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Objectives. Nuclear magnetic resonance (MRI) velocity map .
ping was used to characterize flow waveforms and to measure
volume flow in the ascending and descending thoracic aorta in
patients with aortic coarctation and in healthy volunteers . We
present the method and discuss the relation between these men.
surements and aortic narrowing assessed by Mill. Finally, we
compare coarctation jet velocity measured by MRI velocity map.
ping with that obtained from continuous wave Doppler echocar-
diography .

Background. The development of a noninvasive imaging
method for morphologic visualization-. of anerfic coarclation and for
measurement of its impact on blood flow is highly desirable in the
preoperative and postoperative management of patients .

Methods. Magnetic resonance imaging phase-shift velocity
mapping was used to measure ascending and descending aortic
volume flow in 39 patients with aortic co2rctation and in 12
healthy volunteers. Magnetic resonance imaging was also used for
anatomic and peak jet velocity measurements . The latter were
compared with those available from continuous wave Doppler
study in 40% of the patients .

Regular follow-up of patients with aortic coarctation is
important, and a noninvasive method for periodic assess-
ment of coarctation or recoarctation is highly desirable in the
preoperative and postoperative management of these pa-
tients . Techniques for evaluating aortic coarctation or reco-
arctation, after intervention, depend on either direct visual-
ization of the diseased segment or study of its effect on
pressure and flow .

In many centers, catheterization and angiography would
normally be performed to confirm the preoperative and
postoperative findings before intervention . However, the
prediction of hemodynamic consequences of coarctation
from an aortogram is not accurate, and volume flow cannot
be measured. It also carries a risk of morbidity because it is
an invasive procedure .
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Results . Whereas ascending aortic volume flow measurement
did not show significant differences between the patient and
healthy control groups, volume How curves in the descending
aorta did show significant differences between the two groups .
Peak volume flow (mean ± SD) was 10.6 ± 5 .3 liters/min in
patients and 19 .6 ± 4.7 liters/min in control subjects (p < 0.001) .
Time-averaged flow was 2 .5 ± 0 .9 liters/min in patients and 3.9 ±
1 .1 liters/min in control subjects (p < 0 .05). The descendinp)
ascending aorta flow ratio was 0.47 ± 0.19 in patients and 0.64
0.03 in control subjects (p < 0 .05) . These variables correlate well
with the degree of aortic narrowing . Peak coarctation jet velocity
measured by MR] velocity mapping is comparable to that ob .
tainted from continuous wave Doppler study (r = 0 .95) .

Conclusions. We established normal ranges for volume flow in
the descending aorta and demonstrated abnormalities in patients
with aortic coaretation. These abnormalities are likely to be
related to resistance to flow imposed by the coarctation and could
represent an additional index for monitoring patients before and
after intervention .

(J Am Coll Cordial 1993 ;22 .151521)

Imaging by two-dimensional echocardiography is unreli-
able because it may be difficult to obtain a good echo endow
(1), but continuous wave Doppler measurements are useful
for predicting the presence of a gradient (2-4) . However,
accurate descending aorta volume flow measurement is not
possible with ultrasound because of the difficulties of access
and the complexity of flow .

An alternative method is magnetic resonance imaging
(MRI), which can provide high resolution, dimensionally
accurate images of aortic coarctation (5-8) . In addition, MRI
velocity mapping is the only technique able to measure
volume flow reliably in the descending aorta, and it can do
this by accurate measurement of multiple velocity points
across the area transacting the aorta . The principles of this
technique, its validation and clinical applications have been
reviewed elsewhere (9) .

This study is primarily concerned with the characteriza-
tion of flow waveforms and the measurement of volume flow
in the ascending and dese-,nding thoracic aorta of patients
with aortic coarctation and of healthy volunteers . We
present the method and discuss the relation between aortic
narrowing and peak instantaneous and time-averaged flow
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AA - ascending aorta; AF = artery flap ; Coarc = coarctation ; DA = descending aorta ; F = female ; IMA = internal mammary r.rtery ; Interval = interval
between intervention and investigation ; M = male ; MRV = magnetic resonance velocity mapping ; PCBD = percutaneous balloon dilation ; PDA = patent ductus
arteriosus ; Pt - patient,

measurement . Finally, we compare peak coarctation jet
velocity measured by MRI velocity mapping with that ob-
tained from continuous wave Doppler echocardiography .

