartesian radial QISS acquisition  
for several clinical applications, including imaging of  
the aorta, pulmonary vessels, and peripheral vasculature  
[9, 10]. We have found that radial QISS, using comparable 
spatial resolution and scan time to commercially available 
Cartesian versions of the technique, is much less sensitive 
to patient motion. As a result, it permits imaging of the  
abdominal and pelvic vessels with fewer artifacts during 
free-breathing or failed breath-holds. Moreover, it is  
less sensitive to ECG gating artifacts in patients with  
arrhythmias and can salvage what would have been  
a non-diagnostic exam using Cartesian QISS (Fig. 1). 

FISS 
FISS is a new non-contrast MRA technique that represents a 
modified form of TrueFISP. In distinction to TrueFISP, where 
rapid repetition of the sequence generates steady-state 

magnetization that is uninterrupted over the shot  
duration, with FISS the echo train is deliberately interrupt-
ed at frequent intervals and the in-plane steady-state  
transverse magnetization is periodically stored along  
the z-axis [11]. With proper selection of the imaging  
parameters, FISS provides several benefits over TrueFISP  
for non-contrast MRA, including suppression of fat signal  
without the need to apply a separate chemical shift- 
selective radiofrequency pulse and reduced flow artifacts 
from accelerating or turbulent flow as well as from flow 
through poorly shimmed regions. 

Three-dimensional FISS using a radial stack-of-stars 
k-space trajectory allows breath-hold evaluation of the  
renal arteries and other abdominal vessels (Fig. 2) [15], 
while a 5D version permits motion-resolved imaging of  
the heart without the need for cardiac or respiratory gating 
[16]. More recently, we have begun testing a single-shot 
free-breathing navigator-gated version of 3D FISS, which 
can match or exceed the image quality of native TrueFISP 
despite a three-fold shorter scan time (Fig. 3).

2   56-year-old female with 
fibromuscular dysplasia  
of the right renal artery.  
(2A) CEMRA; (2B) free- 
breathing native TrueFISP; 
(2C) breath-hold stack-of-
stars FISS. Stack-of-stars FISS 
demonstrates the irregulari-
ties of the right renal artery 
comparably to the much 
lengthier native TrueFISP 
acquisition and better 
demonstrates the distal 
portion of the vessel.

CEMRA Stack-of-stars FISSNATIVE TrueFISP

2A 2B 2C

Navigator-gated Cartesian NATIVE TrueFISP,  
2 shots, TA 3:35 min

Navigator-gated stack-of-stars FISS,  
1 shot, TA 1:07 min

3   71-year-old female with 
impaired renal function 
referred for non-contrast 
renal artery evaluation. Both 
sequences were acquired 
using free-breathing and 
navigator gating. The renal 
arteries are better shown 
with stack-of-stars FISS than 
native TrueFISP despite the 
3-fold shorter scan time.
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3D uSSFP
While “bright blood” techniques such as CEMRA and  
TrueFISP are geared towards making the intraluminal  
blood pool appear bright so as to facilitate the evaluation 
of luminal patency, it is also possible to directly image  
abnormalities of the vessel wall such as plaque and dissec-
tion using “dark blood” techniques. A 3D turbo spin-echo  
sequence called sampling perfection with application- 
optimized contrasts using different flip angle evolution 
(SPACE) has been the preferred technique for dark blood 
vascular imaging [17]. While useful for dark blood imaging 
of the intracranial circulation and extracranial carotid  
arteries, SPACE is inefficient and sensitive to patient  
motion. We have therefore been exploring the use of an 
ECG-gated 3D uSSFP sequence which is more efficient  
and less sensitive to motion [12]. Unlike 3D TrueFISP, 
which is motion compensated along the slab-encoding  
and readout directions, 3D uSSFP produces a small amount  
of flow-related dephasing along both directions with each  
sequence repetition, resulting in suppression of the intralu-
minal signal from flowing spins. This sequence has several 
interesting properties, including the dependence of image 
contrast and motion sensitivity on the flip angle. For  
instance, the blood pool will appear gray with a low flip  
angle but dark with a moderate flip angle on the order  

of 20 to 30 degrees (Fig. 4). Different from TrueFISP,  
the technique is insensitive to off-resonance effects. The 
3D uSSFP technique may have potential clinical applica-
tions for the evaluation of blood vessels in the neck, chest, 
and abdomen, and we anticipate that it could also prove 
helpful for the evaluation of pulmonary nodules by improv-
ing lesion-to-background contrast.

qTOF
Time-of-flight (TOF) MRA is routinely used to evaluate  
the neurovascular system. TOF MRA, however, does not 
provide quantitative hemodynamic information, such as 
blood flow velocity and volume flow rates. Quantitative 
time-of-flight (qTOF) is a new method that shows promise 
for simultaneous hemodynamic and high spatial resolution 
luminal evaluation of the intracranial arteries without  
any increase in acquisition time (Fig. 5) [13]. By using  
a flow-compensated stack-of-stars multi-echo time data  
acquisition, qTOF portrays the arterial lumen like standard 
TOF MRA. An automated computer-vision procedure is  
applied to quantify component (i.e., x, y, z) and total blood 
flow velocities from small movements of the arterial signal 
across successively acquired echo times. Volume flow rates 

