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Abstract
Objectives Compare variability in flow measurements by
phase contrast MRI, performed at different locations in the
aorta and pulmonary artery (PA) using breath-held (BH) and
free-breathing (FB) sequences.
Methods Fifty-seven patients with valvular heart disease, con-
firmed by echocardiography, were scanned using BH tech-
nique at 3 locations in the ascending aorta (SOV=sinus of
Valsalva, STJ=sinotubular junction, ASC=ascending aorta
at level of right pulmonary artery) and 2 locations in PA.
Single FB measurement was obtained at STJ for aorta. Ob-
tained metrics (SV=stroke volume, FV=forward volume,
BV=backward volume, RF=regurgitant fraction) were eval-
uated separately for patients with aortic regurgitation (AR, n=
31) and mitral regurgitation (n=26).
Results No difference was noted between the two measure-
ments in the PA. Significant differences were noted in mea-
sured SV at different aortic locations. SV measurements ob-
tained at ASC correlated best with the measurements obtained
in the PA. Strongest correlation of AR was measured at the
STJ.

Conclusion Measurements of flow volumes by phase contrast
MRI differ depending on slice location. When using stroke
volumes to calculate pulmonary to systemic blood flow ratio
(Qp/Qs), ASC should be used. For quantifying aortic regurgi-
tation, measurement should be obtained at STJ.
Key Points
• Aortic regurgitation can be accurately measured by MRI.
• Aortic regurgitation measurement by MRI varies according
to the location where measured.

• Aortic regurgitation can also be measured by MRI without
breath hold.

Keywords Magnetic resonance imaging . Phase contrast .
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Introduction

Cardiovascular magnetic resonance (CMR) is a uniquely ver-
satile modality for the assessment of valvular heart disease [1].
It has the advantages of no ionizing radiation and unrestricted
anatomical access. As a noninvasive method, CMR has
emerged as the reference standard for quantification of ven-
tricular volumes [2], and it can similarly evaluate valvular
structure and function [3]. Phase contrast CMR flow imaging
(also termed velocity-encoded CMR, Q-flow or velocity map-
ping) is a quantitative technique to measure flow volumes
through vessels. It provides more detailed information about
the spatial distribution of velocities compared to echocardiog-
raphy, and it offers the capability of direct quantification of
blood volumes through heart valves [4]. Accurate flow mea-
surements allow quantitation of intracardiac shunts and valvu-
lar regurgitation. CMR quantitation of aortic regurgitation
(AR) has been shown to be more reproducible than
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echocardiography [5], and it may help in early identification
of patients with AR in whom surgery could be beneficial [6].

AR by CMR has been assessed in various locations, name-
ly the sinus of Valsalva [7], above the sinotubular junction [8]
and ascending aorta [9]. It has been measured using both free-
breathing techniques [4, 7, 10–13] and breath-hold techniques
[14, 15]. The variability in obtained measurements as well as
the interchangeability of these locations and respiratory tech-
niques in a cohort of patients with varying severity of valvular
heart disease is not known. The primary hypothesis was that
measured stroke volume and regurgitant fraction would vary
in the same patient depending on the distance from the aortic
valve. Identifying the optimal site for aortic flow measure-
ments has direct relevance to clinical practice in terms of
how to position phase contrast flow acquisitions for evalua-
tion of AR severity.

Material and methods

The study group consisted of 31 patients with AR and 26
patients with mitral regurgitation enrolled from January
2008 to July 2010 in a prospective study of valvular heart
disease [5]. The present data represent a prespecified substudy
of the previous work [5], for which the CMR protocol was
created to test the above hypothesis, incorporating multiple
phase contrast acquisitions to evaluate the effect of slice posi-
tion on measured flow. Thus, the group of patients with pure
mitral valve disease and normal aortic valve function were
used as controls and compared to patients with clinically sig-
nificant AR. Exclusion criteria were greater than mild regur-
gitation of a second valve, atrial fibrillation at the time of
imaging, extreme claustrophobia and non-CMR-compatible
implanted devices. The institutional review board approved
the study and all patients provided written informed consent.
Other imaging data on these patients have been previously
reported [5].

All scanning was performed on a 1.5-Tesla MR (Achieva,
Philips Medical, Best, the Netherlands). A standard body coil
was used for radio-frequency transmission, and a dedicated
five-channel phased array cardiac receiver coil was used for
signal reception.

