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Cross sectional echocardiographic assessment of the
aortic root and coronary ostial stenosis in familial
hypercholesterolaemia
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SUMMARY Aortic root abnormalities (atherosclerotic thickening and obstruction) seen at necropsy

may readily be detected by aortography in familial hypercholesterolaemia. We studied 35 patients
with familial types IIa and IIb hyperlipoproteinaemia including three homozygotes and 32 heterozy-
gotes. Two homozygotes showed abnormal bright echoes (atheroma) encircling the proximal aortic
root, which interfered with full excursion of the aortic cusps. One homozygote showed the typical
echocardiographic features of supravalvular aortic stenosis at the superior border of the sinus of
Valsava with normal aortic cusps. Cardiac catheterisation showed valvular gradients of 15 and 80
mm Hg in two homozygotes and a supravalvular gradient of 40 mm Hg in the third. Left coronary
artery ostial stenosis was identified by echocardiography in all three homozygotes. Echocardio-
graphic measurements of the aortic root in the 32 heterozygotes were similar to the control group,
but 10 patients showed abnormal bright echoes within the aortic cusps and four had supravalvular
changes similar to, but less severe than, the homozygotes. In one severely heterozygote supravalvu-
lar atheroma prevented full aortic cusp excursion, and this finding was confirmed during coronary
artery bypass surgery.

Patients with homozygous familial hypercholes-
terolaemia have a high mortality due to premature
atheroma,' which predominantly affects the proximal
coronary arteries and aortic root.2
The aortic valve and root in homozygotes are thick-

ened and infiltrated by atheroma. Histologically,
these lesions consist of atheroma with a large number
of foam cells, and they have a high cholesterol con-
tent.2 The deposition of intracellular lipid and the
finding of cholesterol crystals within the aortic valve is
pathognomonic for this condition and can lead to
severe aortic stenosis.34 Aortography shows charac-
teristic aortic root funnelling.5 Involvement of the
aortic valve is considered a unique feature of the
homozygote.6 An aortic systolic murmur has, how-
ever, been reported in 300/o of heterozygotes.7
Pathological studies in heterozygotes showed frequent
supravalvular atheroma deposition, but aortic valve
involvement was found in only one of 11 patients.2
The purpose of this study was to assess the use of
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cross sectional echocardiography for identifying aortic
root lesions and coronary artery ostial stenosis in
homozygotes and to determine whether similar
abnormalities were present in heterozygotes.

Patients

Thirty five patients with familial hypercholes-
terolaemia attending the Hammersmith Hospital lipid
clinic were studied, of whom three were homozygotes
and 32 were heterozygotes.

HOMOZYGOTES
Three males (aged 14, 19, and 25 years), who were all
receptor defective and who have been previously
described in detail5 had pretreatment serum choles-
terol concentrations of 16, 18, and 22 mmoIIl (618,
695, and 849 mg/100 ml) respectively. All were
undergoing plasma exchange at two-weekly intervals.

HETEROZYGOTES
Thirty two patients (22 males, 10 females), with a
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mean age of 42*7± 11.7 years had pretreatment serum
cholesterol concentrations (mean±SD) of 8*8±2.0
mmol/l (340± 77 mg/100 ml). The diagnosis of famil-
ial hypercholesterolaemia was based on serum choles-
terol concentration :7-5 mmol/l (290 mg/100 ml) and
the presence of tendon xanthomata or a history of
hypercholesterolaemia with tendon xanthomata or
premature myocardial infarction in a first degree rela-
tive. All heterozygotes were on a cholesterol lowering
diet and many were also taking cholestyramine,
nicotinic acid, or probucol.

CONTROLS
Thirty two age matched healthy normolipidaemic
controls were included for comparision.

Methods

All patients underwent standard cross sectional
echocardiographic study in the partial left lateral posi-
tion with an ATL MI mechanical sector scanner using
parasternal and short axis views. Measurements of
aortic root dimensions were made from sector guided
M mode traces at end diastole, and an average meas-
urement from five consecutive cardiac cycles was
obtained. Echocardiograms were inspected for aortic
root or valve abnormalities, especially cusp or wall
thickening. Two sets of echocardiographic measure-
ments were made. (1) In the three homozygotes and in
one heterozygote comparisons with standard cineaor-
tographic measurements were made by measuring the
diameter of the inner aspect of the aortic root at three
levels: (a) aortic annulus; (b) upper border of sinus of
Valsalva; and (c) 1 5 cm above (b). (2) In all the
remaining heterozygotes standard echocardiographic
aortic root measurements were made in the long axis
view both at the annulus and at the mid-level of the
sinus of Valsalva.8
Three homozygotes and one heterozygote under-

went contrast cineaortography, measurements (as
described above) being made in the right anterior
oblique and left lateral projections and corrected for
magnification.

