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SUMMARY Nineteen infants with suspected coarctation of the aorta were studied with electrocar-
diographically gated magnetic resonance imaging on a 1-5 T whole body imaging system. In all
cases imaging was successful and produced diagnostic images of high resolution. Coarctation was
shown in 12 cases. The position and shape of the coarctation were well displayed by the magnetic
resonance images. In addition, they clearly showed the relation ofthe coarctation to arteries arising
from the aortic arch and to the length and diameter of the aortic isthmus and the distal aortic arch.
The anatomy was confirmed at operation in all 12 patients, except for two with a small ductus
arteriosus (arterial duct), which was not seen in the magnetic resonance images. In the seven

remaining patients, coarctation was excluded.
Magnetic resonance imaging produced high quality images that showed the anatomy better than

other non-invasive methods. It provided all the anatomical information required for surgical
correction.

Magnetic resonance has been promoted as an impor-
tant advance in the imaging of congenital malform-
ations ofthe heart and great vessels.' As yet, however,
there is little evidence that it will either supplant or
supplement established imaging techniques. There is
no experience in very young children, the age group
in which most cases of coarctation now present.2 We
report our experience ofimaging the aorta in a group
ofinfants with suspected coarctation with a high field
strength magnetic resonance imaging system. The
superior spatial resolution of such a system makes it
particularly suitable for this age group.

Patients and methods

PATIENTS
Nineteen infants, aged between three days and 10
months, were imaged (table). In every case there was
clinical or echocardiographic suspicion ofcoarctation
of the aorta. Infants who were in severe heart failure
that required intravenous inotropic support or ven-
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tilation were not included; otherwise there were no
selection criteria. Four of the patients studied
(patients 4, 5, 6, and 10) subsequently had aorto-
grams. Surgical correction was performed in all
the cases in which coarctation was confirmed by
magnetic resonance imaging.

METHODS
The infants were fed just before the imaging
procedure and, ifnecessary, sedated with 75 mg/kg of
chloral hydrate. They were imaged by a 1-5 T whole
body imaging system (Gyroscan) manufactured by
Philips Medical Systems. Electrocardiogram elec-
trodes were placed closely around the left nipple, an
arrangement that minimises the distortion of the
electrocardiogram produced by the movement of
blood within the high magnetic field. The electro-
cardiogram was transmitted by a telemetry system.
The infants were wrapped in a blanket and their
movement was restricted by a firm foam mattress
curved in a semicircle around them. They were
imaged while supine in a 32 cm diameter proton head
coil.

Electrocardiographically gated sections (5 mm
thick), separated by 0 5 mm, were simultaneously
acquired by a spin echo sequence with an echo time of
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Table Details ofpatients studied

Surgical
findings

Number Age Anatomy shown by magnetic resonance where different

1 3 wk Discrete shelf, mild isthmal hypoplasia Small arterial duct
2 3 wk Waist lesion, no isthmus, mild distal arch hypoplasia Agree
3 8 days Discrete shelf, severe isthmal hypoplasia, patent arterial duct Agree
4 17 days Mild isthmal narrowing, no coarctation
5 6 days Discrete shelf, anomalous right subclavian artery proximal to coarctation Agree
6 2 mnth Anomalous pulmonary veins to coronary sinus, coarctation excluded
7 5 days No coarctation
8 6 wk Discrete shelf, mild isthmal hypoplasia, ventricular septal defect Agree
9 10 mnth Waist lesion, no isthmus Agree
10 3 mnth Hypoplasia of abdominal aorta, no coarctation
11 3 days Normal aortic arch
12 3 mnth Discrete shelf, mild isthmal hypoplasia Agree
13 1 mnth No isthmus, hypoplasia of distal arch, ventricular septal defect, subaortic infundibulum Small arterial duct
14 2 mnth Mild isthmal hypoplasia, discrete shelf, small ventricular septal defect Agree
15 10 days Mild isthmal hypoplasia, no coarctation
16 2 mnth Severe isthmal hypoplasia, discrete shelf Agree
17 12 days Normal aortic arch
18 7 wk Waist lesion, hypoplasia of distal arch, no isthmus Agree
19 6 wk Discrete shelf, distal arch and isthmal hypoplasia Agree

30 ms. The matrix used was 256 x 256, with a typical
pixel size of0 75 mm. To reduce acquisition time we
used 180 phase encoding gradients instead of the
usual 256 to produce the image. Two acquisitions
of each phase encoding step were averaged. This
resulted in a typical scan time for one set of seven
sections of about six minutes.

In every case, the initial series ofsections was in the
transverse plane of the body, encompassing the
structures between the arch of the aorta and the
diaphragm. This, typically, required seven to nine
sections. Subsequent imaging planes, oblique to the
standard planes ofthe body, were chosen to show the
area of suspected coarctation. The angles for these
planes, chosen individually in each patient, were
determined directly from the initial series of trans-
verse images. The most valuable imaging plane for
the aortic arch was found to be an obliquesagittal,
rotated around a vertical axis, to show the aortic arch
(figs 1-5). Occasionally, the imaging plane had to be
additionally rotated around an anterioposterior axis
to show the aortic arch optimally. A coronal plane,
which showed the descending aorta, was also useful
in some cases.

In all the patients with coarctation, the area of
narrowing was shown in the oblique sagittal plane
and at least one other plane, either the transverse or
coronal. In most patients it was imaged in all three
planes.

