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Review

Lipoprotein apheresis has been developed as the treatment for refractory familial hypercholesterolemia (FH) 
to remove low-density lipoprotein (LDL), which is the main pathogenic factor. Currently, three procedures are 
available in Japan, including the plasma exchange, double-membrane filtration, and selective LDL adsorption. 
Selective LDL adsorption, which was developed in Japan, has been one of the most common treatment methods 
in the world. Lipoprotein apheresis enabled the prevention of atherosclerosis progression even in homozygous 
FH (HoFH) patients. However, in our observational study, HoFH patients who started lipoprotein apheresis in 
adulthood had a poorer prognosis than those who started in childhood. Therefore, HoFH patients need to start 
lipoprotein apheresis as early as possible. Although the indication for lipoprotein apheresis in heterozygous FH 
(HeFH) patients has been decreasing with the advent of strong statins, our observational study showed that 
HeFH patients who discontinued lipoprotein apheresis had a poorer prognosis than patients who continued 
apheresis therapy. These results suggest that it is beneficial for very-high-risk HeFH patients to be treated by 
lipoprotein apheresis even if their LDL cholesterol is controlled well by lipid-lowering agents. Since launching a 
new class of lipid-lowering agents, proprotein convertase subtilisin/kexin type 9 (PCSK9) antibody and micro-
some triglyceride transfer protein inhibitors, the indication for lipoprotein apheresis in FH has been changing. 
However, despite the development of these drugs, lipoprotein apheresis is still an option with a high therapeutic 
effect for FH patients with severe atherosclerotic cardiovascular disease.

supra-aortic valvular stenosis from childhood1). Het-
erozygous FH (HeFH) patients show milder symp-
toms than HoFH patients.

The development of hydroxymethylglutaryl-CoA 
reductase inhibitors (statins) has enabled the effective 
treatment of HeFH3). Indeed, the average age at coro-
nary artery disease (CAD) onset significantly increased 
after the widespread use of statins compared with that 
before October 1989, when statins were approved in 
Japan4). PCSK9 inhibitors were developed and have 
already been on the market, which made it possible to 
control low-density lipoprotein cholesterol (LDL-C) 
levels more intensively even in patients with severe 
forms of HeFH. However, HoFH patients are usually 
resistant to most lipid-lowering drugs, including 
statins, ezetimibe, resins, and PCSK9 inhibitors, 

Introduction

Familial hypercholesterolemia (FH) is character-
ized by hypercholesterolemia, cutaneous and tendon 
xanthomas, and premature atherosclerotic cardiovas-
cular disease1). FH is a genetic disorder caused by a 
mutation in the gene related to the low-density lipo-
protein (LDL) receptor pathway, such as LDL recep-
tor, proprotein convertase subtilisin/kexin type 9 
(PCSK9), apolipoprotein B, and LDLRAP1 gene 
mutations2). Homozygous FH (HoFH) patients har-
bor homozygous mutations, compound heterozygous 
mutations, and double-heterozygous mutations of 
these genes, showing severe symptoms, such as severe 
hypercholesterolemia (600–1,000 mg/dL), cutaneous 
and tendon xanthomas, aortic valvular stenosis, and 
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ter pore size11). Initially, treatable plasma volume was 
limited in this procedure because of the increase in 
transmembrane pressure. However, improvement of 
the sieving properties has enabled us to treat larger 
plasma volumes. The disadvantage of this method was 
that in addition to LDL, the plasma concentrations of 
other proteins such as albumin and immunoglobulin, 
as well as the antiatherogenic high-density lipoprotein, 
were significantly decreased11). However, bradykinin 
levels are not elevated by DFPP, and this method can 
be used in patients taking ACEIs.

