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ABSTRACT: Despite the availability of multiple classes of lipoprotein-lowering medications, some high-risk patients have 
persistent hypercholesterolemia and may require nonpharmacologic therapy. Lipoprotein apheresis (LA) is a valuable but 
underused adjunctive therapeutic option for low-density lipoprotein cholesterol and lipoprotein(a) lowering, particularly in 
children and adults with familial hypercholesterolemia. In addition to lipid lowering, LA reduces serum levels of proinflammatory 
and prothrombotic factors, reduces blood viscosity, increases microvascular myocardial perfusion, and may provide beneficial 
effects on endothelial function. Multiple observational studies demonstrate strong evidence for improved cardiovascular 
outcomes with LA; however, use in the United States is limited to a fraction of its Food and Drug Administration–approved 
indications. In addition, there are limited data regarding LA benefit for refractory focal segmental glomerulosclerosis. In this 
scientific statement, we review the history of LA, mechanisms of action, cardiovascular and renal outcomes data, indications, 
and options for treatment.

Key Words: AHA Scientific Statements ◼ blood component removal ◼ cardiovascular diseases ◼ cholesterol, LDL ◼ familial hypercholesterolemia 
◼ glomerulosclerosis, focal segmental familial ◼ lipoprotein(a) ◼ secondary prevention

Hypercholesterolemia is a major risk factor for the 
development of atherosclerotic cardiovascular dis-
ease (ASCVD). Similar to pack-years of smoking, 

there is a dose–response relationship between the dura-
tion and severity of atherogenic lipoprotein particle ele-
vation (low-density lipoprotein [LDL] cholesterol [LDL-C], 
non–high-density lipoprotein [non-HDL] cholesterol 
[non-HDL-C], remnant lipoproteins, and lipoprotein[a] 
[Lp(a)]) and ASCVD risk, sometimes referred to as LDL-
years.1 This relationship is notable in patients with famil-
ial hypercholesterolemia (FH), an autosomal codominant 
condition associated with severe LDL-C elevation from 
before birth, resulting in a greatly increased risk of 
ASCVD.2 Despite multiple available therapies, patients 
with FH often require further reduction of LDL-C, for 

which lipoprotein apheresis (LA) can change the course 
of the disease process.

Lp(a) is an apoB (apolipoprotein B)–containing ath-
erogenic lipoprotein that is associated with increased risk 
of ASCVD, arterial thrombosis, and calcific aortic stenosis 
(AS).3 Lp(a) levels are elevated in ≈20% of individuals world-
wide and in a greater percentage of individuals with FH, 
accentuating the already high risk of ASCVD attributable 
to FH.4,5 A recent Mendelian randomization analysis illus-
trated an ≈6-fold increase in ASCVD risk in patients with 
elevated Lp(a) levels.6 Highly efficacious options for lower-
ing Lp(a) levels are limited, other than LA. Definitive proof of 
cardiovascular benefit of specific Lp(a)-targeted therapy is 
lacking, but indirect evidence suggests that lowering Lp(a) 
levels with LA is associated with decreased ASCVD risk.7
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Aside from its role in treating LDL-C and Lp(a) 
elevation, LA is beneficial in reversing kidney disease 
in a portion of patients with refractory focal segmen-
tal glomerulosclerosis (FSGS) and may be beneficial 
in off-label treatment of preeclampsia. In this scientific 
statement on LA, we review the historical development, 
available devices, indications, efficacy, vascular effects, 
outcomes data, use in special populations, availability, 
access, cost, and patient perspectives. An informational 
handout about LA was developed for patient education. 
It is available in the Supplemental Material.

FH TREATMENT OPTIONS AND 
POTENTIAL INDICATIONS FOR LA
FH is among the most common genetic disorders of lipid 
metabolism worldwide, with a prevalence of ≈1:250 for 
heterozygous FH (HeFH) and 1:250 000 for homozygous 
FH (HoFH),8 yet it remains substantially underdiagnosed 
and undertreated. Pathogenic loss-of-function variants in 
the gene encoding for the LDL receptor (LDLR) account 
for most cases of FH. Pathogenic variants in several 
other genes also decrease efficiency of LDLR-mediated 
hepatic clearance of LDL particles from the circulation, 
including loss-of-function variants in APOB (apoB), gain-
of-function variants in PCSK9 (proprotein convertase 
subtilisin:kexin type 9), and biallelic loss-of-function vari-
ants in LDLRAP1 (LDL receptor adaptor protein 1).9

Adult patients with HeFH commonly have untreated 
LDL-C levels of 190 to 450 mg/dL (depending on muta-
tion severity and other factors) in association with a 50% 
risk of an ASCVD event by age 50 years in men and 
65 years in women if they remain untreated.10 Pediatric 
and adult patients with HoFH commonly have untreated 
LDL-C levels of 450 to 1100 mg/dL, resulting in a mean 
age at first ASCVD event of 12 years and death at age 18 
years, if untreated.11 Although patients with HeFH gener-
ally achieve the expected magnitude of LDL-C reduction 
in response to standard, LDLR-based lipid-lowering phar-
macotherapy, patients with HoFH have greatly reduced or 
no LDLR activity, and therefore an attenuated response to 
standard medications that lower LDL-C levels by increas-
ing LDLR activity. Patients with HeFH and HoFH who 
have refractory hypercholesterolemia may be candidates 
for LA for both primary and secondary prevention.

Several guidelines recommend the need to lower LDL-C 
levels to <70 mg/dL in primary prevention and <55 mg/dL 
in secondary prevention in patients with FH. Whereas the 
European guidelines recommend an LDL-C level of <55 
mg/dL, the 2018 American College of Cardiology/Ameri-
can Heart Association guidelines suggest an LDL-C level 
<70 mg/dL in secondary prevention. Nevertheless, the ini-
tial treatment goal is to achieve ≥50% reduction in LDL-C 
level from baseline.12 However, registry data highlight that 
the majority of patients with FH do not achieve their risk-
stratified LDL-C goals, leaving them with considerable 

residual risk.13,14 The foundation of all lipid-lowering inter-
ventions is lifestyle modification. Statin therapy is the first 
pharmacologic choice for lowering LDL-C because of its 
proven safety, efficacy, and cost-effectiveness, but is rarely 
sufficient to achieve LDL-C goals in patients with HeFH, 
and never sufficient in HoFH. Guideline-based adjunctive 
treatment with ezetimibe, PCSK9 monoclonal antibodies, 
inclisiran, bile acid sequestrants, and bempedoic acid can 
facilitate additional LDL-C reduction, but LDL-C levels 
may remain above goal despite multidrug regimens, par-
ticularly in patients with HoFH. Two other drugs that func-
tion independently of LDLR are approved only for patients 
with HoFH. Lomitapide, a microsomal triglyceride transfer 
protein inhibitor, reduces hepatic production and secre-
tion of very-low-density lipoproteins, which are obligate 
precursors to LDL; evinacumab, a monoclonal antibody 
against ANGPTL3 (angiopoietin-like protein 3), reduces 
formation of LDL by promoting clearance of very-low-
density lipoproteins and intermediate-density lipoproteins 
through non–LDLR-dependent pathways. These medica-
tions are costly and have little or no data for ASCVD pre-
vention. Despite mean LDL-C reduction of 20% to 40% 
with lomitapide, which is dose-dependent, and 49% with 
evinacumab, many patients with HoFH remain above the 
LDL-C goal, even with multidrug combination therapies,15 
and some may be limited by medication-associated side 
effects.16,17 Liver transplantation is a rarely used invasive 
treatment for severe refractory HoFH.18 Gene therapy for 
HoFH is in early stage clinical development.19

LA is efficacious for lowering all apoB-containing lipo-
proteins, including LDL-C and Lp(a), and is generally well 
tolerated. LA is approved worldwide for LDL or Lp(a) low-
ering, and is used more commonly in some countries (eg, 
Germany, United Kingdom) than in the United States. In 
the United States, LA is approved by the Food and Drug 
Administration (FDA) for patients with FH after lifestyle 
intervention and maximal tolerated LDL-C–lowering medi-
cations at differing LDL-C thresholds (Figure 1). Although 
reimbursement is decided individually by insurance carri-
ers, it is expected that a patient will have exhausted other 
available evidence-based therapies as tolerated based on 
response and tolerability. LA is the only FDA-approved 
treatment for Lp(a) lowering, but only in patients with FH 
and LDL-C level >100 mg/dL. LA is also FDA-designated 
under a humanitarian device exemption for treatment of 
refractory primary FSGS.20 Despite the indications and 
benefits of LA, it remains underused for high-risk patients 
with suboptimal lipoprotein control.

LA DEVELOPMENT, INDICATIONS, 
EFFICACY, AND EFFECTS
History of LA Development
The invention of the continuous flow centrifugal cell 
separator enabled plasma exchange to be performed 
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successfully in 2 patients with HoFH in 1975.21 How-
ever, plasma exchange has now been largely replaced 
by LA, which avoids exposure to heterologous blood 
products and removal of HDL. Selective removal of 
LDL particles using a cell separator to perfuse plasma 
through an immunoadsorbent column was introduced 
in 1981.22 Because of subsequent work at the Rogo-
sin Institute in partnership with Kaneka, this procedure 
was superseded by methods involving perfusion of 

anticoagulated plasma or blood through affinity columns 
containing either dextran sulfate (DS) covalently linked 
to cellulose beads (Figure 2) or polyacrylate-coated 
polyacrylamide beads, which adsorb the apoB compo-
nent of LDL and Lp(a) and thus permit removal of these 
lipoproteins and their cargo of cholesterol (Figure 3) 
from the circulation.23,26

Other methods of LA involve extracorporeal pre-
cipitation of LDL by the addition of a heparin–acetate 

Figure 1. Lipoprotein apheresis: an overview of key concepts.
Food and Drug Administration (FDA)–approved indications are for patients with lifestyle intervention and maximal tolerable drug therapy who 
are unable to achieve appropriate low-density lipoprotein cholesterol (LDL-C) goals. Patients must meet 1 of 4 criteria (groups A–D) based on 
their clinical diagnosis of homozygous familial hypercholesterolemia (HoFH) or heterozygous familial hypercholesterolemia (HeFH), elevated 
LDL-C and lipoprotein(a) (Lp[a]) levels, and, for some, established coronary artery disease (CAD) or peripheral artery disease (PAD). Extent of 
expected LDL-C and Lp(a) reduction are summarized. Biomarker changes with lipoprotein apheresis and clinical outcomes are also outlined. 
hsCRP indicates high-sensitivity C-reactive protein; IL, interleukin; IMT, intima-media thickness; Lp-PLA2, lipoprotein-associated phospholipase 
A2; MACE, major adverse coronary event; MCP-1, monocyte chemoattractant protein-1; NO, nitric oxide; OxLDL, oxidized low-density 
lipoprotein; PAI-1, plasminogen activator inhibitor 1; PCSK9i, proprotein convertase subtilisin:kexin type 9; sdLDL, small dense low-density 
lipoprotein; TNF, tumor necrosis factor; VCAM-1, vascular cell adhesion molecule 1; and vW, von Willebrand. *All on maximal tolerable lifestyle 
intervention and drug therapy. †Authorized by US federal law as a humanitarian use device.
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buffer to plasma (heparin-induced extracorporeal LDL 
precipitation) and double-filtration plasmapheresis. The 
most popular methods used in the United Kingdom are 
DS adsorption and polyacrylate/polyacrylamide adsorp-
tion of apoB-containing lipoproteins from whole blood 
(hemoperfusion).27 DS adsorption of plasma (but not 
hemoperfusion) and heparin-induced extracorporeal 
LDL precipitation are approved by the FDA, although the 
latter is no longer used in the United States.28–30 Avail-
able LA procedures are summarized in Supplemental 
Table 1.

Indications for LA and Determinants of Efficacy
FDA-Approved Indications
The LIPOSORBER LA-15 system (Kaneka Pharma) is 
approved for patients with any of the following diag-
noses in whom dietary intervention and maximum 
drug therapy has been either ineffective or not toler-
ated: HoFH with LDL-C level >500 mg/dL; HeFH with 
LDL-C level ≥300 mg/dL; or HeFH with LDL-C level 
≥100 mg/dL, Lp(a) level ≥60 mg/dL, and documented 
coronary artery disease (CAD) or peripheral artery 
disease.20

The LDL-C thresholds for the indicated patient popu-
lations are results obtained after dietary and lifestyle 
intervention in combination with maximally tolerated 
combination drug therapy.20 Documented CAD includes 
disease diagnosed by invasive or computed tomography 
coronary angiography, noncontrast computed tomogra-
phy, or a history of myocardial infarction, percutaneous 
coronary intervention, or coronary artery bypass graft 
surgery. Documented peripheral artery disease includes 

disease diagnosed by symptoms or physical examination 
(eg, using the Rutherford classification), or both, ankle-
brachial index, ultrasound examination, pulse volume 
recording, peripheral vascular angiography, or history 
of peripheral vascular intervention, peripheral vascular 
bypass surgery, or minor or major amputation. The indica-
tions for LA in different countries are detailed in Supple-
mental Table 2.20,26,31–35

LA Efficacy for LDL-C and Lp(a) Lowering
The magnitude of acute reduction in LDL-C levels after 
LA depends on the volume of plasma or whole blood 
treated. An acute decrease of up to 85% may be achieved 
by treating ≈2 plasma or blood volumes. Because LDL-C 
levels rebound quickly after LA, the more frequently the 
procedure is performed, the greater the reduction in 
time-averaged LDL-C levels.

