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ABSTRACT

BACKGROUND Patients with familial hypercholesterolemia (FH) are characterized by elevated atherogenic lipoprotein

particles, predominantly low-density lipoprotein cholesterol (LDL-C), which is associated with accelerated atherogenesis

and increased cardiovascular risk.

OBJECTIVES This study used 18F-fluorodeoxyglucose positron emission tomography (18FDG-PET) to investigate

whether arterial inflammation is higher in patients with FH and, moreover, whether lipoprotein apheresis attenuates

arterial wall inflammation in FH patients.

METHODS In total, 38 subjects were recruited: 24 FH patients and 14 normolipidemic controls. All subjects underwent

FDG-PET imaging at baseline. Twelve FH patients who met the criteria for lipoprotein apheresis underwent apheresis

procedures followed by a second FDG-PET imaging 3 days (range 1 to 4 days) after apheresis. Subsequently, the target-

to-background ratio (TBR) of FDG uptake within the arterial wall was assessed.

RESULTS In FH patients, the mean arterial TBR was higher compared with healthy controls (2.12 � 0.27 vs. 1.92 � 0.19;

p¼0.03). A significant correlationwasobservedbetweenbaseline arterial TBR and LDL-C (R¼0.37; p¼0.03) that remained

significant after adjusting for statin use (b¼ 0.001; p¼ 0.02) and atherosclerosis risk factors (b¼ 0.001; p¼ 0.03). LDL-C

levels were significantly reduced after lipoprotein apheresis (284 � 118 mg/dl vs. 127 � 50 mg/dl; p < 0.001). There was a

significant reduction of arterial inflammation after lipoprotein apheresis (TBR: 2.05� 0.31 vs. 1.91 � 0.33; p < 0.02).

CONCLUSIONS The arterial wall of FH patients is characterized by increased inflammation, which is markedly

reduced after lipoprotein apheresis. This lends support to a causal role of apoprotein B–containing lipoproteins in

arterial wall inflammation and supports the concept that lipoprotein-lowering therapies may impart anti-inflammatory

effects by reducing atherogenic lipoproteins. (J Am Coll Cardiol 2014;64:1418–26) © 2014 by the American College of

Cardiology Foundation.
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A therosclerosis is a chronic, lipid-driven in-
flammatory disorder of the arterial wall
(1). Lipid accumulation in the subintimal

compartment ignites a local inflammatory response,
perpetuated by oxidized lipoproteins and activated
macrophages (2). Findings of prior studies of
patients with cardiovascular disease (CVD) exemplify
the relevance of this process by demonstrating that
both a large lipid-rich necrotic core (3) and increased
arterial inflammation (4) strongly predict plaque
vulnerability and subsequent rupture. The detri-
mental interaction between lipids and inflammation
is a hallmark in patients suffering from familial

hypercholesterolemia (FH). These patients are pre-
dominantly characterized by extremely elevated
low-density lipoprotein cholesterol (LDL-C) levels,
increased levels of inflammatory markers (e.g., C-
reactive protein [CRP]), and premature CVD (5,6).
Prior studies have demonstrated some beneficial
effects of statin therapy in FH patients (7); however,
a substantial residual cardiovascular (CV) risk re-
mains (8), possibly as a result of the fact that many
FH patients do not reach target LDL-C levels by
statins.

The direct link between lipid accumulation and
induction of local inflammation has been widely
demonstrated. Potent lipid-lowering interventions
have been shown to attenuate the degree of arterial
wall and atherosclerotic plaque inflammation in
experimental animal models (9). In humans, high-
dose statin therapy has been proven to reduce
serum levels of inflammatory biomarkers (5,10) in-
dependent of the statin’s LDL-lowering effect (11).
During the last decade, assessment of the local in-
flammatory activity of the arterial wall or athero-
sclerotic plaque has been introduced using novel
imaging strategies, including 18F-fluorodeoxyglucose
positron emission tomography (18FDG-PET) (12). The
FDG signal has been shown to correlate with arterial
macrophage content (13) and is predictive of subse-
quent risk of atherothrombotic events (14). Recently,
rapid reduction of local arterial wall inflammation via
statin therapy intensification was observed using
PET imaging and, once again, was independent
of lipid profile changes (15). Taking the widely

acknowledged pleiotropic effects of statins
into account, we therefore cannot dissect
whether this statin-induced reduction in
arterial wall inflammation is merely LDL-C
dependent or due to pleiotropic, anti-
inflammatory effects.

In the present study, we assessed whether
patients with FH are characterized by
increased arterial wall inflammation as deter-
mined by 18FDG-PET/computed tomography
(CT) imaging. Subsequently, we explored
whether a potent nonpharmacological lipid-
lowering strategy can attenuate local arterial
wall inflammation.

METHODS

STUDY POPULATION. This pilot study com-
prised a cross-sectional analysis investi-
gating arterial 18F-FDG uptake in FH patients
versus healthy controls, as well as a pro-
spective interventional analysis examining
the effects of lipoprotein apheresis on arte-
rial 18F-FDG uptake. This study was con-
ducted at 2 centers: the Academic Medical
Center, Amsterdam, the Netherlands, and Massa-
chusetts General Hospital, Boston, Massachusetts.
For the cross-sectional analysis at the Academic
Medical Center, 18 patients with established FH
diagnosis were recruited from the outpatient clinic.
Healthy and normolipidemic controls without known
CVD were recruited via local advertisements. For the
prospective analysis, 12 FH patients (6 of whom
were also included in the cross-sectional analysis
of the study) meeting the eligibility criteria for lipo-
protein apheresis according to apheresis guidelines
(16) were included (6 from each center). Six FH
patients (50%) were apheresis naive, and 6 patients
had previously undergone lipoprotein apheresis.
Written informed consent was obtained from all par-
ticipants, and the local institutional review boards
approved the protocol.
18F-FDG PET/CT IMAGING. 18FDG-PET/CT imaging
was performed in all FH patients and healthy controls
at baseline. In the apheresis-naive FH patients (n ¼ 6)
treated with weekly lipoprotein-apheresis sessions,
a second 18FDG-PET/CT scan was performed after 8
weeks, 3 days after the last apheresis session (median
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AB BR E V I A T I O N S

AND ACRONYM S

18FDG = 18F-

fluorodeoxyglucose

BMI = body mass index

CRP = C-reactive protein

CT = computed tomography

CVD = cardiovascular disease

FH = familial

hypercholesterolemia

HDL-C = high-density

lipoprotein cholesterol

IQR = interquartile range

LDL-C = low-density

lipoprotein cholesterol

Lp(a) = lipoprotein(a)

MDS = most diseased segment

PET = positron

emission tomography

SUV = standardized

uptake value

TBR = target-to-background

ratio

TG = triglycerides
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