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Summary
Low-density lipoprotein (LDL)-cholesterol (LDL-c) and
lipoprotein(a) [Lp(a)] are independent cardiovascular risk
factors. Reduction of LDL-c leads to reduction in cardio-
vascular events, regardless of the method of reducing
LDL-c levels. Lifestyle modification and drugs are first line
treatment options. However, many patients do not reach
treatment goals, as defined in guidelines worldwide,
through standard medication. So far, drugs are not efficient
in lowering Lp(a) levels, or the reduction of plasma levels
does not result in clinical benefit. In these two groups
of patients lipoprotein apheresis is very efficient in
decreasing LDL-c and Lp(a) levels. A single apheresis
session can decrease LDL-c and Lp(a) by approximately
65%, and apheresis performed weekly or biweekly results
in considerably decreased mean interval concentrations
(approximately 30% reduction). Most apheresis systems
(HELP, heparin induced extracorporeal LDL precipitation;
DALI, direct adsorption of lipoproteins; lipoprotein apher-
esis with dextran sulfate; lipid filtration; immunoadsorption)
decrease LDL-c and Lp(a). Lipopac is a specific form of
immunapheresis and only decreases Lp(a). Lipoprotein
apheresis is a well-tolerated treatment option but it is
expensive and time consuming. The evidence for clinical
benefit through regular apheresis comes from observa-
tional data. Adequate, randomised, controlled trials are
lacking.
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INTRODUCTION
Elevated concentrations of lipoproteins are causally linked to
atherosclerosis and cardiovascular disease.1–4 Therefore,
reducing elevated concentrations of lipoproteins is an
important strategy in primary and secondary prevention of
cardiovascular diseases. Lifestyle modification should be the
baseline treatment approach to reduce lipoproteins and other
cardiovascular risk factors. In the 1990s, the use of statins as
cholesterol lowering medication first showed positive effects
on cardiovascular outcome. Nowadays ezetimibe and PCSK9
inhibitors (PCSK9-i) are evidence-based options for add-on
lipid lowering therapy.5–7 Elevated levels of lipoprotein(a)
[Lp(a)] cannot be addressed by lifestyle modification. Of the
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currently available drugs, niacin and PCSK9-i have signifi-
cant effects on Lp(a) concentrations. However, niacin therapy
has not translated into clinical benefit, while the value of
PCSK9-i induced Lp(a) reduction is currently unclear.8,9

Similarly, the role of other lipid modifying drugs in
development is currently unclear, such as ANGPTL3
inhibitors,10–12 apoE mimetic peptides,13 apoB antisense
oligonucleotides, and MTP-inhibitors.14

For more than 40 years lipoprotein apheresis has been a
therapy of ‘last resort’ to address dyslipidaemias that can
otherwise not be treated. However, the development of new
medications has shifted this indication, as more dyslipi-
daemias than before can be treated without apheresis. In
this review we describe the current role of lipoprotein
apheresis.
Lipoprotein concentrations can be reduced by extracorpo-

real elimination or, more specifically, by lipoprotein apheresis.
Such procedures were first described as a treatment option for
severe hyperlipoproteinaemia [homozygous familial hyper-
cholesterolaemia (FH)] in 1975.15 More specific techniques to
reduce apolipoprotein B (apoB) containing particles such as
low-density lipoprotein (LDL)-cholesterol (LDL-c) and Lp(a)
were developed in the 1980s.16,17 With the development of
new and less invasive therapeutic options the role of apheresis
in the treatment of hyperlipidaemia has shifted.18–20

Currently, there are five different techniques available to
eliminate apolipoprotein B (apoB) containing lipoproteins. In
addition, there is one technique that is specific for Lp(a).
In this review we will discuss the indications for apheresis,

describe the different techniques and review the current
evidence regarding the efficacy and the long-term effect on
cardiovascular disease.