4A

4C 4D 4E

4B 4   Illustration of 3D uSSFP  
in a healthy volunteer.  
(4A) With TrueFISP, the blood  
pool appears bright. Off- 
resonance effects obscure 
the dome of the right 
hemidiaphragm (arrows). 
(4B) With 3D uSSFP, the 
blood pool appears dark.  
No off-resonance effects are 
seen. (4C–E) With 3D uSSFP, 
the flip angle has a profound 
influence on the blood  
pool signal.
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5A 5B 5   Transversal maximum 
intensity projections showing 
a high-resolution qTOF MRA 
of the intracranial arteries 
(5A) and the qTOF-derived 
mean cross-sectional total 
flow velocity map (5B).  
qTOF provides an image 
appearance that is like 
standard (non-quantitative) 
TOF MRA while also 
providing quantitative 
hemodynamic information 
without any increase of the 
acquisition time.

can be quantified as the product of mean cross-sectional 
flow velocity and arterial cross-section area, with the latter 
obtained from the high spatial resolution qTOF MRA. While 
the main feature of qTOF is the addition of quantitative  
hemodynamic information at no added cost, the use of 
stack-of-stars k-space sampling with qTOF also eliminates 
flow-related misregistration artifacts from oblique in-plane 
blood flow that can distort and obscure luminal anatomy 
on standard Cartesian TOF MRA.

Conclusion
The technology of non-contrast MRA is advancing at a  
brisk pace. We expect continual improvements in the 
speed, accuracy, and reliability of non-contrast MRA, while 
the breadth of clinical applications will continue to expand.
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Prepare your patients mentally  
for their MRI exam
Most patients who undergo an MRI exam, experience 
some level of anxiety. As a result, some move so much 
that they cause motion artifacts, cannot complete the 
scan, or do not even show up for the exam. Up to 75%1 
of all unsatisfactory scan outcomes can be eliminated 
by educating patients on the MRI exam.

Tap the full potential of your facility by preparing your 
patients for the scan with our patient education toolkit. 
A video, poster, meditation, and a book for children 
explain the process of an MRI exam in simple words and 
answer common questions:

• What does an MRI exam entail?
• What is important when having an MRI exam?
• What does an MRI exam feel like?

1 Törnqvist, E., Månsson, A., Larsson, E.-M., & Hallström, I. (2006). Impact of extended written information on patient anxiety and image  
motion artifacts during magnetic resonance imaging. Acta Radiologica, 47(5), 474–480. https://doi.org/10.1080/02841850600690355.

Download the Patient Education Toolkit in your preferred language here: 
siemens-healthineers.com/mri-patient-education 

Your MRI examination 
explained simply

Magnetic Resonance Imaging (MRI) is an imaging technique used in 
radiology for examining internal organs. Unlike other imaging methods 
that use radiation such as CT, MRI uses a magnetic field and radio waves 
to generate precise images. 

Since an MRI does not expose a patient to radiation, the exam is a very 
safe diagnostic procedure. Nevertheless, do inform the staff if you are  
pregnant or allergic to any medicines.

If you have any further questions, please do not hesitate to talk to the medical staff.  
You can also watch this video for more in-depth information on how to prepare for your MRI exam:

siemens-healthineers.com/mri-patient-education

What does an MRI exam entail?

What is important when having  
an MRI exam?

Metal objects are not allowed inside the MRI 
suite due to an MRI’s strong magnetic field. 
Please inform staff if you have any metal 
objects inside of your body that cannot be 
removed such as implants, a pacemaker,  
and stents. 

You won’t feel anything during the exam.  
You will receive earplugs to protect your ears 
from the loud thumping noises of the MRI 
scanner. Lying inside a narrow tunnel can  
be an unusual experience, which is why we 
recommend closing your eyes. However,  
if a contrast agent is used, the area where  
it enters your body may feel warm or cold. 
Large or colored tattoos may also feel warm 
during the exam. 

In the patient questionnaire, you enter  
information that is important for your  
examination. If contrast agent is required  
to detect certain structures in your body 
more clearly, you will be fitted with a port.

An MRI exam lasts approximately 20 to  
60 minutes. During your exam, try to remain 
as still as possible. Movements can adversely 
affect the quality of the images and result  
in delays or rescans.

To achieve best image quality, a receiver  
coil will be placed on the region of your body 
to be examined. Once ready for the exam, 
you will be moved slowly into the MRI tunnel 
and the scan will begin.

You must remove any metal objects on  
your body before the start of the exam 
including piercings, jewelry, eyeglasses, 
hearing aids, phones, or underwire bras. 

What does an MRI exam 
feel like?
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