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flow for each frame (Figure 4). Peak and average
velocities, net flow and other parameters are then
calculated automatically.

The high accuracy of PC imaging during non-pulsa-
tile flow of water through a pipe with a diameter
equal to the adult aorta on an Siemens MAGNETOM
Avanto system is demonstrated in Figure 5.

Aortic regurgitation

Case 1: A 25-year-old man presented with dys-
pnoea and clinical evidence of aortic regurgitation.
An initial trans-thoracic echo reported severe
aortic regurgitation but was technically limited
for left ventricular (LV) and aortic measurements.
CMR was requested to better quantify LV size

and function, lesion aetiology and severity, and
aortic dilatation.

After establishing a good quality ECG signal,

the patient was positioned with the phased-array
body coil anteriorly and standard cardiac scouts
performed followed by breath-hold short and long
axis TrueFISP (SSFP) cines for ventricular function.
Three parallel oblique coronal slices were planned
along the long axis of the aortic root from an axial
scout, and the one showing the best view of the
aortic root selected to plan the aortic flow study
(Figure 6 shows slice planning in a normal volun-
teer including a three-chamber view). A PC study
was acquired using a segmented k-space breath-
hold sequence with 24 frames, VENC=150 cm/s,
slice thickness 8 mm, pixel size 1.5 x 1.5 mm, and
with an acquisition matrix of 192 x 256.

The analysis produced forward and regurgitant vol-

Argus Flow® allows for
automatic calculation
of peak and average
velocities, flow, net flow
and other parameters
needed for accurate
assessment of valvular
disease.

[ Planning of an aortic flow study in a normal

volunteer using (A) an aortic scout and, (B) a three-
regurgitant fraction of 40% was calculated. With an chamber view.

LV end-diastolic volume of 503 ml and end-systolic
volume of 280 ml the LV ejection fraction (EF) was
reduced at 44%. The aortic root was assessed using
standard aortic imaging techniques and showed
maximum dilatation at the level of the aortic sinuses
of 5.8 cm.

In order to visualize the leaflet morphology, True
FISP cine images were obtained in the long and
short axes of the aortic valve. The short axis (Figure
7) demonstrated an unusual congenital quadricus-
pid aortic valve with four unequal cusps and sinuses
instead of the normal three. Interestingly each of

umes of 223 and 90 ml/s respectively from which a

Valvular regurgitant frac-
tion can be assessed
accurately using PC CMR.
Cine images can be used
for the evaluation of leaflet
morphology.

the two pairs of leaflets were fused, resulting in

a functionally bicuspid valve and there was central
AR secondary to the leaflet abnormalities. On the Case 1: Quadricuspid aortic valve (arrowed).
basis of this information and the aortic imaging
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MAGNETOM Avanto

has siginificantly lower
eddy currents than older
generation magnets,
enabling highly reliable
flow measurements.

Maximum velocity
assessment in stenotic
jets can be done using
longitudinal in-plane
phase-contrast imaging.

showing a dilated root and proximal ascending
aorta, the patient was referred for aortic valve and
root replacement.

Background phase correction

It is common for eddy currents to be induced in the
frame of the magnet by the gradients and these can
produce a background phase (and hence velocity)
signal in stationary tissue. A ‘background phase cor-
rection” may be applied in Argus Flow by selecting a
region of stationary tissue and subtracting this from
the results in the vessel of interest.

Although this may provide some correction, unfor-
tunately the background phase is not always con-
stant across the entire FoV and may vary linearly
[2], so that the selection of a region of stationary
tissue relatively remote from the vessel of interest
may introduce additional errors. More recent mag-
net designs such as the Siemens MAGNETOM
Avanto have significantly lower eddy currents com-
pared to older generation magnets and this has
significantly reduced this problem. In the future,
automated algorithms that calculate the true back-
ground phase distribution in all regions of the
image are likely to provide a better solution.

Aortic stenosis

Case 2: A 70-year-old man presented with short-
ness of breath and clinical evidence of aortic
stenosis, but had an equivocal echocardiographic
study and MRI was requested to image the valve.
The peak velocity in the stenotic jet is an important
determinant of lesion severity and may be used as
part of a calculation of effective valve area. Stenotic
jets may be eccentric and the exact position of the
maximum velocity may not always be readily appar-
ent. It is possible to acquire multiple PC images
transverse to the aortic root and to check each for
their maximum velocity, or to acquire a longitudinal
view of the aorta using in-plane (as opposed to
through-plane) velocity encoding. In this case, three
PC slices with a VENC of 400 cm/sec were acquired
transverse to the aorta with a peak velocity of 245
cm/sec found in the jet. Valve area was calculated
with the continuity equation using PC data obtained
from both below the valve in the left ventricular
outflow tract and at valve level. Ventricular function
was good and in the presence of moderate hyper-
trophy the criteria for valvular replacement was not
met and he was managed medically with regular
follow-up.
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Accurate assessment of velocity in the jet is essen-
tial for reliable diagnosis. Recent data from our
laboratory has demonstrated that in the most se-
vere cases of aortic stenosis, where jet velocities
can exceed 400 cm/sec with very high levels of
turbulence, there can be significant loss of signal
due to intra-voxel dephasing and other effects.

