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FIG. 7.-Case 3, V.M. The right carotid and right brachial pulse tracings show a steep upstroke
compared to anacrotic pulse forms on the left side. The femoral artery pulse is also anacrotic.
The PCG shows a mid-systolic murmur and well-defined aortic second sound.
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FAMILIAL SUPRAVALVAR AORTIC STENOSIS

PCG 3L.&

FIG. 8.-Case 4, E.C. An anacrotic left carotid artery
pulse is present. The PCG shows the mid-systolic
murmur and well-defined aortic second sound.

carotid pulse tracing are shown in Fig. 8. The cardiac impulse was not localized but a systolic thrill was
palpable at the base, in the suprasternal notch, and over both carotid arteries. An associated mid-systolic
murmur was maximal in the suprasternal notch. The aortic and pulmonary second sounds were normal
and there was no systolic click nor was there a diastolic murmur. The electrocardiogram showed marked
left ventricular hypertrophy which was also evident on the chest film. There was no visible aortic valve
calcification.

The clinical diagnosis was of left ventricular obstruction due to supravalvar stenosis. The patient
refused further investigation.

Case 5. (Fig. 1: IV.6.) A. McA., aged 2 years, had a heart murmur detected shortly after birth.
There were no obvious external congenital defects and there had not been any cyanosis. The arm and
carotid pulses were unequal, those on the right being more prominent. The blood pressure in the right arm
was 180/0 and in the left arm 120/70 mm. Hg. The femoral pulses were not delayed. A systolic thrill was
palpable over both carotid arteries and in the suprasternal notch with an associated loud mid-systolic mur-
mur. The second sound was normally split and there was no systolic click nor was there any diastolic
murmur. The electrocardiogram and chest films were normal.

The phonocardiogram showed an ejection type of systolic murmur. No further investigations have so
far been performed. This patient has a normal twin sister. The clinical diagnosis was of supravalvar
aortic stenosis.

Case 6. (Fig. 1: IV. 8.) J. McA., age 2 years, was cyanosed at birth, and systolic and diastolic mur-
murs were heard at the base. The possibility of a patent ductus arteriosus was considered. The cyanosis
cleared within a few weeks and the infant has since been well and symptom free.

On examination, there were epicanthic folds present without any other facial abnormality. The arm
pulses were equal and the blood pressure in the right arm was 95/65 and in the left leg 100/65 mm. Hg.
A prominent aortic systolic thrill and mid-systolic murmur were present in the suprasternal notch over both
carotid arteries, more readily detected on the right than the left, and also faintly at the left sternal edge.
The aortic and pulmonary second sounds were normal and there was no systolic click nor was there any
diastolic murmur. The femoral pulses were normal.

The electrocardiogram showed slight prominence of the left ventricle. The chest film was normal.
Phonocardiography showed the presence of a mid-systolic murmur. The clinical diagnosis was of probable
supravalvar aortic stenosis.

DISCUSSION
Though there have been occasional necropsy reports of supravalvar aortic stenosis (Archer,

1878; Mencarelli, 1930; Lev, 1953; Cheu, Fiese, and Hatayama, 1957; Burry, 1958), attention was
initially drawn to the importance of distinguishing it from valvar aortic stenosis by Denie and Ver-
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heugt (1958). A review of published descriptions of supravalvar stenosis reveals several features,
well illustrated by the cases described here, that may enable the diagnosis to be made from a clinical
examination.

Marked pulsation of the right carotid artery and inequality of the arm pulses were present in
5 of 6 patients of the present series. This had previously been noted by Morrow et al. (1959); Han-
cock (1961); Williams, Barratt-Boyes, and Lowe (1961); Wooley et al. (1963); Beuren, Apitz, and
Harmjanz (1962); Franch and Oran (1963); Lurie and Mandelbaum (1963). Associated with the
pulse inequality either the systolic blood pressure or the pulse pressure has been greater in the right
than the left arm. In 4 of the 6 patients described here indirect carotid, brachial, and femoral
pulse forms have been recorded with a piezo-electric microphone to demonstrate graphically the
differences between the two sides. Representative tracings are shown in Fig. 2, 4, 7, and 8.

There are three possible explanations for the pulse inequalities. First, a coarctation of the aorta
between the origins of the innominate and left carotid arteries could produce prominent right
carotid and right brachial pulses and smaller left carotid and left brachial pulses. Cases 1 and 2
of this series, where angiography has been done, show narrowing or kinking of the aorta, but it
is distal to the origins of the left carotid and subclavian arteries.