Methods
Patients. Thirty-nine patients with aortic coarctation

(27 male, 12 female) who were referred for evaluation of
aortic an^tunny by MRI were the subjects of our study (Table

1). Twelve healthy volunteers were studied for comparison
(Table 2). Children a 10 years old received oral sedation with
chloral hydrate (30 mglkg body weight) approximately 1 h
before the investigation .

Magnc:ic resonance imaging. A Picker International
Vista MR 2055 scanner operating at 0.5 T was used with a
surface receiver coil and electrocardiographic gating . Multi-
slice spin echo (echo delay time [TE] 40 ms) images were
acquired in transverse, coronal, sagittal and oblique sagittal
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1 . Clinical Characteristics of Study Patients

Age
AA
Flow

DA
Flow

Peak
AA
Flow

Peak
DA
Flow Peak Diameter

Pt
No.

(yr)/
Gender Intervention

Interval
(yr)

(liters/
min)

(liters/
min)

DA/AA
Ratio

(liters/
min)

(liters/
min)

Ratio
DA/AA

MRV
(m/s)

Coarc
(mm)

Doppler
(mIs) Comment

1 181M Resection 12 7.2 4 .2 0.58 22.9 13 .5 0.59 2 .4 12 2 .5
2 501M Resection + 35 7.5 2 .2 0.29 27.5 6 .1 0 .22 3 .8 8 3 .9

3 17/M
homograft

Resection 14 7.3 0 .6 0.08 33.4 3 .9 0 .12 3 .8 9 3 .2
4 21/F Resection 20 5 .7 3 .6 0.63 23.6 13.0 0.55 a .6 10 2 .7
5 32/F Dacron patch 19 4 .1 2 .3 0.56 21 .3 14 .0 0 .65 - 19
6 WM 2.9 1 .6 0 .55 11 .1 4 .8 0.43 1 .6 6
7 42/M Dacron patch 25 5.0 2,6 0.52 24.8 13 .8 0.56 1 .6 11
8 221M Resection 21 5 .9 2 .8 0 .47 34.5 10 .3 0 .30 3 .6 I I 3 .6
9 1711 7 Dacron patch 12 5 .9 1 .8 0 .30 26.3 8 .7 0.33 1 .9 10

10 21/F - 5 .2 2 .8 0,54 19.3 7 .6 0.39 2 .0 5 Poststenotic aneurysm
11 111M Subclavian AF 12 4,1 2 .8 0.68 20.5 13 .3 0 .65 2 .7 11
12 11/M Subclavian AF 11 4.5 3.0 0 .67 18 .8 9 .5 0.51 2 .0 10
11 13/ PCBD 0.3 4.3 3 .3 0 .69 18 .6 12 .1 0.65 1 .6 14
14 281M Resection 24 5 .0 3 .2 0,64 26.3 14 .8 0 .56 2 .1 12
15 28/M PCBD 2 6 .0 4.4 0 .73 24.6 13 .8 0.56 1 .8 11 1 .7
16 12/M Subelavian AF 12 3 .4 2.2 0 .65 16 .0 10.7 0.66 13 12 1 .7
17 1 Dacron conduit 16 6.7 3.4 0 .51 25 .7 13.4 0,52 16 -- Long, tortuous segment
18 28/M Resection 23 7 .4 3 .3 0 .45 35 .2 18.2 0 .51 2.0 17
19 10/F Subclavian AF 9 3 .2 2.2 0 .68 13 .9 10.6 0.76 1 .9 I I 2 .1
20 20/F PCBD 0.5 8 .0 3 .0 0 .38 36 .9 5 .7 0 .15 3 .8 6 .5 3 .5
21 14/F IMA patch 5 4 .3 2 .4 0.56 21 .6 7.7 0 .36 1 .7 8
22 16/M Resection - 4.8 1 .7 0.35 22 .0 3 .6 0 .16 3 .0 6
23 251M Resection 21 3 .9 2 .5 0,64 22 .4 12 .9 0,58 2 .8 16
24 18N IMA patch 16 4 .7 3 .0 0.64 25 .3 19 .7 0 .78 1 .6 12
25 20/M Subclavian AF 13 5 .0 0,8 0,16 18 .8 1 .9 0,10 - 2 Long, tortuou segment
26 261F Resection 21 5 .7 2 .5 0,44 25 .2 12 .0 0 .48 1 .8 11 - Closure of PDA
27 361M Resection 30 5 .8 2 .5 0,43 27 .1 15 .1 0.58 1 .8 14
28 18/M PCBD 3 3 .7 2,3 0,63 15 .6 9 .3 0.60 2 .7 9 3 .3
29 271M PCBD 3 7 .4 2 .9 0,39 31 .8 10 .6 0 .33 2 .0 11 2 .1
30 26/F Resection 14 5 .1 2 .9 0,57 21 .6 12 .0 0.56 1 .8 9 .5
31 35/F Resection + 24 5 .2 2,1 0.40 29.3 3 .7 0.13 3 .6 10