The best estimate of the ensuing reduction in total 
or LDL-C levels is obtained by calculating the pre-
dicted interval mean value between successive proce-
dures from the postapheresis LDL-C level achieved 
before the next preapheresis LDL-C level achieved.36 
The equation as devised by Kroon et al37 is as follows: 
Cmean=Cmin+K(Cmax−Cmin), where Cmin is the cholesterol 
level immediately after an LA procedure, Cmax is the cho-
lesterol level at the start of the subsequent procedure, 
and K is the rebound coefficient (estimated to be 0.65 
for patients with homozygous FH and 0.71 for patients 
with heterozygous FH receiving statin therapy and under-
going apheresis at biweekly intervals).38 In an ideal sce-
nario, 2 blood or plasma volumes are treated during each 
procedure, using a vein-to-vein approach and heparinized 
blood flow of 40 to 60 mL/min or more. When performed 

Figure 2. Schema of dextran sulfate cellulose beads.
Visualization of components that comprise dextran sulfate cellulose beads, including dextran sulfate, low-density lipoprotein (LDL), lipoprotein(a) 
(Lp[a]), high-density lipoprotein (HDL), very-low-density lipoprotein (VLDL), apoA (apolipoprotein A1), and apoB (apolipoprotein B).
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every 2 weeks, mean time-averaged LDL-C reduction is 
≈35% in patients with HoFH and 22% in patients with 
HeFH. Repeated at weekly intervals, the decreases from 
baseline in interval mean values of LDL-C are 46% in 
HoFH and 31% in HeFH; the mean decrease is greater 
in HoFH because of a slower LDL rebound attributable 
to a lower fractional LDL removal rate. Among patients 
with HoFH, treatment with weekly LA in combination 
with a multidrug LDL-C–lowering regimen may lower the 
time-averaged LDL-C concentration up to 70% to 80% 
compared with untreated baseline levels (Figure 4).39 
Expected reduction in Lp(a) levels with LA are similar to 
decreases in LDL-C levels.

Other Lipid and Vascular Effects Associated With LA
The most common LA devices (heparin-induced extra-
corporeal LDL precipitation, Liposorber, and Dali) remove 
apoB-containing lipoproteins on the basis of the positive 
isoelectric charge of apoB and may also remove other 
positively charged plasma proteins.

Improvement in a number of biomarkers and vascu-
lar function have been noted with LA, but whether these 
acute effects are directly linked to improved outcomes 
independent of lipoprotein lowering is unknown. With 
respect to endothelial function, nitric oxide produc-
tion and vasodilation are increased; MCP-1 (monocyte 

chemoattractant protein-1), VCAM-1 (vascular cell adhe-
sion molecule 1), and endothelin are reduced; and blood 
and plasma viscosity are reduced. With respect to coagu-
lation and thrombosis, fibrinogen and von Willebrand fac-
tor are reduced, as well as factors V, VII, VIII, XI, XIII, 
and PAI-1 (plasminogen activator inhibitor 1). In terms of 
inflammatory and antioxidant effects, oxidized LDL and 
small dense LDL are reduced, as are interleukin-6, tumor 
necrosis factor–α, high-sensitivity C-reactive protein, and 
Lp-PLA2 (lipoprotein-associated phospholipase A2).

25

High-Density Lipoprotein Cholesterol 
Because of its negative isoelectric charge, only a small 
percentage of HDL particles is removed during LA, and 
HDL-C levels return to baseline within 1 to 2 days. Pro-
teomic analyses have identified >80 proteins bound to 
HDL-C, such as positively charged apoE (apolipoprotein 
E), serum amyloid A, and apoCIII (apolipoprotein CIII), 
which are largely removed during LA.40,41 All 3 of these 
HDL-bound proteins are associated with increased risk 
of CVD.42,43 Recent studies have found that low HDL 
particle number and elevated apoCIII-bound HDL levels 
are associated with increased risk of calcific aortic valve 
stenosis.44 The HDL particle concentration, which may 
be a better predictor of ASCVD risk than total HDL-C 
levels, is increased after LA.45,46 The clinical implications 

Figure 3. Dextran sulfate adsorption system.
Schematic for the removal process of plasma elements from the patient’s blood through polyacrylate-coated polyacrylamide beads, which 
adsorb the apoB (apolipoprotein B) component of low-density lipoprotein (LDL) and lipoprotein(a) (Lp[a]), removing lipoproteins and 
cholesterol from circulation through apheresis. This process requires the separation of plasma from the red blood cells. Adapted from Gordon 
et al23 with permission from Elsevier (Copyright © 2018 Elsevier); adapted from Moriarty and Hemphill24 with permission from Elsevier 
(Copyright © 2015 Elsevier); and adapted from Moriarty25 with permission of Elsevier Science & Technology Journals (Copyright © 2009); 
permission conveyed through Copyright Clearance Center, Inc.
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of changes in HDL composition, HDL-C, and HDL-P in 
response to LA are unknown.

Triglycerides
Acute reduction in triglycerides after LA is similar 
to cholesterol lowering, but triglycerides rebound to 
preapheresis levels in 24 hours, because turnover of 
very-low-density lipoproteins is much faster than that of 
LDL.36 In patients with severe hypertriglyceridemia, LA is 
not a feasible option for lowering triglycerides, because 
chylomicrons obstruct the columns, limiting its use; how-
ever, plasma exchange (plasmapheresis) can be used in 
lieu of LA. Plasmapheresis in patients with triglyceride-
induced pancreatitis, however, is controversial, and has 
unproven benefit.

Plasma Inflammatory Markers
LA reduces plasma markers of inflammation over both 
the short and long term in association with reduced 
markers of arterial inflammation, as noted in Table 1.47–51

Blood Rheology
Unlike plasma and water, blood is a non-Newtonian fluid 
in which shear stresses, red blood cell aggregation, red 
blood cell deformability, and plasma proteins can alter its 

resistance to flow. Increased blood viscosity is an inde-
pendent risk factor for CVD and dementia. Both blood 
viscosity and red blood cell aggregation and deformabil-
ity are substantially decreased after LA,51,53 but whether 
these changes contribute to antiatherosclerotic or poten-
tial antithrombotic effects of LA is unknown.

Extravascular Cholesterol Deposits
Severe lifelong plasma LDL-C elevation in patients with 
FH contributes to progressive formation of often disfig-
uring subcutaneous and extensor tendon xanthomas, 
frequently occurring in Achilles tendons, sometimes 
limiting ankle mobility. Regression of xanthomas occurs 
slowly over months to years when the LDL-C concen-
tration is substantially reduced. There is a rough corre-
lation between severity of extensor tendon xanthoma 
volume and arterial plaque volume; therefore, decreases 
in severity of cutaneous and tendinous xanthomas dur-
ing treatment with LA may correlate with a decrease in 
noncalcified arterial plaque.39 Corneal arcus, consist-
ing of precipitated LDL lipids and apoB in the periph-
eral corneal stroma, is poorly mobilized and typically is 
unchanged by LA because of the relatively avascular 
composition of corneal tissue.

Figure 4. Assessment of the 
sequential contributions of a 
high-intensity statin, ezetimibe, 
evolocumab, and weekly lipoprotein 
apheresis to lowering low-density 
lipoprotein levels in a hypothetical 
familial hypercholesterolemia 
homozygote.
The upper graph exhibits the predicted 
interval mean value between successive 
procedures from the postapheresis 
low-density lipoprotein cholesterol 
(LDL-C) level achieved before the 
next pre–LDL-C level achieved. When 
performed every 2 weeks, mean LDL-C 
reduction between treatments is ≈35% 
in patients with homozygous familial 
hypercholesterolemia (HoFH). The lower 
graph demonstrates a reduction in time-
averaged LDL-C concentration up to 
70% to 80% compared with untreated 
baseline levels among patients with HoFH 
being treated weekly with lipoprotein 
apheresis, in combination with a multidrug 
LDL-C–lowering regimen. Adapted from 
Thompson.39 © 2021 THE AUTHORS. 
Published by Elsevier on behalf of the 
American Society for Biochemistry and 
Molecular Biology. This is an open access 
article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-
nc-nd/4.0).
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LA AND ASCVD OUTCOMES
The majority of ASCVD outcome data related to LA 
are from prospective and retrospective observational 
studies. The absence of randomized placebo-controlled 
ASCVD outcomes trials of LA stems from the need for 
a sham procedure as well as ethical concerns about 
withholding a therapy that has evidence for improved 
outcomes in a high-risk population54 with few other 
available therapies.

Data from uncontrolled studies that assessed ASCVD 
event rates after LA compared with before LA suggested 
that event rates are 50% to 85% lower after LA. These 
notable benefits may result from both lipid and nonlipid 
mechanisms, as described previously. Most of these stud-
ies used major adverse cardiovascular events (MACEs) 
as a primary end point and involved multiple cohorts 
in relatively diverse populations and regions, including 
Germany, Japan, the United States, and other European 
countries (Table 2).27,54–63 Although mainly observational, 
the strength of this evidence derives from several fac-
tors, including the use of individuals as their own (histori-
cal) controls, the consistency of ASCVD benefits across 
multiple populations and many years of follow-up, as well 
as extensive supportive, mechanistic data.

The most notable cardiovascular outcome data are 
from an early nonrandomized parallel treatment trial 

assessing 10-year outcomes in 130 Japanese patients 
with HeFH with angiographically documented CAD 
treated with cholesterol-lowering drug therapy alone 
(n=87) or LA in combination with cholesterol-lowering 
drugs (n=43) over a mean duration of 6 years. LA in 
combination with drug therapy significantly reduced 
LDL-C levels, from 286.93±66.9 to 121.04±30.94 
mg/dL (58%), compared with drug therapy alone, 
decreasing from 233.2±51.04 to 167.05±59.16 mg/dL  
(28%). Coronary event rates were 72% lower with 
combination therapy compared with drug therapy 
alone (10% versus 36%, respectively; P=0.0088; 
Figure 5).54

A subsequent retrospective longitudinal cohort study 
by Heigl et al64 in 2015 compared 4 different types of 
LA methods among 118 patients with CVD and elevated 
LDL-C or Lp(a) levels. During a mean duration of 6.8 
years of apheresis, the incidence of MACEs was 79.7% 
lower compared with a mean period of 6.4 years before 
apheresis. In 2022, the most recent update from a large 
multicenter prospective GLAR study (German Lipo-
protein Apheresis Registry), by Schettler et al,61 exam-
ined outcomes in 2028 patients with elevated LDL-C 
or Lp(a) levels, or both. A comparison of ASCVD event 
rates during 5 years of LA with the interval 1 to 2 years 
before LA showed a 74% lower occurrence of MACEs 
and 66% lower rate of major noncoronary events. Major 
noncoronary events were defined by the authors as a 
new transient ischemic attack, minor stroke or stroke, 
new carotid surgery, new carotid percutaneous trans-
luminal angioplasty, or new peripheral vascular events 
(a vascular event of thoracic AS, lower extremities, or 
renal arteries with percutaneous transluminal angio-
plasty, stent, bypass surgery, or amputation). The relative 
risk reduction for MACEs in patients with Lp(a) eleva-
tion plus elevated LDL-C levels ranged between 60% 
and 90%, and the most recent GLAR data show 85% 
and 63% lower rates of MACEs and major noncoro-
nary events, respectively. The ASCVD benefit from LA 
appeared to be greatest in patients with elevated Lp(a) 
and normal LDL-C levels, associated with relative risk 
reduction for MACEs and noncoronary events of 88% 
and 73%, respectively. Although 6 different LA meth-
ods were used in the GLAR study (DS and 5 others), 
the reports state that there was no difference in MACEs 
or major adverse noncoronary events reduction among 
these methods. Furthermore, although LA is commonly 
done weekly in Germany and Austria, and LA is com-
monly done every 2 weeks in the United States, United 
Kingdom, and Japan, the ASCVD relative risk reductions 
were roughly comparable.