Steady state free precession (SSFP) cine images (TE
1.7 ms, TR 3.4 ms, flip angle 55°, cardiac phases 25, sense
factor 2, retrospective triggering, slice thickness 6 mm, FOV
360 mm, matrix 160×160, acquired voxel size 2.3×2.3×
6 mm) were obtained in the left ventricle outflow tract
(LVOT), coronal aorta (CorAo), right ventricular outflow tract
(RVOT) and the coronal plane of the pulmonary artery
(CorPA). Cine SSFP stacks were obtained in the short axis
(SAX) and right ventricle horizontal long axis (RHLA) plane
for functional analysis of left and right ventricle respectively
(two slices per breath hold, TE 1.7 ms, TR 3.4 ms, flip angle

55°, cardiac phases 25, sense factor 2, retrospective triggering,
slice thickness 6 mm with gap 4 mm, FOV 360 mm, matrix
160×160, acquired voxel size 2.3×2.3×6 mm). By planning
from the two orthogonal planes CorAo and LVOT, single slice
2D phase contrast flow images were obtained at the sinuses of
Valsalva just below the coronary ostia (SOV), at the
sinotubular junction (STJ) and in the tubular portion of the
ascending aorta approximately 1 cm above the sinotubular
junction at the approximate level of the right pulmonary artery
(ASC) (Fig. 1a).

Each of these scans was obtained using a single end expi-
ration breath hold with retrospective ECG gating and
45 phases per R–R interval. A single slice was also obtained
in the tubular ascending aorta 1 cm above the sinotubular
junction (same location as ASC, termed FB), using a non-
navigated free-breathing technique. Two breath-hold phase
contrast slices were obtained in the pulmonary artery (PA)
by referencing from the RVOT and CorPA planes, namely at
the sinus just distal to the pulmonic valve, and 1 cm distal to
this (Fig. 1c). A maximum velocity (venc) was encoded into
the sequence, starting at 200 cm/s. If aliasing occurred, the
maximum velocity was increased by 50 cm/s and the sequence
repeated until aliasing did not occur. Scan sequence parame-
ters used are summarized in Table 1.

Analysis was performed using commercially available soft-
ware on a dedicated CMR workstation (View Forum, Philips
Medical, Best, the Netherlands). For each case, the aortic lu-
men was manually traced (45 phases at each slice location) in
a blinded fashion by two expert reviewers (AC, CHC). The
inter- and intraobserver variability of these measurements has
been previously reported, with excellent agreement between
observers (r=0.99) [5]. Left and right ventricle stroke volumes
were calculated using short axis SSFP stack as previously
published.

The obtained metrics (listed below) were evaluated sepa-
rately for patients with isolated AR (n=31), patients with iso-
lated mitral regurgitation (n=26) and then in combination
(both patient subgroups; AR+MR, n=57):

& SV=stroke volume
& FVol=forward volume
& RVol=regurgitant volume
& RF=regurgitant fraction

Statistics

Differences between metrics based on location were tested for
statistical significance using paired ttests. Differences in clas-
sification of regurgitant fraction (mild, <30 %; moderate, 30–
49 %; severe, ≥50 %) were tested for significance using the
Wilcoxon matched-pairs signed rank test. A pvalue of less
than 0.05 was considered statistically significant (two-sided).
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The correlation between metrics at different locations was
assessed on the basis of Bland–Altman plots. Equivalence
testing for regurgitant fraction was performed by determining
the mean and 95 % confidence intervals of the difference in
regurgitant fraction at different locations. An equivalence mar-
gin of 5 % was set, and two locations were deemed equivalent
if the mean and 95 % confidence intervals of the difference in
regurgitant fraction fell entirely within the equivalence
margin.

Statistical analyses were performed using GraphPad Prism
6 (GraphPad Software, Inc., La Jolla, CA).

Results

Phase contrast flow images were successfully obtained in all
57 patients. Images were of diagnostic quality in all but one
free-breathing sequence, which was excluded. Summaries of
all metrics are presented in Table 2, and comparisons between
variables in Table 3.

Analysis of pulmonary net stroke volumes revealed no sig-
nificant difference between the two sites within the pulmonary
artery (p=0.57), with values of 91.7±22.6 ml and 92.5±
22.0 ml at the proximal vs. distal sites respectively.