Mechanism of the Preventive Effect 
on Atherosclerosis

Selective LDL adsorption therapy can remove 
not only LDL, but also cell adhesion molecules such 
as intracellular adhesion molecule-1 and vascular cell 
adhesion molecule12, 13), coagulation factors such as 
fibrinogen and thrombosis factor, and plasminogen 
activator inhibitor-1 13). Selective LDL adsorption can 
also remove inflammatory cytokines, such as tumor 
necrosis factor- and interleukin-1 14), and reduce reac-
tive oxygen species production via suppression of 
NADPH oxidase15). These factors play significant 
roles in the progression of atherosclerosis. Thus, LDL 
adsorption therapy can prevent atherosclerosis as a 
result of and independent of LDL removal. LDL 
adsorption therapy was also reported to improve vas-
cular endothelial function via the induction of brady-
kinin and nitric oxide production16).

Lipoprotein apheresis also improves atherogenic 
lipoprotein metabolism in addition to direct removal 
of LDL. In patients with peripheral artery disease, oxi-
dized LDL is removed by LDL adsorption, and the 
removal rate of oxidized LDL is associated with the 
improvement in walking distance17). We also found 
that small, dense LDL, which has strong atherogenic 
action, was efficiently removed by lipoprotein aphere-
sis in FH patients18). Furthermore, we reported that 
lipoprotein apheresis could remove Apolipoprotein C 
III19), which is an endogenous lipoprotein lipase 
inhibitor that promotes atherosclerosis progression20). 
LDL adsorption therapy could also remove PCSK9 21, 22), 
which plays a pivotal role in lipid metabolism by 
enhancing endosomal and lysosomal degradation of 
the LDL receptor in the liver22, 23). In addition, 
PCSK9 is known to be involved in inflammatory pro-
cesses by upregulating proinflammatory gene expres-
sion24). An elevated plasma concentration of lipopro-
tein (a) (Lp(a)) is an independent risk factor for car-
diovascular disease. Lipoprotein apheresis is very effi-
cient in decreasing Lp(a) concentrations, and when 
performed weekly or biweekly, the mean interval con-

which require LDL receptor activity to reduce LDL-C 
levels5). Recently, an inhibitor of microsome triglycer-
ide transfer protein (MTP) was developed and shown 
to reduce LDL-C levels in HoFH through an LDL 
receptor-independent pathway6, 7). However, lipopro-
tein apheresis is still one of the major strategies to 
control LDL-C levels in HoFH and in several other 
types of severe hypercholesterolemia, such as autoso-
mal recessive hypercholesterolemia.

History of Lipoprotein Apheresis

In Japan, plasma exchange, selective LDL adsorp-
tion, and double-membrane filtration plasmapheresis 
(DFPP) are available, and selective LDL adsorption 
and DFPP are now widely used.

The first trial of lipoprotein apheresis in HoFH 
patients was performed as plasma exchange by de 
Gennes et al.8). This therapeutic approach led to the 
improvement of coronary artery stenosis and regres-
sion of xanthoma accompanied by LDL-C reduction. 
However, plasma exchange has the disadvantage that 
various important substances, such as immunoglobu-
lins, are removed along with LDL. Therefore, at pres-
ent, plasma exchange may be used for only HoFH 
patients aged ＜10 years who cannot be treated with 
selective LDL adsorption or DFPP due to their small 
capacity for extracorporeal circulation.

In the 1980s, columns with dextran sulfate-
coated cellulose beads were proven to be a potent spe-
cific sorbent of apolipoprotein B-containing lipopro-
teins9). The early system of selective LDL adsorption 
(LA-40 system) had a large column (400 mL) with 
this sorbent, which had limited capacity to remove 
LDL. Currently, a selective LDL adsorption system 
(LA-15 system, Kaneka, Osaka, Japan) has two small 
columns (150 mL each) that are alternately reused 
during the procedure by eluting adsorbed LDL on a 
saturated column with 5% NaCl. This current system 
has made it possible to treat a larger volume of plasma 
and reduce cardiovascular burden during apheresis 
therapy. Therefore, this system can be available for 
patients with cardiac dysfunction or small body mass, 
and currently, the LA-15 system is widely used all over 
the world. On the other hand, the negative charges of 
the columns used in the LDL adsorption system were 
found to promote the production of bradykinin via 
activation of the coagulation system10). Because angio-
tensin-converting enzyme inhibitors (ACEIs) have 
inhibitory activity against the degradation of bradyki-
nin, patients who are taking ACEIs should not be 
treated with this system.