Angiographic and echocardiographic measure-

ments were made by different observers. Values are

quoted as mean± 1 SD, and the Mann Whitney U test
was used to test the differences between means.

Results

HOMOZYGOTES
Similar (within 0*3 cm) echocardiographic and
angiographic measurements of aortic root dimensions
were obtained in all three subjects (Table). Abnormal
bright echoes could be seen encircling the aortic root,
especially within the sinus of Valsalva, suggesting
generalised funnelling of the supravalvular aorta. One
of the homozygotes (case 1) showed a considerable
reduction (47%) in the supravalvular aortic dimension
at the superior border of the sinus of Valsalva when
compared with the aortic diameter at the annulus
without any limitation of the motion of the aortic
valve cusps (Fig. 1); at cardiac catheterisation a sup-

ravalvular gradient of 40 mm Hg was noted. The
other homozygotes showed moderate supravalvular
narrowing (32 and 23%), but the site of
haemodynamic obstruction was valvular (gradients of
15 and 80 mm Hg). In both cases a bright mass of
echoes indicated atheroma in the sinus of Valsalva,
which interfered with the opening of the right and
non-coronary aortic valve cusps (Fig. 2). This finding
was confirmed at cardiac surgery in one patient. The
aortic cusps were thickened particularly in the basal
portion, and both patients had a gradient at the valvu-
lar level. One homozygote also showed generalised
mitral valve thickening (Fig. 2a). Serial parasternal
short axis views showed extension of the abnormal
aortic root with bright echoes extending into the
origin of the left main coronary artery in all three
homozygotes (Fig. 3).

HETEROZYGOTES
The main aortic root dimensions were 2*8±0*4 cm
(annulus) and 3-1±0*5 cm (mid-sinus of Valsalva).
These were similar to dimensions in normal controls
(3 0±0*4 cm and 3 3±0 3 cm respectively). Ten
patients had abnormal bright echoes arising from the
aortic valve; in six more than one cusp was affected.
The non-coronary cusp was affected in eight, and
right and left coronary cusps in seven and three

Table Echocardiographic and angiographic measurements of the aortic root diameter

Case No. Annulus Supenor border ofsinus of Valsalva 1-5 cm above sinus of Valsalva Aortic gradient (mm Hg)

Echo Angio Echo Angio Echo Angio

1 Homozygote 1-9 1-8 1-0 1-0 2-6 2-7 40 (supravalvular)
2 Homozygote 2-2 P-9 1-5 1-7 2-5 2-4 80 (valvular)
3 Homozygote 2-1 2-1 1-7 1-5 2-5 2-4 15 (valvular)
4 Heterozygote 1-8 2-1 1-4 2-6 2-6 2-7 15 (valvular)

Echo, echocardiographic measurement; Angio, angiographic measurement.
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Fig. 2 Case 2 (homozygote). Parasternal long axis view (a)
showing many abnormal bright echoes within the aortic root
(atheroma) extending upwards from the aortic valve and
interfering with aortic cusp excursion. Note generalised
thickening of the anerior le4fet of the mitral valte (arrows). (b)
Aortogram (left lateral projection) showing the characteristic
aortic root funnelling.

Fig. Case I (homozygote). Parastermal long axis view (a)

showing supravalvular aortic stenosis (arrows) and normal aortic
cusps. Fig. Ib and c shov supravalvular narroing (arrows) on

a left lateral aortogram and right anterior oblique left
venticulogram.

heterozygotes respectively. Four had abnormal bright

echoes encircling the aortic root, three of whom had
mild supravalvular narrowing similar to, but less
severe than, that seen in case 1. One heterozygote had
a 22% reduction in the supravalvular aortic dimension

(Table). All three aortic valve cusps were thickened,
but their opening was restricted by the supravalvular
narrowing (Fig. 4); this was confirmed at coronary
artery bypass surgery, when a 15 mm valvular gra-
dient was also found.