When compared to pulmonic sites, aortic stroke volume
was found to be significantly different at all sites: SOV vs.
PA proximal (p<0.0001); STJ vs. PA proximal (p<0.0001);
ASC vs. PA proximal (p=0.033); SOV vs. PA distal (p<
0.0001); STJ vs. PA distal (p<0.0001); ASC vs. PA distal
(p=0.027).

For patients with isolated AR, correlations emerged be-
tween aortic and pulmonary stroke volume: SOV vs. PA prox-
imal (r=0.68); STJ vs. PA proximal (r=0.66); ASC vs. PA
proximal (r=0.75). The strongest correlation between pulmo-
nary and aortic stroke volume was found at the ascending
aorta (ASC). When all patients were grouped, the correlations
of SOV vs. PA proximal (r=0.70) and ASC vs. PA proximal
(r=0.69) were strongest.

Statistically significant differences were noted be-
tween the stroke volumes obtained at the three sites
within the proximal aorta: SOV (78.4±18.0 ml) vs.
STJ (81.7±18.3 ml) (p=0.005); SOV vs. ASC (87.1±
17.5 ml) (p<0.0001); STJ vs. ASC (p=0.0008). Box
and whiskers plots for all measurements of stroke vol-
ume are shown in Fig. 2. The variability between mea-
surements made at different locations is shown in the
Bland–Altman plots in Fig. 3.

A statistically significant difference in stroke volume was
found between breath-hold measurements at SOV vs. free-
breathing measurements (84.5±18.3 ml) (p=0.0097). No sig-
nificant difference was found between breath-hold STJ vs. FB
(p=0.34) or breath-hold ASC vs. FB (p=0.23).

Forward volume increased at distal sites of measurement
(Fig. 4), with significant differences found for SOV (110.0±
39.2 ml) vs. STJ (112.0±39.2 ml) (p=0.0036) and ASC
(112.1±39.2 ml) vs. FB (108.2±36.4 ml) (p=0.02). No sig-
nificant differences were found for SOV vs. ASC (p=0.065);
SOV vs. FB (p=0.49); STJ vs. ASC (p=0.95); STJ vs.
FB (p=0.055).

Fig. 1 Slice positions of phase contrast acquisitions. a SSFP coronal
aortic view at end-diastole using a cross-plane localizer to show the po-
sitions of SOV, STJ and ASC slice planes. b SSFP systolic phase

demonstrating through-plane movement (basal descent) of the aorta dur-
ing ventricular contraction (b, dotted arrow). c SSFP through the pulmo-
nary artery, showing the two sites of phase contrast flow mapping

Table 1 Scan parameter of phase contrast flow imaging

Breath hold Free breathing

Repetition time (TR) 4.3 ms 7.8 ms

Echo time (TE) 2.6 ms 4.7 ms

Flip angle 15° 15°

Averages 1 2

SENSE factor 2 2

Slice thickness 6 mm 6 mm

Spatial resolution 2.5×2.5 mm 1.3×1.6 mm

Velocity encoding
value (venc)

200 cm/s, increased
by 50 cm/s as
required to avoid
aliasing

Set per final
breath-hold venc

Number phases
per R–R

45 45

Scan time 16–18 s 60–150 s
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Regurgitant fraction

RF was significantly reduced at sites progressively distal to
the sinus of Valsalva (Fig. 5): SOV (23.1±19.5 %) vs. STJ
(20.5±19.4 %) (p=0.0003); SOV vs. ASC (17.8±17.3 %) (p
<0.0001); SOV vs. FB (17.6±18.3 %) (p<0.0001). The var-
iability between measurements made at different locations is
shown in the Bland–Altman plots in Fig. 6. The aortic
regurgitant volume is significantly lower at each of the four
sites compared to LVSV–RVSV (left ventricle stroke volume–
right ventricle stroke volume) as presented in Table 4. The
strongest correlation is for STJ vs. LVSV–RVSV (r=0.93).

Breath-hold vs free breathing

RF for breath-hold measurements vs. free breathingwas found
to be significantly different for SOV vs. FB (p<0.0001) and
STJ vs. FB (p=0.0017), while no significance was found be-
tween ASC vs. FB (same slice position, p=0.32). Equivalence
testing was performed to check for equivalence between
breath-hold measurements and free breathing, as shown in
Fig. 7. Measurements were found to be equivalent for STJ
vs. FB and ASC vs. FB.