32 3
Dacron patch

Resection 18 5.6 3 .6 0,64 35.1 26,3 0.75 2 .0 19 2.0 Aortic regurgitation
33 101M Subelavian AF t0 2,8 1,3 0 .46 14.3 6,0 0.42 2 .0 11 2.1
34 Subclavian AF 3 2,0 1,4 0,70 7.2 5,4 0.75 1 .5 8 -
35 PCBD 1 2,5 1,3 0 .52 9.0 3,9 0.43 1 .7 8 2.1
36 531M -a 35 6,1 3,1 0.50 36.0 21,0 0.58 2 .0 14
37 Resection 19 7.9 3.5 0.44 36.0 14,0 0.39 4.0 9
38 l01M PCBD 8 2.9 2.0 0 .69 14.0 5,6 0.40 2 .9 7 3 .0
39 11/F PCBD 1 3 .6 L3 0,36 12 .7 4,2 0.33 2.4 8 3 .0
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Table 2. Clinical Features of the Control Group

Abbreviations as in "Table: 1 .

planes to display aortic anatomy (Fig . I). The minimal
diameter of aortic narrowing was measured and normalized
for ascending aorta flow (cardiac output) because the surface
area of these patients was not available to us . Slice thickness
was 6 to 10 mm, and the field of view was 25 to 40 cm, with
a resolution of 256 pixels in the frequency-encoding direction
and 128 to 192 pixels in the phase-encoding direction . The
high resolution acquisition variables were used in children .
Each phase-encoding step was acquired twice and averaged
so that imaging time was 3 to 4 min for each set of images,
depending on heart rate . The gradient echo (TE 3 .6 ms)
sequence was used with and without velocity encoding to
study the flow waveforms in an oblique plane perpendicular
to the ascending aorta and descending thoracic aorta 5 to
10 mm distal to the coarctation, with velocity encoded
through the imaging plane (slice-select direction) (Fig . 2) .
Instantaneous flow at 16 stages through the cardiac cycle
was calculated from the cross-sectional area of the vessel
and the mean velocity within this area (Fig . 2). A graph of
instantaneous flow at each frame of the acquisition was then
plotted against gating delay to plot a time-flow curve (Fig . 3) .
Mean volume flow was computed from the area under the
curve .

Peak coarctation jet velocity mapping was acquired in the
plane of the aortic coarctation, with velocity being encoded
vertically (read direction) (Fig . IB). Peak velocity was
measured by searching the jet region for the mr "imal pixels .
Peak velocity pixels were only accepted if a minimum of four
pixels with comparable values was found . The MRI investi-
gator was unaware of the Doppler data .

Doppler echocardiography . Peak coarctation jet velocity
measured by MRI velocity mapping was compared with that
measured by Doppler echocardiography in 15 of our patients
(40%) who had Doppler echocardiographic measurements
performed on the same day as the MRI study . The Doppler
study was executed and evaluated with a Hewlett-Packard
2-MHz continuous wave Doppler echocardiograph by an
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experienced echocardiographer who was unaware of the
MRI data. Children <10 years old received oral sedation as
described earlier .

Statistical analysis . The Student t test was used to com-
pare MRI hemodynamic data of patients with those of
healthy volunteers. Linear regression analysis was used to
assess the relation between MRI measurement of aortic
narrowing and MRI hemodynamic data (Fig . 4 to 6) . Com-
parison of peak coarctation jet velocity by MRI and Doppler
study was analyzed using linear regression analysis and the
method described by Bland and Altman (10) (Fig . 7) .

Results
Magnetic resonance spin echo images acquired for ana-

tomic display and MRI flow mapping acquired for measure-
ment of instantaneous and time-averaged flow in the ascend-
ing and descending aorta were satisfactory in all patients
(Table 1) . Magnetic resonance imaging measurement of
coarctation jet velocity was successful in all but two patients
who had a long, tortuous coarctation segment (Patients 17
and 25, Table 1) . One patient (Patient 5, Table 1) was not
comfortable, and the study was aborted before measurement
of coarctation jet velocity .

