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4D Flow1 is an upcoming tool for the evaluation of
hemodynamics in cardiovascular magnetic resonance
(CMR). Not only does it visualize flow in three dimensions and over time, it also allows for the quantification
of additional parameters.
In routinely used 2D flow measurement, the blood
flow is typically encoded in one direction, in one slice
perpendicular to the flow. However, in cases with a
complex flow pattern and changes in flow direction
during the cardiac cycle, the positioning is challenging.
This can lead to an underestimation of peak velocities
and flow volumes [1].

Figure 1:
Hemodynamics in a healthy volunteer. Streamlines show
a regular flow.

Faster 4D Flow sequences1 have enabled a broader
application. In congenital heart disease, 4D Flow is used
for the visual assessment of intracardiac shunts and
anatomy [1–3].
In adult heart disease, several studies have shown
the benefit of applying 4D Flow in patients with aortic
valve or aortic pathologies [4–8]. Not only can 4D Flow
help to accurately visualize and quantify the flow
volume, it can also provide additional information
for the evaluation of these pathologies, such as the
wall shear stress (WSS) in the aorta.

Figure 2:
Abnormal flow pattern in a patient with severe aortic
stenosis showing increased helical and vortical flow pattern
in the ascending aorta (white arrows).
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In aortic stenosis, abnormal flow patterns and localized
increases in WSS were observed and these changes
increased in line with the severity of the stenosis [5, 7].
Flow patterns changed from normal straight streamlines
(for an example, see Fig. 1) to abnormal helical and
vertical turbulences (for streamlines of a sample patient
with aortic stenosis, see Fig. 2) [5, 7].
The highest increase of WSS could be seen in the
mid-ascending aorta on the right side of the aorta (for
WSS of a sample patient with aortic stenosis, see Fig. 3)
[7]. In this area, aortic dilatation resulting in aortic
aneurysms or even dissection are known to be more
likely in patients with aortic stenosis. WSS might be an
early indicator of this process.
These changes are not unique to patients with
aortic stenosis. Patients with bicuspid aortic valves also
experience them, even without an additional stenosis [4, 6].
Visualization and also quantification of these
parameters has been made easier by several commercially available post-processing software tools for the
evaluation of 4D Flow.
Flow volumes, peak velocity, and additional
parameters such as WSS can be quantified by placing
2D planes at any location in the vessel (see Fig. 4,
images generated with cvi42 prototype version 5.9.22
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(Circle Cardiovascular Imaging, Calgary, Canada)). A
significant advantage of 2D Flow is the possibility of
creating planes after image acquisition of the whole
aorta. Planes can therefore be freely set anywhere in the
aorta and adjusted to the flow jet or in the direction of
the vessel. Planes should be created after visual assessment of the aorta. This way, the area of interest, for
example the area of the highest WSS, can be assessed
visually before creating a plane for quantification.
This possibility of visualizing flow in the entire
vessel as well as the option of setting planes anywhere
may also help in cases with incongruent 2D flow results.
Usually in CMR, the degree of aortic insufficiency
is determined by the regurgitation fraction of 2D
through-plane flow imaging [9]. In some cases, however,
the regurgitation fraction does not fit other indirect signs
of an often more severe regurgitation. At our site, we
recently treated a patient with an aortic regurgitation
where 2D flow only measured a mild regurgitation
fraction, but the severely dilated left ventricle indicated
a more severe regurgitation. As the patient also had a
dilated ascending aorta, we suspected that an abnormal
flow pattern was the cause of the mismatch.
We therefore performed 4D Flow. As shown in Figure 5,
4D Flow revealed distinct abnormal flow patterns
(see Fig. 5), which may have led to an underestimation
of flow in 2D.
Naturally, pathologies of the aorta itself can also
influence aortic hemodynamics [8]. In such cases,
4D Flow can also help to visualize hemodynamics and
parameters such as WSS may help us to identify areas at
risk (see Fig. 6).
4D Flow provides different information on different
aortic and/or aortic valve pathologies. This information
can help us to better understand the pathology and
therefore has the ability to influence how therapy is
guided and decisions made.
Fast sequences and robust post processing are
essential for routine clinical use.

References

Figure 3:
Wall shear stress in the same patient with severe aortic stenosis
as Figure 2. The patient’s aorta is not yet dilated. However,
one can observe the area of increased wall shear stress at the
anterior/right side of the ascending aorta (white arrow) in the
area most common for dilatation. The flow with the highest
velocity was also in that area.
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Figure 4:
Visualization and quantification of peak velocity, flow volumes (4A–G) and WSS (4H–N) by commercially available software
(cvi42, Circle Cardiovascular Imaging, Calgary, Canada). Planes can be set anywhere in the aorta (4A, 4H) either perpendicular to
the vessel or freely adjusted to flow jets (4B–E, 4I–L). Parameters can be quantified over time as shown in the flow curves (4F, M).
Values will automatically be given for each plane (4G, 4N).
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Figure 5:
Streamlines derived by 4D Flow in a patient with a low
regurgitation fraction by 2D Flow, but strong indirect indicators
of a more severe aortic insufficiency.
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Figure 6:
Streamlines (6A) and wall shear stress (6B) in a patient with
a contorted aorta. Note the abnormal flow pattern in the
ascending and descending aorta and corresponding WSS.
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