Discussion

Accurate quantitation of chronic AR is a prerequisite for op-
timal timing of surgical intervention [14]. Patients with severe
AR are at risk of heart failure and increased mortality unless
valve replacement is performed before irreversible LV systolic
dysfunction has occurred [7, 16]. In contrast, patients with
mild to moderate AR rarely develop LV dilation or symptoms
of heart failure; thus, reliable quantitation is critical for in-
formed clinical decision-making. In addition patients with bi-
cuspid aortic valve with anterior-posterior orientation of cusps
or raphe tend to have moderate to severe aortic regurgitation
[17]. Regurgitant fraction (RF) is a metric which represents a
direct index of valve incompetency [11], and it has been
shown to be a strong prognostic indicator in patients with
AR [18, 19]. Doppler echocardiography is the most common
method for quantitating AR severity, but it is limited by the
requirements for a good acoustic window and the need for no

regurgitation in the other cardiac valves [14]; the proximal
isovelocity surface area method is rarely technically possible
for aortic regurgitation, and subjective grading of chronic AR
using a multiparametric approach has been found to have sub-
optimal interobserver consistency [20]. These limitations re-
sult in reduced echocardiographic reproducibility for the
quantitation of AR [3, 5], whereas CMR has been shown to
be more reproducible than echocardiography for both left and
right ventricular volumes, as well as valvular quantitation [5].
Severity of AR may also be assessed by planimetry of the
anatomic orifice area using CMR or retrospectively gated car-
diac CT [21].

In the present study we compared AR flow metrics at three
proximal aortic locations using a breath-hold technique and a
single location using a free-breathing technique (as many sites
use free-breathing, rather than breath-hold acquisitions). Our
data confirm that phase contrast flow quantitation in the aorta
is dependent on slice positioning, with a significant increase in
net stroke volume and forward flow, and a significant decrease
in backward flow and calculated regurgitant fraction, when
measuring at sites progressively distal to the aortic valve. This
remains true for both patients with isolated AR as well as
patients with MR (acting as controls). This is an important
observation when considering the accuracy and reproducibil-
ity of flow measurements, as genuine changes in valvular
regurgitation are an important factor in determining the opti-
mal timing of valve replacement.

There are several potential explanations for the effects of
CMR slice location on quantitating aortic regurgitation. First,
the aorta is an elastic structure that moves and changes shape
during the cardiac cycle. Changes in aortic geometry as a
result of both through-plane movement (basal descent,
Fig. 1b) and the elastic change in aortic area due to intrinsic
pulsatility certainly affect measured flow volumes, particular-
ly those occurring over only part of the cardiac cycle (e.g.
FVol, RVol, RF). These geometric changes are clearly position
dependent. In our patient cohort, mean annular descent, de-
fined as the change in distance from the aortic valve to the
measurement plane during the cardiac cycle, was 9.9±3.4 mm
(range 4.0–20.1 mm). For an aortic diameter of 3 cm (area
7.1 cm2), the blood volume potentially moving through our
Bfixed^ phase contrast acquisition plane during systolic basal
descent (or similarly diastolic ascent) is 7.1×0.99 cm3, or

Table 2 Obtained flow volumes
and regurgitant fractions at
different locations in aorta, all
patients (n=57)

Aortic location Stroke volume Forward volume Regurgitant volume Regurgitant fraction

SOV 78.39±17.98 ml 109.98±39.18 ml 31.44±35.57 ml 23.13±19.50 %

STJ 81.73±18.27 ml 112.01±39.16 ml 29.19±34.99 ml 20.53±19.42 %

ASC 87.11±17.52 ml 112.10±39.16 ml 25.45±31.28 ml 17.75±17.27 %

FB 84.46±18.30 ml 108.17±36.42 ml 24.48±31.51 ml 17.55±18.33 %

SOV sinus of Valsalva, STJ sinotubular junction, ASC ascending aorta at level of right pulmonary artery, FB free
breathing at level of ASC
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approximately 7 ml. This is in the order of 8–9 % of our
measured stroke volumes, and it may account for some of
the differences observed. Second, turbulence close to the
valve can cause intravoxel dephasing and loss of signal during
high systolic flow, which may contribute to greater loss of
forward flow at proximal sites closer to the valve. Third,
changes in intrathoracic pressure with respiration may be

influential, as previous studies have shown that aortic and
pulmonary artery flow measurements performed with large
volume inspiratory breath holding are lower than measure-
ments performed during free-breathing [22]. Finally, when
an imaging slice is located above the sinotubular junction,
the measured regurgitant volume will in theory include resting
coronary blood flow [7], which is typically about

