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Abstract
Background  One of the first investigations concerning 
extracorporeal treatment of hypercholesterolemia was 
performed in 1967 by plasma exchange in patients with 
homozygous or severe heterozygous familial hypercholes-
terolemia (FH). In the following decades, several specific 
lipid apheresis systems were developed to efficiently elimi-
nate low-density lipoprotein (LDL) cholesterol and Lp(a) 
cholesterol in hypercholesterolemic patients. In the early 
1980s, the main clinical indication has been homozygous 
FH including mainly children and pregnant women. In 
consideration of the current development of lipid-lowering 
regimens and scientific knowledge of preventing progres-
sion of cardiovascular diseases, the spectrum of indica-
tions to initiate lipid apheresis was extended due to still 
insufficient lipid-lowering therapy in some clinical cases. 
However, a generally accepted indication for lipid apher-
esis treatment is still under discussion. In Germany, the 
target-oriented distribution of increasingly limited health-
care resources demand data which support the benefit of 
established treatment procedures such as lipid apheresis. 
In recent years, the Federal Joint Committee (G-BA), 

a paramount decision-making body of the German Health-
care System, issued to reassess the approval of chronic lip-
id apheresis therapy for regular reimbursement. Therefore, 
in 2005, an interdisciplinary German Apheresis Working 
Group has been established by members of both the Ger-
man societies of nephrology. One of the first goals of this 
working group was a revision of the indications for lipid 
apheresis corresponding to current guidelines and recom-
mendations for the treatment of lipid disorders. In addition, 
recently new pathophysiological perceptions of the impact 
of lipoproteins on atherogenesis and thrombosis were also 
considered.
Methods and Results  Since 2005, the working group met 
on a regular basis to substantiate the first defined goals. 
The indications for lipid apheresis were critically revised 
with respect to actual results from clinical investigations, 
cardiovascular guidelines, and scientific knowledge and 
were accepted by the members of the apheresis working 
group.
Conclusions  There is consensus between the medical soci-
eties and health insurance funds regarding the need for gen-
eral accepted guidelines for lipid apheresis. Recommenda-
tions for the indications of lipid apheresis were developed, 
but additionally these results should be confirmed by medi-
cal societies to transform them to guidelines. However, due 
to limited data showing that lipid apheresis has effects on 
the progression of cardiovascular diseases all members of 
the apheresis working group support a project for creating 
a lipid apheresis registry. This apheresis registry has been 
developed and recently started. The primary goal is to sub-
stantiate prospective long-term data on clinical outcome of 
chronic lipid apheresis treatment and to support additional 
clinical research activities in this field. In addition, this reg-
istry should comply with the actual requests of the Federal 
Joint Committee (G-BA).
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Introduction

First investigations dealing with extracorporeal treatment 
of hypercholesterolemia were performed in 1967 by plasma 
exchange [1]. During the following decades, more specific 
lipid apheresis systems were developed to efficiently elimi-
nate low-density lipoprotein (LDL) cholesterol and Lp(a) 
by adsorption, precipitation, and specific filtration technique 
[2–12].

Therefore, the currently established lipid apheresis sys-
tems are effective extracorporeal lipid-lowering treatment 
procedures for selected patients suffering from progressive 
cardiovascular diseases induced by severe hyperlipidemia, 
in particular hypercholesterolemia and Lp(a) hyperlipopro-
teinemia [13].

In the early 1980s, the main clinical indication for lipid 
apheresis has been focused on homozygous familial hyper-
cholesterolemia (FH) including mainly children and preg-
nant women [13]. Because of a better understanding of the 
correlation between high LDL cholesterol and Lp(a) choles-
terol concentrations and an obvious progression of cardio-
vascular diseases, the demand of effective lipid reduction 
was increased [14, 15]. In recent years, well-designed inves-
tigations with hypercholesterolemic patients suffering from 
coronary heart disease (CHD) showed a better survival, 
when LDL cholesterol was efficiently decreased [16]. The-
refore, new lipid thresholds were defined in hypercholeste-
rolemic patients suffering from progressive cardiovascular 
diseases, which include a clear recommendation to initiate 
treatment with lipid-lowering drugs [17, 18]. Against the 
background of the current development of lipid-lowering 
regimens and the knowledge that progression of cardio-
vascular diseases can be prevented by adequate therapeu-
tic means, the spectrum for lipid apheresis indications was 
extended to severe clinical cases, in which lipid-lowering 
drug therapy is insufficient or severe drug-associated side 
effects have occurred.

