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ABSTRACT

Objective: The higher risk and fatality of cardiovascular disease in subjects with homozygous familial hypercholes-
terolemia warrants early screening. Computed tomography angiography is the most promising method at present as a
reliable and reproducible noninvasive diagnostic test of cardiovascular disease. We aimed to describe the 64-slice mul-
tidetector computed tomography coronary angiography findings of new cases with homozygous familial hypercholes-
terolemia. Methods: Four patients with homozygous familial hypercholesterolemia (2 female and 2 male) with mean
age of 23 + 9 years were included. Mean plasma total and LDL cholesterol were 654 + 75 mg/dl and 609 + 76 mg/dl.
Tomography examinations were performed using a 64-rowv MDCT-CA system (Brilliance Computed Tomography
scanner, Philips Healthcare). Results: All patients presented calcified and mixed atherosclerotic plagues in the ascend-
ing aorta near the origin of the coronary arteries. More extensive atherosclerosis was found in Case 1 and Case 2 than in
other cases. Case 3 has mild atherosclerosis and Case 4 had normal coronaries but plaques in aorta. In addition, we de-
tected myocardial bridging in left anterior descending artery of 2 cases, calcified plaquesin postero-lateral branch artery,
and calcification in non-coronary sinus in others. Conclusion: Multidetector computed tomography coronary angiogra-
phy is a useful, non-invasive tool for detecting early aortic and coronary atherosclerosis in homozygous familial hyper-
cholesterolemia subjects and may be the choice of imaging for most of such subjects.
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1. Introduction ture accelerated atherosclerotic lesions in coronary and
aortic valve in subjects with hmzFH exhibit a signifi-
cantly increased risk of cardiac death, MI or need of
vascular intervention before age of 20 years[1,4-7].

The higher risk and fatality of cardiovascular disease
(CVD) in subjects with hmzFH warrants [4-7] early

screening of CVD in childhood. Coronary artery calcify-

Familial hypercholesterolemia is an autosomal codomi-
nant inherited disease characterized by lack of functional
receptors for low density lipoproteins (LDL) on cell sur-
face in liver and peripheral tissues; as a result of LDL
receptor mutations, Ref. [1] elevated plasma cholesterol
levels and premature atherosclerosis. The disease has an

approximate heterozygote frequency of 1 in 500, and a
homozygote frequency of 1 in 1,000,000 in the general
population [1]. Atherosclerosis develops initialy in the
aortic root, causing supravavular aortic stenosis, and
then extends into the coronary ostia. The severity of
atherosclerosis is proportiona to the extent and duration
of elevated plasma LDL levels [2,3]. Patients with ho-
mozygous familial hypercholesterolemia (hmzFH) de-
velop cutaneous xanthomas in childhood [1,4,5]. Prema
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cation on electron beam tomography was found to be
increased in familial hypercholesterolemia subjects[2,3].

Recently the first results of non-invasive angiography
with 64 rows multiple detector row computed tomogram-
phy in 5 patients with hmzFH for non-invasive early de-
tection of atherosclerosis was published [8]. The objec-
tive of this study was to describe the 64-slice multidetec-
tor computed tomography coronary angiography (MD-
CT-CA) findings of new cases with hmzFH.
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2. Materialsand M ethods
2.1. Patients

Four patients with hmzFH (2 female and 2 male) were
included in the present study. The patients were attending
at the Endocrinology Department. All subjects gave in-
formed consent prior to study entry and the study was
conducted in accordance with Declaration of Helsinki.
All of the following four criteria had to be met for a di-
agnosis of hmzFH: 1) plasma or serum LDL-cholesterol
greater than 10 mmol/L; 2) presence of tendon and cuta-
neous xanthomas at an early age; 3) an autosomal inheri-
tance mode of hypercholesterolemia in the relatives; and
4) the presence of primary hypercholesterolemia in the
parents of the index case. Additionally, in order to ex-
clude Apo B100 mutation, presence of this mutation was
investigated. All measurements were done at the time of
first admission while none of the patients were receiving
aphaeresis.

