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Abstract

We report a very young man with heterozygous familial hypercho-
lesterolemia (FH) with APOE haplotype and a significant cardiac 
family history who underwent cardiac catheterization for intermit-
tent episodes of exertional dyspnea and was noted to have a severe 
triple vessel coronary artery disease (CAD). He underwent coronary 
artery bypass graft (CABG) surgery which was uneventful. He was 
discharged on antiplatelet, beta blocker, nitrate, and statin. On routine 
health maintenance evaluation, he had no cardiac complaints and had 
been tolerating well his activities of daily living.
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Introduction

Familial hypercholesterolemia (FH) is a silent genetic disorder 
that predisposes an individual with no predilection to age to 
premature coronary artery disease (CAD). Early on, aggres-
sive anticholesterol medication should be instituted. However, 
in cases of individuals with manifestations of heart disease that 
has been confirmed on angiography, coronary artery bypass 
graft (CABG) should be done to halt the progression of symp-
toms and prevent deleterious complications.

Case Report

A 27-year-old male with a medical history significant for FH 

diagnosed approximately 10 years ago presented for further 
evaluation. He had been diagnosed in 2006 with a particularly 
virulent genetic form of heterozygous FH involving mutations 
in low-density lipoprotein (LDL) receptor with Gln125 variant 
and APOE haplotype E3/E4. He had a strong family history of 
CAD. He was noted to be intolerant to several statins but had 
recently been tolerating simvastatin. Other pertinent medical 
history included only seasonal allergies. Current medications 
being taken included simvastatin, ezetimibe, evolocumab, as-
pirin, alprazolam, and albuterol.

The patient had significant family history including a re-
cently diagnosed mother with heterozygous FH, a cousin who 
had a sudden death at age 29 from a myocardial infarction and 
a grandfather and an uncle who both required CABG in their 
40s (Fig. 1). Social history revealed that the patient was an 
ex-smoker having quit at the age of 22 and he rarely drank 
alcohol. Review of systems was significant for dyspnea going 
up stairs but with good exercise tolerance however. The patient 
denied any chest pain on exertion to imply possible unstable 
angina.

On physical examination, the patient’s heart rate was in 
the 60s in regular rhythm and his blood pressure was normal. 
He has moist oral mucosa, clear conjunctiva, and a note of a 
gray arc on the upper area of his cornea. There were no palpa-
ble head or neck masses and heart sounds were normal with no 
murmurs. Neither carotid nor abdominal bruit was appreciated. 
Abdomen was soft, non-tender with no masses and peripheral 
pulses were normal with no peripheral cyanosis or clubbing of 
his extremities. Neurological exam was unremarkable. Elec-
trocardiogram revealed sinus rhythm with no ischemic chang-
es while chest radiograph showed no acute cardiopulmonary 
process but had a prominent heart (Fig. 2).

Given his strong family history of premature CAD and 
FH, the patient underwent a nuclear stress test which was pos-
itive for evidence of reversible ischemia. For further evalu-
ation, the patient underwent cardiac catheterization which 
revealed severe triple vessel CAD with critical lesions in the 
proximal to mid left anterior descending (90%), first (60%) 
and second (90%) diagonal branches, proximal circumflex 
(95%) and first obtuse marginal (80%), the proximal right 
coronary artery (80%), and the proximal right posterolateral 
branch (99%) together with chronic total obstruction of the 
distal right coronary artery (Fig. 3). The patient did have pre-
served left ventricular function however. A bilateral carotid 
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ultrasound was done which showed a left common carotid in-
tima-media thickness (CIMT) range of 0.28 - 1.16 mm, while 
a right common CIMT range of 0.68 - 1.20 mm, which were 
both leaning towards the abnormal value of > 0.9 mm (Fig. 4). 
Also, an achilles tendon (AT) ultrasound was done to assess 
its thickness which revealed 1.11 cm on the left and 0.91 cm 
on the right, both above the threshold value of 0.53 cm (Fig. 
5).