PATH TO LIPOPROTEIN APHERESIS
Apheresis for elevated LDL-cholesterol

In most patients with LDL-hypercholesterolaemia (with the
exception of some patients with statin intolerance, severe
heterozygous FH or homozygous FH) LDL-c goals can be
achieved if a combination of lifestyle modification, statins,
ezetimibe and PCSK9-i is used (Fig. 1).21 Until the introduc-
tion of PCSK9-i, many patients with FH, especially when statin
intolerant, required apheresis to achieve treatment goals. As
patients with FH usually respond well to PCSK9-i therapy and
PCSK9-i are tolerated well by statin intolerant patients, the
introduction of PCSK9-i has reduced the number of patients
requiring apheresis for elevated LDL-c dramatically. In one
study, the use of PCSK9-i allowed apheresis therapy to be
discontinued in 63.4% of patients with heterozygous FH, and
hologists of Australasia. Published by Elsevier B.V. All rights reserved.
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Fig. 1 Path to apheresis in patients with high LDL-c. Adapted from Parhofer.21

Fig. 2 Path to apheresis in patients with elevated Lp(a). RF, risk factors.
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the interval between treatments to be stretched in a further
30%.22 However, it must be noted that in this study apheresis
was discontinued if pre-apheresis LDL-cholesterol was 30%
or more below baseline pre-apheresis LDL-cholesterol
(indicating that PCSK9-i were more potent than apheresis in
reducing LDL-cholesterol). When reaching treatment target is
the goal, then many patients with severe heterozygous FH
require both treatment modalities. Similarly, in homozygous
FH a less dramatic effect would be expected, as many patients
with homozygous FH do not respond as well to PCSK9-i; even
if they respond, LDL-cholesterol concentration remains
considerably above target.23,24 In another observational study,
post-apheresis LDL-c was comparable to levels during
PCSK9-i therapy.25

It has long been discussed whether apheresis not only
decreases atherogenic lipoproteins, but also has pleiotropic
effects by affecting rheologic parameters and removing
additional compounds. Thus, apheresis reduces C-reactive
protein (CRP) levels in the long-term, while PCSK9-i have
no effect on inflammatory parameters.25,26 However, it is
unclear whether this difference is of any clinical
significance.
Current indications for apheresis for elevated LDL-c vary

considerably by country.16 In the USA homozygous FH is the
main indication for lipoprotein apheresis. It is also approved
in forms of severe LDL-hypercholesterolaemia with persis-
tently elevated lipoprotein levels despite maximal drug
therapy [LDL >300 mg/dL (7.6 mmol/L) without concomi-
tant cardiovascular disease or >200 mg/dL (5.2 mmol/L) with
concomitant cardiovascular disease].27 These patients are
often underdiagnosed and undertreated.28 In Germany,
apheresis for elevated LDL-c can be performed in severe
hypercholesterolaemia if LDL-c cannot be reduced suffi-
ciently, despite maximal dietary and drug therapy (docu-
mented for 12 months). No specific threshold is given
because the overall risk profile of the patient should be
considered in evaluating the indication for apheresis. How-
ever German authorities require that PCSK9-i are given
before the patient is evaluated for apheresis. Other countries
have less specific recommendations with respect to apheresis
for elevated LDL-c.16,29,30 Generally, homozygous FH is
widely recognised as an indication, while other forms of
LDL-hypercholesterolaemia are not.
Apheresis for elevated lipoprotein(a)

Lp(a) is an apo(B)-containing lipoprotein similar to LDL with
an additional apoprotein apo(a). It is causally linked to athero-
sclerotic disease and has gained increasing recognition as a
cardiovascular risk factor in recent years. From a lipidologist’s
point of view Lp(a) is a particularly atherogenic LDL particle
which is generally not catabolised via the LDL-receptor and
therefore has a longer half-life in plasma. Lp(a) concentrations
are mainly genetically determined and around 20% of the
population have elevated levels above 50 mg/dL.31

Apheresis can decrease the concentration of all apoB
containing lipoproteins. Therefore, Lp(a) concentrations are
decreased to a similar extent as LDL concentrations.
Furthermore, regular apheresis treatment leads to a reduction
in pre-apheresis Lp(a) concentrations. As the role of Lp(a) in
atherosclerosis is less well defined, the role of apheresis in the
treatment of elevated Lp(a) is much less clear compared to its
role in treating LDL-hypercholesterolaemia.
While it is widely recognised that Lp(a) concentrations can