The mechanism of DFPP is the selective removal 
of macromolecules based on molecular weight and fil-
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from apparent atherosclerotic disease, although the 
atherosclerotic change in the carotid artery worsened 
after pregnancy. Three patients underwent aortic valve 
replacement after 18–35 years of lipoprotein apheresis. 
On the other hand, all 11 patients who started lipo-
protein apheresis in adulthood developed a severe ath-
erosclerotic disease. Two of these patients died from 
myocardial infarction (MI), one patient died from 
heart failure, and four patients underwent coronary 
artery bypass surgery before or at the initiation of 
lipoprotein apheresis. Græsdal A et al. also reported 
that patients who underwent lipoprotein apheresis 
before 10 years old revealed mild atherosclerotic 
changes, whereas two patients who started lipoprotein 
apheresis in adulthood already had CAD before initia-
tion of lipoprotein apheresis29). Therefore, it is impor-
tant for HoFH patients to be accurately diagnosed 
and to begin lipoprotein apheresis as early as possible.

However, many HoFH patients fail to be diag-
nosed accurately in their childhood before atheroscle-
rosis has progressed. A-Hit 1 registry showed that only 
33% of HoFH in Turkey were diagnosed before 7 
years old30). There is no international guideline for 
targeting LDL-C levels in lipoprotein apheresis. The 
novel guideline of the Japanese Atherosclerosis Society 
recommends that the target LDL-C level is below 100 
mg/dL in HoFH patients with primary prevention 
and 70 mg/dL in those with secondary prevention31) 
since this target has become achievable following the 
development of new lipid-lowering drugs such as 
PCSK9 inhibitors and MTP inhibitors. For pediatric 
FH patients, the target LDL-C level is below 140 mg/

centrations are markedly decreased (approximately 
25%–40% reduction)25). Thus, LDL adsorption has 
various antiatherosclerotic effects in addition to LDL 
removal (Fig.1).

Clinical Effect of Lipoprotein Apheresis and 
Therapeutic Target LDL-C Levels in FH

Lipoprotein Apheresis in HoFH
In HoFH patients, a very high level of LDL-C 

from birth leads to atheromatous lesions of the arterial 
wall. As a result, HoFH patients have severe CAD and 
valvular disease, which may determine the prognosis 
of the disease26, 27). For the last several decades, lipo-
protein apheresis has been the only practical method 
to control LDL-C levels in HoFH patients because 
statins have no or very limited LDL-C lowering effect 
in HoFH patients. Indeed, lipoprotein apheresis can 
prevent the progression of atherosclerosis even in 
HoFH patients. For example, a Lipoprotein Apheresis 
Atherosclerosis Regression Study (LAARS) showed 
that the regression of coronary artery stenosis was 
observed in four out of seven HoFH patients28). 
HoFH patients usually begin lipoprotein apheresis at 
approximately 10 years old. Before LDL adsorption 
therapy, these patients are treated with plasma 
exchange therapy. We investigated the long-term effect 
of lipoprotein apheresis in 18 patients with HoFH 
(observation period was 3–20 years.) (Table 1). Six 
patients started treatment with lipoprotein apheresis 
in childhood. Among these six patients, only one was 
free from atherosclerotic disease, and another was free 

LDL apheresis

Removal of
Inflammatory cytokines

Improvement of 
Endothelial function

TNF-α, IL-6

Removal of 
coagulation and

fibrinolysis factors

PAI-1, Fibrinogen

Removal of
molecules related
to lipid metabolism

PCSK9, ApoCIII

Removal of atherogenic
lipoproteins

Oxidized LDL, Lp(a)