In 2013, Leebmann et al65 conducted a prospective 
multicenter study (Pro[a]LiFe) in 170 patients with Lp(a) 
elevation treated with LA. Annualized MACE rates during 
2 years before and 2 years after initiation of LA were 
noted to be 0.41±0.45 versus 0.09±0.22, respectively 

Table 1.  Proinflammatory Markers: Percent Changes After 
Lipoprotein Apheresis47–51

Marker After apheresis, %

MCP-1 −15 to −18

MMP-9 −20

TIMP-1 −30

ET-1 −15 to −75

sCD40L −16

Lp-PLA2 −22

VCAM-1 −10 to −20

ICAM-1 −10 to −16

E-selectin −6 to −31

Fibrinogen −10 to −65

MPO −36

SAA −84

hsCRP −10 to −80

Galactin-3 −19 to −23

IL-6 −35

ET-1 indicates endothelin-1; hsCRP, high-sensitivity C-reactive protein;  
ICAM-1, intercellular adhesion molecule-1; IL-6, interleukin-6; Lp-PLA2, 
lipoprotein-associated phospholipase A2; MCP-1, monocyte chemoattractant 
protein-1; MMP-9, matrix metalloproteinase-9; MPO, myeloperoxidase; SAA, 
serum amyloid A; sCD40L, soluble CD40 ligand; TIMP-1, tissue inhibitor of 
metalloproteinase-1; and VCAM-1, vascular cellular adhesion molecule-1.

Adapted from Moriarty51 with permission from Wolters Kluwer Health, Inc; 
adapted from Moriarty and Hemphill24 with permission from Elsevier (Copyright © 
2015 Elsevier); and adapted from Yoshidome et al52 with permission (Copyright 
© 1998 John Wiley and Sons).
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(78% reduction; P<0.0001). In another study, Schatz et 
al66 showed in 2017 that in 113 patients with either ele-
vated LDL-C >100 mg/dL, elevated Lp(a) >60 mg/dL, 
or both, the group with elevated Lp(a) level had the high-
est baseline MACE rate during 2 years before apheresis 
(1.57±1.31 for Lp[a] >60 mg/dL versus 0.59±0.63 for 
LDL-C >100 mg/dL) and the greatest relative decrease 
in events during 2 years of LA (77%, 74%, and 53% 
lower incidence of MACEs with high Lp[a] level, high 
Lp[a]+high LDL-C level, and high LDL-C level, respec-
tively). In a post hoc analysis of another retrospective 
study of 133 patients treated with a statin, patients in 

the United Kingdom compared with patients in South 
Africa were more likely to be treated with LA (50% 
versus 13%, respectively), achieved greater serum cho-
lesterol lowering (57% versus 32%), and had lower mor-
tality rates (10% versus 60%; P=0.02) during 25 years 
of follow-up.67

KNOWLEDGE GAPS
Based on the observational nature of the existing data 
related to LA, there are important limitations to acknowl-
edge. The studies are small and not randomized. It is 

Table 2.  Published ASCVD Event Outcomes With Lipoprotein Apheresis27,54–63

Country and 
publication Type of study No. Sites Dyslipidemia types (and comments)

ASCVD events (follow-up 
duration)

Japan

 � Mabuchi  
et al 
(1998)54

Prospective/
nonrandomized, 
semimatched 
controls, unblinded 
evaluation

43 (vs 87 
controls on 
medication 
only)

Japan/multi-
center

HeFH with CAD MACE ↓72% (P<0.01; controls vs 
LA; 6-y follow-up); controls generally 
well-matched to patients receiving 
LA, except 28% vs 9% smokers 
(P=0.02) and Achilles tendon 
thickness 12 vs 17 mm (P<0.001)

 � Masaki et al 
(2005)55

Prospective/
observational

18 Japan/single-
center

HeFH (baseline LDL-C level 277 mg/dL) MACE ↓95% (follow-up 0.9 y before 
LA vs 9.8 y on LA)

United States

 � Gordon 
(2000)56

Retrospective/
observational

62 United 
States/multi-
center

High LDL-C level MACE ↓59% (P=0.037; 5 y before 
LA vs 4 y on LA)

 � Sachais et al 
(2005)57

Retrospective/
observational

34 United 
States/ 
single-center

High LDL-C level, n=33; high Lp(a) level, n=1 MACE ↓73% (follow-up before LA 
ND vs average 2.5 y on LA)

 � Moriarty et al 
(2019)58

Retrospective/
observational

14 United 
States/ 
single-center

Isolated high Lp(a) level; patients with high 
LDL-C level excluded

MACE ↓94% (6 y before LA vs  
4 y on LA)

Germany

 � Koziolek  
et al 
(2010)59

Retrospective/
observational

38 Germany/
single-center

High LDL-C level alone, 47%; high Lp(a) level 
alone, 5%; both elevated, 47%; events not 
reported by baseline lipids

MACE ↓83% (3 y before LA vs  
9 y on LA)

 � Rosada et al 
(2014)60

Retrospective/
observational

37 Germany/
single-center

Isolated high Lp(a) level (patients with high 
LDL-C level excluded)

MACE ↓94% (P<0.0001; 1 y before 
LA vs 6.8 y on LA)

 � Schettler  
et al 
(2022)61

Retrospective/
observational

930 Germany/
multicenter

3 patient groups: (A) high LDL-C and normal 
Lp(a) level, (B) normal LDL-C and high Lp(a) 
level, and (C) high LDL-C and high Lp(a) 
level; includes Pro(a)LiFe and other previous, 
smaller published German studies; LA 
generally done weekly

MACE* ↓2 y before LA vs on LA  
2 y (and on LA 5–7 y+) by group: 
(A) MACE ↓52% (↓74%), (B) MACE 
↓85% (↓88%), (C) MACE ↓75% 
(↓85%)

Other European countries

 � Sampietro  
et al 
(2015)62

Retrospective/
observational

30 Italy/single-
center

All patients had HeFH or FCH (57% and 
43%, respectively); 53% also had high Lp(a) 
level; events not reported by baseline lipid 
levels

MACE ↓88% (rate/y; follow-up  
11 y before LA vs ≈15 y on LA)

 � Berent et al 
(2019)63

Retrospective/
observational

30 Austria/ 
single-center

50% with high LDL-C level only, 50% with 
high Lp(a) level; events not reported by 
baseline lipids; LA done weekly

MACE ↓78% (2 y before LA vs  
2 y on LA)

 � Pottle et al 
(2019)27

Retrospective/
observational

151 United 
Kingdom/
multicenter

92% with high LDL-C only, 8% with high Lp(a) MACE ↓63% (2 y before LA vs  
2 y on LA)

Lipoprotein apheresis (LA) was performed every 2 weeks unless otherwise noted. ASCVD indicates atherosclerotic cardiovascular disease; FCH, familial combined 
hypercholesterolemia; HeFH, heterozygous familial hypercholesterolemia; LDL-C, low-density lipoprotein cholesterol; Lp(a), lipoprotein(a); and ND, no data.

*Major adverse cardiovascular events (MACEs) did not include stroke in this publication.
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challenging to control for confounders in these popula-
tions, which may affect outcomes. Further research that 
may include randomized controlled trials or larger pro-
spective studies is warranted to further substantiate the 
outcomes. There is also a need for expansion of research 
on the patient level with respect to patient experience 
and quality of life (QoL).

Plaque Regression
Smaller studies have examined the effects of LDL or 
Lp(a) reduction, or both, with LA on the end point of 
angiographically quantified coronary arterial plaque 
regression in patients undergoing LA, demonstrating 
decreased mean stenosis in response to either LDL or 
Lp(a) reduction, or both. The LACMART prospective 
Japanese study (Low Density Lipoprotein-Apheresis 
Coronary Morphology and Reserve Trial) of 17 patients 
with FH assigned to statin treatment versus statin 
treatment+LA noted a reduction in minimal lumen diam-
eter in the statin+LA group compared with an increase 
in the statin alone group (minimal lumen diameter 
0.12±0.43 mm with statin+LA versus −0.08±0.45 mm 
with statin alone; P<0.004).68 Among 30 patients with 
elevated Lp(a) >50 mg/dL assigned to receive specific 
Lp(a) apheresis versus atorvastatin alone for 18 months, 
Safarova et al69 showed a 2% reduction in mean luminal 
stenosis with LA compared with an increase of 3.5% in 
the atorvastatin alone group.

Myocardial Microperfusion
Decreased angina has been demonstrated in patients 
with refractory angina after treatment with LA. In 2017, 
Khan et al70 randomized 20 patients to LA or sham 
apheresis, and then crossed over each participant to 
the other arm, each for 3-month periods. In addition 
to the expected reductions in LDL-C and Lp(a) levels, 
there was a noteworthy net increase of 0.63 in myocar-
dial perfusion reserve (P<0.001), a 17% (67 meters) 

net increase in 6-minute walk distance (P<0.001), and 
improvement in several other measures with LA versus 
sham treatment.70 In another trial, myocardial microvas-
cular perfusion improved and was normalized when mea-
sured immediately after LA compared with immediately 
before LA.71

Lower-Extremity ASCVD
LA treatment is beneficial for patients with lower-
extremity ASCVD, a condition associated with histori-
cally poor guideline-directed treatment uptake and poor 
clinical outcomes. A small registry of patients with lower-
extremity ASCVD reported improvements in mean claudi-
cation levels, walking distance, ankle-brachial index, and 
revascularization rates (all P<0.001) before versus after 
starting once-weekly LA, with patients serving as their 
own (historical) controls.72 Data from other studies have 
also shown improved endothelium-dependent vasodila-
tation and results from case series have demonstrated 
improved wound healing in patients with intractable skin 
ulcers caused by peripheral artery occlusion with the use 
of LA, particularly in the setting of elevated Lp(a) levels.73

AS (Valvular and Supravalvular)
Valvular and supravalvular AS are known complications of 
both FH and elevated Lp(a) levels,15 yet few studies have 
assessed the effects of LA on AS. Data from a 50-year 
survey of UK patients suggested that LA in combination 
with statin therapy was associated with decreased inci-
dence of AS compared with the prestatin era (33% ver-
sus 77%, respectively; P=0.02). Statin therapy alone has 
been ineffective for altering the course of AS. In addition, 
a study from France showed that later initiation of LA 
treatment in children with homozygous FH was associ-
ated with greater development of AS.74 Although high 
Lp(a) levels are known to associate with calcific AS, pub-
lished evidence of potential LA benefits on AS in patients 
with elevated Lp(a) levels are lacking.

Figure 5. Reduction of cardiovascular 
events with low-density lipoprotein 
apheresis compared with drug 
therapy alone.
Outcome data of the Hokuriku-FH-LDL-
Apheresis Study Group54 demonstrating 
that among patients with heterozygous 
familial hypercholesterolemia (FH) with 
congenital heart disease documented by 
coronary angiography, the rate of total 
coronary events was 72% lower in the 
low-density lipoprotein (LDL) apheresis 
group (combined with cholesterol-lowering 
drugs) compared with those receiving 
drug therapy alone. Adapted from Moriarty 
and Hemphill24 with permission from 
Elsevier (Copyright © 2015 Elsevier).
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Pediatric LA
The diagnosis of HoFH can be made early in childhood 
in the presence of cutaneous xanthomas and extremely 
high LDL-C levels.75–77 Children with HoFH may have 
little or no LDL-C–lowering response to standard LDLR-
dependent therapies, and LA or the LDLR-independent 
agents (or both) lomitapide and evinacumab are often 
needed to achieve goal LDL-C levels of <115 mg/dL.15 
Without aggressive LDL-C reduction, atherosclerosis 
often develops rapidly, and myocardial infarction and 
sudden death may manifest by the second decade, and 
at times even in early childhood.75–77 Aggressive LDL-C–
lowering therapy is needed as soon as a diagnosis of 
HoFH is established because a delay of even 3 to 6 
months may lead to ASCVD complications.