be decreased with apheresis, only in Germany are isolated
elevated Lp(a) levels considered to be an indication for regular
apheresis in certain patients. Such treatment is reimbursed by
health insurers if certain prerequisites are fulfilled (Fig. 2).
According to German guidelines, apheresis may be indicated
if Lp(a) is >60 mg/dL (0.6 g/L) in patients with progressive
cardiovascular disease despite optimal management of all
other risk factors including LDL-c; either clinical progression
or progression documented with imaging techniques is
mandatory.32
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The National Lipid Association Expert Panel on Familial
Hypercholesterolaemia recommends apheresis in functional
heterozygotes with LDL-c >200 mg/dL (5.2 mmol/L)
[or non-high density lipoprotein (HDL)-c >230 mg/dL
(5.9 mmol/L)] and additional risk factors, including elevated
Lp(a) >50 mg/dL (0.5 g/L), although the US Food and Drug
Administration (FDA) does not comment on apheresis for
isolated elevated Lp(a).33 Similarly, the HEART-UK criteria
for the use of LDL apheresis include patients with progres-
sive coronary artery disease, hypercholesterolaemia, and
Lp(a) >60 mg/dL (0.6 g/L) in whom LDL-c remains elevated
despite drug therapy.29

In summary, Germany is the only country where apheresis
may be considered for isolated Lp(a) elevation. Other countries
and international guidelines take elevated Lp(a) as an addi-
tional risk factor into account when apheresis is considered for
the treatment of LDL-hypercholesterolaemia.
As new drugs are being developed that either specifically

address elevated Lp(a) levels [such as apo(a) antisense-
oligonucleotides] or that modify a number of different lipo-
proteins, including Lp(a), indications for apheresis may
change in coming years.

Procedures

Observational data on lipoprotein apheresis favours regular
treatment every week or every two weeks independent of the
indication for treatment [elevated LDL and/or elevated
Lp(a)]. The length of an individual apheresis session depends
on the plasma volume to be treated (usually reflecting
pre-apheresis lipoprotein concentrations) and varies between
1.5 and 4 hours per session. The main vascular approach for
all apheresis techniques is veno-venous. Only very few
patients need shunt surgery. Some form of anticoagulation is
mandatory for every apheresis system. A blood volume of
approximately 500 mL circulates extracorporeally. This can
Fig. 3 Apheresis systems for eliminating LDL-c and/or Lp(a). Adapted from Waldma
result in a drop in blood pressure. Anaemia and iron
deficiency are other associated side effects in some patients
and may necessitate iron substitution if apheresis is con-
ducted on a regular basis. However, generally speaking, all
apheresis methods are tolerated well, and patients connected
to specialised centres usually show very good compliance.
Adherence to and compliance with regular therapy may also
depend on costs and funding of the procedure.34

The different principles underlying the different apheresis
systems are shown in Fig. 3.

Heparin-induced extracorporeal LDL-precipitation
(HELP)

HELP was first introduced in the 1980s.35 ApoB containing
lipoproteins [including LDL and Lp(a)] which form complexes
with a number of other proteins (e.g., CRP and fibrinogen) in
an acidic environment (pH 5.12) are thereby precipitated and
then eliminated. This procedure simultaneously eliminates
fibrinogen. This may be seen as an advantage (although
the causal role of fibrinogen for cardiovascular events is
disputable) but also limits the amount of plasma that can be
treated in one session.

Direct adsorption of lipoproteins (DALI)

DALI was the first whole blood system implemented in
1996.36 Positively charged apoB binds to negatively
charged polyacrylate ions bound to a column, thereby all
apoB containing lipoproteins are eliminated. Angiotensin-
converting enzyme (ACE) inhibitor therapy is contra-
indicated because bradykinin released during apheresis
with DALI is normally inactivated by the ACE. While
concurrent therapy ACE inhibitors may lead to severe
hypotension, angiotensin receptor antagonists can be given
safely.
nn and Parhofer.58
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Apheresis with dextran sulfate (Kaneka)

This similarly uses a negative electric charge (cellulose-
bound dextran sulfate) to eliminate apoB-100 containing
lipoproteins which include LDL, intermediate-density lipo-
protein (IDL), and very low-density lipoprotein (VLDL), as
well as Lp(a).37 Similarly, as discussed above for DALI,
apheresis with dextran sulfate cannot be combined with ACE
inhibitor therapy, while angiotensin receptor therapy is safe.