Following this due to the extensive nature of complex 
disease, the patient was referred for CABG. The patient sub-
sequently went for cardiac surgery with the use of the right 
internal mammary artery to the left anterior descending, left 
internal mammary artery to the circumflex marginal artery, ra-
dial artery graft from the ascending aorta to the right postero-
lateral branch of the right coronary artery, saphenous vein graft 
from ascending aorta to the second diagonal artery and saphen-

ous vein graft from the aorta to the right acute marginal branch 
of the right coronary artery. No significant valvular pathology 
was noted and post-procedure ejection fraction was between 
55% and 60%. The patient’s postoperative recovery was oth-
erwise unremarkable and he was discharged home on aspirin, 
atenolol, isosorbide, and simvastatin and emphasized regular 
health maintenance evaluation by his cardiologist.

Discussion

FH is a genetic disorder which predisposes to premature ath-
erosclerosis that eventually leads to early onset coronary heart 
disease (CHD) to include angina and myocardial infarction. 
It is an autosomal dominant disease due to mutations in the 
low-density lipoprotein receptor gene (LDLR), the apolipo-

Figure 1. Pedigree of the patient depicting his grandfather and uncle who possibly have FH in the setting of heart attack in their 
40s requiring CABG, his mother with recently diagnosed heterozygous FH, and a cousin who had a sudden cardiac death at 
age 29.

Figure 2. Electrocardiogram showing sinus rhythm with no signs of ischemia (left panel) while chest radiograph (right panel) 
revealing prominent heart with no acute cardiopulmonary process.
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protein B-100 gene (APOB), and the newly discovered pro-
protein convertase subtilisin/kexin type 9 gene (PCSK9) [1]. 
PCSK9 is a serine protease released into the plasma from the 
liver which binds primarily to the LDLR in the liver cells [2]. 
The end result is to prevent the recycling to the cell surface of 
the LDLR and eventually stimulate disintegration within the 
hepatocyte [3]. A rare autosomal recessive type has been elu-
cidated that involves an adaptor protein defect for the LDLR 
[4]. All these mechanisms culminate to a rise in plasma LDL-
cholesterol (LDL-C) because of diminished removal of LDL 
molecules in the circulation. Alongside, the macrophage re-
ceptor scavenges and facilitates the ingestion of oxidized LDL 

that generates the formation of foam cells and accumulation 
of lipids in macrophages that deposit beneath the endothelium 
which predisposes to atheroma formation [5].

FH has been estimated among white population to be 
1:1,000,000 in homozygous, while 1:250 - 500 in heterozy-
gous [1, 6]. In most countries, less than 1% has been diag-
nosed, while 6-79% have been identified in European nations 
though it is underdiagnosed and undertreated in the general 
population [7].

FH diagnosis is based on five criteria, namely family his-
tory, premature CHD, xanthomas and corneal arcus on physi-
cal examination, consistently very high LDL-C level, and/or 

Figure 3. Coronary angiogram revealing three-vessel coronary artery disease affecting the right coronary artery, left anterior 
descending artery, and circumflex artery.

Figure 4. Ultrasound showing the left common carotid intima-media thickness (left panel) and right common carotid intima-media 
thickness (right panel).
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confirmed genetic mutation [8]. AT sonography increases the 
clinical diagnosis of AT xanthomas from 43% to 68% with 
thickness threshold for the diagnosis of FH of 5.3 and 5.7 mm 
in men less than and more than 45 years, and 4.8 and 4.9 mm 
in women less than and more than 50 years, respectively [9]. 
CIMT measurement combined with plaque assessment is an 
excellent measure of cardiovascular risk but has conflicting 
recommendations regarding its utilization. CIMT has been 
recommended in 2010 by the American Heart Association/
American College of Cardiology (AHA/ACC) for cardiovas-
cular risk assessment in intermediate risk asymptomatic adults 
(class IIa) [10], however, refuted in 2013 regarding its use in 
clinical practice for risk assessment for a first atherosclerotic 
cardiovascular disease event [11].