2.2. Computed Tomography Protocol

All computed tomography examinations were performed
using a 64-row multidetector computed tomography sys-
tem (Brilliance Computed Tomography scanner, Philips
Healthcare). Coronary calcium quantification was perfor-
med in all subjects with the acquisition parameters of 2.5
mm section thickness, 120 kV, and 55 mAs. Then the
images of MDCT-CA were acquired following the infu-
sion of non-ionic iodine contrast agent by a power inject-
tor at a rate of with 4 mL/s rate via an 18 gauge periph-
era line inserted into an antecubital vein. The scan pa
rameters of angiographic series were: 120 kV; 500 - 900
mAsS, gantry rotation time, 0.40 s; detector collimation,
64 x 0.625 mm; dlice thickness, 0.9 mm. All the data
were transferred to a workstation (Extended Brilliance
Workspace, Philips Healthcare). Axial, coronal and sag-
ittal reformatted images, volume rendering and maxi-
mum intensity projection images were created using Car-
diac Viewer and Cardiac CTA programs at the worksta-
tion. Plague segmentation analysis of coronary vessels
was also performed. Reconstruction was performed rou-
tinely using a window centered at 75% of the R-R inter-
val in all patients.

All parametric results were expressed as mean + stan-
dard deviation and non-parametric values as percentages.

3. Reaults

The mean age of patients was 23 + 9 years. No one had
diabetes mellitus, hypertension of a history of smoking.
Mean plasma total and LDL cholesterol were 654 + 75
mg/dl and 609 + 76 mg/dl, respectively. Case 1 and case
2 had known CVD at the time of the MDCT-CA. None
was symptomatic. All of them were on aggressive lipid-
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lowering treatment (diet, statin, ezetimib, and apheresis
therapy). Apo-B 100 mutation was not detected in any of
the cases. Cases 1 and 2 were siblings and other subjects
were unrelated. Before admitting to our clinic, invasive
angiography was recommended to case 1 and case 2.
They reject the angiography because one cousin of them
was died due to coronary atherosclerotic plague rupture
during coronary angiography.

Characteristics of each patient at the time of diagnosis
and before the initiation of treatments are shown in Ta-
ble1.

All patients presented calcified and mixed atheroscle-
rotic plaques in the ascending aorta near the origin of the
coronary arteries (Figures 1(a) and (b)). All cases had
right dominance but Case 4 who had co-dominance of
coronary arteries. More extensive atherosclerosis was
found in Case 1 and Case 2 than in other cases. Case 3
has mild atherosclerosis and Case 4 had normal coronar-
ies but plaques in aorta. MDCT-CA findings of patients
are expressed in Table 2.

In addition we detected a 2.5 cm segment myocardial
bridging in proximal left anterior descending artery in
case 1, myocardia bridging in middle left anterior de-
scending artery in Case 3, calcified plaques in postero-
lateral branch artery in Case 2, and calcification in non-
coronary sinus at aortic sinus level in Case 4 who had
normal coronaries and aorta. We also detected trifurca-
tion of left main coronary artery in Case 2, but no pla-
gues or stenosis in the ramus intermedius branch. Case 4
underwent liver transplantation 2 years later. All cases
were alive in the follow-up period of 2 years.

4. Discussion

Although guidelines for screening coronary artery dis-
ease in hmzFH are lacking due to low number of studies,

Table 1. Features of the cases.

Casel Case 2 Case3 Case4
Age (years) 30 31 17 14
Sex Female Male Female Mae
HT Absent  Absent  Absent  Absent
DM Absent  Absent  Absent  Absent
Smoking Absent  Absent  Absent  Absent
Xantomas Present  Present  Present  Present
Age at first Xantomas 3 4 5 5
LDL aphaeresis Present  Present  Present  Present
T. Cholesterol (mg/dl) 691 732 560 634
LDL (mg/dl) 650 686 512 587
ACT
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Table2. MDCT-CA findings of patients.