Lipid filtration/membrane differential filtration
(OctoNova, Diamed; Evaflux, Kawasumi)

Also called cascade filtration, this technique is based on the
elimination of particles by size. Filters of such size that only
LDL, Lp(a) and fibrinogen are held back are connected in
series.38 The remaining plasma components pass the filter
without being eliminated. Obviously, this method requires
separation of plasma from cellular components of blood
beforehand. Again, ACE inhibitor therapy cannot be used
concomitantly.

Immunapheresis or immunadsorption

This was one of the first apheresis techniques to be devel-
oped.17 Sheep antibodies against apoB bound to columns are
used to eliminate apoB-100 containing particles such as LDL,
IDL and Lp(a). VLDL are largely protected against elimi-
nation because the epitopes on apoB interacting with the
antibodies are protected by lipids. Since the mechanism is
very specific for apoB-100-containing particles there is no
relevant elimination of other plasma components. This allows
treatment of very large plasma volumes without eliminating
other proteins or particles.

Lipopac apheresis

Lipopac is another form of immunapheresis introduced in
1994.39 In contrast to immunoadsorption (antibodies against
apoB) the antibodies are directed specifically against
apolipoprotein(a). Plasma is passed through columns loaded
with sheep polyclonal monospecific antibodies against
human apolipoprotein(a). Besides Lp(a) no other lipoproteins
are affected.
However, to the authors of this article it is unclear whether

an apheresis method which only reduces Lp(a) offers any
advantage over methods reducing Lp(a) and LDL-c. The
studies using PCSK9-i have shown no safety signal even for
very low LDL-c levels. In contrast, the lower the LDL-c
level, the bigger the benefit. Thus, it seems reasonable to
use an apheresis method that decreases Lp(a) and LDL-
cholesterol even if Lp(a) is the primary indication for
apheresis.

EFFECT OF LIPOPROTEIN APHERESIS ON
LIPID LEVELS
Despite the differences in the underlying methodology, all
apheresis systems affect lipoprotein levels to a similar
extent.11,16,30–35,40–45 In general the extent of the acute
lipoprotein reduction is a function of the plasma volumes
treated during an apheresis. Therefore, the length of a session
has impact on the effect on lipoprotein levels. LDL and Lp(a)
decrease by approximately 60–65% with each apheresis
treatment [Lipopac, as a Lp(a)-specific system, has very little
effect on LDL-c]. It should also be noted that with weekly
apheresis, pre-apheresis Lp(a) values decrease over time
since the rebound of Lp(a) concentration is not sufficient to
achieve baseline values within one week, a phenomenon
which is much less relevant for LDL-c. Depending on the
selected interval (weekly or biweekly) and baseline concen-
tration, mean interval reduction of LDL-c and Lp(a) varies
between 20% (biweekly apheresis, relatively low baseline
values)42 and 36% (weekly apheresis, high baseline
values).43 Even in patients with Lp(a) as a leading risk factor
and LDL-c levels at target it seems tempting to use
non-specific apheresis systems leading to lower Lp(a)
concentrations and ‘really low’ LDL-c levels. Considering
what we have learnt from the PCSK9-i studies there seems no
reason to believe that isolated Lp(a) reduction is better than
lowering Lp(a) and LDL simultaneously (assuming the safety
signals remain as they are and that costs for all apheresis
systems are similar).
Triglycerides also decrease (up to 50%) but rebound

quickly. Similarly, HDL-c can be transiently decreased by
5–10%. The change in HDL has long been seen as a dilution
phenomenon but newer data indicate that apheresis (elimi-
nation of a significant pool of apoB containing lipoproteins)
also directly affects the metabolism of HDL particles.46

A series of turnover experiments evaluated whether
apheresis acutely or in the long-term affects the endogenous
production or catabolism of apoB containing lipoproteins,
which is not the case.
The clinical importance of elimination of other proteins by

apheresis systems remains unclear. However, even after
many years of treatment, there seems to be no specific side
effects relating to the elimination of these proteins.
THE EFFECT OF APHERESIS ON
ATHEROSCLEROSIS
The goal of apheresis is to decrease the concentration of
atherogenic lipoproteins and thereby reduce the risk for
cardiovascular events. Although a number of studies have
evaluated the effect of apheresis on lipid values, no
adequately controlled and powered trial has been performed
to test the hypothesis that apheresis results in reduced
cardiovascular morbidity or mortality. However, there are a
number of studies evaluating potential benefits of
apheresis.6,20,42–45,47–50