An alternative anatomical explanation would be an abnormality at the origin of the main vessels
from the aortic arch. Franch and Oran (1963) demonstrated a peak systolic gradient between the
arch of the aorta and left carotid artery in a patient with aortographic evidence of narrowing of the
orifices of the left carotid and left subclavian arteries. In another patient with supravalvar aortic
stenosis and asymmetrical pulses they found at necropsy intimal and medial thickening of the
ascending aorta which narrowed the orifices of the main vessels arising from the arch. In Case 2
of this series there is slight narrowing of the origin of the left subclavian artery visible on the angio-
gram.
A third possible explanation for the pulse inequalities in supravalvar stenosis is that the left ven-

tricular outflow is directed by the stenosis in a "jet" towards the innominate artery producing
abnormal right brachial and carotid pulses. A patient described by Morrow et al. (1959) developed
a saccular aneurysm close to the origin of the innominate artery, which could have been related to
the trauma of jet impact. Further evidence of the presence of a "jet" can be seen on angiograms.

In patients with supravalvar aortic stenosis more than one factor may be responsible for the
production of the pulse wave inequalities which have frequently been observed. A study of the
pulse waves as described by Epstein and Coulshed (1964) provided useful information. The up-
stroke time (u), the ejection time (E-T), and the ascending index (u/E-T ratio) were measured. The
right-sided pulses showed a steep ascent, a short upstroke time, and a low ascending index. By
contrast the left-sided pulses were anacrotic with prolongation of both the upstroke time and the
ejection time and a high ascending index (Table). From this Table it can be seen that Cases 2, 3,
and 4 have an ascending index on the left side that is compatible with severe aortic obstruction.
Unfortunately representative tracings of the right carotid and right brachial arteries could not be
obtained from Case 4.

Localized narrowing of the origins of the left carotid and subclavian arteries could be responsible
for anacrotic left carotid and left brachial pulse forms. However, the femoral pulses, recorded in
three of our patients, were also anacrotic and resembled the left arm and neck pulses (Fig. 2, 4, and 7).
In the absence of coarctation of the aorta an anacrotic femoral pulse reflects an anacrotic pulse
form in the central aorta distal to the supravalvar stenosis. Central aortic catheter tracings in a
number of published case reports confirm an anacrotic pulse beyond the stenosis (Denie and Ver-
heugt, 1958; Morrow et al., 1959; Dotter et al., 1961; Hancock, 1961). These findings support
the hypothesis of a jet of blood directed towards the innominate artery producing an alteration in
the basic aortic pulse contour. Franch and Oran (1963) described a patient with a higher systolic
pressure in the innominate artery than in the aorta apparently due to this phenomenon. In aortic
valve stenosis it is unusual in adults to find any significant difference between the pulses on the two
sides.
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In addition to the abnormal features in the carotid and brachial pulses the mid-systolic murmur
and thrill appear to be situated at a higher site than in aortic valve stenosis. They were especially
prominent in the first right intercostal space and the suprasternal notch radiating into both carotids,
especially the right. No patient in this series had a systolic click or aortic diastolic murmur. The
aortic second sound was audible in all cases. An aortic diastolic murmur has been present in some
of the reported cases; its presence, therefore, does not exclude a supravalvar stenosis (Denie and
Verheugt, 1958; Morrow et al., 1959; Wooley et al., 1963). Hancock (1961) has described the only
patient in whom a systolic click has been recorded.
A history of cyanosis for several weeks after birth in a patient with signs of aortic obstruction

may be helpful. This history was given by Case 2 (III.21) and Case 6 (IV.8). The latter patient
had evidence of a patent ductus arteriosus in infancy. The cyanosis cleared within a few weeks
but the patient, now 2 years old, has a loud basal systolic murmur and features suggestive of supra-
valvar stenosis. It is possible that the aortic obstruction produces hemodynamic effects that alter
the mechanism of closure of the ductus. Brody (1942) described a patient with an obstructing band
across the aortic root in whom the ductus had remained patent for much longer than normal. A
case reported by Morrow et al. (1959) had a patent ductus arteriosus.

Dilatation of the ascending aorta is not found in supravalvar aortic stenosis, and the vascular
pedicle has been described as unusually narrow (Dotter et al., 1961; Beuren et al., 1962). A dilated
ascending aorta in a patient with the clinical signs of aortic stenosis makes the diagnosis of supra-
valvar stenosis unlikely.

One of the most striking features sometimes found in association with supravalvar stenosis, but
not present in the cases reported here, is a peculiar facial appearance first described by Williams
et al. (1961). They described 4 patients all mentally retarded, and the close facial resemblance of
the patients to one another was remarkable. In addition, these patients had blue irises and tor-
tuous retinal vessels. Similar findings to those of Williams have been reported by Beuren et al.
(1962); Palmer et al. (1963); Joseph, Polani, and Gold (1963); and Black and Bonham Carter (1963).
Of the patients in whom supravalvar stenosis was associated with subnormal intelligence and
abnormal facies, one described by Palmer et al. (1963) and Palmer (1963) had abnormal chromo-
somes. This patient exhibited mosaicism and had an extra group 19-20 chromosome in most of
his cells. Two other patients in Palmer's series who had abnormal facies and low intelligence had
normal chromosomes. De Grouchy and Emerit (1963) found normal chromosomes in two patients
of this type and Eberle and Beuren (1963) found normal chromosomes in three further patients with
supravalvar stenosis, abnormal facies, and low intelligence.