Fig. 2 Box and whiskers plot of stroke volume at all measurement sites.
Sites marked with * are significantly different from ASC (p<0.05)

Fig. 3 Bland–Altman plots of
difference vs. average for stroke
volume comparing a SOV–STJ, b
SOV–ASC, c SOV–FB, d STJ–
ASC, e STJ–FB and f ASC–FB.
The dotted line indicates the mean
difference and the shaded area
indicates the 95 % confidence
limits of agreement

Fig. 4 Box and whiskers plot of forward volume at all measurement
sites. Sites marked with * are significantly different from SOV (p<0.05)
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250 ml min−1 (0.8 ml min−1 g−1 of heart muscle), representing
5 % of cardiac output [23].

Other studies using in vitro phantom experiments and a
small cohort of patients have shown similar differences in

measurement of regurgitant volume as the slice location is
moved distal from the sinus of Valsalva [7]. These findings
had not been validated because of a lack of any other reliable
quantitative clinical method [7].Whether this finding is true in
a larger cohort of valve disease patients had not been previ-
ously shown. Our data support the observation that detection
of stroke volume and regurgitant fraction differs on the basis
of measurement slice position, and suggest that the highest
regurgitant fraction is measured at the SOV.

With regards to the pulmonary valve, a previous study has
suggested the ideal location for pulmonic flow assessment to
be close to the pulmonic valve plane [24]. Pulmonic stroke
volume did not significantly differ at the two main pulmonary
artery locations measured (p=0.57), strongly suggesting that
flow values at these sites are a good approximation of total
forward blood flow in this cohort of patients without intracar-
diac shunts, and giving some validation of scan-to-scan mea-
surements with our technique. This makes sense in that these

Fig. 5 Box and whiskers plot of regurgitant fraction at all measurement
sites. Sites marked with * are significantly different from SOV (p<0.05)

Fig. 6 Bland–Altman plots of
difference vs. average for
regurgitant fraction comparing a
SOV–STJ, b SOV–ASC, c SOV–
FB, d STJ–ASC, e STJ–FB and f
ASC–FB. The dotted line
indicates the mean difference and
the shaded area indicates the
95 % confidence limits of
agreement
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patients had no pulmonic valvular disease, and thus relatively
laminar flow through the proximal pulmonary artery that is
not highly sensitive to small displacements in measurement
location. In the unfortunate absence of any true Bgold
standard^ for measuring net forward flow, the average flow
in these pulmonic measurements was used as the best com-
parator for aortic net flow (in the absence of intracardiac
shunt), providing an internal control for comparison of stroke
volumes. How the presence of pulmonic valve pathology
(such as substantial pulmonary regurgitation in patients with
tetralogy of Fallot) would influence pulmonic measurements
is beyond the scope of this work and is the subject of a sepa-
rate study [25].

Comparison between net pulmonic and aortic stroke vol-
ume correlated best at the ascending aorta, thus making this
the likely most accurate aortic location for measuring net total
stroke volume. Use of more proximal sampling sites may lead
to an under-representation of net aortic stroke volume and
therefore an inaccurate pulmonary to systemic blood flow
ratio (Qp/Qs). The most suitable explanation for this phenom-
enon is that significant intravoxel dephasing occurs as a result
of turbulence around the aortic valve leaflets (both normal but
more so when diseased), causing a loss of signal and resultant
underestimation of fast forward flow close to the valve. This

finding becomes relevant when performing CMR to quantitate
known intracardiac shunts (Qp/Qs), such as in patients with
atrial or ventricular septal defects, or when comparing the
systemic forward volume (FVol) measured from phase con-
trast vs. that from LV functional analysis (i.e. stack of short
axis cine images) in order to derive regurgitant volumes in
patients with mitral regurgitation [8]. In such cases the ascend-
ing aorta plane should be used to avoid under-reporting of
forward flow. Cyclical motion of the aorta (distension, con-
traction, descent) does not factor into the measurement of net
stroke volume (unlike it does for forward or reverse flow
alone), as this quantity is integrated over the entire cardiac
cycle.