LA is generally safe and effective for lowering LDL 
levels in patients with HoFH as young as 2 years.35,75,76 
Treatment of ≈1.5 plasma volumes (lower than the goal of 
2 volumes in adults) over 2 to 3 hours every 1 to 2 weeks 
with DS adsorption achieves similar acute and time-
averaged lowering of LDL-C and Lp(a) levels as reported 
for adults.76,78 Serious adverse events are rare, but a mini-
mum body weight of 15 kg is recommended because 
of the large extracorporeal volume (≈400 mL for Lipo-
sorber) and potential for hypotension. The risk of hypo-
tension can be limited by pre-LA volume expansion with 
oral hydration; possible infusion of 25% albumin during 
the initial removal of blood (to compensate for decreased 
blood volume); a slow initial blood flow rate, gradually 
increased as tolerated; and boluses of normal saline as 
needed.78 It is important to assess the aortic valve/root 
area and patency of the coronary arteries before start-
ing LA because of the enhanced risk of hypotension 
and myocardial ischemia. The safest venous access is by 
peripheral venipuncture, but this can be difficult in chil-
dren because of small venous caliber and frequent lack of 
cooperation with needle insertion and catheter placement 
maintenance. Subdermal placement of a central port is 
possible, even in young children, and can be valuable 
in providing a reliable source of blood withdrawal, to be 
complemented by blood return through a peripheral vein. 
Skilled and sensitive engagement with the child and par-
ent are needed. Venous access complications are more 
common in children compared with adults.79

The earlier patients with HoFH begin treatment with LA 
and the lower their on-treatment LDL-C levels, the better 
their cardiovascular event–free survival rates.76,77,80,81 Cuta-
neous and aortic valvular xanthomas, as well as plaque 
in the coronary arteries and aorta, may regress, but if the 
LDL-C concentration remains above goal, ASCVD events 
may occur.75,76,78 Children with HoFH and elevated Lp(a) 
levels may especially benefit from LA. Children with high 
Lp(a) levels and stroke may also benefit from LA.82 Larger 
studies in pediatric patients with HoFH are needed to bet-
ter quantify the ASCVD benefits of LA when used in com-
bination with aggressive medical therapy.83

LA and Pregnancy
Treatment of lipid disorders is particularly challeng-
ing during pregnancy and lactation, because increased 
estrogen levels elevate both LDL-C and triglyceride 
levels.84 LDL-C levels are further elevated by the need 
to stop most pharmacotherapies during pregnancy and 
lactation, other than bile-acid sequestrants and possibly 
statins.85 Although there are no published clinical trials 
of LA in pregnancy, results from case series attest to LA 
being safe and effective for lowering LDL-C in women 
with severe ASCVD or familial hypercholesterolemia, or 
both, throughout pregnancy and breastfeeding.10,86 Care-
ful assessment of cardiovascular stability is needed in 
women who have experienced a recent ASCVD event to 
ensure safety for both the mother and fetus, as well as 
to assess the potentially high risk of cardiovascular com-
plications due to not performing LA. Severely elevated 
LDL-C and possibly Lp(a) levels can be deleterious to 
both the mother and fetus, leading to risk for maternal 
cardiac events, preterm birth, preeclampsia, and death 
from myocardial infarction during parturition in women 
with HoFH who stop all lipid-lowering treatment during 
pregnancy.87 Preliminary results suggest that off-label 
treatment with LA may reduce the likelihood and severity 
of preterm preeclampsia.88,89

LA for FSGS
Nephrotic syndrome is characterized by excessive urinary 
protein excretion, usually associated with mild to severe 
dyslipidemia (elevated LDL-C level, elevated Lp[a] level, 
hypertriglyceridemia, and low HDL-C level), often with a 
reduced glomerular filtration rate (GFR). An important 
cause of nephrotic syndrome is primary FSGS, which is 
treated with glucocorticoids and calcineurin inhibitors. 
Patients who are unresponsive to these treatments are 
candidates for renal transplantation. FSGS often recurs 
in the renal allograft and may be unresponsive to immu-
nosuppressive medications. Cases of recurrent FSGS 
can be treated with plasma exchange (also known as 
plasmapheresis), although this often provides little or 
no benefit, perhaps because it is relatively inefficient 
in removing the underlying circulating factors that may 
contribute to primary FSGS.90 Published data implicate 
several potential aggravating factors in FSGS, which may 
include remnant lipoproteins, other lipoproteins, apolipo-
protein L1, and many other proteins and apoproteins 
suggested by proteomic analyses.91

In the 1980s, given evidence that dyslipidemia is 
associated with FSGS, LA was first used for treatment 
of this condition, and found to be potentially effective for 
some patients with FSGS. Use of LA for refractory FSGS 
(definite or presumed) has been reported in at least 17 
publications of adult patients (with 1–29 patients each), 
totaling ≈141 unique participants. Most patients (n=119) 
were in the 6 largest studies (13–29 participants each), 
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including 1 RCT of statin treatment with or without LA.92–95  
Major limitations of these data are the inclusion of 20 
RCT participants for nephrotic syndrome (not specifically 
FSGS) and use of the primary outcome of LDL-C lower-
ing (which was better with LA) rather than severity of 
proteinuria (which trended lower with LA) or effect on 
GFR (which was not reported).92 Of the remaining 99 
(observational) patients, 46% had complete proteinuria 
remission, 30% achieved partial remission, and 25% 
had little or no benefit. Renal function normalized in 
58%, 28% had partial improvement, and 15% had no 
improvement.

A potential benefit of LA in pediatric patients (age 
2–18 years) with FSGS was reported in 11 publica-
tions (1–11 cases each), totaling 40 unique patients.96 
The response to LA in children appears to be somewhat 
better than in adults, but there are many potentially con-
founding differences between these publications. For the 
outcome of proteinuria, ≈58% had complete remission, 
15% partial benefit, and 27% little or no benefit. GFR 
was normalized or remained normal in 77%; 23% had 
no benefit.

Substantial limitations of the available data include 
(1) a near-total lack of RCTs or nonrandomized control 
groups; (2) wide variability in treatment protocols; (3) 
underreporting of renal (and lipid) outcomes; (4) variable 
and often brief follow-up (1 month to 12 years); (5) large 
losses to follow-up (half or more in some series); (6) lack 
of published meta-analyses or systematic reviews; and 
(7) considerable likelihood of publication bias. Further 
clinical studies of LA treatment in adults and children 
with FSGS are needed, including both systematized reg-
istry data and RCTs (eg, LA versus plasma exchange), 
focusing on the major renal outcomes of proteinuria and 
GFR. Studies focused on mechanisms of benefit and 
biochemical predictors of response are also needed.

LA improves renal function in some patients with 
FSGS, even in patients with medication resistance and 
relapse. Predictors of greater benefit include younger 
age, concurrent use of glucocorticoids, shorter duration 
of FSGS, and better baseline renal function. The FDA 
has approved LA under a humanitarian device exemp-
tion for treatment of adults and children with primary 
FSGS and nephrotic syndrome that is resistant to cor-
ticosteroids or calcineurin inhibitors (or both), or recur-
rent after renal transplant, with a GFR ≥45 mL·min·1.73 
m2 (although the response is better with GFR ≥60). 
Although the FDA’s semiexperimental humanitarian 
device exemption designation of LA for FSGS reflects 
the lack of documented consistent clinical benefit, LA 
is routinely approved for FSGS by most payers. Institu-
tional review board oversight and approval as an exempt 
experimental treatment is required for centers that use 
LA for treatment of FSGS. The recommended short 
course of LA (usually twice weekly for 3 weeks, then 
once weekly for 6 weeks, for a total of 12 treatments 

over 9 weeks) in some cases results in long-term remis-
sion of a serious and otherwise untreatable disease.

PUTTING LA INTO PRACTICE
Availability of LA Centers
Although some countries, such as Germany, have wide-
spread LA centers with high patient capacity, other coun-
tries have limited or no availability of LA. In the United 
States, the closest LA center may be >300 to 400 miles 
away for some patients. It is estimated that up to 1% 
of patients with FH in the United States may qualify 
for LA (a modern estimate adapted from Vishwanath 
and Hemphill [2014]97), which may comprise 11 000 to 
15 000 patients. This is >25 times the <400 US patients 
reported by Kaneka Medical Company to be undergoing 
LA, underscoring the barriers to access and likely lack of 
awareness of its benefits and indications. In accordance, 
there is a need for more referrals to existing LA centers, 
as well as creation of more LA centers to make the pro-
cedure more accessible. An up-to-date listing of active 
LA sites can be found on the Family Heart Foundation 
website.98 Underdiagnosis of FH and high Lp(a) level is 
an additional barrier to treatment with LA.

Requirements to Establish an LA Center
The requirements for establishing an LA center are 
relatively straightforward (Figure 6). Key components 
include availability of trained nursing staff with backup, 
adequate space with a hospital bed or reclining chair for 
performing LA treatments, an LA device and disposable 
supplies (only the Liposorber system is available in the 
United States), as well as referral of appropriately indi-
cated patients. Nurses who are experienced with dialy-
sis or other apheresis procedures can more readily be 
trained to perform LA, but the needed training specific to 
LA is available and is feasible for most RNs. Apheresis 
devices can be purchased or leased from the manufac-
turer or distributor. Tubing, plasma separators, and apher-
esis columns are for 1-time use.

When a patient is identified who may be a candidate 
for LA, the next steps include verification that available 
pharmacotherapeutic options have been attempted; 
documentation that the patient meets approved crite-
ria from the FDA in the United States or other regula-
tory bodies in other countries (Table 2)26,51,53–61; careful 
discussion with the patient of pros and cons of the 
procedure, including potential risks and costs; obtain-
ing authorization from the patient’s insurance plan; and 
assessment of venous access. LA is covered by most 
insurance plans, although reimbursement rates vary by 
state and plan. In the United States, a company that 
partners with Kaneka offers free expert assistance in 
obtaining insurance authorization.99
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Administrative support for implementing and main-
taining an LA center is essential. Unfamiliarity with the 
process and procedure may create initial administrative 
hesitancy in some cases, but detailed discussions of the 
unique unmet needs of high-risk patients with severe FH 
or Lp(a) elevation (or both), in addition to the benefits of 
LA for such patients, may help overcome these barriers. 
A detailed financial plan is required, which can be negoti-
ated in coordination with the apheresis device provider, to 
verify that a sustainably viable program can be initiated. 
It has been estimated that a center with 2 or 3 patients 
treated with regular LA will yield financial neutrality for 
the institution. Because many health care profession-
als are unaware of LA, selective marketing can facilitate 
identification of patients who may be candidates for this 
procedure. For institutions that are not prepared to train 
their staff to support the procedure or to purchase or 
lease an LA machine, local blood centers and compa-
nies may provide mobile LA service in limited areas on 
an ongoing basis, with nurses and an apheresis device 
brought to the required site weekly or biweekly. More 
information about local resources can be obtained from 
Kaneka.99 In cases where an LA center might be run by 
a nephrologist or blood bank specialist, availability of a 
qualified lipidologist is needed for appropriate manage-
ment of lipid-lowering medications and care of patients 
receiving LA, who are at high risk for ASCVD events.

Venous Access
Some patients can sustainably undergo LA treatments 
using their native veins for afferent and efferent blood 

access. In adults, this generally requires 16- or 18-gauge 
venous access in both arms to provide adequate blood 
flow rates; lower flow rates prolong treatment times. 
When native venous access is insufficient, alternative 
options include implantation of subdermal high-flow 
central venous ports accessible in the upper chest (eg, 
Bard or Vortex), use of a dual-lumen transcutaneous tun-
neled central venous dialysis catheter (generally only for 
temporary use), or surgical creation of an arteriovenous 
fistula in the forearm, which may require 6 to 8 weeks 
to mature before use for LA. The best option for each 
patient needs to be identified on the basis of shared 
decision-making and a well-informed understanding 
of the pros and cons of each option. Central lines can 
increase risk of infection and sepsis, particularly in chil-
dren. Central lines and ports require flushes with heparin 
in between treatments if not used regularly for LA. Per-
cutaneous central lines generally require at least weekly 
flushes, necessitating flushes between every 2-week LA 
treatment. Arteriovenous fistulas do not require flushing 
but may be cosmetically undesirable and may pose risk 
of bleeding from the arterialized pressurized dilated vein 
in patients at risk of forearm trauma.

Cost-Effectiveness of DS LA for Prevention of 
ASCVD
The annual cost of LA varies greatly by setting (outpatient 
versus hospital), by payer (Medicare, Medicaid, or com-
mercial insurer), and by region, ranging from $50 000 to 
$150 000 per year in the United States when performed 
at the common interval of every 2 weeks. Although 

Figure 6. Establishing a lipoprotein 
apheresis center.
Outline of the key components necessary 
for establishing a lipoprotein apheresis 
(LA) center. Elements addressed include 
staffing, facilities, supplies, identification, 
and referral of appropriately indicated 
patients. FDA indicates Food and Drug 
Administration.
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substantially more costly than the most expensive LDLR-
dependent LDL-lowering therapies, LA is substantially 
less expensive than the only other available treatments 
for patients who fail these therapies, because the 2 
LDLR-independent medications for HoFH, lomitapide 
and evinacumab, cost ≈$300 000 to $450 000 annu-
ally (both approved as orphan drugs for patients with 
HoFH). Neither of these medications has reliable data 
for ASCVD event reduction. LA is the only FDA-approved 
treatment for high Lp(a) levels in patients with FH and 
LDL-C >100 mg/dL taking standard LDL-C–lowering 
therapy.