Discussion

Previous angiographic studies have shown charac-
teristic aortic root funnelling, which is often associ-
ated with aortic valvular gradients, in patients with
homozygous familial hypercholesterolaemia.S We
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LA
(b)

Fig. 3 Case 3 (homozygote). Echocardiogram (a) with
diagrammatic representation (b) ofa short axis parasternal viewv
showing left coronary ostial stenosis (arrows). PA, pulmonary
artery; LA, left atnwum, Ao, ascending aorta; LM, left main
coronary artery.

have shown that echocardiography and angiography
give comparable results and that a wide spectrum of
abnormalities may be seen. Abnormal bright echoes
arising from the aortic root and valve were often
noted, and in two homozygotes and one heterozygote
supravalvular atheroma prevented full aortic valve
opening and was responsible for the valvular gra-
dients. Supravalvular narrowing was clearly seen in
one homozygote by cross sectional echocardiography
and confirmed by the presence of a supravalvular
pressure gradient. Only one previous case of pro-
nounced supravalvular aortic stenosis has been
described in a homozygote.9 A considerable reduction
in aortic lumen has to be present before a gradient
develops, and premature coronary artery disease
dominates the clinical picture.2910 In two of our
homozygotes the mechanism of valvular stenosis was

secondary to supravalvular atheroma preventing nor-

mal cusp motion. Classic hourglass supravalvular aor-
tic stenosis with echocardiographically normal cusps
was also shown. In addition, one homozygote showed
generalised mitral valve thickening. This can lead to
haemodynamically important stenosis if calcification
occurs. "I 12

Cross sectional echocardiography offers an oppor-
tunity to study less severely affected patients in whom
invasive investigations may not be justified. Of 32
heterozygotes 22 were normal, but 10 had abnormal
echoes arising from the aortic valve or root. In three
heterozygotes supravalvular changes similar to those
in homozygotes were noted, and one had aortic valvu-
lar stenosis. This patient also had abnormal bright
echoes within the sinus of Valsalva, which were
associated with limitation of full excursion of the
cusps. While coronary and peripheral artery stenosis
may be found in both homozygotes and heterozy-
gotes, aortic valve lesions were believed to be unique
to the former.6 We have shown, however, that
heterozygotes may have aortic valve abnormalities,
root thickening, and narrowing in a similar (but usu-
ally less severe) manner to homozygotes. This is not
surprising as it is possible that the serum cholesterol
concentration determines the rate of deposition of
lipid and overlap may occur between heterozgotes and
homozygotes.

Aortic valve and root lesions consist of foam cells,
cholesterol crystals, and fibrocalcific deposits.2 The
intracellular lipid and cholesterol crystals within the
aortic cusps differentiate these lesions from other
causes of aortic valve disease. Similar lesions may be
induced experimentally in rats fed on a high choles-
terol diet.13 The mechanism of atheroma formation is
probably an increased influx of low density lipopro-
tein in areas of high sheer stress, such as the sinotubu-
lar junction and aortic and mitral valves.'4 The
tricuspid and pulmonary valve are not affected,
perhaps because they are not submitted to such great
sheer stress.

Cholesterol concentrations in homozygotes may
vary widely depending on the available number of cel-
lular receptors.'5 These range from 0 to 10% of the
normal number of low density lipoprotein recep-
tors,'6 which probably explains the wide age range of
morbidity and mortality in homozygous familial
hypercholesterolaemia. Myocardial infarction can
occur as early as 18 months of age, but survival
beyond the age of 30 has also been reported. Most
homozygotes, however, die before the age of 25.'7
The left main coronary artery may be identified by

cross sectional echocardiography, and stenosis has
been shown in some patients.'8 Our homozygote
patients were young, but we found left coronary ostial
stenosis in all three; right coronary ostial stenosis was
not recognised in one homozygote, however, in whom
it was shown by coronary angiography.

In conclusion, cross sectional echocardiography
may show valvular or supravalvular obstruction and
coronary ostial stenosis in patients with homozygous
familial hypercholesterolaemia. In addition,
heterozygotes may show similar aortic root and valve
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b

Fig. 4 Case 4 (heterozygote). Echocardiogram (a) with diagrammatic representation (b) ofa parastemal long axis view shozving an
abnormal bright mass ofechoes (atheroma) within the sinus of Valsalva interfering with aortic cusp excursion (arrows). Note the
abnormal thickened basal portion of the aortic valve. Aortogram (c) (left lateral projection) showing aortic root funnelling, similar to
the homozygote. Supravalvular aortic calcified atheroma (arrows) (d) on a right anterior oblique left ventriculogram. Ar, aortic root;
Av, aortic valve; LV, left ventricle; IVS, interventricular septum; LA, left atrium.

abnormalities, although these are usually less severe. I
Serial cross sectional echocardiographic studies may
well prove useful for monitoring the progress of the
disease and the effect of treatment such as plasma
exchange.
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