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a b s t r a c t
Familial hypercholesterolemia is the most common primary lipid disorder responsible for coronary artery
disease. A 22-year-old male presented with history of accelerating angina and extensive xanthomatous
lesions all over the body. Coronary angiography showed signiﬁcant left main and left anterior descending
artery disease. Optical coherence tomography (OCT) imaging revealed areas of lipid rich plaque with thin
capped ﬁbrous atheroma, and inﬂammatory cell inﬁltration. Area of maximum stenosis showed ﬁbrous
plaque with dense lipid pool. OCT in this patient clariﬁed plaque characteristics and achieved optimal
procedural results. There were only few case reports which described OCT ﬁndings in patients with familial hypercholesterolemia.
<Learning objective: Undiagnosed familial hypercholesterolemia may present with life-threatening complications. The index case presented with critical left main disease. Intravascular imaging is necessary
in patients with primary lipid disorders undergoing percutaneous coronary intervention, which characterizes plaque, the index case had densely lipid rich plaque with areas of inﬂammation. Characterizing
plaque characteristics in patients with lipid disorders might have an impact on the management of these
patients, which needs to be clariﬁed in appropriately sized studies.>
© 2021 Published by Elsevier Ltd on behalf of Japanese College of Cardiology.

Introduction

Case report

Familial hypercholesterolemia (FH) is one of the most common
autosomal dominant cardiovascular disorders affecting up to 1 in
every 250 people [1]. Patients with FH and acute coronary syndrome tend to have more than two fold increased risk of recurrence at the end of one year despite the usage of high intensity
statins [2]. Intravascular imaging in patients with FH is restricted
to a few case reports. Here we describe optical coherence tomography (OCT) ﬁndings in a young male with FH who presented with
acute coronary syndrome and in whom OCT was used to guide
revascularization.

A 22-year-old male presented to our hospital with complaints
of angina on exertion for the previous 3 months with worsening of angina for the past 10 days. He had no history of smoking, alcohol intake, or substance abuse. On admission, he had a
blood pressure of 130/80 mmHg, heart rate of 86 per min, height
of 165 cm and body weight of 65 kg with body mass index of
23.8 kg/m2 . Electrocardiogram at the time of admission showed
ST segment depression in leads V4-V6, I, and aVL. Cardiovascular and respiratory system examinations were normal. On general physical examination he had xanthelasmas on both eyelids,
tendon and tuberous xanthomas were present on bilateral wrist,
elbows, dorsum of hand, and on buttocks and bilateral corneal
arcus (Fig. 1A-C). The lesions were not painful and predated to
5 years of patient’s age, for which no evaluation was done earlier. Echocardiography showed thickened, calciﬁed and sclerotic tricuspid aortic valve with aortic forward velocity of 3.5 m/s and
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Fig. 1.
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Cutaneous lipid lesions. Xanthoma deposits over bilateral cubital fossa (A), buttocks (B), and dorsum of hands (C).

proximal LAD. Post dilation was done with 3∗ 12 mm NC balloon
in LAD and 3.5∗ 12 mm balloon in left main portion of the stent
at 20 atm. High pressure balloon post dilation was used to ensure
good apposition of the stent (Fig. 3A and B). Post stenting, OCT
showed good luminal gain and well apposed stent struts (Fig. 3ad). The patient was discharged on day 2 after the procedure. He
was prescribed dual antiplatelet drugs aspirin and ticagrelor, beta
blockers, atorvastatin 80 mg, and ezetimibe 10 mg per day. He is
on regular follow up with repeat LDL cholesterol level of 114 mg/dl
at 3-month follow up. He was not started on proprotein convertase
subtilisin-kexin type 9 (PCSK9) inhibitors in view of ﬁnancial constraints.