An estimate of the cost-effectiveness of LA for ASCVD 
event reduction can be made by comparing results of 
the most comprehensive study of ASCVD outcomes in 
patients treated with LA61 with that of the largest ASCVD 
outcomes trial of evolocumab, the most commonly used 
PCSK9 inhibitor.100 The most recently published cost-
effectiveness calculations for evolocumab101 showed 
cost-effectiveness “below the threshold of $50 000 per 
quality-adjusted life-year gained for any baseline [ASCVD 
event] rate of ≥6.9 events per 100 patient-years.” The 
average reduction rate for LA for all major ASCVD 
events (coronary plus noncoronary) in the GLAR61 was 
5.2%, compared with 1.5% with evolocumab in FOU-
RIER (Further Cardiovascular Outcomes Research With 
PCSK9 Inhibition in Subjects With Elevated Risk), which 
had a primary outcome of nonfatal myocardial infarction 
and stroke and cardiovascular disease death.100 These 2 
studies tested both a comparable on-treatment period 
(2 years for the primary analysis in the GLAR versus 2.2 
years median follow-up in FOURIER) and a comparable 
baseline ASCVD risk (7.35% in GLAR versus the “very-
high-risk” subgroup in FOURIER [“6.9% or more”]). Thus, 
LA may provide a 3.8-fold greater ASCVD risk reduction 
than evolocumab. Assuming an annual discounted cost 
of $50 000 for LA versus an annual discounted cost of 
$6634 for evolocumab (lowest cash price for a national 
pharmacy chain102), LA costs roughly 7.6-fold more than 
evolocumab. Because the 7.6-fold extra cost is roughly 
twice that of the 3.8-fold extra ASCVD risk reduction, it 
is reasonable to estimate that the cost-effectiveness of 
LA would be roughly twice the cost per quality-adjusted 
life-year of evolocumab. This is ≈$100 000 per quality-
adjusted life-year, which is a widely accepted conser-
vative willingness-to-pay threshold by US standards. 
Although this analysis is based on a comparison between 
therapies with different levels of evidence, it is important 
to accept these limitations and appreciate what the value 
of the procedure may be in comparison with other avail-
able therapies.

PATIENT PERSPECTIVE
Challenges that may be experienced by patients under-
going LA are difficult to share objectively; they are not 

well documented in published studies.103 Data regarding 
retention of patients treated with LA, effects on QoL, 
or strategies for improving long-term adherence are 
limited. The available studies have small sample sizes, 
are not stratified by specific underlying diagnoses, and 
are typically focused on the subpopulation of patients 
with HoFH, as opposed to the more common patients 
with HeFH, thereby limiting the generalizability of the 
data.103 De Gucht et al104 published a study conducted in 
Germany addressing treatment-related QoL and health-
related QoL in a sample of 206 participants completing 
a 104-item apheresis QoL scale. Results indicated that 
treatment-related QoL, defined by the authors as the 
perceived effects of LA, might be an important deter-
minant of health-related QoL and physical complaints in 
patients undergoing LA.104 The authors suggested that 
further research is needed to compare QoL in patients 
who are receiving versus those who are not receiving LA 
with similar medical diagnoses, as well as that screening 
for effects on QoL could help support individualization 
of care. Wang et al103 described factors contributing to 
burdens of LA therapy. Treatment challenges that may 
present as barriers to care included biweekly frequency, 
treatments affecting ability to work, cost, invasiveness, 
concerns about insurability, and access to treatment, 
given limited availability of LA facilities. With respect 
to patient access to treatment facilities in the United 
States,98 only 33 out of 50 states have at least 1 LA 
treatment facility, leading to increased travel times for 
some patients. Unmet research needs exist for QoL 
studies, which include a necessity to incorporate control 
groups not undergoing LA, implement longer follow-up 
periods related to treatment retention, expand assess-
ment of effects of social determinants of health, and 
conduct more detailed evaluation of long-term adher-
ence data. Studies of QoL associated with LA treatment 
also need to quantify the potential for increased hos-
pitalizations, diagnostic and interventional procedures, 
surgeries, cardiovascular events, disability, and death if 
high-risk patients are unable to be treated with LA. With 
respect to patient education and advocacy, the Family 
Heart Foundation98 provides resources and tools, sup-
port groups, and access to lipidologists and apheresis 
centers.

CONCLUSIONS
With a single session, LA reduces Lp(a) and LDL-C 
levels by 65% to 85%; reduces inflammatory mark-
ers, prothrombotic factors, atherogenic HDL-C com-
ponents, blood viscosity, and endothelial dysfunction; 
and improves microvascular myocardial perfusion, sug-
gesting multiple potential mechanisms by which LA 
may modulate ASCVD risk. The evidence base dem-
onstrating cardiovascular benefits of LA primarily con-
sists of prospective and retrospective observational 
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data. Multiple clinical benefits have been noted with 
LA, which include decreased angina, increased walk-
ing distance, and plaque stabilization and regression, 
in addition to regression of xanthomas. Although more 
definitive studies are needed, the available data sug-
gest that LA may be associated with a notable 63% to 
95% reduction in incidence of MACEs. Although his-
torically LA has been used predominantly for patients 
with FH with markedly elevated LDL-C levels in accor-
dance with FDA approval in the United States, LA may 
have a broader range of use that may include treatment 
of patients without FH who have clinical ASCVD and 
LDL-C levels above goal despite maximally tolerated 
therapies or severe Lp(a) elevation. These indications 
are approved in several countries, but remain off-label 
in the United States. Use of LA for elevated Lp(a) lev-
els (with or without elevated LDL-C levels, depending 
on geographically specific guidelines) may be clinically 
important due to the lack of effective Lp(a)-lowering 
therapies, but data in this population are limited. LA is 
also indicated under a humanitarian device exemption 
for treatment of primary FSGS resistant to standard 
treatments, possibly resulting in improved kidney func-
tion and kidney transplant preservation in about half of 
patients. LA is generally well tolerated and has a favor-
able safety profile. Although cost-effectiveness and 
QoL effects are important factors to consider in shared 
decision-making regarding treatment, LA may provide 
substantial clinical benefit for many high-risk patients, 
in whom it is frequently underused.

ARTICLE INFORMATION
The American Heart Association makes every effort to avoid any actual or poten-
tial conflicts of interest that may arise as a result of an outside relationship or a 
personal, professional, or business interest of a member of the writing panel. Spe-
cifically, all members of the writing group are required to complete and submit a 
Disclosure Questionnaire showing all such relationships that might be perceived 
as real or potential conflicts of interest.

This statement was approved by the American Heart Association Science 
Advisory and Coordinating Committee on April 29, 2024, and the American Heart 
Association Executive Committee on August 5, 2024. A copy of the document is 
available at https://professional.heart.org/statements by using either “Search for 
Guidelines & Statements” or the “Browse by Topic” area. To purchase additional 
reprints, call 215-356-2721 or email Meredith.Edelman@wolterskluwer.com

The American Heart Association requests that this document be cited as 
follows: Gianos E, Duell PB, Toth PP, Moriarty PM, Thompson GR, Brinton EA, 
Hudgins LC, Nametka M, Byrne KH, Raghuveer G, Nedungadi P, Sperling LS; on 
behalf of the American Heart Association Council on Arteriosclerosis, Thrombo-
sis and Vascular Biology; Council on Cardiovascular and Stroke Nursing; Council 
on Clinical Cardiology; Council on Lifelong Congenital Heart Disease and Heart 
Health in the Young; and Council on Peripheral Vascular Disease. Lipoprotein 
apheresis: utility, outcomes, and implementation in clinical practice: a scientific 
statement from the American Heart Association. Arterioscler Thromb Vasc Biol. 
2024;44:e•••–e•••. doi: 10.1161/ATV.0000000000000177

The expert peer review of AHA-commissioned documents (eg, scientific 
statements, clinical practice guidelines, systematic reviews) is conducted by the 
AHA Office of Science Operations. For more on AHA statements and guidelines 
development, visit https://professional.heart.org/statements. Select the “Guide-
lines & Statements” drop-down menu, then click “Publication Development.”

Permissions: Multiple copies, modification, alteration, enhancement, and dis-
tribution of this document are not permitted without the express permission of the 
American Heart Association. Instructions for obtaining permission are located at 
https://www.heart.org/permissions. A link to the “Copyright Permissions Request 
Form” appears in the second paragraph (https://www.heart.org/en/about-us/
statements-and-policies/copyright-request-form).

Acknowledgment
The authors thank Monique Carrero-Tagle, MS, for providing technical assistance 
in the preparation of this manuscript; and Northwell Health librarians William Self 
and Janice Lester for their assistance with the literature search.

Disclosures

Writing Group Disclosures

Writing 
group 
member Employment Research grant

Other 
research 
support

Speakers’ 
bureau/
honoraria

Expert 
witness

Ownership 
interest

Consultant/
advisory 
board Other

Laurence S. 
Sperling

Emory University School of Medi-
cine, Emory Clinical Cardiovascu-
lar Research Institute

None None None None None None None

Eugenia 
Gianos

Northwell, New Hyde Park, NY; 
Cardiovascular Institute, Lenox 
Hill Hospital, USA. Department of 
Cardiology, Donald and Barbara 
Zucker School of Medicine at 
Hofstra/Northwell, Hempstead, 
NY, USA.

None None None None None None None

Eliot A. 
Brinton

Utah Lipid Center Regeneron (site PI, 
evinacumab trial)†; Kaneka 
(site PI, chart review study)*

None Amgen†; 
Amryt/
Chiesi†

None None 89bio*; New 
Amsterdam*; 
Novartis*; 
Regeneron*

None

Kathleen H. 
Byrne

Johns Hopkins University School 
of Medicine

None None None None None None None

P. Barton 
Duell

Oregon Health & Science Uni-
versity Knight Cardiovascular 
Institute

Kaneka (institutional grant)* None None None None Kaneka*; 
Regeneron*

None

Lisa C. 
Hudgins

The Rogosin Institute None None None None None None None

(Continued )

D
ow

nloaded from
 http://ahajournals.org by on N

ovem
ber 10, 2024



CLINICAL STATEM
ENTS 

AND GUIDELINES
Gianos et al Lipoprotein Apheresis

Arterioscler Thromb Vasc Biol. 2024;44:e00–e00. DOI: 10.1161/ATV.0000000000000177� TBD 2024    e15

REFERENCES
	 1.	 Ference BA, Ginsberg HN, Graham I, Ray KK, Packard CJ, Bruckert E, 

Hegele RA, Krauss RM, Raal FJ, Schunkert H, et al. Low-density lipoproteins 
cause atherosclerotic cardiovascular disease: 1: evidence from genetic, epi-
demiologic, and clinical studies: a consensus statement from the European 
Atherosclerosis Society Consensus Panel. Eur Heart J. 2017;38:2459–
2472. doi: 10.1093/eurheartj/ehx144

	 2.	 Bianconi V, Banach M, Pirro M; International Lipid Expert Panel. Why 
patients with familial hypercholesterolemia are at high cardiovascular risk? 
Beyond LDL-C levels. Trends Cardiovasc Med. 2021;31:205–215. doi: 
10.1016/j.tcm.2020.03.004

	 3.	 Reyes-Soffer G, Ginsberg HN, Berglund L, Duell PB, Heffron SP, 
Kamstrup PR, Lloyd-Jones DM, Marcovina SM, Yeang C, Koschinsky ML; 
American Heart Association Council on Arteriosclerosis, Thrombosis and 

Vascular Biology; Council on Cardiovascular Radiology and Intervention; 
and Council on Peripheral Vascular Disease. Lipoprotein(a): a geneti-
cally determined, causal, and prevalent risk factor for atherosclerotic 
cardiovascular disease: a scientific statement from the American Heart 
Association. Arterioscler Thromb Vasc Biol. 2022;42:e48–e60. doi: 
10.1161/ATV.0000000000000147

	 4.	 Seed M, Hoppichler F, Reaveley D, McCarthy S, Thompson GR, 
Boerwinkle E, Utermann G. Relation of serum lipoprotein(a) concentration 
and apolipoprotein(a) phenotype to coronary heart disease in patients with 
familial hypercholesterolemia. N Engl J Med. 1990;322:1494–1499. doi: 
10.1056/NEJM199005243222104

	 5.	 Trinder M, DeCastro ML, Azizi H, Cermakova L, Jackson LM, Frohlich J, 
Mancini GBJ, Francis GA, Brunham LR. Ascertainment bias in the asso-
ciation between elevated lipoprotein(a) and familial hypercholesterolemia. J 
Am Coll Cardiol. 2020;75:2682–2693. doi: 10.1016/j.jacc.2020.03.065

Reviewer Disclosures

Reviewer Employment Research grant
Other research 
support

Speakers’ 
bureau/
honoraria

Expert 
witness

Ownership 
interest

Consultant/advisory 
board Other

Anandita 
Agarwala

Baylor Scott & White 
The Heart Hospital–
Plano

None None None None None None None

Seth S. 
Martin

Johns Hopkins 
University School of 
Medicine

Kaneka 
(collaborator 
on research 
award)†

Merck (collaborator 
on research award 
from Merck related to 
lipid management)†

None None None Amgen†; BMS†; Kaneka†; 
AstraZeneca†; Premier 
Healthcare†; Novartis†; 
New Amsterdam†

None

Jacques 
Rossouw

National Heart, Lung, 
and Blood Institute

None None None None None None None

Michael D. 
Shapiro

Wake Forest University 
School of Medicine

None None None None None Amgen*; Agepha*; Ionis*; 
Novartis*; Regeneron†; 
Kaneka*

None

This table represents the relationships of reviewers that may be perceived as actual or reasonably perceived conflicts of interest as reported on the Disclosure Ques-
tionnaire, which all reviewers are required to complete and submit. A relationship is considered to be “significant” if (a) the person receives $5000 or more during any 
12-month period, or 5% or more of the person’s gross income; or (b) the person owns 5% or more of the voting stock or share of the entity, or owns $5000 or more of 
the fair market value of the entity. A relationship is considered to be “modest” if it is less than “significant” under the preceding definition.