Case 1 (Figure?2) Case 2 (Figures 3(a), (b)) Case 3 (Figure 4) Case 4
Previous coronary artery disease Present Present Not investigated Not investigated
Final coronary artery disease Present Present Present Absent
Cascore 41 303 0 0
Risk% 99 100 NA NA
] 50% stenosis o . .
Left main coronary artery calcified plague 50% stenosis calcified plaque Normal Normal
. ) Severe stenosisin Prox non severe stenosis in
left anterior descending artery Normal Calcified and mixed plaques Prox Soft plaques Normal
. Severe stenosisin middle non severe stenosisin
Left circumflex artery Normal Calcified plagues Prox Soft plagues Normal
. multiple calcified Se\(ere stenosisin Prox' dueto non severe stenosisin
Right Coronary Artery and Soft plaoues Mixed Plague SSin mid and Prox Soft placues Normal
plag distal due to Mixed Plaque, plag
Plaque in ascendant Aorta Present Present Present Present
Aortic calcified plague at ostium Present Present Present Present

Figure 1. Scan of Case 4 showed calcified plaquesin the left
coronary sinus and the non-coronary sinus (a). Extensive
calcified plaques in right and left coronary sinus level and
calcified plaques in right coronary artery and left main
coronary artery on theimages of Case 1 (b).

Copyright © 2013 SciRes.

Figure 2. Calcified plaques are visualized in Left main
coronary artery of Case 1.

the higher risk and fatality of CVD in subjects with
hmzFH warrants [4-7] early and regular screening of
CVD in childhood. CVD monitoring at regular intervals
using noninvasive methods was recommended [9]. MD-
CT-CA is the most promising method at present as a re-
liable and reproducible noninvasive diagnostic test of
coronary artery disease [10]. It has a sensitivity of 89%
with a specificity of 96% and a positive and negative
predictive value of 78% and 98%. The consistently high
negative predictive value in al studies suggests that
computed tomography angiography will be clinicaly
useful to rule out coronary stenoses in patient suspected
coronary artery disease[11].

We found atherosclerosis of coronary arteriesin 3 of 4
cases (75%) and aortic atherosclerosis in all subjects
(100%). All these lesions consisted soft and calcified
plaques and had a predominance of involvement of pro-
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(b)

Figure 3. Calcified plaquesin aortic root, the origin of coro-
nary arteries, and all coronary arteries are demonstrated in
tree reformatted images of Case 2 (a). Calcified and mixed
plaquesin the origin of coronary arteries, and all coronary
arteries are seen in same patient (b).

ximal segments. Santos et al. [8] also reported severe
atherosclerotic plaques in the ascending aorta adjacent to
or affecting the coronary artery ostia with MDCT-CA in
all five subjects with hmzFH. Four of these cases did not
have a diagnosis of CVD and all were asymptomatic with
anegative test for ischemia.

Almost al of the patients with angina reported previ-
ously had coronary artery disease on angiography, coro-
nary artery disease had been reported even in asympto-
matic cases with hmzFH with invasive or computed to-
mography angiography [5,8,12]. Similarly, al of our
cases were asymptomatic. Kolansky et al. [12] reported
that 50% of the children aged 7 to 14 years had mild
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Figure 4. Soft plaquesin right coronary artery of Case 3 not
yielding severe stenosis.

coronary artery disease with involvement of the left main
coronary artery the proximal right coronary artery. In
addition, because the stress tests that are commonly used
in diagnosis of coronary artery disease did not predict the
coronary status of asymptomatic children [12], angiogra-
phy remain the main tool to diagnose coronary artery
disease in this population. Left main coronary artery in-
volvement was present in 2 cases in our study.