Time-averaged aortic flow. Although ascending aorta
flow measurements and curves did not differ significantly
between patients and healthy control subjects, the following
variables related to flow in the descending aorta did show
significant differences between the two groups : Peak volume
flow was 10 .6 ± 5.3 liters/min (mean ± SD) in patients and
19.6 ± 4.7 liters/min in control subjects (p < 0 .001); time-
averaged flow was 2 .5 t 0.9 liters/min in patients and 3.9 ±
1 .1. liters/min in control subjects (p < 0 .05); and descending/
ascending aorta flow ratio w,-% 0 .47 ± 0 .19 in patients and
0.64 ± 0.08 in control subjects (p < 0 .05) (Tables I and 2,
Fig. 2 and 3) .

I'l
No.

Age (yr)f
Gender

AA Flow
(liters/min)

DA Flow
(liters/min)

DA/AA
Ratio

Peak AA
(liters/min)

Peak DA
(liters/shin)

Peak Ratio
DA/AA

I 29/F 6 .7 4 .4 0.66 30 .5 21 .1 0 .69
2 34/M 4 .0 2 .4 0.60 22 .1 13 .5 0 .61
3 52/M 4 .7 3 .0 0.64 28 .3 18 .0 0.64
4 45/M 6 .0 3.5 0.58 30.5 20 .0 0 .66
5 19/M 6 .5 4 .4 0.68 36.6 21 .4 0.59
6 62/M 6 .0 3.1 0.52 32 .3 17 .6 0 .54
7 60/M 5 .2 4.0 0.77 23 .7 19 .5 0 .82
8 29/M 5 .5 3.1 0.56 26 .9 15 .5 0 .58
9 331M 6 .3 4 .0 0.63 29.8 17 .9 0 .60

10 19/M 6 .8 5.3 0.78 37 .2 27 .7 0 .74
11 45/M 4 .8 2 .7 0.56 22 .7 13 .6 0 .60
12 18/m 9 .6 6 .6 0.67 48 .7 29 .6 0 .61

Mean 37 6 .0 3 .9 0.64 30 .8 19 .6 0 .64
±81) IS 1 .4 1 .1 0.08 7 4 .7 0 .08
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fturv L A, Spin echo ima=r (echo delay time 40 ms) acquired in
the sagittal plane in a patient with aortic coarctation (large arrow)
and a corresponding velocity map (B) acquired during systole with a
vertical velocity encoding . The sagittal plane is rotated during
velocity map acquisition to align the jet with vertical read gradient
direction, The velocity maps indicate zero velocity as y,
caudal velocities in sliales of y and cranial velocities in
darker shaft of . Coarctation jet velocity is seen in white, with
a velocity profile (m/s) displayed in the center of the jet . A reverse
flow is seen in k anterior to the jet (see Fig . 213) . Left subelavian
artery ( w); da - descending aorta; la = left atrium ; lv
left ventricle; pt = pulmonary trunk ; rv = right ventricle .

Mameter of aortic coarctation and hetnodynamic data .
Aortic coarctation diameter normalized for cardiac output
correlates well with descendinglascending aorta mean and
peak flow ratios (r = 0 .58 and r = 0 .70, respectively) (Fig . 4
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Figure 2. A, Gradient echo (echo delay time 3.6 ms) image in the
plane perpendicular to the ascending and descending aorta in a
patient with coarctation (shown in Fig . l), with a velocity map (B)
encoded through the plane during systole . C, Velocity map in a
similar plane to that shown in A, acquired in a healthy volunteer
during systole . Arrow indicates the superior versa cava . The velocity
maps are shaded as in Figure I B . as = ascending aorta; rpa = right
pulmonary artery : other abbreviations as in Figure 1 .

and 5) . Peak coarctation jet velocity measured by MRI
velocity mapping is inversely but poorly related to aortic
diameter index (r = -0.48) (Fig . 6) .

Agreement between magnetic resen€usce imaging velocity
mapping and Doppler study. Peak coarctation jet velocity
measured by Mill velocity mapping is comparable to that
obtained by continuous wave Doppler echocardiography
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Figure 3 . Flow volume curves in the ascending and descending
aorta measured from the complete cine velocity map acquisition in
a patient with aortic coarctation (A) and in a healthy volunteer (B) .
AA = ascending aorta ; DA = descending aorta .