*Modest.
†Significant.

Writing 
group 
member Employment Research grant

Other 
research 
support

Speakers’ 
bureau/
honoraria

Expert 
witness

Ownership 
interest

Consultant/
advisory 
board Other

Patrick M. 
Moriarty

University of Kansas Medical 
Center

Kaneka (registry data of 
patients receiving lipoprotein 
apheresis for FH and Lp(a)*; 
Regeneron†; Amgen†; Esper-
ion†; Novartis†; Ionis†; Merck† 
(all PI for clinical trial)

None None None None Kaneka† None

Mary 
Nametka

South Dakota State University None None None None None None None

Prashant 
Nedungadi

American Heart Association None None None None None None None

Geetha 
Raghuveer

Children’s Mercy Hospitals and 
Clinics

None None None None None None None

Gilbert R. 
Thompson

Imperial College London (United 
Kingdom)

None None None None None None None

Peter P. 
Toth

CGH Medical Center None None Amgen† None None Novartis*; 
Merck*

None

This table represents the relationships of writing group members that may be perceived as actual or reasonably perceived conflicts of interest as reported on the 
Disclosure Questionnaire, which all members of the writing group are required to complete and submit. A relationship is considered to be “significant” if (a) the person 
receives $5000 or more during any 12-month period, or 5% or more of the person’s gross income; or (b) the person owns 5% or more of the voting stock or share of the 
entity, or owns $5000 or more of the fair market value of the entity. A relationship is considered to be “modest” if it is less than “significant” under the preceding definition.

*Modest.
†Significant.

Writing Group Disclosures Continued

D
ow

nloaded from
 http://ahajournals.org by on N

ovem
ber 10, 2024



CL
IN

IC
AL

 S
TA

TE
M

EN
TS

 
AN

D 
GU

ID
EL

IN
ES

Gianos et al Lipoprotein Apheresis

e16    TBD 2024� Arterioscler Thromb Vasc Biol. 2024;44:e00–e00. DOI: 10.1161/ATV.0000000000000177

	 6.	 Björnson E, Adiels M, Taskinen MR, Burgess S, Chapman MJ, Packard CJ, 
Borén J. Lipoprotein(a) is markedly more atherogenic than LDL: an apolipo-
protein B-based genetic analysis. J Am Coll Cardiol. 2024;83:385–395. doi: 
10.1016/j.jacc.2023.10.039

	 7.	 Schwartz GG, Szarek M, Bittner VA, Diaz R, Goodman SG, Jukema JW, 
Landmesser U, López-Jaramillo P, Manvelian G, Pordy R, et al; ODYSSEY 
Outcomes Committees and Investigators. Lipoprotein(a) and benefit of 
PCSK9 inhibition in patients with nominally controlled LDL cholesterol. J 
Am Coll Cardiol. 2021;78:421–433. doi: 10.1016/j.jacc.2021.04.102

	 8.	 Beheshti Sabina O, Madsen Christian M, Varbo A, Nordestgaard Børge G. 
Worldwide prevalence of familial hypercholesterolemia. J Am Coll Cardiol. 
2020;75:2553–2566. doi: 10.1016/j.jacc.2020.03.057

	 9.	 Vrablik M, Tichy L, Freiberger T, Blaha V, Satny M, Hubacek JA. Genetics of 
familial hypercholesterolemia: new insights. Front Genet. 2020;11:574474. 
doi: 10.3389/fgene.2020.574474

	10.	 McGowan MP, Hosseini Dehkordi SH, Moriarty PM, Duell PB. Diagnosis and 
treatment of heterozygous familial hypercholesterolemia. J Am Heart Assoc. 
2019;8:e013225. doi: 10.1161/JAHA.119.013225

	11.	 Raal FJ, Pilcher GJ, Panz VR, Deventer HE, Brice BC, Blom DJ, Marais AD. 
Reduction in mortality in subjects with homozygous familial hypercholes-
terolemia associated with advances in lipid-lowering therapy. Circulation. 
2011;124:2202–2207. doi: 10.1161/CIRCULATIONAHA.111.042523

	12.	 Crawford J. Familial hypercholesterolemia: overview of genet-
ics, diagnosis, and management. Consultant. 2022;62:e1–e3. doi: 
10.25270/con.2022.03.00003

	13.	 Bruckert E, Parhofer KG, Gonzalez-Juanatey JR, Nordestgaard B, Arca M, 
Giovas P, Ray K. Proportion of high-risk/very high-risk patients in Europe 
with low-density lipoprotein cholesterol at target according to European 
guidelines: a systematic review. Adv Ther. 2020;37:1724–1736. doi: 
10.1007/s12325-020-01285-2

	14.	 Duell PB, Gidding SS, Andersen RL, Knickelbine T, Anderson L, Gianos E, 
Shrader P, Kindt I, O'Brien EC, McCann D, et al. Longitudinal low density lipopro-
tein cholesterol goal achievement and cardiovascular outcomes among adult 
patients with familial hypercholesterolemia: the CASCADE FH registry. Ath-
erosclerosis. 2019;289:85–93. doi: 10.1016/j.atherosclerosis.2019.08.007

	15.	 Cuchel M, Lee PC, Hudgins LC, Duell PB, Ahmad Z, Baum SJ, 
Linton MF, de Ferranti SD, Ballantyne CM, Larry JA, et al. Contemporary 
homozygous familial hypercholesterolemia in the United States: insights 
from the CASCADE FH registry. J Am Heart Assoc. 2023;12:e029175. doi: 
10.1161/JAHA.122.029175

	16.	 Bytyci I, Penson PE, Mikhailidis DP, Wong ND, Hernandez AV, 
Sahebkar A, Thompson PD, Mazidi M, Rysz J, Pella D, et al. Prevalence of 
statin intolerance: a meta-analysis. Eur Heart J. 2022;43:3213–3223. doi: 
10.1093/eurheartj/ehac015

	 17.	 Liu X, Men P, Wang Y, Zhai S, Zhao Z, Liu G. Efficacy and safety of lomi-
tapide in hypercholesterolemia. Am J Cardiovasc Drugs. 2017;17:299–309. 
doi: 10.1007/s40256-017-0214-7

	18.	 Ishigaki Y, Kawagishi N, Hasegawa Y, Sawada S, Katagiri H, Satomi S, 
Oikawa S. Liver transplantation for homozygous familial hypercholesterol-
emia. J Atheroscler Thromb. 2019;26:121–127. doi: 10.5551/jat.RV17029

	19.	 Fu Q, Hu L, Shen T, Yang R, Jiang L. Recent advances in gene therapy for 
familial hypercholesterolemia: an update review. J Clin Med. 2022;11:6773. 
doi: 10.3390/jcm11226773

	20.	 Kaneka Medical America. Liposorber LA-15 System: Instructions for Use: 
Special HDE Supplement for H120005 and H170002. Kaneka Corpora-
tion; 2022.

	21.	 Thompson GR, Lowenthal R, Myant NB. Plasma exchange in the manage-
ment of homozygous familial hypercholesterolaemia. Lancet. 1975;1:1208–
1211. doi: 10.1016/s0140-6736(75)92193-5

	22.	 Stoffel W, Borberg H, Greve V. Application of specific extracorporeal 
removal of low density lipoprotein in familial hypercholesterolaemia. Lancet. 
1981;2:1005–1007. doi: 10.1016/s0140-6736(81)91213-7

	23.	 Gordon BR, Kelsey SF, Bilheimer DW, Brown DC, Dau PC, 
Gotto AM Jr, Illingworth DR, Jones PH, Leitman SF, Prihoda JS. Treat-
ment of refractory familial hypercholesterolemia by low-density lipoprotein 
apheresis using an automated dextran sulfate cellulose adsorption sys-
tem: the Liposorber Study Group. Am J Cardiol. 1992;70:1010–1016. doi: 
10.1016/0002-9149(92)90352-y

	24.	 Moriarty PM, Hemphill L. Lipoprotein apheresis. Cardiol Clin. 2015; 33:197–
208. doi: 10.1016/j.ccl.2015.02.002

	25.	 Moriarty PM. Low-density lipoprotein apheresis. In: Ballantyne CM, ed. Clini-
cal Lipidology: A Companion to Braunwald’s Heart Disease. Saunders Else-
vier; 2009.

	26.	 Thompson G, Parhofer KG. Current role of lipoprotein apheresis. Curr Ath-
eroscler Rep. 2019;21:26. doi: 10.1007/s11883-019-0787-5

	 27.	 Pottle A, Thompson G, Barbir M, Bayly G, Cegla J, Cramb R, Dawson T, 
Eatough R, Kale V, Neuwirth C, et al. Lipoprotein apheresis efficacy, chal-
lenges and outcomes: a descriptive analysis from the UK Lipoprotein 
Apheresis Registry, 1989-2017. Atherosclerosis. 2019;290:44–51. doi: 
10.1016/j.atherosclerosis.2019.09.006

	28.	 Stefanutti C, Thompson GR. Lipoprotein apheresis in the management of 
familial hypercholesterolaemia: historical perspective and recent advances. 
Curr Atheroscler Rep. 2015;17:465. doi: 10.1007/s11883-014-0465-6

	29.	 Siami GA, Siami FS. The current status of therapeutic apheresis 
devices in the United States. Int J Artif Organs. 2002;25:499–502. doi: 
10.1177/039139880202500603

	30.	 Padmanabhan A, Connelly-Smith L, Aqui N, Balogun RA, Klingel R, Meyer E, 
Pham HP, Schneiderman J, Witt V, Wu Y, et al. Guidelines on the use of 
therapeutic apheresis in clinical practice: evidence-based approach from 
the writing committee of the American Society for Apheresis: the eighth 
special issue. J Clin Apher. 2019;34:171–354. doi: 10.1002/jca.21705

	31.	 Harada-Shiba M, Arai H, Ohmura H, Okazaki H, Sugiyama D, Tada H, 
Dobashi K, Matsuki K, Minamino T, Yamashita S, et al. Guidelines for the 
diagnosis and treatment of adult familial hypercholesterolemia 2022. J Ath-
eroscler Thromb. 2023;30:558–586. doi: 10.5551/jat.CR005

	32.	 Watts GF, Sullivan DR, Hare DL, Kostner KM, Horton AE, Bell DA, Brett T, 
Trent RJ, Poplawski NK, Martin AC, et al; FH Australasia Network Consen-
sus Working Group. Integrated guidance for enhancing the care of familial 
hypercholesterolaemia in Australia. Heart Lung Circ. 2021;30:324–349. 
doi: 10.1016/j.hlc.2020.09.943

	33.	 Beliard S, Gallo A, Duchêne E, Carrié A, Bittar R, Chapman MJ, Bruckert E, 
Saheb S. Lipoprotein-apheresis in familial hypercholesterolemia: long-term 
patient compliance in a French cohort. Atherosclerosis. 2018;277:66–71. 
doi: 10.1016/j.atherosclerosis.2018.08.007

	34.	 Derfler K, Steiner S, Sinzinger H. Lipoprotein-apheresis: Austrian consen-
sus on indication and performance of treatment. Wien Klin Wochenschr. 
2015;127:655–663. doi: 10.1007/s00508-015-0833-4

	35.	 Reijman MD, Kusters DM, Groothoff JW, Arbeiter K, Dann EJ, Boer LM, 
de Ferranti SD, Gallo A, Greber-Platzer S, Hartz J, et al. Clinical practice 
recommendations on lipoprotein apheresis for children with homozy-
gous familial hypercholesterolaemia: an expert consensus statement 
from ERKNet and ESPN. Atherosclerosis. 2024;392:117525. doi: 
10.1016/j.atherosclerosis.2024.117525