The severity of hypercholesterolemia in FH homozygotes 
usually culminates into critical atherosclerosis causing car-
diovascular disease during childhood and adolescence [12]. 
Calcification of the coronary artery which has been unusually 
determined prior to fourth decade was established in a consid-
erable percentage in heterozygotes at 11 - 23 years of age [13]. 
Aortic valve stenosis has often been described in homozygous 
FH [14], though it is infrequent in heterozygous [15].

Our patient is unique because of his heterozygous FH in-
volving mutations in LDLR with Gln125 variant and APOE 
haplotype E3/E4 which could have predisposed him early to 
CAD. The prevalence of ischemic heart disease was signifi-
cantly greater in FH patients with apoE4 (73.3%) compared 
to those without apoE4 (31.4%) [16]. The odds ratio for CHD 
risk with the *ε4 compared with the *ε3 allele was 1.38 for 
men, while 1.82 for women [17]. A 40% increased risk for 
CHD mortality has been estimated for *ε4 carriers compared 
with *ε3*ε3 genotype or *ε2 carriers [18]. The biochemical 
mechanism has been associated to an alteration in lipoprotein 
metabolism by apoE4 with subsequent increase in LDL con-
centration which links apoE4’s predisposition to CAD [19].

CABG in young FH patient is challenging and very sel-

dom in the first and second decade though feasible and has 
good outcomes. Two cases have been reported of a 13- and a 
14-year-old boy with FH who underwent triple-vessel CABG 
utilizing bilateral internal thoracic artery and saphenous vein 
grafting devoid of unfavorable events [20, 21]. The role of 
CABG in FH patients with documented CAD has been eluci-
dated in literature.

Cardiac event-free rate in a 10-year period after CABG 
was 58% and results were as good in FH as in non-FH patients 
using arterial grafts and anticholesterol therapy [22]. Appraisal 
of coronary bypass operations in FH had a cardiac free event 
of 60% at 5 and 10 years for homozygotes compared to 87% 
and 73% for heterozygotes which has been comparable with 
patients without FH who were randomly age-matched that un-
derwent CABG during the same time frame [23].

Albeit of severe coronary atherosclerosis, patients with 
FH showed good long-term outcome after CABG with no car-
diac death during a mean follow-up period of 52 months and 
with an actuarial survival rate of 95% at 5 years and 89% at 12 
years after procedure [24].

Additionally, all FH patients should initiate lifestyle modi-
fication and receive drug therapy to diminish cardiovascular 
risk, taking into account smoking, family background, inten-
sity of LDL-C elevation, and the emergence of other cardio-
vascular comorbidities which should dictate the extent of treat-
ment [25]. The addition of the PCSK9 inhibitor evolocumab 
to statin therapy decreased LDL-C levels by 59% from base-
line levels and remarkably reduced by 15-20% the risk of car-
diovascular events [26]. A novel antisense oligonucleotide, 
mipomersen, is a favorable therapeutic alternative to lower 
LDL-C, apoB, and total cholesterol levels in patients with un-
controlled FH whose LDL-C targets are not sufficiently met 
by maximal medical treatment [27]. Also, lipoprotein apher-
esis remains an indication for homozygous FH and in patients 
with progressive coronary vascular disease secondary to het-
erozygous FH refractory to statins or to an elevated levels of 

Figure 5. Ultrasound showing the left achilles tendon thickness (left panel) and right achilles tendon thickness (right panel).
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lipoprotein(a) [28].

Conclusion

Close surveillance is imperative for FH patients to evaluate 
their response to medications, address its associated side ef-
fects, and institute aggressive surgical intervention if evidence 
of a significant CAD had been established.
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