Unfortunately, the systematic investigations concerning 
the beneficial effects of lipid apheresis treatment such as a 
randomized double-blinded prospective lipid lowering study 
with significant statistical power are still lacking worldwide 
and are now difficult to perform [19] due to ethical reasons 
against the evidence from the current scientific knowledge. 
Therefore, in the last two decades, the indications for lipid 
apheresis treatment remained vague [20].

The Federal Joint Committee’s (G-BA) assessment of 
medical treatments and procedures follows a standardized 
procedure which rests on evidence-based medicine. The 
generally accepted current state of medical knowledge is 

ascertained for the purpose of assessing the effectiveness, 
quality, and economic efficiency of the diagnostic and the-
rapeutic methods under examination.

In 2003, the German reimbursement guidelines for lipid-
apheresis were again revised by G-BA confirming the rele-
vance of LDL cholesterol but denying an important role of 
Lp(a) cholesterol to establish the indication for lipid aphe-
resis. Comments published with that decision prompted all 
medical disciplines, in particular nephrologists, to continue 
the critical discussion of chronic lipid apheresis therapy 
and to develop guidelines with broad acceptance within all 
related medical disciplines. To focus these discussions, an 
interdisciplinary German Apheresis Working Group (AWG) 
was founded in 2005 by members of both German socie-
ties of nephrology (Deutsche Gesellschaft für Nephrologie 
(DGfN), Verband Deutsche Nierenzentren (VDN)) with the 
goals to be a partner in the dialogue and negotiations with 
the G-BA and to standardize the indications for lipid aphe-
resis [21].

Until now, the indications for lipid apheresis treatment 
were critically revised and adapted by AWG to substantiate 
benefit and cost-effectiveness of established lipid-lowering 
treatment procedures and to optimize lipid-lowering therapy 
through lipid apheresis treatment considering the increa-
singly limited healthcare resources [21].

Most members were previously members of an apheresis 
working group, which consisted of nephrologists, cardiolo-
gists, endocrinologists, and specialists of clinical chemistry 
and laboratory medicine [22].

Methods and results

From 2005 until today, several meetings were held and the 
suggestions from actual publications as well as recommen-
dations from national and international cardiovascular soci-
eties were critically discussed. At the end of all discussions, 
all attendees agreed on the following consensus statements:

Recommendations for maximal lipid-lowering therapy 
in patients suffering from severe hyperlipidemia

All patients suffering from high LDL cholesterol concen-
trations according to actual guidelines, with triglyceride 
less than 300 mg/dl and without any evidence for remnant 
hyperlipidemia or chylomicronemia, should be considered 
for long term lipid-lowering therapy.

However, before lipid-lowering drug therapy should be 
considered, a basic diet with low cholesterol and rich in 
omega-3 fatty acids is advised for these patients, correspon-
ding to the recommendations of EAS and NCEP.
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When lifestyle modification with an emphasis on normal-
ization of body weight and heart-healthy patterns of dietary 
intake and physical activity fails in hyperlipidemic patients, 
the lipid-lowering drug regimens should be recommen-
ded. It should be taken into account that the lipid-lowering 
success in these recommendations depends on attention to 
multiple tasks like titration of medications, management 
of side effects, careful use of combination lipid-altering 
drug therapies. Side effects associated with lipid lowering 
drugs or their combinations should be well documented and 
reported to the Drug Commission of the German Medical 
Association.