	36.	 Thompson GR. The scientific basis and future of lipoprotein apheresis. Ther 
Apher Dial. 2022;26:32–36. doi: 10.1111/1744-9987.13716

	 37.	 Kroon AA, van’t Hof MA, Demacker PN, Stalenhoef AF. The rebound 
of lipoproteins after LDL-apheresis: kinetics and estimation of 
mean lipoprotein levels. Atherosclerosis. 2000;152:519–526. doi: 
10.1016/s0021-9150(00)00371-3

	38.	 Thompson GR, Barbir M, Davies D, Dobral P, Gesinde M, Livingston M, 
Mandry P, Marais AD, Matthews S, Neuwirth C, et al. Efficacy criteria and 
cholesterol targets for LDL apheresis. Atherosclerosis. 2010;208:317–321. 
doi: 10.1016/j.atherosclerosis.2009.06.010

	39.	 Thompson GR. FH through the retrospectoscope. J Lipid Res. 
2021;62:100036. doi: 10.1194/jlr.TR120001001

	40.	 Yuasa Y, Osaki T, Makino H, Iwamoto N, Kishimoto I, Usami M, 
Minamino N, Harada-Shiba M. Proteomic analysis of proteins eliminated by 
low-density lipoprotein apheresis. Ther Apher Dial. 2014;18:93–102. doi: 
10.1111/1744-9987.12056

	41.	 Moriarty PM, Luyendyk JP, Gibson CA, Backes JM. Effect of low-density 
lipoprotein apheresis on plasma levels of apolipoprotein e4. Am J Cardiol. 
2010;105:1585–1587. doi: 10.1016/j.amjcard.2010.01.018

	42.	 Shridas P, Tannock LR. Role of serum amyloid A in atherosclerosis. Curr 
Opin Lipidol. 2019;30:320–325. doi: 10.1097/MOL.0000000000000616

	43.	 Thambisetty M. Plasma apolipoprotein E levels and risk of dementia: you 
are the company you keep. JAMA Netw Open. 2020;3:e209501. doi: 
10.1001/jamanetworkopen.2020.9501

	44.	 Bortnick AE, Buzkova P, Otvos JD, Jensen MK, Tsai MY, Budoff MJ, 
Mackey RH, El Khoudary SR, Favari E, Kim RS, et al. High-density lipopro-
tein and long-term incidence and progression of aortic valve calcification: 
the Multi-Ethnic Study of Atherosclerosis. Arterioscler Thromb Vasc Biol. 
2022;42:1272–1282. doi: 10.1161/ATVBAHA.122.318004

	45.	 Castillo S, Tye S, Moriarty P. Effect of LDL-apheresis on HDL-C 
functionality. J Am Coll Cardiol. 2013;61:E1440–E144E. doi: 
10.1016/s0735-1097(13)61440-0

	46.	 Singh K, Chandra A, Sperry T, Joshi PH, Khera A, Virani SS, Ballantyne CM, 
Otvos JD, Dullaart RPF, Gruppen EG, et al. Associations between high-
density lipoprotein particles and ischemic events by vascular domain, sex, 
and ethnicity: a pooled cohort analysis. Circulation. 2020;142:657–669. doi: 
10.1161/CIRCULATIONAHA.120.045713

D
ow

nloaded from
 http://ahajournals.org by on N

ovem
ber 10, 2024



CLINICAL STATEM
ENTS 

AND GUIDELINES
Gianos et al Lipoprotein Apheresis

Arterioscler Thromb Vasc Biol. 2024;44:e00–e00. DOI: 10.1161/ATV.0000000000000177� TBD 2024    e17

	 47.	 Moriarty P. LDL-apheresis therapy: current therapeutic practice 
and potential future use. Future Lipidology. 2006;1:299–308. doi: 
10.2217/17460875.1.3.299

	48.	 Eliaz I, Weil E, Dutton JA, McCalley AE, Nolte B, Moriarty PM. Lipopro-
tein apheresis reduces circulating galectin-3 in humans. J Clin Apher. 
2016;31:388–392. doi: 10.1002/jca.21413

	49.	 van Wijk DF, Sjouke B, Figueroa A, Emami H, van der Valk FM, MacNabb MH, 
Hemphill LC, Schulte DM, Koopman MG, Lobatto ME, et al. Nonpharma-
cological lipoprotein apheresis reduces arterial inflammation in famil-
ial hypercholesterolemia. J Am Coll Cardiol. 2014;64:1418–1426. doi: 
10.1016/j.jacc.2014.01.088

	50.	 Stefanutti C, Mazza F, Pasqualetti D, Di Giacomo S, Watts GF, Massari MS, 
de Neve J, Morozzi C, Fischer M. Lipoprotein apheresis downregulates IL-1α, 
IL-6 and TNF-α mRNA expression in severe dyslipidaemia. Atheroscler 
Suppl. 2017;30:200–208. doi: 10.1016/j.atherosclerosissup.2017.05.028

	51.	 Moriarty PM. Lipoprotein apheresis: present and future uses. Curr Opin 
Lipidol. 2015;26:544–552. doi: 10.1097/MOL.0000000000000234

	52.	 Yoshidome H, Kuriyama M, Fujiyama J, Osame M. Serum amyloid A 
and P protein levels are lowered by dextran sulfate cellulose low-
density lipoprotein apheresis. Artif Organs. 1998; 22:144–148. doi: 
10.1046/j.1525-1594.1998.05065.x

	53.	 Smith MM, Chen PC, Li CS, Ramanujam S, Cheung AT. Whole blood viscos-
ity and microvascular abnormalities in Alzheimer’s disease. Clin Hemorheol 
Microcirc. 2009;41:229–239. doi: 10.3233/CH-2009-1174

	54.	 Mabuchi H, Koizumi J, Shimizu M, Kajinami K, Miyamoto S, Ueda K, 
Takegoshi T. Long-term efficacy of low-density lipoprotein apheresis on 
coronary heart disease in familial hypercholesterolemia: Hokuriku-FH-
LDL-Apheresis Study Group. Am J Cardiol. 1998;82:1489–1495. doi: 
10.1016/s0002-9149(98)00692-4

	55.	 Masaki N, Tatami R, Kumamoto T, Izawa A, Shimada Y, Takamatsu T, 
Katsushika S, Ishise S, Maruyama Y, Yoshimoto N. Ten-year follow-up of 
familial hypercholesterolemia patients after intensive cholesterol-lowering 
therapy. Int Heart J. 2005;46:833–843. doi: 10.1536/ihj.46.833

	56.	 Gordon BR. Incorporation of low-density lipoprotein apheresis into the treat-
ment program of patients with severe hypercholesterolemia. Curr Athero-
scler Rep. 2000;2:308–313. doi: 10.1007/s11883-000-0064-6

	 57.	 Sachais BS, Katz J, Ross J, Rader DJ. Long-term effects of LDL apheresis 
in patients with severe hypercholesterolemia. J Clin Apher. 2005;20:252–
255. doi: 10.1002/jca.20036

	58.	 Moriarty PM, Gray JV, Gorby LK. Lipoprotein apheresis for lipoprotein(a) 
and cardiovascular disease. J Clin Lipidol. 2019;13:894–900. doi: 
10.1016/j.jacl.2019.09.010

	59.	 Koziolek MJ, Hennig U, Zapf A, Bramlage C, Grupp C, 
Armstrong VW, Strutz F, Müller GA. Retrospective analysis of long-term 
lipid apheresis at a single center. Ther Apher Dial. 2010;14:143–152. doi: 
10.1111/j.1744-9987.2009.00747.x

	60.	 Rosada A, Kassner U, Vogt A, Willhauck M, Parhofer K, Steinhagen-Thiessen E. 
Does regular lipid apheresis in patients with isolated elevated lipoprotein(a) 
levels reduce the incidence of cardiovascular events? Artif Organs. 
2014;38:135–141. doi: 10.1111/aor.12135

	61.	 Schettler VJJ, Peter C, Zimmermann T, Julius U, Roeseler E, Schlieper G, 
Heigl F, Grützmacher P, Löhlein I, Klingel R, et al; Scientific Board of GLAR 
for the German Apheresis Working Group. The German Lipoprotein 
Apheresis Registry: summary of the ninth annual report. Ther Apher Dial. 
2022;26:81–88. doi: 10.1111/1744-9987.13780

	62.	 Sampietro T, Sbrana F, Bigazzi F, Ripoli A, Dal Pino B, Pasanisi EM, 
Petersen C, Coceani M, Luciani R, Pianelli M. The incidence of cardiovas-
cular events is largely reduced in patients with maximally tolerated drug 
therapy and lipoprotein apheresis: a single-center experience. Atheroscler 
Suppl. 2015;18:268–272. doi: 10.1016/j.atherosclerosissup.2015.02.040

	63.	 Berent T, Derfler K, Berent R, Sinzinger H. Lipoprotein apher-
esis in Austria: reduction of cardiovascular events by regular lipo-
protein apheresis treatment. Atheroscler Suppl. 2019;40:8–11. doi: 
10.1016/j.atherosclerosissup.2019.08.025

	64.	 Heigl F, Hettich R, Lotz N, Reeg H, Pflederer T, Osterkorn D, Osterkorn K, 
Klingel R. Efficacy, safety, and tolerability of long-term lipoprotein apheresis 
in patients with LDL- or Lp(a) hyperlipoproteinemia: findings gathered from 
more than 36,000 treatments at one center in Germany. Atheroscler Suppl. 
2015;18:154–162. doi: 10.1016/j.atherosclerosissup.2015.02.013

	65.	 Leebmann J, Roeseler E, Julius U, Heigl F, Spitthoever R, Heutling D, 
Breitenberger P, Maerz W, Lehmacher W, Heibges A, et al; Pro(a)LiFe Study 
Group. Lipoprotein apheresis in patients with maximally tolerated lipid-
lowering therapy, lipoprotein(a)-hyperlipoproteinemia, and progressive car-
diovascular disease: prospective observational multicenter study. Circulation. 
2013;128:2567–2576. doi: 10.1161/CIRCULATIONAHA.113.002432

	66.	 Schatz U, Tselmin S, Müller G, Julius U, Hohenstein B, Fischer S, 
Bornstein SR. Most significant reduction of cardiovascular events in patients 
undergoing lipoprotein apheresis due to raised Lp(a) levels: a multi-
center observational study. Atheroscler Suppl. 2017;30:246–252. doi: 
10.1016/j.atherosclerosissup.2017.05.047

	 67.	 Thompson GR. Use of apheresis in the age of new therapies for famil-
ial hypercholesterolaemia. Curr Opin Lipidol. 2021;32:363–369. doi: 
10.1097/MOL.0000000000000784

	68.	 Matsuzaki M, Hiramori K, Imaizumi T, Kitabatake A, Hishida H, 
Nomura M, Fujii T, Sakuma I, Fukami K, Honda T, et al. Intravascu-
lar ultrasound evaluation of coronary plaque regression by low den-
sity lipoprotein-apheresis in familial hypercholesterolemia: the Low 
Density Lipoprotein-Apheresis Coronary Morphology and Reserve 
Trial (LACMART). J Am Coll Cardiol. 2002;40:220–227. doi: 
10.1016/s0735-1097(02)01955-1

	69.	 Safarova MS, Ezhov MV, Afanasieva OI, Matchin YG, Atanesyan RV, 
Adamova IY, Utkina EA, Konovalov GA, Pokrovsky SN. Effect of specific 
lipoprotein(a) apheresis on coronary atherosclerosis regression assessed 
by quantitative coronary angiography. Atheroscler Suppl. 2013;14:93–99. 
doi: 10.1016/j.atherosclerosissup.2012.10.015

	70.	 Khan TZ, Hsu LY, Arai AE, Rhodes S, Pottle A, Wage R, 
Banya W, Gatehouse PD, Giri S, Collins P, et al. Apheresis as novel 
treatment for refractory angina with raised lipoprotein(a): a random-
ized controlled cross-over trial. Eur Heart J. 2017;38:1561–1569. doi: 
10.1093/eurheartj/ehx178

	71.	 Wu MD, Moccetti F, Brown E, Davidson BP, Atkinson T, Belcik JT, Giraud G, 
Duell PB, Fazio S, Tavori H, et al. Lipoprotein apheresis acutely reverses 
coronary microvascular dysfunction in patients with severe hypercholes-
terolemia. JACC Cardiovasc Imaging. 2019;12(8 Pt 1):1430–1440. doi: 
10.1016/j.jcmg.2018.05.001

	72.	 Poller WC, Dreger H, Morgera S, Berger A, Flessenkämper I, 
Enke-Melzer K. Lipoprotein apheresis in patients with peripheral artery dis-
ease and hyperlipoproteinemia(a). Atheroscler Suppl. 2015;18:187–193. 
doi: 10.1016/j.atherosclerosissup.2015.02.032