Recently Black and Bonham Carter (1963) described 5 patients who appeared to have aortic
stenosis associated with abnormal facies and mental retardation. These patients were previously
thought to have the severe type of hypercalcxmia of infancy. Full cardiological studies in one
patient showed supravalvar aortic stenosis. In the other 4 the exact site of outflow obstruction was
not determined. Chromosome studies were not carried out. However, Joseph et al. (1963)
reported normal chromosomes in a girl of 10 who had severe infantile hypercalcemia and now has
moderate aortic stenosis (site undetermined) with abnormal facies and mental retardation. The
resemblance of the patients described by Williams et al. (1961) to those described by Black and
Bonham Carter (1963) is striking and some cases of supravalvar stenosis in mentally retarded
patients who have abnormal facies may be associated with the severe type of hypercalcemia of
infancy. Fletcher (1957) and Rashkind, Golinko, and Arcasoy (1961) described abnormal aortic
valves in patients with the severe type of hypercalcemia, and, therefore, some of the patients with
this condition may have aortic valve stenosis rather than supravalvar stenosis.

In 10 patients with supravalvar aortic stenosis associated with a "peculiar" facial appearance
and mental retardation, multiple peripheral pulmonary artery stenoses have been found by Beuren
et al. (1964). Of the 3 patients having chromosome studies the karyotypes were normal. Two of
our patients (Cases 1 and 2), in whom right-sided catheter studies were performed, showed no
pulmonary artery gradients.
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A familial occurrence of supravalvar aortic stenosis was first reported by Sissman et al. (1959)
in a 70-year-old woman and her grandson. Both the mother and a sister of this woman had con-
genital heart disease but no further information was available. Wooley et al. (1961, 1963) described
two further affected families in their series of patients: a mother and son in one family and a brother
and sister in another. Franch and Oran (1963) reported an affected brother and sister and Palmer
et al. (1963) described three affected families. In two of these families, sibs were affected and in the
third family both a sib and a child of the propositus had supravalvar stenosis.

The family reported here (Fig. 1) illustrates the occurrence of supravalvar stenosis in three suc-
cessive generations and probably in a fourth generation (1.1). As far as can be ascertained, there
are no consanguineous marriages in the family. Both sexes are affected as in the other reported
families. In this family two members have been shown to have supravalvar stenosis. A further
four members are considered to have supravalvar stenosis on clinical grounds. Three other mem-
bers of the family about whom only limited information is available have been classified as possible
additional cases of supravalvar aortic stenosis. Chromosome studies in one patient (111.21) were
normal. The pedigree suggests a dominant Mendelian inheritance, but the ratio of affected to
normal individuals is less' than the expected 1:1 so there is incomplete penetrance. If there are two
congenital heart lesions in a family the malformations are more likely to be concordant than dis-
cordant (Lamy, de Grouchy, and Schweisguth, 1957). III.19 died in infancy with congenital heart
disease, said to be a "patent foramen ovale", but complete data were not available.

A review of earlier reports shows that there are several anatomical varieties of supravalvar aortic
stenosis. Most frequently the lesion is a discrete waist-like narrowing above the aortic valve cusps.
On occasion there may be narrowing of a segment of the ascending aorta, or more rarely the entire
ascending aorta and arch may be hypoplastic. A few cases of obstructing supravalvar membranes
and bands have been reported. There was no obvious association between the anatomical varieties
of supravalvar aortic stenosis and the clinical types.

We propose the following clinical classification. (1) Non-familial-sporadic: normal facial
appearance and intelligence. (2) Familial: normal facial appearance and intelligence. (3) Syndrome
of abnormal facial appearance and mental retardation: (a) normal chromosomes and occasional
association with severe infantile hypercalcxmia or multiple peripheral pulmonary artery stenoses;
and (b) abnormal chromosomes.

SUMMARY
Six patients with supravalvar aortic stenosis have been described who are all members of the

same family. The disorder was found in three generations and possibly in a fourth generation.
Chromosome studies in one patient were normal. The pedigree shows that the supravalvar stenosis
was inherited as a Mendelian dominant.

The diagnosis is suggested by certain clinical features. The principal ones are a history of
cyanosis in infancy, inequality between the right and left arm and neck pulses, and an unusually
high basal systolic murmur. In addition there is a narrow vascular pedicle on the plain chest film
without any dilatation of the ascending aorta. External recordings of the carotid and brachial
pulses may be helpful. The systolic ejection time is prolonged when there is significant obstruction,
as in aortic valve stenosis, and the pulse contours show a difference in the upstroke time between
the right and left sides. These findings, in a patient with evidence of left ventricular outflow obstruc-
tion, show that further investigation by left heart catheterization and angiography is necessary.

Supravalvar aortic stenosis has a diverse etiology, and a clinical classification is suggested.

We are grateful to Dr. S. Walker9of The Chromosome Unit, Liverpool Radium Institute, for several chromosome
studies on Case 2.
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