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Abstract Objective: To study coronary artery haemodynamics in adolescents with homozygous familial
hypercholesterolaemia and aortic supravalvular stenosis. Methods: Patients diagnosed with familial hyper-
cholesterolaemia who were younger than 16 years and who had undergone transthoracic echocardiography from
2007 to 2010 were included in this study. We included patients with homozygous familial hypercholesterolaemia
and aortic supravalvular stenosis and those with heterozygous familial hypercholesterolaemia. All patients
underwent stress echocardiography, and left anterior descending coronary artery flow was successfully detected.
Coronary flow velocity reserve was calculated as the ratio of hyperaemic mean diastolic flow velocity after injection
of adenosine to basal mean diastolic flow velocity. Changes in coronary haemodynamics and the relationship
between lipid concentrations were determined. Results: A total of 11 patients with homozygous familial
hypercholesterolaemia were enrolled in this study. Lipid concentrations were measured, and the mean coronary
flow velocity reserve was 1.97 plus or minus 0.51. Seven children were included in the group of patients with
heterozygous familial hypercholesterolaemia. In these children, the mean coronary flow velocity reserve was 3.08
plus or minus 0.84. Conclusion: The coronary flow velocity reserve of homozygous familial hypercholesterolaemic
patients is lower than that of heterozygous familial hypercholesterolaemic patients, and it is associated with a high
concentration of low-density lipoprotein cholesterol. Aortic stenosis and plaques compromised the ostia of the
coronary artery and caused increased basal mean diastolic coronary velocity with blunted increase in peak velocity,
which decreased the coronary flow velocity reserve.
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F
AMILIAL HYPERCHOLESTEROLAEMIA IS AN AUTOSOMAL

dominant disorder caused by mutations in either
low-density lipoprotein receptor, apolipoprotein

B, or proprotein convertase subtilisin/kexin type 9.1

One of the characteristics of familial hypercho
lesterolaemia is a high-serum low-density lipo-
protein cholesterol concentration, and the incidence
of premature coronary heart disease is about 20-fold

without treatment. Ischaemic symptoms such as
pectoris angina and myocardial infarction always
occur during childhood. Approximately 20% of heart
attacks that take place in patients under the age
of 45 are due to familial hypercholesterolaemia.2

The prevalence of familial hypercholesterolaemia is
1 in 300–500 in the population.3 On the basis of the
symptoms and inherited characteristics, familial
hypercholesterolaemia can be divided into homozy-
gous familial hypercholesterolaemia and heterozygous
familial hypercholesterolaemia. The prevalence of
these familial hypercholesterolaemias is 1/1,000,000
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and 1/500, respectively. Low-density lipoprotein
cholesterol concentrations in patients with homo-
zygous familial hypercholesterolaemia are almost
fourfold to sixfold higher compared with those of
normal persons. Lipid concentrations in heterozygous
familial hypercholesterolaemic patients are not very
high and are not obviously different from other types
of lipid metabolism disorders. Lesions of the aortic
root, especially supravalvular aortic stenosis, are also
characteristics of homozygous familial hypercholester-
olaemia. It is unknown whether the coronary artery in
familial hypercholesterolaemic patients with supra-
valvular aortic stenosis is more easily impaired
compared with patients without it.

Transthoracic echocardiography is a noninvasive
procedure extensively used in adolescents with homo-
zygous familial hypercholesterolaemia.4,5 Coronary
flow velocity reserve is a reliable measure of coronary
artery function criterion and can be acquired by
transthoracic echocardiography. A recent study found
that a coronary flow velocity reserve less than 2.0
indicates coronary artery stenosis, and it also has a
good correlation with coronary angiography.6

The current study enrolled adolescents diagnosed
with familial hypercholesterolaemia who were
younger than 16 years of age with no obvious
ischaemic symptoms. This study was designed to
determine the characteristics of these patients and
evaluate the relationship between coronary artery
haemodynamic reserve and lipid concentrations.