(r = 0.95) (Fig . 7A). Using the method described by Bland
and Altman (10), MRI peak velocity measurements were
plotted against Doppler peak velocity measurements, and

Figure 4. Mean flow ratio in the descending and ascending aorta
versus aortic diameter index . y = 0.07x + 0 .36. SEE = 0.102, r =
0.58 . The shaded area represents the mean flow ratio in the healthy
volunteers . Abbreviations as in Figure 3 .
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Figure 5. Peak flow ratio in the descending and ascending aorta
versus aortic diameter index . y = 0.12x + 0 . 2 1, SEE = 0 .120, r -
0.70 . The shaded area represents the peak flow ratio in the healthy
volunteers . Abbreviations as in Figure 3 .

the differences were then plotted against the mean values of
each pair of measurements (Fig. 713) .

Discussion
Technical considerations . Although MILL velocity map-

ping has been shown to be a robust technique for measure-
ment of blood flow, until recently, marked systolic signal
loss in the aorta has jeopardized measurement of blood flow
and blood flow velocity in and around the coarctation
segment by the gradient echo sequence with a relatively long
echo time (8,11) . The factor responsible for this phenomenon
is mainly turbulence in which there are random velocities in
space and time (12) . An important advance has been the
reduction in echo time (i .e ., the time from the peak of the
initial energizing signal to the peak of the final echo) to
3 .6 ms (13) . This is because at sites of stenosis, where high
blood flow velocity is found, turbulence and high orders of
motion cause signal loss, preventing accurate velocity map-
ping in this area. Shortening the echo time reduces the

Figure 6 . Peak coarctation jet velocity measured by magnetic reso-
nance velocity mapping versus aortic diameter index . y = -0.50x +
3.5, SEE = 0.757, r = -0 .48 .

a

go 0 ,

	

ou 6- - .00

	

1 -

0
0

	

2

	

3

	

4
Diameter Index (mm/l/min)

1519



1520

	

MOHIADDIN ET AL .
MRI VELOCITY MAPPING IN AORTIC COARCTATION

MR peak velocity (m/sec)

Figure 7. A, Peak coarctation jet velocity measurements by mag-
netic resonance imaging (NMR) plotted against those by Doppler
ultrasound . y - 0.62x + 1.10. SEE - 0.151, r = 0 .95 .8, Difference
between magnetic resonance imaging and Doppler peak velocity
measurements plotted against the mean value of each pair . Mean
difference 0 .12 ; standard deviation of the difference 0 .23 ; confidence
interval (dashed lines) ±0.47, level of agreement 83% . See text for
details .

period during which accelerating or turbulent flows bring
about phase incoherence and loss of the final echo . The
shorter the echo time, the higher the threshold of turbulence
intensity at which signal is lost (14). This is also dependent
on the magnetic field strength and acquisition variables (15) .

Comparim between aortic flow in patients and beWthy
voluntem. Blood flow in the ascending and descending
aorta is phasic. Although the average flow in the ascending
and descending thoracic aorta in the control group is 6 .0 and
3.9 liters/min, respectively, peak systolic flow in these
vessels can be >40 and >30 liters/min, respectively (Fig. 3B,
Table 2) . In patients with aortic coarctation, flow in the
ascending aorta is quantitatively and qualitatively similar to
that of control subjects, However, the volume flow and the
flow waveforms in the descending aorta in patients with
significant coarctation are different from those in control
subjects. The waveforms are markedly damped by propaga-
tion through the narrowed aortic segment, and the volume
flow in this vessel is significantly reduced (Fig . 3A, Table 1) .
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Coaretation peak jet velocity and the modified Bernoulli
equation. A common method of assessing the hemodynamic
significance of coarctation is to use the modified Bernoulli
equation (AP = 4V2, where AP = pressure difference [in
mm Hg], and V = peak velocity [m/s]) to calculate the
pressure difference across the diseased segment from the
coarctation peak jet velocity measured by Doppler echocar-
diography (2) or by MRI velocity mapping (14). Although
useful in assessing vaivular disease, this approach in aortic
coarctation could have potential technical and physiologic
problems that could lead to underestimation of aortic nar-
rowing . The technical problem is encountered when there is
a long, tortuous coaretated segment, making it difficult to
contain the coarctation jet within the image plane, therefore
resulting in underestimation of velocity and the degree of
aortic narrowing (Table I) . Movement of patients during or
between data acquisition can lead to a similar inaccuracy .
The physiologic problem is related to the state of the
collateral vessels around the coarctation that lead to diver-
sion of blood flow away from the coarctation segment to the
lower part of the body . Because this will reduce the preload
on the coarctation; changes in blood velocity will not reflect
the true degree of aortic narrowing . This might explain the
poor correlation between peak coarctation jet velocity and
coarctation diameter index (Fig. 6), although inaccuracy in
the measurement of aortic diameter might be another factor .
It is therefore useful to measure the flow rate in addition to
peak velocity measurement when assessing aortic coarctation .