peak /mean gradient of 51/30 mmHg suggestive of moderate aortic
stenosis. He had normal left ventricular function and mild aortic
regurgitation and aortic root dimension of 20 mm. Laboratory investigations at the time of admission showed troponin T level of
0.2 ng/ml, creatine kinase-MB of 55 U/L, C-reactive protein of 9
mg/l (0.5-3.5 mg/L), homocysteine levels of 16.17 μmol/L (3.3-11.3
μmol/L), and HbA1C of 5.6%. Lipid proﬁle done at the time of admission showed low-density lipoprotein level (LDL) of 334 mg/dl,
total cholesterol of 418 mg/dl, high-density lipoprotein (HDL) of
36 mg/dl. His family history revealed similar ﬁndings of tendon
xanthomata in his father and in one second-degree relative. His
mother did not have any features of FH. The grandfather of the index case (mother’s father) had history of ischemic cardiomyopathy
at a young age. Carotid Doppler ultrasound and computed tomography angiogram of aorta and arch vessels were normal. He was
diagnosed as a case of deﬁnite FH according to Dutch Lipid Clinic
Network Criteria, and genetic testing revealed heterozygous nonsense variation in exon 1 of the LDLR gene (chr19:g.11200242G>A;
Depth: 129x) that results in a stop codon and premature truncation of the protein at codon 6 (p.Trp6Ter; ENST0 0 0 0 0558518.1),
and another heterozygous missense variation in exon 12 of the
LDL-R gene (chr19:g.11227652C>T; Depth: 256x) that results in
the amino acid substitution of leucine for proline at codon 608
(p.Pro608Leu; ENST0 0 0 0 0558518.1). These mutations were classiﬁed as compound heterozygous pathogenic variants. The patient
was diagnosed to have homozygous FH.
He was diagnosed with non-ST segment elevation myocardial
infarction (NSTEMI) and was taken for emergency coronary angiography (CAG). CAG revealed distal left main 80% (Fig. 2B and d)
stenosis and proximal left anterior descending artery 70% stenosis (Fig. 2A and B; b and c) with normal dominant left circumﬂex artery and right coronary artery. After detailed discussion with
the family members, it was decided to proceed with percutaneous
coronary intervention (PCI). OCT across the left main and ostioproximal left anterior descending artery (LAD) revealed lipid rich
plaque with areas of thin cap ﬁbroatheroma (Fig. 2b to d) at multiple locations with minimal thickness of 45 μm. Intimal thickening was noted across left main and LAD. At the point of maximum
stenosis in the left main coronary artery, there was a dense ﬁbrous
plaque with underlying dense lipid pool and inﬂammatory cell inﬁltration however calciﬁcation was not seen (Fig. 2d).
Right femoral artery access was used for PCI. A 6 Fr XB3 guide
catheter (Cordis, Santa Clara, CA, USA) was used for PCI. The lesion
was crossed with SION BLUE (ASAHI INTECC, Aichi, Japan) wire and
predilated with 2.5∗ 15 mm NC balloon. A 3∗ 24 mm drug-eluting
stent (everolimus eluting) was deployed from the left main to the