The assessment of plague size and composition may
have significant clinical implications in coronary artery
disease. MDCT-CA may help identify and characterize
non-calcified plagues [10] which are more unstable and
prone to acute rupture leading to acute myocardia in-
farction or acute coronary syndrome than calcified pla-
ques[10].

Occurrence of half of the first coronary events (in-
cluding sudden cardiac death) in asymptomatic persons
[13] and reports of sudden death as the most common
reasons of death in hmzFH [6] may be attributed to the
plaques that were clearly showed in our patients. Soft
plaques were present widely in coronary arteries of Case
1, 2, and 3. One analysis of 100 patients who were fol-
lowed for 16 months after coronary computed tomogra-
phy angiography also demonstrated a higher cardiovas-
cular event rate in patients with non-obstructive plague
detected by multidetector computed tomography [14].
Because of arterial remodelling, plaque progression is
not generaly reflected in luminal dimensions [10] and
computed Tomography imaging goes beyond the de-
lineation of the coronary lumen as provided by invasive
angiography [15] which may be advantages of MDCT-
CA of detecting in asymptomatic cases of hmzFH.
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Therefore invasive angiography may not report soft pla-
ques not affecting the lumen which may the case for
Case 3 in our study that had soft plagues in left anterior
descending artery, left circumflex artery, and right coro-
nary artery without luminal narrowing. MDCT-CA was
also able to demonstrate calcified plagues in coronary
sinus or non-coronary sinus which cannot be seen on
invasive angiography, as was the casein Case 4.

Prevalence of coronary artery disease was 88% in
cases of hmzFH older than 16 years 9% in those younger
than 16 years [12]. No abnormalities in either coronary
angiography were found in the 6 children who were < 6
years in the cohort consisting 22 children below 16 years
of age with hmzFH. Only Case 4 was younger than 16
years of age in our study and had normal coronary arter-
ies.

Invasive coronary angiography was recommended for
those with symptoms or signs of ischaemia, because of
the risk associated with catheterization of patients with
coronary ostial stenosis [9]. Two of our cases refused the
angiography because one cousin of them died due to
coronary atherosclerotic plaque rupture during coronary
angiography in which we were able demonstrate pres-
ence and severity of coronary artery disease. Fear of nee-
dle may be more important in younger cases of hmzFH
who are the candidates of screening.

Because of the three-dimensional nature of the data set,
MDCT-CA is very well suited to detect and define the
anatomic course of coronary artery anomalies and their
relationship to other cardiac and non-cardiac structures
[11]. We detected a myocardia bridging of left anterior
descending artery in Case 1 and Case 3, as additional
findings of MDCT-CA.

Although the ability of separating disease of the wall
from disease of the lumen, non-invasive nature, deter-
mining the plague content would represent a great poten-
tial of MDCT-CA imaging, radiation exposure and con-
trast agent doses are comparable with invasive angio-
graphy. Needing stable heart rate may make coronary
tomography angiography unsuitable in cases with ar-
rhythmia. However, MDCT-CA imaging has the disad-
vantage of not allowing intervention in comparison to
invasive angiography.

Our study has several limitations: First, we were not
able to compare our findings with invasive angiography
or intravascular ultrasound. The second, the clinical
value of MDCT-CA in management of subjects with
hmzFH was not evaluated. Our patients were on aggres-
sive lipid-lowering treatment. Lastly, we did not have
data on LDL receptor status (receptor-negative or recep-
tor defective) which have significant affects on severity
of the disease and its complications[12].

MDCT-CA is a useful, non-invasive tool for detecting
early aortic and coronary atherosclerosis in hmzFH sub-

Copyright © 2013 SciRes.

jects and may be the choice of imaging for most of such
subjects. Results of MDCT-CA may be useful in guiding
revascularization strategies and intensifying the choles-
terol treatment. Guidelines to screen coronary artery dis-
ease in hmzFH and more data on MDCT-CA of subjects
with hmzFH are necessary to cope with fatal outcomes of
the disease.
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