The initiation of a lipid apheresis treatment should be 
considered within a period of 3 months, when diet and lipid-
lowering drug procedures remained ineffective (conserva-
tive therapy) to LDL cholesterol or Lp(a) cholesterol levels 
in the following situations:

•	� In primary prevention, the patients suffering from fami-
lial hypercholesterolemia with remaining LDL cho-
lesterol concentrations > 160  mg/dl (4.2  mmol/l) and 
cardiovascular events in close relatives.

•	� In secondary prevention, the patients suffering from 
progressive cardiovascular events with remaining 
LDL cholesterol concentrations > 120–130  mg/dl 
(3.1–3.4 mmol/l).

•	� In addition, independent of LDL cholesterol concen-
trations, the patients suffering from progressive cardio-
vascular disease clinically assessed or by using imaging 
techniques with lipoprotein a (Lp(a)) concentrations 
> 60 mg/dl.

These regulations may be flexibly applied with respect to 
individual clinical conditions of the affected patients. When 
progressive cardiovascular events occurred despite maxi-
mal conservative therapy, earlier initiation of chronic lipid 
apheresis should be considered.

According to the Federal Joint Committee’s (G-BA) 
assessment of medical treatments and procedures, the lipid 
apheresis can only be performed in Germany although the 
indication for lipid apheresis is given, if the additional 
administrative standardized procedures are completed. In 
compliance with the given G-BA guidelines, only specia-
lists in vascular medicine like cardiologists, specialists in 
lipidology, and neurologists can consider the indication for 
lipid apheresis. Together with the patient’s approval and 
expert opinion, all nephrologists must file their applications 
to an apheresis subcommittee of the Associations of Statut-
ory Health Insurance Physicians (Kassenärztliche Vereini-
gungen; ASHIPs). Only after an agreement of this apheresis 
subcommittee, the lipid apheresis treatment can be perfor-
med for one year. However, within a year, the application 
procedures for lipid apheresis must be repeated in the way 
mentioned above [23, 24].

Discussion

Since 1967, the lipid apheresis treatments were performed 
in patients with severe familial hypercholesterolemia and 
cardiovascular diseases. During the following years, speci-
fic lipid apheresis regimens were developed and were able 
to decrease LDL cholesterol for more than 60% or Lp(a) 
cholesterol for more than 55%, respectively [25]. Howe-
ver, general accepted guidelines for lipid apheresis are still 
lacking.

There is consensus between the medical societies and 
health insurance authorities regarding the need for generally 
accepted guidelines for lipid apheresis [19].

During the past 10 years, several review articles from 
different countries have discussed the indications for using 
lipid apheresis to treat refractory hypercholesterolemia in 
association with severe progressive cardiovascular damage 
[13, 22, 26, 27]. In addition, definitive recommendations 
have been published by various national as well as inter-
national societies and organizations [28–31].

The Food and Drug Administration (FDA) has appro-
ved the use of dextran sulfate-cellulose adsorption (DSA) 
and Heparin-induced extracorporeal LDL precipitation 
(HELP) apheresis system in three categories of patients in 
the US: Functional FH homozygotes, with LDL cholesterol 
> 500 mg/dl (13 mmol/l); functional FH heterozygotes, with 
LDL cholesterol > 300 mg/dl (7.8 mmol/l); and functional 
FH heterozygotes with documented CHD and LDL choles-
terol > 200 mg/dl (5.2 mmol/l) [32].

However, all former reviews have shown that there is a 
gap between the demand for aggressive LDL cholesterol 
lowering (< 100 mg/dl (2.6 mmol/l), in some cases < 70 mg/
dl (1.8 mmol/l)), when cardiovascular damage had occurred 
in a hypercholesterolemic patient and the consequent appli-
cation of lipid lowering therapies like diet, lipid-lowering 
drugs, and in special clinical cases lipid apheresis [24].

Now, recommendations for the indications of lipid aphe-
resis were developed for Germany by the members of the 
German Apheresis Working Group (AWG), but additionally 
these results should be confirmed by medical societies con-
densing them to guidelines [24].