In a non-randomised trial [130 heterozygous FH patients
with documented coronary heart disease (CHD)] it was
shown that patients on regular apheresis and statin therapy
had lower LDL-c values and less cardiovascular events than
the control group treated by drug therapy alone.51 In 2017
Ezhov et al. conducted a 12-month interventional study on 50
patients with LDL-c values of >2.6 mmol/L (>100 mg/dL)
prior to coronary artery bypass grafting (CABG) surgery
despite statin therapy. It was shown that significantly less
vein graft occlusions (14.3% vs 27.4%) and progression of
atherosclerosis occurred in patients treated with apheresis
instead of statin treatment alone for the first year after coro-
nary artery bypass. There were even signs of regression in the
apheresis group. In this study LDL-c and Lp(a) were acutely
reduced by 59±14% and 49±15%, respectively.52

Another trial evaluatedwhether in patientswith heterozygous
FH and CHD (n=39), biweekly apheresis in combination with
simvastatin (40 mg/day) was superior to simvastatin (40 mg/
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day) in combinationwith colestipol (20g/day).53After 2.1 years
there was no significant difference in angiographic changes
between the twogroups. The authors concluded that ‘decreasing
Lp(a) seems to be unnecessary if LDL-c is reduced to 3.4mmol/
Lor less’.As the studydidnot select patientswith elevatedLp(a)
concentrations, it was limited by a low baseline Lp(a) concen-
tration (43 mg/dL) and only a modest Lp(a) reduction with
apheresis (mean interval concentration 33 mg/dL) due to the
biweekly apheresis interval.
Finally, an angiographic trial evaluated whether atorvastatin

together with specific Lp(a) apheresis (Lipopac apheresis)
reduced CHD progression compared to atorvastatin alone in
patients (n=30) with CHD and elevated Lp(a) (>50 mg/dL).54

After 18 months, patients treated with atorvastatin and
apheresis compared to atorvastatin alone showed significantly
more regression and less progression. Again, the trial was
limited by a small number of subjects and the lack of reporting
of clinical events.
Recently, a first analysis of the German Lipoprotein

Apheresis Registry between 2012 and 2015 was reported.49

It showed acute reductions of LDL-c and Lp(a) by 68.6%
and 70.4%, respectively. When the event rate before initi-
ation of apheresis was compared to the event rate during
apheresis, major cardiovascular events were reduced by
97%. This very impressive event reduction must be inter-
preted with caution as the setting was not randomised or
controlled. Side effects occurred in only 5%. Another
publication showed significant reduction of interventions in
patients with peripheral artery disease after initiation of
apheresis (observational data).48

This recent analysis confirms three previous German
evaluations with partially overlapping patient cohorts and an
Italian study evaluating cardiovascular event rates before
initiation of apheresis and during regular apheresis
therapy.50,55–57 In two of the German studies, only subjects
with isolated Lp(a) elevation were included (LDL<2.5 mmol/L
on statin therapy),55,56 while in the third study subjects with
concomitantly elevated LDL-c were also incuded.57

All four studies show a dramatic decrease in the event
rate after initiation of regular apheresis. However, these
evaluations are limited by the lack of a control group.
Progression of disease and thus recurrence of events is the
main reason for initiating apheresis. Therefore, it is not
surprising to observe a very high event rate in the period
preceding the initiation of apheresis. As outlined elsewhere it
is impossible to determine the true effect of apheresis without
an adequate control group.58

Retrospective analyses are hypothesis-generating in that
they indicate that regular apheresis for elevated lipoproteins,
Lp(a) as well as LDL-c, may reduce cardiovascular events
and modulate progression of atherosclerosis. However,
adequately powered and randomised controlled trials are still
necessary to give well-grounded evidence for clinical benefit
through regular apheresis treatment.
CONCLUSION
Regular apheresis leads to an acute decrease in lipoprotein
concentrations by approximately 60–65%, which translates
into significant interval mean reduction (25–40%). The
treatment is tolerated well with minimal side effects, although
costs and time must be taken into account. Retrospective data
indicate clinical benefit in patients undergoing regular
apheresis therapy, but adequate, randomised controlled trials
are lacking. Since PCSK9-i are very potent LDL-c lowering
drugs and also decrease Lp(a), the future role of apheresis
remains to be determined.
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