Materials and methods

Subjects

Eleven adolescents aged between 6 and 15 years
without obvious ischaemic heart disease symptoms
and diagnosed with homozygous familial hyperchole-
sterolaemia and aortic supravalvular stenosis were
enrolled in this study. The control group comprised
seven patients diagnosed with heterozygous familial
hypercholesterolaemia. The criteria for establishing
homozygous familial hypercholesterolaemia according
to Santos et al7 were used: (1) plasma cholesterol
concentrations above 600 milligrams per decilitre or
low-density lipoprotein cholesterol concentrations
above 500 milligrams per decilitre; (2) occurrence
of tendon xanthomas before the age of 20; and
(3) evidence of vertical transmission of hyperchole-
sterolaemia. Aortic supravalvular stenosis was diag-
nosed if the patient had aortic calcified plaques and
an aortic supravalvular velocity above 2.0 metres per
second.8 All patients with homozygous familial
hypercholesterolaemia met the above criteria. This
study was approved by the Institutional Review
Board of our institution, and all subjects gave
informed consent before the study.

Transthoracic echocardiography

A modified left parasternal view was acquired in
patients in the left lateral position. Echocardiographic
images were obtained around the midclavicular line
in the fourth and fifth intercostal space. The distal
portion of the left anterior descending coronary artery
was visualised by the colour Doppler technique.
Blood flow velocity was measured by pulsed-wave
Doppler echocardiography, and the Doppler sample
volume was placed on the colour signal in the distal
left anterior descending coronary artery. Baseline
coronary flow velocity was acquired before injection of
adenosine. Peak diastolic velocity and mean diastolic
velocity were measured after adenosine injection
of 140 micrograms per kilogram per minute for a
total of 3 minutes. Heart rate, blood pressure, and
electrocardiogram were all monitored during this
procedure. The coronary flow velocity reserve was
calculated as the ratio of hyperaemic to basal mean
diastolic flow velocity.

Aortic supravalvular stenosis was diagnosed by
transthoracic echocardiography when aortic calcified
plaques were found and aortic supravalvular velocity
was above 2.0 metres per second. Aortic velocity
was measured by transthoracic echocardiography at
the five-chamber view. All these subjects underwent
64-slice computer tomography examinations.

Statistical analysis

Data are presented as mean plus or minus standard
deviation and were compared with the two indepen-
dent sample t-test. Linear regression was performed
between coronary flow velocity reserve and lipid
concentrations in both groups. Statistical Package for
the Social Sciences 13.0 for windows (SPSS Inc.) was
used to analyse the data, and a p-value less than 0.05
was considered statistically significant.

Results

All patients underwent stress echocardiography, and
left anterior descending coronary artery flow was
successfully detected without any complications
(Fig 1). Pulse Doppler recorded basal and hyper-
aemic mean coronary flow velocities during the
diastolic phase (Fig 2).

Table 1 shows age, serum lipid concentrations, and
coronary flow velocity parameters in the two groups.
Homozygous familial hypercholesterolaemic patients
with supravalvular aortic stenosis and those without it
had no significant differences in age, high-density
lipoprotein cholesterol, hyperaemic mean diastolic
flow velocity, left ventricular ejection fraction, and
E/A ratio. Low-density lipoprotein cholesterol and total
cholesterol concentrations were higher in homozygous
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familial hypercholesterolaemic patients than in hetero-
zygous familial hypercholesterolaemic patients. The
coronary flow velocity reserve in homozygous familial
hypercholesterolaemic patients was lower than that of
heterozygous familial hypercholesterolaemic patients
(3.08 versus 1.97, p , 0.01).

We also found that basal mean diastolic flow
velocity was faster in homozygous familial hyperch-

olesterolaemic patients than in heterozygous famil-
ial hypercholesterolaemic patients (p , 0.05).

Figure 3 showed the correlation between coronary
flow velocity reserve and low-density lipoprotein
cholesterol concentrations in homozygous familial
hypercholesterolaemic patients. Figure 4 shows the
correlation between coronary flow velocity reserve
and basal mean diastolic velocity. Coronary flow

Figure 1.
A graph showing distal flow of the left anterior descending coronary artery.