Results

Images of diagnostic quality were obtained in every
patient. There were no imaging failures. In all
patients the electrocardiographic gating was satisfac-

Fig 1 A normal aortic arch in a three day old infant
(patient 11). This image is in an oblique sagittal plane
rotated around a vertical axis. There is some mild isthmal
narrowing but no coarctation. Cross sectional
echocardiography did not rule out the presence of coarctation.
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Fig 2 An oblique sagittal section in a three month old infant
with coarctation. There is a discrete shelf across the
descending aorta. The length of the aortic isthmus and the
relation of the coarctation to the left subclavian artery is
clearly seen. There is only very mild isthmal hypoplasia.

Fig 3 An oblique sagittal section in another patient aged 10
months with coarctation. In contrast with the anatomy in
figure 2, there is a waist like narrowing of the descending
aorta. The origin of the left subclavian artery arises at the
level of the coarctation and so there is no isthmus.

Fig 4 An oblique sagittal section in an infant with a very
long, hypoplastic isthmus (between the arrows). The
coarctation forms a discrete shelf rather than a waist.

tory. The diagnosis of coarctation was confirmed in
12 infants. It was excluded in seven. In the first case
in which it was excluded (patient 4), we lacked
experience in interpreting the magnetic resonance
images and so the clinical picture prompted inves-
tigation by angiography. The aortogram confirmed
normal aortic anatomy. In all the subsequent cases
the diagnosis based on magnetic resonance imaging
was accepted. Angiography was performed in two
other negative cases (patients 6 and 10) to define
aspects of the cardiac anatomy other than the aortic
arch. In one positive case the arrangement of the
branches of the aortic arch was unclear. An aorto-
gram was performed before surgical correction to
clarify this. The right subclavian artery arose
anomalously just proximal to the coarctation and, in
retrospect, this could be seen in the coronal images of
the coarctation in this patient. In all the remaining
positive cases, surgical correction was performed
without further investigation.

Surgical correction confirmed the anatomy in all
the patients with coarctation. But in two patients
small arterial ducts (ductus arteriosus) were found at
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Fig 5 An oblique sagittal section in an infant with
coarctation in theform of a shelf (lower arrow). There is no
isthmus and a dilated left subclavian artery (upper arrow)
can be seen arisingjust proximal to the shelf. In this case
there is considerable hypoplasia of the distal aortic arch
proximal to the origin of the left subclavian artery.

operation that were not seen in the magnetic reson-
ance images. In practice this was not of clinical
importance. In one patient a large arterial duct was
shown by magnetic resonance imaging (case 3).
The presence or absence of obstruction in the

thoracic aorta could invariably be shown in the initial
transverse series of images. Further oblique sagittal
images were, however, obtained in all cases to display
the anatomy of the aortic arch clearly. From such
images the diameter and length of the aortic isthmus
were evident. The coarctation shelf, itself, gave a
very intense magnetic resonance signal in these Ti
weighted imnages. Images obtained in the coronal
plane were valuable in defining the relation of the
coarctation to the vessels arising from the aortic arch,
particularly the left subclavian artery.

Discussion

To date magnetic resonance imaging of the heart has
generally been performed with systems that use low
and medium field strengths,o 0o6 T." It was
thought that it would be difficult to achieve cardiac
gating in strong magnetic fields such as1ry5 T. This is
because the electrocardiographic signal is distorted
by the flow of blood in the high magnetic field. But

the newer, high field strength imaging systems have a
potentially important advantage for the study of
congenital heart disease. The signal to noise ratio
from these systems is considerably better than from
those that use low and medium strength fields and so
a more favourable compromise between spatial
resolution and imaging time can be achieved. These
advantages are especially valuable when infants are
studied. A major criticism ofpublished reports is that
there is almost no experience in the use of gated
magnetic resonance cardiac imaging in infants.
Indeed, most workers specifically avoided imaging in
this age group. Because almost all patients with
congenital heart disease present in the first year of
life,2 the anatomical diagnosis of cardiac defects is
now generally performed in infancy. An imaging
technique, to be ofvalue, must be capable ofproduc-
ing high quality images in this age group.
As we have shown, magnetic resonance images can

define the position of the coarctation in the aortic
arch, its relation to the arterial duct and the arteries
-arising from the arch, the length and diameter of the
aortic isthmus, and whether the coarctation is a
discrete shelf or a waist lesion.' Identification of the
coarctation is greatly helped by the intensity of the
signal from the shelf itself. In infants, this is usually
made up of tissue originating from the arterial duct
(ductus arteriosus).6 We always made certain that the
shelf could be seen in images in at least two different
planes, thus ensuring it was not an artefact produced
by the oblique transection of the aorta. In practice,
this does not seem to be a problem. In none of our
normal patients were the appearances of the aortic
arch ambiguous.
We believe that our experience shows that high

field strength magnetic resonance imaging can con-
sistently produce high resolution cardiac images in
infants. In this series, we have shown that it is
possible, with great clarity, to image the aortic arch.
The images were of much higher resolution than
those obtained with cross sectional echocardio-
graphy.' In addition, magnetic resonance imaging is
non-invasive and safe. It does not use any ionising
radiation. It provides all the anatomical information
required for surgical repair of the anomaly. It thus
has many advantages for studying this age group. Its
clinical role requires further evaluation.
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