In order to minimize these effects, it is helpful to
keep the TE as short as possible. When signal loss
is severe, the PC images may develop evidence

of ‘salt and pepper’ noise (as opposed to aliasing)
indicating that the results are likely to be unreli-
able. When evaluating very high velocity jets, it

is important to check the magnitude image in the
vessel of interest for dark areas indicative of signal
loss and low SNR. The velocity results may be
unreliable in these regions, especially if the phase
images also contain salt and pepper noise in the
same region.

It is common to see flow artifacts in cines which
can give a useful subjective impression of any jets
or regurgitant flow that may be present.

Although correlation with echocardiography has
been shown, some caution must be exercised
when attempting to accurately quantify or grade
the severity of the lesion based on these subjective
impressions. These techniques can be useful to
quickly determine if there are likely to be solitary
or multiple orifices in the valve as can sometimes
be seen in mitral regurgitation.

True-FISP cines in the plane of the aortic valve may
be used to visualize and directly planimeter the
area of the systolic opening providing a valve area
independent of velocity or flow measurements,
pressure gradients or formulae. These have been
shown to be correlated with catheterization data
and reasonably well correlated to echocardiographic
results in aortic stenosis [3].

Mitral regurgitation

Case 3: A 55-year-old woman with a history of
rheumatic fever had been followed for mitral
regurgitation for 15 years. Her clinical status had
deteriorated and there was uncertainty as to
whether this was due to her rheumatic valvular dis-
ease or other significant co-morbities including
ischaemic heart disease. She was high risk for
surgery and was referred for a detailed quantitative
evaluation of her valve as part of a delayed en-
hancement and ventricular function CMR workup.
The mitral valve descends by approximately 12 mm



during systole, and this movement through a fixed
imaging plane makes flow measurement at the
mitral annulus challenging. In addition, direct
measurement of a regurgitant jet is technically
difficult because of jet eccentricity, possible
multiple jets, and jet turbulence. It is therefore
usual to measure mitral regurgitant volume indi-
rectly by measuring the antegrade flow in the
aorta with PC imaging, and comparing this to the
ventricular stroke volume calculated from EDV —
ESV with the difference representing the mitral
regurgitant flow.

The PC flow results from the aorta showed a SV of
65 ml/m?, and the ventricular function an EDV of
345 ml/m?, ESV of 197 mlim?, SV of 148 ml/m?,
and ejection fraction of 43%. This equated to a
regurgitant fraction of 56% (mitral valve regurgi-
tant volume = LV ventricular SV — aortic SV) at the
mitral valve in a dilated and de-compensating
ventricle and the patient was referred for surgery.
The delayed enhancement scan showed no evi-
dence of previous myocardial infarction.

With improvements in hardware and software, it
is now possible to acquire high quality images of
the mitral valve leaflets in a similar way to those
shown for the aortic valve. Generally a thinner slice
(5 mm) and increased in-plane and temporal
resolution (within the limits of maintaining ade-
quate SNR) are helpful in improving leaflet defini-
tion. Leaflets are best appreciated in cine mode,
but representative images from across the regurgi-
tant valve are shown in Figure 8. The slices were
acquired serially across the valve and are especially
useful for mapping leaflet prolapse or defining
detailed valve morphology for surgical planning
where repair is being contemplated.

Left atrial measurements are an important part of
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H Case 3: Mitral regurgitation valve mapping. Image 8D
clearly shows the regurgitant jet. Contiguous 6 mm long-axis
high temporal resolution cine images perpendicular to the valve
commissures were obtained across the mitral valve from the
medial to lateral annulus. This technique allowed systematic
valve inspection and showed bileaflet prolapse involving all
segments. Surgical repair is not possible and valve replacement
was therefore required.

the evaluation and may be made from long axis
cine views and volume estimated using standard
echocardiographic formulae. If serial short axis slices
are acquired through the left atrium, left atrial
volume can be measured with more sophisticated
software without geometric assumptions.

In order to overcome the issues associated with
mitral movement, newer research sequences are
able to define the motion of the valve annulus and
move the imaging slice with the valve through

the cardiac cycle to ensure the acquisition remains
aligned with the annulus. This technique may make
the direct measurement of mitral regurgitant
fraction clinically feasible.

Using CMR, high-resolution
images of the mitral valve
leaflets can be acquired for
defining detailed valve
morphology.

Hardware

Most new generation magnets with cardiac gating
and post-processing software are capable of
performing valvular assessments without addition-
al special equipment. In terms of maintaining flow
measurement accuracy, low eddy currents are an
important consideration and some older genera-
tion magnets with higher eddy currents may not be
as well suited to flow studies.

The Flow Package for
image acquisition and
Argus Flow® for post-
processing are available
for all 1.5 and 3T systems.

Summary

CMR assessment of valvular disease is an appropri-
ate indication and feasible on current equipment.
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