All members of the AWG agreed that the indications of 
lipid apheresis should be critically reviewed within one year 
and adapted to new scientific recommendations, findings, or 
drug developments.

Under actual consideration is an investigation, which 
identified LPA variants (LPA locus on 6q26–27) encoding 
Lp(a) lipoprotein that were strongly associated with both an 
increased level of Lp(a) lipoprotein and an increased risk of 
coronary disease [33], but these results need further inves-
tigations to substantiate this method as a tool to determine 
high-risk patients for Lp(a) associated cardiovascular disea-
ses and consequently for lipid apheresis treatment. Further-
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more, a new developed antisense apolipoprotein B synthesis 
inhibitor may become an additional potent agent in lipid-
lowering therapy [34]. However, long-term clinical data are 
still lacking.

Due to limited data showing that lipid apheresis has 
effects on the progression of cardiovascular disease, all 
members of AWG support a project for establishing a lipid 
apheresis registry [21].

A registry represents an appropriate instrument for qua-
lity management of extracorporeal treatment. Worldwide, 
several registries exist with different purposes. The world 
apheresis registry, the Swedish, French, and the Canadian 
apheresis registry provide an overview of various techni-
ques of therapeutic apheresis and their clinical applications, 
which for Germany is still lacking [35–37].

A German apheresis registry was recently developed 
and started. The primary goal is to substantiate prospective 
long-term data on clinical outcome of chronic lipid aphe-
resis treatment and to support additional clinical research 
activities in this field.

In addition, this registry should fulfill the current require-
ments of the Federal Joint Committee (G-BA).

Conclusions

The German Apheresis Working Group (AWG) has deve-
loped actual recommendations for the indications of lipid 
apheresis treatment in consideration of current national and 
international guidelines for lipid therapeutic regimens, but 
the general acceptance in medical societies is still lacking. 
In addition, AWG designed and started a German lipid aphe-
resis registry. This registry should fulfill the requirements of 
the Federal Joint Committee (G-BA).

Acknowledgments  I appreciate the dedicated help and time of the 
colleagues and members of the German Apheresis Working Group 
(AWG) given below: A. Vogt (Munich), U. Kassner (Berlin), B. R. 
Jaeger (Essen), C. Keller (Munich), E. Steinhagen-Thiessen (Berlin), 
U. Julius (Dresden), W. Ramlow (Rostock), R. Brunkhorst (Hanno-
ver), J. Duttlinger (Offenburg), P. Grützmacher (Frankfurt), U. Sauer-
essig (Wuppertal), W. Kleophas (Düsseldorf), R. Klingel (Köln), KP. 
Mellwig (Bad Oeynhausen), F. van Buuren (Bad Oeynhausen), HU. 
Klör (Gießen), H. Mann (Aachen), E. Roeseler (Hannover), J. Schäfer 
(Marburg), E. Wieland (Stuttgart), Germany.

This article is part of a supplement sponsored by an unrestricted 
educational grant from B. Braun and Fresenius Medical Care.

Conflict of interest  The authors declare that they have no conflict of 
interest.

Open Access  This article is distributed under the terms of the Creative 
Commons Attribution License which permits any use, distribution, and 
reproduction in any medium, provided the original author(s) and the 
source are credited.

References

  1.	 de Gennes JL, Touraine R, Maunand B et al (1967) Homozygous 
cutaneo-tendinous forms of hypercholesteremic xanthomatosis 
in an exemplary familial case. Trial of plasmapheresis as heroic 
treatment. Bull Mem Soc Med Hop Paris 118:1377–1402

  2.	 Richter WO, Jacob BG, Ritter MM et al (1993) Three-year 
treatment of familial heterozygous hypercholesterolemia by 
extracorporeal low-density lipoprotein immunoadsorption with 
polyclonal apolipoprotein B antibodies. Metabolism 42:888–894

  3.	 Gordon BR, Kelsey SF, Dau PC et al (1998) Long-term effects 
of low-density lipoprotein apheresis using an automated dextran 
sulfate cellulose adsorption system. Liposorber Study Group. Am 
J Cardiol 81:407–411