Some studies have demonstrated a significant de-
crease in flow volumes using the breath-holding tech-
nique, believed to be due to alterations in physiological
flow from changes in intrathoracic pressure [22]. Free-
breathing images take longer to acquire, and the evalu-
ation of this sequence can be limited by motion and
breathing artefacts, although they may be particularly
useful in patients with difficulty in ECG gating or
breath-holding [14]. However in these patients it would
take even a longer to acquire these non-breath-held ac-
quisitions as the irregular R–R intervals are rejected by
the arrhythmia rejection window and repeat acquisition
is obtained when the R–R intervals are regular. The
present data suggest that the FB sequence is a reason-
able substitute for net stroke volume in patients unable
to perform breath-hold sequences for Qp/Qs calcula-
tions, as we noted no significant difference in net stroke
volume, backward volume or regurgitant fraction at the
single location (ASC) evaluated (Table 3).

At many centres, CMR studies use a single flow measure-
ment obtained in the aorta and pulmonary artery. However,
our data suggest that when quantitating AR, the regurgitant
fraction obtained at the sinotubular junction (STJ) should be
reported. The regurgitant fraction measured here has the best
correlation with regurgitation volumes calculated by
subtracting right ventricle stroke volume from left ventricle
stroke volume. However, the LV−RV stroke volume method
alone is less reproducible than flow measurements for

Table 4 Comparison of
regurgitant fraction measured at
different locations in aorta with
expected regurgitant volume from
left and right ventricle stroke
volumes

SOV vs.
LVSV–RVSV

STJ vs.
LVSV–RVSV

ASC vs.
LVSV–RVSV

FB vs.
LVSV–RVSV

Bias −16.3 −18.6 −24.5 −22.4
Lower CI −54.2 −52.5 −63.9 −61.5
Upper CI 21.6 15.2 15.0 16.6

r 0.90 0.93 0.91 0.89

p value (t test) <0.0001 <0.0001 <0.0001 <0.0001

SOV sinuses of Valsalva, STJ sinotubular junction, ASC ascending aorta, 1 cm above sinotubular junction, FB
free breathing sequence at ASC location, LVSV left ventricle stroke volume, RVSV right ventricle stroke volume

Fig. 7 Equivalence testing of regurgitant fraction at 3 breath-hold
sites vs. free breathing. Data points are mean difference and error
bars represent 95 % confidence intervals. Thick dotted lines represent
the equivalence margin and central thin dotted line represents perfect
equivalence
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quantitation of regurgitant fractions [5, Appendix]. Until a
method to account for flow errors and geometric correction
can be obtained (4-dimensional flow may offer this potential
[26]), it can be recommended to perform phase contrast ac-
quisitions in both the STJ (quantitate aortic regurgitation) and
ASC (calculate Qp/Qs) slice planes. Since these are single
slice, single breath-hold acquisitions, adding a second phase
contrast scan for the aorta will add only minimal scan time
while improving the accuracy of flow quantitation. Results of
the present study suggest that, in the absence of pulmonary
valvular disease, either of the two pulmonary artery locations
can be used.

Limitations

First, the sample is of moderate size and did not include a
cohort of normal subjects without valvular disease. Second,
the free-breathing sequence was obtained in a single position
in the ascending aorta; therefore how FBmeasurements would
vary at the other locations is unknown. Third, phantom acqui-
sitions to correct for background offset errors were not ac-
quired [27]. This, however, is not routinely clinically per-
formed on this MRI unit, and it was not feasible in this study
on clinical patients. Finally, the flow acquisitions were per-
formed on a single commercially available MRI system, and
whether these observations would be similar for different ven-
dors, or at different field strengths, requires further
investigation.

Conclusion

Measurements of aortic flow by phase contrast imaging differ
depending on slice location. For pure stroke volume compar-
isons (Qp/Qs, or deriving mitral regurgitant volume using the
comparison of left ventricular and aortic stroke volumes) the
acquisition should be made in the tubular portion of ascending
aorta at the level of the pulmonary artery. In the presence of
inefficient ECG gating due to arrhythmia or poor breath hold
due to dyspnoea, a free-breathing sequence appears to be a
reasonable alternative to calculate stroke volume. When spe-
cifically assessing patients with known aortic valvular regur-
gitation, in order to reproducibly quantitate the degree of AR,
the greatest regurgitant fraction is calculated from the sinus of
Valsalva position, closer to the valve plane. However the
strongest correlation between the measured aortic regurgita-
tion and calculated aortic regurgitation (left ventricle stroke
volume−right ventricle stroke volume) is at the sinotubular
junction and should be the location used. For patients under-
going serial CMR examinations to evaluate for interval
change, it is important to note and attempt to duplicate the
location of prior measurements before reporting a real change
in flow volumes.
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