Removal of
adhesion molecules

ICAM-1, VCAM-1

Fig .1. Schema of the pleiotropic effects of lipoprotein apheresis
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ues).
April of 2019, The LIPOSORBER LA-15 Sys-

tem was approved by US Food and Drug Administra-
tion (FDA) and indicated for use in performing low 
density lipoprotein cholesterol (LDL-C) apheresis to 
acutely remove LDL-C from the plasma of the follow-
ing high risk patient populations for whom diet has 
been ineffective and maximum drug therapy has either 
been ineffective or not tolerated: 

• Group A – Functional Hypercholesterolemic 
Homozygotes with LDL-C ＞500 mg/dL; 

• Group B – Functional Hypercholesterolemic 
Heterozygotes with LDL-C ≥ 300 mg/dL; and 

• Group C – Functional Hypercholesterolemic 
Heterozygotes with LDL-C ≥ 100 mg/dL and either 
documented coronary artery disease or documented 

dL32). In Japan, lipoprotein apheresis in HoFH 
patients is covered by health insurance systems. HoFH 
has also been designated as a specified disease in the 
Specified Disease Treatment Research Program.

The recommendation of the HEART-UK Lipo-
protein apheresis Working Group is as follows33).

1) An acute reduction in total cholesterol of ≥ 
65% or in LDL cholesterol of ≥ 70% on average dur-
ing each procedure.

2) An interval mean total cholesterol of ＜270 
mg/dl or LDL cholesterol ＜252 mg/dl (or decreases 
of ＞60% or ＞65%, respectively, from baseline val-
ues).

3) A baseline level of total cholesterol of ＜349 
mg/dl or LDL cholesterol ＜329 mg/dl (or decreases 
of ＞50% or ＞55%, respectively, from baseline val-

Table 1. Clinical course of HoFH patients undergoing liporprotein apheresis treatment

Age 
at diagnosis

(y.o.)

Age at the 
introduction of LDL 

apheresis (y.o.)
Cardiovascular finding

39F 4 4 Atherosclerosis in carotid artery progressed after pregnancy

30F 1 5 No atherosclerotic finding

43F 1 6 Angina pectoris occurred at 2 years, total occlusion was apparent in the left main trunk at 5 
years, CABG was performed at 10 and 15 years, PCI was performed at 24 years, and aortic 
valve replacement and CABG were performed at 41 years

33M 0 6 Deformation of the aortic valve at 5 years and aortic valve stenosis was slightly improved at 
15 years, but aortic valve replacement was performed at 30 years 

44F 3 9 RCA total occlusion was apparent at 25 years

47M 8 12 Deformation of the aortic valve at 9 years, aortic valve regurgitation was apparent at 19 years, 
and aortic valve replacement was performed at 30 years 

52M 5 19 CABG was performed at 40 years

35F 3 22 CABG was performed for triple-vessel disease at 18 years

49F unknown 22 CABG was performed at 18 years. At 49 years, the patient died from heart failure 

31F unknown 25 Aortic valve stenosis at 29 years and death from MI at 31 years

29M unknown 27 Patient died from MI at 29 years

44M 34 34 Multiple coronary artery regions with 50% stenosis  

66M 30 30 Patient underwent 7 PCIs over 30 years

45F 36 36 Patient died from peritonitis at 45 years

54F 3 47 Patient had 50% stenosis in coronary arteries

68F 52 52 CABG was performed at 57 years

24M 22 22 CABG was performed at 22 years

72F 37 65 CABG and aortic valve replacement were performed at 64 years

CABG: coronary artery bypass graft surgery, PCI: percutaneous coronary intervention, RCA: right coronary artery, MI: myocardial infarction
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artery stenosis was significantly higher in the apheresis 
group than in the control group among HeFH 
patients37).