  4.	 Stoffel W, Borberg H, Greve V (1981) Application of specific 
extracorporeal removal of low density lipoprotein in familial 
hypercholesterolemia. Lancet 2:1005–1007

  5.	 Yokoyama S, Hayashi R, Satani M et al (1985) Selective removal 
of low density lipoprotein by plasmapheresis in familial hyper-
cholesterolemia. Arteriosclerosis 5:613–622

  6.	 Mabuchi H, Michishita I, Takeda M et al (1987) A new low den-
sity lipoprotein apheresis system using two dextran sulfate cel-
lulose columns in an automated column regenerating unit (LDL 
continuous apheresis). Atherosclerosis 68:19–25

  7.	 Eisenhauer T, Armstrong VW, Wieland H et al (1987) Selective 
removal of low density lipoproteins (LDL) by precipitation at low 
pH: first clinical application of the HELP system. Klin Wochen-
schr 65:161–168

  8.	 Klingel R, Mausfeld P, Fassbender C et al (2004) Lipidfiltra-
tion—safe and effective methodology to perform lipid apheresis. 
Transfus Apher Sci 30:245–254

  9.	 Bosch T, Schmidt B, Kleophas W et al (1997) LDL hemoperfu-
sion—a new procedure for LDL apheresis: first clinical applica-
tion of an LDL adsorber compatible with human whole blood. Int 
J Artif Organs 21:977–982

10.	 Kobayashi A, Nakatani M, Furuyoshi S et al (2002) In vitro eva-
luation of dextran sulfate cellulose beads for whole blood infusion 
low-density lipoprotein hemoperfusion. Ther Apher 6:365–371

11.	 Krebs A, Krebs K, Keller F (2004) Retrospective comparison of 
5 different methods for long-term LDL-apheresis in 20 patients 
between 1986 and 2001. Int J Artif Organs 27:137–148

12.	 Julius U, Metzler W, Pietzsch J et al (2002) Intraindividual com-
parison of two extracorporeal LDL apheresis methods: lipidfiltra-
tion and HELP. Int J Artif Organs 25:1180–1188

13.	 Thompson GR (2008) Recommendations for the use of LDL 
apheresis. Atherosclerosis 198:247–255

14.	 Steinberg D (2006) Thematic review series: the pathogenesis of 
atherosclerosis. An interpretive history of the cholesterol contro-
versy, part V: the discovery of the statins and the end of the con-
troversy. J Lipid Res 47:1339–1351

15.	 Erqou S, Kaptoge S, Perry PL et al (2009) Lipoprotein(a) concen-
tration and the risk of coronary heart disease, stroke, and nonvas-
cular mortality. JAMA 302:412–423

16.	 Robinson JG, Wang S, Smith BJ et al (2009) Meta-analysis of 
the relationship between non-high-density lipoprotein choleste-
rol reduction and coronary heart disease risk. J Am Coll Cardiol 
53:316–322

17.	 Pasternak R (2002) Adult treatment panel II versus adult treatment 
panel III: what has changed and why? Am J Cardiol 89:3C–7C

18.	 Grundy SM, Cleeman JI, Merz CN et al (2004) Implications of 
recent clinical trials for the national cholesterol education program 
adult treatment panel III guidelines. Circulation 110:227–239



1 3

19Current view: indications for extracorporeal lipid apheresis treatment

19.	 Thompson GR, Catapano A, Saheb S et al (2010) Severe hyper-
cholesterolaemia: therapeutic goals and eligibility criteria for 
LDL apheresis in Europe. Curr Opin Lipidol 21:492–498

20.	 Thompson GR (2010) Lipoprotein apheresis. Curr Opin Lipidol 
21:487–491

21.	 Schettler V, Jaeger BR, Klingel R (2009) The German lipid aphe-
resis registry—remaining to be established. Atheroscler Suppl 
10:59–61

