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Case report: Strong low-density-
cholesterol reduction
accompanied by shrinkage of
low-attenuation coronary plaque
during lipid-lowering treatment
with bempedoic acid—serial
evaluation by coronary computed
tomography angiography
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Heidelberg, Germany, “Fifth Department of Medicine, University Medical Centre Mannheim, University of
Heidelberg, Mannheim, Germany

Here, we present a patient with coronary artery disease and prior percutaneous
coronary interventions. This patient had to discontinue taking multiple statins and
ezetimibe due to intolerance with musculoskeletal complaints and nausea.
Monotherapy with bempedoic acid was well tolerated and was exceptionally
effective at lipid lowering, enabling patients to achieve the low-density lipoprotein
target of <55 mg/dl, as recommended by current guidelines. In addition, serial
coronary computed tomography angiography performed upon clinical indications,
during 20 months of lipid-lowering treatment with bempedoic acid,
demonstrated signs of favorable plague component modification, with shrinkage
of the low-attenuation plaque component compared to baseline findings.
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Introduction

Lipid-lowering therapy constitutes the cornerstone for the treatment of atherosclerotic
cardiovascular disease. In this regard, extensive clinical and experimental evidence showed
that low-density lipoprotein (LDL) is pivotal in the process of atherogenesis within the
arterial wall (1). Therefore, current guidelines recommend a reduction of LDL-cholesterol
of >50% from baseline and an LDL goal of <55 mg/dl in patients at very high risk for
atherosclerotic cardiovascular disease both in primary and secondary prevention (2).

From a diagnostic point of view, coronary computed tomography angiography (CCTA)
has emerged as the central non-invasive imaging technique not only for the detection of
anatomically significant coronary artery disease (CAD) (3) but also for the evaluation of
atherosclerotic plaque composition within the arterial wall (4, 5). In this regard, total
low-attenuation plaque burden was reported as the most robust predictor of death and
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myocardial infarction, beyond stenosis severity in patients with
CAD (4, 5). Statins, which are the primary lipid-lowering
medications, were previously shown to enhance the progression
of coronary artery calcification by repeated calcium-scoring scans
(6). Recently, this effect was verified by serial CCTA scans,
showing that statins result in slower plaque progression and
transformation toward high-density calcium (7).

Recently, the non-statin lipid-lowering drug, bempedoic acid,
was introduced and tested in high-risk patients under maximally
tolerated statins and in statin-intolerant groups, exhibiting a
good safety profile and effectiveness in terms of LDL reduction
(8). However, data are scarce in terms of its potential effects on
atherosclerotic plaque progression by serial CCTA studies.

Case presentation

A 66-year-old female patient was initially referred to our
outpatient center in March 2017 with suspected CAD due to
exertional angina (CCS class II) and dyspnea. The patient had a
history of arterial hypertension, which was treated with 5 mg
ramipril per day, and hyperlipidemia, which was treated for 2
years with 10 mg simvastatin (initial LDL-cholesterol of 162 mg/
dl). The ECG showed normal findings, and echocardiography
revealed mild myocardial hypertrophy and normal ventricular
diameters and function (LV ejection fraction of 62%).

Due to clinical symptoms and an intermediate pre-test
probability of 16% (9), vasodilator stress cardiac magnetic
resonance (CMR) was performed, the result of which exhibited
myocardial perfusion abnormalities in the septal and inferior
detected through
gadolinium enhancement. Due to inducible myocardial ischemia

walls. No myocardial scars were late

in two myocardial segments, accompanied by persistent
symptoms, coronary angiography was performed, confirming

high-grade lesions in the left anterior descending artery (LAD)
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(RCA).
intervention (PCI) was performed in both arteries, resulting in

and right coronary artery Percutaneous coronary
complete resolution of anginal symptoms thereafter.

Lipid-lowering treatment was changed to 20 mg of atorvastatin
per day, resulting in an LDL-cholesterol of 101 mg/dl in July 2017
and 118 mg/dl in October 2017. Since the target value of <70 mg/dl
recommended by previous guidelines (10) could not be achieved,
10 mg of ezetimibe was added to the lipid-lowing medication,
without significantly affecting LDL-cholesterol, which was measured
at 113 mg/dl during April 2018. Figure 1 shows the serial LDL-
cholesterol values between March 2017 and December 2022.

In June 2018, the patient started experiencing unsteadiness,
weakness, hypoesthesia symptoms, and muscle pain in both legs. An
electrophysiology examination of the peripheral muscles remained
without detectable neurologic abnormalities, and statin-induced
muscle symptoms (SAMS) were suspected. Atorvastatin (20 mg per
day) was changed to pravastatin (10 mg per day) leading to clinical
improvement of SAMS. However, LDL-cholesterol remained high,
measuring 143 mg/dl in October 2018 (Figure 1).

In March 2019, the patient was referred to rheumatologists due
to a recurrence of SAMS. Hereby, small fiber neuropathy (SFN)
associated with anti-Mi-2 autoantibody-positive myositis was
diagnosed. Since SFN encompasses several etiologies, such as
diabetes, anti-retroviral, hypothyroidism, and hyperlipidemia, and
has also been associated with statin therapy (11, 12), treatment
with pravastatin was discontinued. SAMS further improved, and
the patient was continued on treatment with 10 mg of ezetimibe
per day. During this period from March 2019 to December 2020,
LDL-cholesterol remained above the desired target value, ranging
between 102 and 124 mg/dl (Figure 1).