Discussion
FH is an autosomal dominant condition with the most
common mutation in FH involving the LDL-R gene, with defective metabolism of LDL-cholesterol, other mutations involve
apolipoprotein B (apo B) or PCSK9 [3]. The yield of mutation detection by genetic testing in patients with “deﬁnite” categories is
as low as 30-40% [4]. A gene positive individual will carry a higher
risk of cardiovascular disease than a gene negative one.
They may present with life-threatening cardiovascular (CV)
events, if treatment was not instituted from childhood. These patients have at least 3-fold higher prevalence of atherosclerotic disease and usually present at a young age [1]. In the index case, no
evaluation was done until the time of admission even though cutaneous lesions were present from the age of 5 years. He presented
with NSTEMI at 22 years of age with signiﬁcant involvement of
left main and LAD vessels, which required revascularization. The
intravascular imaging characteristics in patients with FH were restricted to only a few case reports [5, 6]. Intravascular ultrasound
(IVUS) and OCT helps in delineating the lesion characteristics and
in guiding revascularization. Although IVUS is the recommended
intravascular imaging for left main lesions especially involving the
ostium, OCT was chosen due to its superior ability to characterize plaque and tissue characteristics accurately. And there was no
impediment for contrast use in this patient. Our case highlights
OCT ﬁndings in a patient with homozygous FH. Thin capped ﬁbrous atheroma (TCFA) deﬁned as lipid rich arc subtending an angle ≥ 900 and its ﬁbrous cap thickness ≤65 μm, was noted at multiple locations in the left main and LAD. OCT clariﬁed the structural characteristics of plaques and provided luminal dimensions
for planning intervention. The severe ﬁbrous hyperplasia at the site
of stenosis suggested that the plaque may be hard. We used NC
balloon to prepare the lesion before implanting a stent, followed
15
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Fig. 2.
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Coronary angiography and pre-PCI OCT images. Coronary angiography showing signiﬁcant stenosis of distal LM (A) and proximal LAD (B), corresponding pre-PCI
OCT images showing thrombus (b) and TCFA (white arrows in b-d) in LAD with a MLA of 2.56 mm2, MLD of 1.79 mm with 1800 lipid pool (b), the tightest point
at the distal left main shows MLA of 1.53 mm2 and MLD of 1.36 mm, % area stenosis of 84% (d); high attenuating and low backscattering lipid pool is seen for
the majority of the lesion (a-e); Reference segment for LAD shows MLA of 5.13 mm2, MLD of 2.65 mm with MVD of 3.15 mm.
Abbreviations- LAD- left anterior descending artery, LM- left main, MLA- minimum lumen area, MLD- minimum lumen diameter, MVD- minimum vessel diameter,
PCI- percutaneous intervention, OCT- optimal coherence tomography, TCFA- thin capped ﬁbrous atheroma.

by high pressure NC balloon inﬂation to achieve optimal apposition. No procedure-related complications were detected on OCT.
The ﬁndings of multiple lipid rich plaques and TCFA suggested that
the intensity of lipid-lowering drugs should continue to increase.
This case shows that intravascular imaging gives better idea about
the lesions in patients with FH who require PCI. In a case reported
by Liu et al., similar ﬁndings were noted with extensive lipid rich
plaques, thin ﬁbrous cap, intimal thickening in both culprit and
non-culprit vessels [6]. In a retrospective study by Katamine et al.,
FH was associated with higher prevalence of left main involvement, high macrophage accumulation, shorter length of plaque but
no difference in TCFA compared to those without FH [7]. There is
clinical evidence that lipid lowering by medical therapy combined
with lipopheresis has been associated with plaque regression as
assessed by coronary angiography and coronary IVUS, despite the
lack of randomized studies [8].
Revascularization strategies in FH patients remain understudied. FH, just like diabetes and multivessel disease, is more likely

to have future lesions, so coronary artery bypass grafting may
have additional beneﬁt in bypassing the lesions of future. On other
hand, risk of occlusion of venous grafts with time may need multiple interventions. The second consideration is, if PCI is performed,
what sort of stent should be inserted, especially in homozygous
FH patients who can have myocardial infarctions during childhood.
These stents remain in the coronaries permanently, a theoretical
concern, perhaps unique to FH, is that stents that are appropriately
sized for child-sized coronaries may not remain so after the child,
and their coronaries, grow. In a few case reports, bioresorbable
vascular scaffold was used in children with FH, with the hope that
its unique capacity to completely dissolve would yield beneﬁt to
the small child with growing coronaries [9].
The patient also had moderate aortic stenosis, more likely a
manifestation of accelerated atherosclerosis and calciﬁcation involving the aortic valve, explaining the association between coronary artery disease and valvular stenosis due to cumulative cholesterol effect since childhood [10]. Serial echocardiography was
16
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Post-stenting angiographic and OCT images. Post-stenting angiography shows excellent angiographic result (A and B); corresponding OCT images show appropriately apposed and expanded stent in the LM (c and d) with MSA of 9.28 mm2 , MLD of 3.5 mm in distal LM and MSA of 10.07 mm2 , MLD of 3.67 mm in proximal
LM. Similarly, OCT of proximal LAD shows appropriately expanded stent with MSA of 5.01 mm2 , MLD of 2.75 mm (b). No signiﬁcant procedural complications
were detected.
Abbreviations- LAD- left anterior descending artery, LM- left main, MLA- minimum lumen area, MLD- minimum lumen diameter, MSA- minimum stent area,
OCT- optimal coherence tomography.

planned to look for progression of aortic stenosis over time. It
can also involve other territories, including the carotid, descending
aorta, and ileo-femoral and renal arteries.