Figure 2.
A graph showing pulse Doppler spectrum of the left anterior descending coronary artery after adenosine injection in a representative patient.
The hyperaemic mean diastolic velocity is 0.32 metres per second in this patient.
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velocity reserve had a strong correlation with low-
density lipoprotein cholesterol concentrations and
basal mean diastolic flow velocity in homozygous
familial hypercholesterolaemic patients. Pearson’s
correlations were minus 0.721 and minus 0.725
(p , 0.05), respectively.

Computer tomography examinations showed aortic
calcification plaques in all homozygous familial
hypercholesterolaemic patients, but there were no
significant calcification plaques in the coronary artery.
In nine homozygous familial hypercholesterolaemic
patients, plaques compromised the left or right
coronary artery ostia. Plaques were also found in
heterozygous familial hypercholesterolaemic patients,
but plaques were located at the aortic root and did not
compromise the coronary artery ostia.

Discussion

Coronary flow velocity reserve was acquired in the
distal portion of the left anterior descending
coronary artery by transthoracic echocardiography
in the present study. Myocardial fractional flow
reserve is also an index of the functional severity of
coronary stenosis, which is calculated from pressure
measurements taken during coronary angiography.9

Figure 3.
This graph shows the relationship between coronary flow velocity
reserve and low-density lipoprotein cholesterol in homozygous
familial hypercholesterolaemic patients. Coronary flow velocity
reserve was negatively correlated with low-density lipoprotein
cholesterol concentrations. The Pearson correlation was minus
0.721 and p-value less than 0.05. CFVR 5 coronary flow
velocity reserve; LDLC 5 low-density lipoprotein cholesterol.

Figure 4.
This graph shows the relationship between coronary flow velocity
reserve and basal mean coronary velocity. Coronary flow velocity
reserve was negatively correlated with basal mean diastolic
velocity. The Pearson correlation was minus 0.725 and p-value
less than 0.05. CFVR 5 coronary flow velocity reserve; MDVb 5
basal mean diastolic velocity.

Table 1. Blood lipid concentrations and dynamics of coronary
flow in homozygous familial hypercholesterolaemia and
heterozygous familial hypercholesterolaemia patients.

HeFH HoFH p-value

Number 7 11
Age (years) 9.22 6 2.64 11.27 6 2.93 0.195
Sex (%) Male (63.6) Male (71.4) 0.157
TC (mg/dl) 292.81 6 98.02 632.31 6 56.15 ,0.01*
LDL-C (mg/dl) 211.82 6 112.77 529.45 6 71.32 ,0.01*
HDL-C (mg/dl) 61.76 6 17.46 67.56 6 23.12 .0.05
MDVb (m/s) 21.00 6 4.24 41.09 6 24.30 ,0.05*
MDVh (m/s) 62.63 6 11.65 73.18 6 30.33 0.365
CFVR (m/s) 3.08 6 0.84 1.97 6 0.51 ,0.01*
AoV (m/s) 110.38 6 13.23 217.55 6 65.47 ,0.001*
LVEF (%) 62.38 6 2.97 64.31 6 7.63 0.612
E/A ratio 2.05 6 0.31 2.03 6 0.40 0.802

AoV 5 aortic velocity; CFVR 5 coronary flow velocity reserve;
HDL-C 5 high-density lipoprotein cholesterol; HeFH 5 heterozygous
familial hypercholesterolaemia; HoFH 5 homozygous familial
hypercholesterolaemia; LDL-C 5 low-density lipoprotein cholesterol;
LVEF 5 left ventricular ejection fraction; MDVb 5 basal mean
diastolic velocity; MDVh 5 hyperaemic mean diastolic velocity;
TC 5 total serum cholesterol
*P-value below 0.05 marks statistical significance
Data are presented by mean plus or minus standard deviation
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The cutoff point of the fractional flow reserve is
0.75, which is similar to the value of 2.0 for the
coronary flow velocity reserve; lower values are
associated with inducible ischaemia.10 With similar
sensitivity and positivity to fractional flow reserves
acquired during coronary angiography, convenience
and noninvasion are the advantages of transthoracic
echocardiography.