	73.	 Weiss N, Julius U. Lipoprotein(a) apheresis in patients with periph-
eral arterial disease: rationale and clinical results. Clin Res Cardiol Suppl. 
2019;14:39–44. doi: 10.1007/s11789-019-00097-1

	74.	 Lefort B, Saheb S, Bruckert E, Giraud C, Hequet O, Hankard R. Impact 
of LDL apheresis on aortic root atheroma in children with homozygous 
familial hypercholesterolemia. Atherosclerosis. 2015;239:158–162. doi: 
10.1016/j.atherosclerosis.2015.01.007

	75.	 Luirink IK, Determeijer J, Hutten BA, Wiegman A, Bruckert E, Schmitt CP, 
Groothoff JW. Efficacy and safety of lipoprotein apheresis in children with 
homozygous familial hypercholesterolemia: a systematic review. J Clin 
Lipidol. 2019;13:31–39. doi: 10.1016/j.jacl.2018.10.011

	76.	 Luirink IK, Hutten BA, Greber-Platzer S, Kolovou GD, Dann EJ, de Ferranti SD, 
Taylan C, Bruckert E, Saheb S, Oh J, et al. Practice of lipoprotein apheresis 
and short-term efficacy in children with homozygous familial hypercholester-
olemia: data from an international registry. Atherosclerosis. 2020;299:24–31. 
doi: 10.1016/j.atherosclerosis.2020.01.031

	 77.	 Tromp TR, Hartgers ML, Hovingh GK, Vallejo-Vaz AJ, 
Ray KK, Soran H, Freiberger T, Bertolini S, Harada-Shiba M, Blom DJ, 
et al; Homozygous Familial Hypercholesterolaemia International Clinical 
Collaborators. Worldwide experience of homozygous familial hypercholes-
terolaemia: retrospective cohort study. Lancet. 2022;399:719–728. doi: 
10.1016/S0140-6736(21)02001-8

	78.	 Hudgins LC, Kleinman B, Scheuer A, White S, Gordon BR. Long-term safety 
and efficacy of low-density lipoprotein apheresis in childhood for homozy-
gous familial hypercholesterolemia. Am J Cardiol. 2008;102:1199–1204. 
doi: 10.1016/j.amjcard.2008.06.049

	79.	 Lischka J, Arbeiter K, de Gier C, Willfort-Ehringer A, Walleczek NK, 
Gellai R, Boehm M, Wiegman A, Greber-Platzer S. Vascular access 
for lipid apheresis: a challenge in young children with homozy-
gous familial hypercholesterolemia. BMC Pediatr. 2022;22:131. doi: 
10.1186/s12887-022-03192-7

	80.	 Stefanutti C, Pang J, Di Giacomo S, Wu X, Wang X, Morozzi C, Watts GF, 
Lin J. A cross-national investigation of cardiovascular survival in homozy-
gous familial hypercholesterolemia: the Sino-Roman Study. J Clin Lipidol. 
2019;13:608–617. doi: 10.1016/j.jacl.2019.05.002

	81.	 Reijman MD, Tromp TR, Hutten BA, Hovingh GK, Blom DJ, Catapano AL, 
Cuchel M, Dann EJ, Gallo A, Hudgins LC, et al. Cardiovascular outcomes 
in patients with homozygous familial hypercholesterolaemia on lipoprotein 
apheresis initiated during childhood: long-term follow-up of an international 
cohort from two registries. Lancet Child Adolesc Health. 2024;8:491–499. 
doi: 10.1016/s2352-4642(24)00073-7

D
ow

nloaded from
 http://ahajournals.org by on N

ovem
ber 10, 2024



CL
IN

IC
AL

 S
TA

TE
M

EN
TS

 
AN

D 
GU

ID
EL

IN
ES

Gianos et al Lipoprotein Apheresis

e18    TBD 2024� Arterioscler Thromb Vasc Biol. 2024;44:e00–e00. DOI: 10.1161/ATV.0000000000000177

	 82.	 Moriarty PM, Tennant H, Sehar N, Denney L, Luna P, Perez-Marques F, 
Panchal A, Abraham M, Leever J. Case report of male child with elevated 
lipoprotein(a) leading to acute ischemic stroke. J Clin Apher. 2017;32:574–
578. doi: 10.1002/jca.21525

	 83.	 Reeskamp LF, Nurmohamed NS, Bom MJ, Planken RN,  
Driessen RS, van Diemen PA, Luirink IK, Groothoff JW,  
Kuipers IM, Knaapen P, et al. Marked plaque regression in homozygous 
familial hypercholesterolemia. Atherosclerosis. 2021;327:13–17. doi: 
10.1016/j.atherosclerosis.2021.04.014

	 84.	 Wild R, Feingold KR. Effect of pregnancy on lipid metabolism and lipopro-
tein levels. In: Feingold KR, Anawalt B, Blackman MR, et al, eds. Endotext. 
MDText.com, Inc; 2000.

	 85.	 Lloyd-Jones DM, Morris PB, Ballantyne CM, Birtcher KK, Covington AM, 
DePalma SM, Minissian MB, Orringer CE, Smith SC, Waring AA, et al; 
Writing Committee. 2022 ACC expert consensus decision pathway on 
the role of nonstatin therapies for LDL-cholesterol lowering in the man-
agement of atherosclerotic cardiovascular disease risk. J Am Coll Cardiol. 
2022;80:1366–1418. doi: 10.1016/j.jacc.2022.07.006

	 86.	 Eapen DJ, Valiani K, Reddy S, Sperling L. Management of familial hy-
percholesterolemia during pregnancy: case series and discussion. J Clin 
Lipidol. 2012;6:88–91. doi: 10.1016/j.jacl.2011.08.005

	 87.	 Amundsen AL, Khoury J, Iversen PO, Bergei C, Ose L, Tonstad S, 
Retterstøl K. Marked changes in plasma lipids and lipoproteins during 
pregnancy in women with familial hypercholesterolemia. Atherosclerosis. 
2006;189:451–457. doi: 10.1016/j.atherosclerosis.2006.01.002

	 88.	 Thadhani R, Hagmann H, Schaarschmidt W, Roth B, Cingoez T, 
Karumanchi SA, Wenger J, Lucchesi KJ, Tamez H, Lindner T, et al. Removal 
of soluble Fms-like tyrosine kinase-1 by dextran sulfate apher-
esis in preeclampsia. J Am Soc Nephrol. 2016;27:903–913. doi: 
10.1681/ASN.2015020157

	 89.	 Botha TC, Pilcher GJ, Wolmarans K, Blom DJ, Raal FJ. Statins 
and other lipid-lowering therapy and pregnancy outcomes in ho-
mozygous familial hypercholesterolaemia: a retrospective re-
view of 39 pregnancies. Atherosclerosis. 2018;277:502–507. doi: 
10.1016/j.atherosclerosis.2018.05.038

	 90.	 Hayward S, Parmesar K, Saleem MA. What is circulating factor disease and 
how is it currently explained? Pediatr Nephrol. 2023;38:3513–3518. doi: 
10.1007/s00467-023-05928-8

	 91.	 Dummer PD, Limou S, Rosenberg AZ, Heymann J, Nelson G, Winkler CA, 
Kopp JB. APOL1 kidney disease risk variants: an evolving landscape. Semin 
Nephrol. 2015;35:222–236. doi: 10.1016/j.semnephrol.2015.04.008

	 92.	 Brunton C, Varghese Z, Moorhead JF. Lipopheresis in the ne-
phrotic syndrome. Kidney Int Suppl. 1999;71:S6–S9. doi: 
10.1046/j.1523-1755.1999.07102.x

	 93.	 Muso E, Mune M, Fujii Y, Imai E, Ueda N, Hatta K, Imada A, Takemura T, 
Miki S, Kuwahara T, et al; Kansai FGS LDL Apheresis Treatment (K-FLAT) 
Study Group. Significantly rapid relief from steroid-resistant nephrotic syn-
drome by LDL apheresis compared with steroid monotherapy. Nephron. 
2001;89:408–415. doi: 10.1159/000046112

	 94.	 Muso E, Mune M, Yorioka N, Nishizawa Y, Hirano T, Hattori M, Sugiyama S, 
Watanabe T, Kimura K, Yokoyama H, et al. Beneficial effect of low-density 
lipoprotein apheresis (LDL-A) on refractory nephrotic syndrome (NS) due 
to focal glomerulosclerosis (FGS). Clin Nephrol. 2007;67:341–344. doi: 
10.5414/cnp67341

	 95.	 Muso E, Sakai S, Ogura Y, Yukawa S, Nishizawa Y, Yorioka N, Saito T, Mune M, 
Sugiyama S, Iino Y, et al. Favorable therapeutic efficacy of low-density lipo-
protein apheresis for nephrotic syndrome with impaired renal function. Ther 
Apher Dial. 2022;26:220–228. doi: 10.1111/1744-9987.13694

	 96.	 Shah L, Hooper DK, Okamura D, Wallace D, Moodalbail D, Gluck C, Koziell A, 
Zaritsky JJ. LDL-apheresis-induced remission of focal segmental glomer-
ulosclerosis recurrence in pediatric renal transplant recipients. Pediatr 
Nephrol. 2019;34:2343–2350. doi: 10.1007/s00467-019-04296-6

	 97.	 Vishwanath R, Hemphill LC. Familial hypercholesterolemia and estimation 
of US patients eligible for low-density lipoprotein apheresis after maxi-
mally tolerated lipid-lowering therapy. J Clin Lipidol. 2014;8:18–28. doi: 
10.1016/j.jacl.2013.11.002

	 98.	 Family Heart Foundation. Lipoprotein apheresis. Accessed August 7, 2023. 
https://familyheart.org/fh-treatments/lipoprotein-apheresis

	 99.	 Kaneka Medical Products. Accessed October 14, 2023. www.kmp-us.com
	100.	 Sabatine MS, Giugliano RP, Keech AC, Honarpour N, Wiviott SD, 

Murphy SA, Kuder JF, Wang H, Liu T, Wasserman SM, et al; FOURIER 
Steering Committee and Investigators. Evolocumab and clinical outcomes 
in patients with cardiovascular disease. N Engl J Med. 2017;376:1713–
1722. doi: 10.1056/NEJMoa1615664

	101.	 Fonarow GC, van Hout B, Villa G, Arellano J, Lindgren P. Updated cost-
effectiveness analysis of evolocumab in patients with very high-risk ath-
erosclerotic cardiovascular disease. JAMA Cardiol. 2019;4:691–695. doi: 
10.1001/jamacardio.2019.1647

	102.	 GoodRx. Repatha. Accessed November 30, 2023. www.goodrx.com/
Repatha

	103.	 Wang A, Richhariya A, Gandra SR, Calimlim B, Kim L, Quek RG, Nordyke RJ, 
Toth PP. Systematic review of low-density lipoprotein cholesterol apher-
esis for the treatment of familial hypercholesterolemia. J Am Heart Assoc. 
2016;5:e003294. doi: 10.1161/JAHA.116.003294

	104.	 De Gucht V, Cromm K, Vogt A, Julius U, Hohenstein B, Spitthöver RM, 
Ramlow W, Schettler VJJ, Maes S. Treatment-related and health-related 
quality of life in lipoprotein apheresis patients. J Clin Lipidol. 2018;12:1225–
1233. doi: 10.1016/j.jacl.2018.05.008

D
ow

nloaded from
 http://ahajournals.org by on N

ovem
ber 10, 2024


	Lipoprotein Apheresis: Utility, Outcomes, and Implementation in Clinical Practice: A Scientific Statement From the American Heart Association
	FH Treatment Options and Potential Indications for LA
	LA Development, Indications, Efficacy, and Effects
	History of LA Development
	Indications for LA and Determinants of Efficacy
	FDA-Approved Indications
	LA Efficacy for LDL-C and Lp(a) Lowering
	Other Lipid and Vascular Effects Associated With LA
	High-Density Lipoprotein Cholesterol 
	Triglycerides
	Plasma Inflammatory Markers
	Blood Rheology
	Extravascular Cholesterol Deposits



	LA and ASCVD Outcomes
	Knowledge Gaps
	Plaque Regression
	Myocardial Microperfusion
	Lower-Extremity ASCVD
	AS (Valvular and Supravalvular)
	Pediatric LA
	LA and Pregnancy
	LA for FSGS

	Putting LA Into Practice
	Availability of LA Centers
	Requirements to Establish an LA Center
	Venous Access
	Cost-Effectiveness of DS LA for Prevention of ASCVD

	Patient Perspective
	Conclusions
	Article Information
	Acknowledgment
	Disclosures

	References