Supplementary materials
Supplementary material associated with this article can be
found, in the online version, at doi:10.1016/j.jccase.2021.05.011.

Declaration of Competing Interest

References

None for any of the authors.

[1] Nordestgaard BG, Chapman MJ, Humphries SE, Ginsberg HN, Masana L,
Descamps OS, Wiklund O, Hegele RA, Raal FJ, Defesche JC, Wiegman A, Santos RD, Watts GF, Parhofer KG, Hovingh GK, et al. Familial hypercholesterolaemia is underdiagnosed and undertreated in the general population: Guidance for clinicians to prevent coronary heart disease: consensus statement of
the European Atherosclerosis Society. Eur Heart J 2013;34:3478–90.
[2] Nanchen D, Gencer B, Muller O, Auer R, Aghlmandi S, Heg D, Klingenberg R,
Räber L, Carballo D, Carballo S, Matter CM, Lüscher TF, Windecker S, Mach F,
Rodondi N. Prognosis of patients with familial hypercholesterolemia after acute
coronary syndromes. Circulation 2016;134:698–709.
[3] Benito-Vicente A, Uribe KB, Jebari S, Galicia-Garcia U, Ostolaza H, Martin C.
Familial hypercholesterolemia: The most frequent cholesterol metabolism disorder caused disease. Int J Mol Sci 2018;19:3426.

Acknowledgments
None
Informed consent
Informed consent was obtained from patient for the publication
of this case report
17

P.C. Revaiah, D. Bootla, K.S. Vemuri et al.

Journal of Cardiology Cases 25 (2022) 14–18

[4] Damgaard D, Larsen ML, Nissen PH, Jensen JM, Jensen HK, Soerensen VR,
Jensen LG, Faergeman O. The relationship of molecular genetic to clinical diagnosis of familial hypercholesterolemia in a Danish population. Atherosclerosis
2005;180:155–60.
[5] Motozato K, Sueta D, Sakamoto K, Nagamatsu S, Yamashita T, Sato R, Mitsuse T,
Kanemaru Y, Takaoka K, Fujisue K, Takashio S, Arima Y, Yamamoto E, Kaikita K,
Tsujita K. A case of repetitive acute coronary syndrome in a patient with familial hypercholesterolemia. J Cardiol Cases 2019;20:200–4.
[6] Liu Z, Peng J, Wang S, Jiang T, Zhang W, Zhang C, Chen Y, Meng K, Lin J. Percutaneous coronary intervention for a Chinese familial hypercholesterolemia
homozygous under the guidance of optical coherence tomography. Atheroscler
Suppl 2019;36:19–23.
[7] Katamine M, Minami Y, Hashimoto T, Ako J. Familial hypercholesterolemia and
vulnerability of coronary plaque in patients with coronary artery disease. Pract
Lab Med 2021;24:e00202.

[8] Matsuzaki M, Hiramori K, Imaizumi T, Kitabatake A, Hishida H, Nomura M, Fujii T, Sakuma I, Fukami K, Honda T, Ogawa H, Yamagishi M. Intravascular ultrasound evaluation of coronary plaque regression by low density lipoprotein-apheresis in familial hypercholesterolemia: the Low Density Lipoprotein-Apheresis Coronary Morphology and Reserve Trial (LACMART). J Am Coll Cardiol
2002;40:220–7.
[9] Nazif TM, Kalra S, Ali ZA, Karmpaliotis D, Turner ME, Starc TJ, Cao Y, Marboe CC, Collins MB, Leon MB, Kirtane AJ. Percutaneous coronary intervention
with bioresorbable scaffolds in a young child. JAMA Cardiol 2017;2:430–4.
[10] Hoeg JM, Feuerstein IM, Tucker EE. Detection and quantitation of calciﬁc
atherosclerosis by ultrafast computed tomography in children and young
adults with homozygous familial hypercholesterolemia. Arterioscler Thromb
1994;14:1066–74.

18