22.	 Schettler V, Wieland E, Armstrong VW et al (2002) First steps 
toward the establishment of a German low-density lipoprotein-
apheresis registry: recommendations for the indication and for 
quality management. Ther Apher 6:381–383

23.	 Gemeinsamer-Bundesausschuss (2003) Bekanntmachung des 
Bundesausschusses der Ärzte und Krankenkassen über eine 
Änderung der Richtlinien über die Bewertung ärztlicher Unter-
suchungs- und Behandlungsmethoden gemäß § 135 Abs. 1 des 
Fünften Buches Sozialgesetzbuch (SGB V; BUB-Richtlinien). 
BAnz:14486

24.	 Gemeinsamer-Bundesausschuss (2009) Bekanntmachung eines 
Beschlusses des Gemeinsamen Bundesausschusses über eine 
Änderung der Richtlinie Methoden vertragsärztliche Versorgung: 
Apherese bei isolierter Lp(a)-Erhöhung für Studienteilnehmer. 
BAnz 128:3005

25.	 Schettler V, Wieland E (2003) LDL-Aphereseverfahren. In: Hörl 
WH, Wanner C (eds) Dialyseverfahren in Klinik und Praxis, 6 
edn. Thieme, Stuttgart, pp 116–133

26.	 Ito MK, McGowan MP, Moriarty PM (2011) Management of 
familial hypercholesterolemias in adult patients: recommendati-
ons from the national lipid association expert panel on familial 
hypercholesterolemia. J Clin Lipidol 5:S38–45

27.	 Goldberg AC, Hopkins PN, Toth PP et al (2011) Familial hyper-
cholesterolemia: screening, diagnosis and management of pedia-
tric and adult patients: clinical guidance from the national lipid 
association expert panel on familial hypercholesterolemia. J Clin 
Lipidol 5:S1–8

28.	 Moriarty PM, Gibson CA (2001) Low-density lipoprotein aphe-
resis in the treatment of atherosclerosis and other potential uses. 
Curr Atheroscler Rep 3:156–162

29.	 Bosch T, Wendler T (2004) State of the art of low-density lipopro-
tein apheresis in the year 2003. Ther Apher Dial 8:76–79

30.	 Thompsen J, Thompson PD (2006) A systematic review of LDL 
apheresis in the treatment of cardiovascular disease. Atheroscle-
rosis 189:31–38

31.	 Mabuchi H, Higashikata T, Kawashiri MA (2004) Clinical appli-
cations of long-term LDL apheresis on and beyond refractory 
hypercholesterolemia. Transfus Apher Sci 30:233–243

32.	 Vella A, Pineda AA, O’Brien T (2001) Low-density lipoprotein 
apheresis for the treatment of refractory hyperlipidemia. Mayo 
Clin Proc 76:1039–1046

33.	 Clarke R, Peden JF, Hopewell JC et al (2009) Genetic variants 
associated with Lp(a) lipoprotein level and coronary disease. N 
Engl J Med 361:2518–2528

34.	 Akdim F, Visser ME, Tribble DL et al (2010) Effect of mipo-
mersen, an apolipoprotein B synthesis inhibitor, on low-density 
lipoprotein cholesterol in patients with familial hypercholestero-
lemia. Am J Cardiol 105:1413–1419

35.	 Stegmayr B, Ptak J, Wikstrom B et al (2008) World apheresis 
registry 2003–2007 data. Transfus Apher Sci 39:247–254

36.	 Rock G, Clark B, Sutton D (2003) The Canadian apheresis regis-
try. Transfus Apher Sci 29:167–177

37.	 Korach JM, Guillevin L, Petitpas D et al (2000) Apheresis regis-
try in France: indications, techniques, and complications. French 
registry study group. Ther Apher 4:207–210


	Current view: indications for extracorporeal lipid apheresis treatment
	Abstract
	Introduction
	Methods and results
	Recommendations for maximal lipid-lowering therapy in patients suffering from severe hyperlipidemia
	Discussion
	Conclusions
	References