As shown in Fig.2, in our observational study 
before the PCSK9 antibody was launched, HeFH 
patients who discontinued lipoprotein apheresis had a 
poorer prognosis than those who continued apheresis, 
although patients who discontinued lipoprotein 
apheresis had almost the same levels of LDL-C as 
patients who continued lipoprotein apheresis38). These 
reports indicate that HeFH patients with severe ath-
erosclerotic disease experience a beneficial effect from 
lipoprotein apheresis for the prevention of atheroscle-
rotic disease. Thompson GR et al. recommended that 
patients with HeFH for whom there is objective evi-
dence of continuing the significant progression of cor-
onary disease and whose LDL cholesterol remains ＞
193 mg/dL or decreases by ＜40% despite combina-
tion drug therapy should be considered for lipoprotein 
apheresis33). The International Panel on Management 
of FH (2004) indicated that suggested efficacy targets 
for apheresis in HeFH patients are an interval mean 
LDL-C of ≤ 100 mg/dL or a reduction of ≥ 60% from 
baseline values39). The Japanese Atherosclerosis Society 
recommends a target LDL-C level in HeFH patients 
of below 100 mg/dL or a reduction of ≥ 50% in 
patients with primary prevention and of 70 mg/dL in 
patients with secondary prevention31).

Pregnancy and Lipoprotein Apheresis in FH

There are increased stresses on the cardiovascular 
system throughout pregnancy and delivery. Both 
blood volume and cardiac output increase by 25% to 
80%40). The main point of concern has been the 
aggravation of coronary insufficiency in the mother 
mainly due to these hemodynamic changes in preg-
nancy41). High lipid levels may also affect placental 
vasculature and cause the retardation of fetal 
growth42). Furthermore, statin therapy is contraindi-
cated during pregnancy. Therefore, during pregnancy, 
HoFH and HeFH patients with CAD should be 

peripheral artery disease. 
Documented coronary artery disease (CAD) 

includes CAD diagnosed by invasive or computed 
tomography (CT) coronary angiography, or by elec-
tron beam (ultrafast) CT (EBCT), or documented by 
a history of myocardial infarction (MI), percutaneous 
coronary intervention (PCI), or coronary artery bypass 
graft (CABG) surgery.

Lipoprotein Apheresis in HeFH
The introduction of strong statins has improved 

the prognosis of HeFH patients worldwide. Indeed, 
we reported that the average age at CAD onset was 
significantly higher after the widespread use of statins 
than before October 1989, when statins were 
approved in Japan4). On the other hand, LDL-C levels 
in many of the HeFH patients cannot be decreased to 
the target level by a combination of ezetimibe and 
high-intensity statins. Lipoprotein apheresis used to 
be the only strategy to further reduce LDL-C levels in 
these patients. There is evidence of the usefulness of 
lipoprotein apheresis for the prevention of atheroscle-
rosis progression in HeFH patients. The LAARS dem-
onstrated that lipoprotein apheresis significantly pre-
vented CAD progression compared with only medica-
tion34). The progression of CAD was well prevented 
by lipoprotein apheresis, especially in cases where 
LDL-C levels were reduced to ＜100 mg/dL after 
apheresis, although the mean LDL-C level before 
apheresis was 249 mg/dL and the mean LDL-C level 
after apheresis was 105 mg/dL in the LAARS34). 
Mabuchi et al. also reported that the incidence of 
CAD in HeFH patients who were undergoing lipo-
protein apheresis was lower than that of those receiv-
ing only medication therapy in the Hokuriku-FH-
Lipoprotein Apheresis Study35). Furthermore, lipopro-
tein apheresis could induce the regression of athero-
sclerotic plaques in coronary arteries of HeFH patients 
(LDL Apheresis Coronary Morphology and Reserve 
Trial)36). The Japan LDL Apheresis Coronary Athero-
sclerosis Prospective Study showed that the frequency 
of regression or attenuation of change in coronary 

Continuation group: 12 cases

Death: 1 case
(Pneumonia)