It was found in the present study that coronary
flow velocity reserve was negatively correlated with
low-density lipoprotein cholesterol concentrations in
homozygous familial hypercholesterolaemic patients,
whereas there was no similar finding in heterozygous
familial hypercholesterolaemic patients. High con-
centrations of low-density lipoprotein cholesterol can
damage vessel endothelial cells through high viscosity
combined with shear force. These effects reduce the
coronary reserve even without obvious plaques on the
coronary wall. In addition, high-density lipoprotein
concentration exerts protective effects on endothelial
cells,11 which could also influence the coronary
flow velocity. However, there was no difference in
high-density lipoprotein cholesterol concentrations
between homozygous and heterozygous patients.

Another finding in this study was that coronary
flow velocity reserve was negatively correlated with
basal mean diastolic flow velocity, whereas there
was no similar finding in heterozygous familial
hypercholesterolaemic patients. In the present study,
it was shown that higher basal mean diastolic velocity
of homozygous familial hypercholesterolaemic patients
had a blunted increase in peak velocity after adenosine
injection compared with heterozygous familial hyper-
cholesterolaemic patients, whereas in our previous
study12 results showed similar basal mean diastolic
velocity and decreased hyperaemic mean diastolic
velocity in homozygous familial hypercholesterolaemic
patients than in controls. Homozygous familial
hypercholesterolaemic patients with aortic stenosis
had lower coronary flow velocity reserve than
homozygous familial hypercholesterolaemic patients
without aortic stenosis, which meant aortic stenosis
was the reason for decreased coronary flow velocity
reserve. Coronary flow velocity can be influenced by
aortic flow as reported in a previous study.13 Gaillard
et al13 designed an in vitro model to imitate coronary
flow combined with aortic valve stenosis. The presence
of aortic stenosis induced an increase in the maximum
and mean coronary flow rates (97% and 73%,
respectively). In the present study, results of computer
tomography demonstrated that plaques compromised
the ostia of the coronary artery. Therefore, supravalv-
ular aortic stenosis and plaques compromising the
ostia of the coronary artery was the reason for increased
basal coronary velocity, which induced rather than
decreased the coronary flow velocity reserve.

Our study has some limitations. Coronary flow
velocity reserve was acquired only in the left
anterior descending coronary artery. It was difficult
to observe the posterior descending and lateral
circumflex coronary arteries. Even though sensitivity
and specificity of the coronary flow velocity reserve
below 2.0 were 86% and 89%, respectively, in one
coronary artery vessel we could not exclude patent
stenosis in the other coronary artery, except for the left
anterior descending coronary artery. Owing to the fact
that the age of the children enrolled was not above 16
years, they did not receive coronary angiography. This
might be the reason that coronary flow velocity reserve
was just below 2.0 in homozygous familial hyperch-
olesterolaemic patients.

Another limitation is that we could not differ-
entiate between the conduit function of the epicardial
coronary and microvascular function because both
microcirculation abnormalities and coronary artery
stenosis can reduce coronary flow velocity reserve. For
the same reasons as above, we could not perform
angiography to confirm coronary stenosis.

Conclusion

Transthoracic echocardiography is a useful technique
for assessment of coronary flow velocity reserve. The
current study found that the coronary flow velocity
reserve of homozygous familial hypercholesterolaemic
adolescents with supravalvular aortic stenosis had
decreased below 2.0 and it was negatively associated
with low-density lipoprotein cholesterol concentrations
and basal mean diastolic flow velocity. Aortic stenosis
and plaques compromised the ostia of the coronary
artery and caused increased basal mean diastolic
coronary velocity with blunted increase in peak velocity,
which decreased the coronary flow velocity reserve.
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