In March 2021, the patient reported new onset of atypical
addition,
ezetimibe intolerance was suspected due to nausea. The ECG and

angina accompanied by exertional dyspnea. In
echocardiography showed stable findings, and CCTA was

performed to exclude the progression of CAD, including in-stent

FIGURE 1
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LDL-cholesterol during treatment with different lipid-lowering medications, including simvastatin, atorvastatin, pravastatin, ezetimibe, and bempedoic
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restenosis. CCTA was performed in a third-generation dual-source
CT (SOMATOM Force, Healthineers, Forchheim,
Germany), exhibiting patent stents in the LAD and RCA and
any other high-grade stents. In the distal RCA, a moderate

Siemens

stenosis was detected, composed of non-calcified calcified
components [Figures 2A, C, E, pointing to low-attenuation (red
arrows) and calcified (green arrows) plaque components]. The
plaque and both its calcified and non-calcified components were
located directly at the crux of the RCA, resulting in a moderate
~50%-70% diameter stenosis [coronary artery disease reporting
and data system (CAD-RADS) 2.0 score of 3]. Repeated stress
CMR showed normal perfusion, so invasive angiography was
deferred. In addition, treatment with ezetimibe was discontinued
due to recurrent episodes of nausea, and treatment with
bempedoic acid was initiated. In November 2021, during a single
the LDL-cholesterol was
measured at 34 mg/dl and remained at 38 mg/dl on December

treatment with bempedoic acid,
2022. Since the LDL target was now reached based on current
guidelines (2), treatment with bempedoic acid was continued,
and treatment with PSCK9 inhibitors was deferred.

In addition, a follow-up CCTA examination was performed on
December 2022 (20 months after the initial CCTA) in our facility
using the same third-generation dual-source CT scanner due to
recurrent atypical symptoms. CCTA revealed patency of the
stents in the LAD and the proximal RCA. Interestingly, the
moderate lesion detected in the distal RCA in the baseline scan
now revealed signs of plaque stabilization, exhibiting similar

10.3389/fcvm.2023.1203832

calcified plaque (green arrows in Figures 2B, D, F), whereas the
low-attenuation plaque component was hardly detectable (small
red arrows). In addition, the resultant lumen narrowing was now
considered to be just mild, causing about 25%-50% diameter
stenosis (CAD-RADS 2.0 score of 2). The patient was continued
on treatment with 180 mg of bempedoic acid daily, and her
subsequent clinical course in the next 4 months was uneventful.

Discussion

This is to our knowledge the first case in the current literature,
reporting on favorable plaque component modification by serial
CCTA studies and shrinkage of low-attenuation plaque components
in a patient, where lipid-lowering monotherapy with bempedoic
acid achieved substantial LDL reduction, which could not be
achieved by multiple statins and ezetimibe due to SAMS-associated
intolerance effects.

Bempedoic acid, a non-statin lipid-lowering drug, which prevents
cholesterol synthesis by inhibiting the action of the adenosine
triphosphate (ATP) citrate lyase, a cytosolic enzyme upstream of 3-
hydroxy-3-methylglutarylcoenzyme A reductase, is associated with a
(13).
monotherapy of patients with statin intolerance, bempedoic acid

low incidence of muscle-related adverse events In

reduces LDL levels by 23%, whereas LDL reduction may exceed
about 40% in combination with ezetimibe (14). In addition, the
recent CLEAR Outcomes study showed that treatment with

Baseline CCTA
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FIGURE 2

Baseline CCTA

CCTA shows a non-calcified plaque and calcified components in the distal RCA of the patient (red and green arrows in A—C, pointing to low-attenuation
and calcified plaque components, respectively). The lesion detected in the distal RCA reveals signs of favorable plaque component modification with
follow-up CCTA after 20 months, exhibiting similar calcified plaque (green arrows in D—F), whereas low-attenuation plaqgue components are now
hardly detectable (red arrows in D—F).
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bempedoic acid in statin-intolerant patients was associated with a
lower risk of major adverse cardiovascular events, for the composite
endpoint death from cardiovascular cause, non-fatal myocardial
infarction, non-fatal stroke, and coronary revascularization (15).
Previous studies reported the ability of bempedoic acid to reduce
the high-sensitive C-reactive protein (hs-CRP) (8, 16), as a
biomarker of low-grade inflammation, involved in atherosclerotic
disease progression. This may add anti-inflammatory effects to the
lipid-lowering potential of bempedoic acid.

Our case report highlights the potential of bempedoic acid for
effective lipid lowering in a patient with statin and ezetimibe
intolerance. In addition, its potential for the reduction of non-
calcified burden components is described by serial CCTA images. It
should be noted, however, that the patient had been on treatment
with statins and ezetimibe for a considerable time before the
initiation of treatment with bempedoic acid, which may have
confounded the effects on plaque burden and composition, as
described in this context. In addition, it needs to be noted that
bempedoic acid was considered before the initiation of PCSK9
treatment due to the patient’s preference for oral over subcutaneous
therapy and due to cost issues. Indeed, the current reimbursement
system in Germany requires proof of administration of all possible
sorts of lipid-lowing treatment, including statins, ezetimibe, and
bempedoic acid prior to the approval of treatment with PCSK9
inhibitors. In our case, bempedoic acid reduced LDL-cholesterol by
over 80% compared to the initial LDL values. Notably, relatively
high inter-individual heterogeneity in LDL lowering from 0 to over
80% has been described in previous studies (17). Similar effects
have previously been reported for statins, which may be the
consequence of genetic polymorphisms modulating cholesterol
homeostasis (18). Thus, our patient seems to be a hyper-responder
to bempedoic acid in this context, where the substance achieved
highly effective LDL reduction as well as favorable plaque
modification. Future studies like the ongoing LOCATE trial (https://
drks.de/search/de/trial/DRKS00031954)  are
investigate the potential of bempedoic acid and other lipid-lowering

now warranted to

or anti-inflammatory drugs on plaque modification within multi-
center serial CCTA studies.
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