CABG: 2 cases
PCI: 4 cases

Discontinuation group: 14 cases

Death: 4 cases
・MI: 2 cases
・Heart failure: 1 case
・Pneumonia: 1 case

MI: 1 case
CABG: 0 case
PCI: 4 cases

Fig .2. Comparison of the prognosis between HeFH patients in the lipoprotein apheresis continua-
tion group and those in the lipoprotein apheresis discontinuation group before the PCSK9 
antibody was launched33)
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patients45). The ODDESEY ESCAPE study showed 
that 63.4% of HeFH patients undergoing lipoprotein 
apheresis could discontinue lipoprotein apheresis fol-
lowing alirocumab treatment46). Therefore, the num-
ber of FH patients treated by lipoprotein apheresis is 
decreasing since the LDL-C levels in most HeFH 
patients can be controlled well by the application of 
the PCSK9 antibody. Kawashiri et al. also reported 
that biweekly evolocumab treatment was superior to 
biweekly lipoprotein apheresis in terms of LDL-C-
lowering effects, even in HeFH patients47). However, 
it is still unclear whether lipoprotein apheresis with-
drawal due to sufficient LDL reduction by PCSK9 
antibody increases the risk of cardiovascular events in 
HeFH patients with severe atherosclerosis. The 
PCSK9 antibody can partly decrease LDL-C levels 
even in HoFH patients. The TESLA part B trial 
showed that evolocumab achieved an approximately 
30% reduction of LDL-C in 33 HoFH patients48). 
The TAUSSIG study, which had 106 HoFH patients, 
including 34 patients undergoing lipoprotein aphere-
sis, showed that evolocumab decreased LDL-C levels 
by 20.6%5). However, the PCSK9 antibody had no 
LDL-C-lowering effect in LDL receptor-negative 
HoFH patients, although the treatment has a partial 
effect in HoFH patients with LDL receptor defects49). 
On the other hand, as shown in Fig.3, in patients 
with double-heterozygous LDLR/PCSK9 gain-of-
function mutations, LDL-C can be controlled well by 

treated by lipoprotein apheresis to prevent further 
progression of coronary atherosclerosis and to better 
tolerate the increased stress of delivery. In fact, our 
recent report of seven pregnant HoFH patients 
showed that one patient who refused lipoprotein 
apheresis during pregnancy and another patient whose 
adherence to lipoprotein apheresis was poor died from 
acute MI43). The other five patients who underwent 
lipoprotein apheresis delivered successfully. Therefore, 
the Japanese Atherosclerosis Society recommends lipo-
protein apheresis for HoFH and HeFH patients with 
CAD during the course of pregnancy to control their 
LDL-C level not only for their own sake but also for 
normal fetal growth. In any case, pregnancy and deliv-
ery in women with CAD are hazardous and should be 
monitored very closely. Furthermore, we should pay 
attention to the symptoms of bradykinin overproduc-
tion, such as nausea, bradycardia, and hypotension43).

Novel Lipid-Lowering Drugs and 
Lipoprotein Apheresis

Recently, PCSK9 antibodies (evolocumab and 
alirocumab) have become commercially available. A 
FOURIER trial demonstrated that LDL-C reduction 
by evolocumab significantly decreased the incidence 
of cardiovascular events44). Another clinical trial also 
demonstrated that an approximately 60% reduction 
of LDL-C was achieved by evolocumab in HeFH 
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She was diagnosed with FH at 37 years. CABG and aortic valve replacement were performed at 64 years.
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Conclusion

Lipoprotein apheresis has various preventive 
effects on atherosclerosis progression in addition to 
strong LDL-C reduction. In the past, lipoprotein 
apheresis was the only way to prevent cardiovascular 
events in patients with severe FH. Now, with the 
development of new lipid-lowering drugs, LDL-C lev-
els can be controlled much better than before. We 
need to decide whether to discontinue or reduce the 
frequency of Lipoprotein apheresis carefully, particu-
larly in severe FH patients.
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