Measurement of aortic How in patients with coarclation .
An alternative or complementary approach is to measure
instantaneous as well as time-averaged flow distal to the
aortic narrowing . This has several advantages . I) It allows
easy measurement when the coarctation segment is nar-
rowed and tortuous, especially in small patients (Table 1,
Patients 17 and 25) . 2) It allows quantitative measurement of
the distribution of volume flow to be performed proximal and
distal to aortic narrowing, which is an important factor in the
development of signs and symptoms related to aortic coarc-
tation. It is also tempting to assume that the size of the global
collateral circulation can be estimated from the differential
distribution of flow in the ascending and descending thoracic
aorta. 3) Characterization of the flow waveforms and mea-
surement of peak instantaneous flow distal to the coarctation
are an additional advantage. In this study we showed a
relation between these measurements and aortic diameter
(Fig. 4 and 5) . As expected, the relation between descending/
ascending aorta mean flow and aortic diameter index is
curvilinear. In patients with a diameter index <3 mm/liter
per min these variables show a linear relation because of the
diversion of flow through the collateral vessels, whereas in
patients with a diameter index >3 mm/liter per min they are
within the uornial range and bear no relation .

However, a potential source of error in the measurement
of volume flow in the descending aorta is possible if flow
measurement is acquired above or below possible collateral
flow entry. A possible refinement of this technique would be
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to acquire flow data, in the four dimensions of space-time, in
the whole coarctation region . This should enable calcula-
tions of the volume of flow approaching an orifice to be
correlated with peak jet velocity, allowing calculation of
orifice area, it should also allow analysis of jet shape and
downstream flow . Such analysis could have a bearing on the
applicability (or otherwise) of the modified Bernoulli equa-
tion and might lead to development of new formulas for
calculating the rate of energy dissipation for a given rate of
flow through a particular stenosis, all of which could be
relevant to decision making with regard to the timing and
type of intervention .

Magnetic resonance imaging velocity ipping compared
with Doppler echocardiography . Althot this comparison
was done in a limited number of pati, its, the agreement
between measurements of coarctation peak jet velocity by
MRI velocity mapping and Doppler uhrasonography con-
firms our previous reports (14-18) and indicates that the new
technique has sullicient accuracy to be of clinical value. The
two techniques are complementary . Magnetic resonance
imaging velocity mapping is useful if the echo window i'a
limited or alignment of the ultrasound beam is inadequate,
because there is no limitation on velocity mapping for site or
direction of acquisition of data . This feature has proved to be
particularly valuable in patients with congenital heart dis-
ease, such as conduit stenosis (18) . The other major advan-
tage of velocity mapping is that volume flow can be calcu-
lated with high accuracy because of the simultaneous
acquisition of mean velocity and area of the vessel . Doppler
echocardiography is accurate for measuring velocity but
poor at assessing volume flow, especially when the flow
pattern is complex (Fig . I and 2) .

Limitations of magnetic resonance imaging velocity map-
ping . The limitations of cine MRI velocity mapping include
the relatively long acquisition times, the poor quality of
cardiac gated images in patients who have cardiac arrhyth-
mias, the confined bore of the magnet (which may preclude
use of the technique in patients with claustrophobia) and the
high cost of the machine . These limitations may become less
important with the development of real-time MRI velocity
mapping using an echo planar or other rapid imaging tech-
niques (19-21), open access magnets and cheaper hardware .

Conclusions . Magnetic resonance imaging can provide
noninvasive measurements of changes in aortic flow . We
established normal ranges and demonstrated abnormalities
in patients with aortic coarctation . These abnormalities are
most likely related to resistance to flow imposed by the
coarctation segment and could represent an additional index
for monitoring the hernodyna .-nic significance of coarctation
or recoarctation in patients before and after intervention .

We wish to acknowledge David Firmin, PhD, Peter Gatehouse, MSc and
Cynthia Sampson, FRCR for helpful contributions .
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