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The three established methods for low-density lipoprotein (LDL) apheresis,
LDL immunoabsorption, dextran sulfate cellulose-LDL apheresis and
heparin-induced extracorporeal LDL precipitation (HELP)}-LDL apheresis, are
equally safe and effective. Hemorrheological parameters are also improved
by these procedures, notably by HELP-LDL apheresis which also eliminates
fibrinogen from plasma. Preliminary data suggest that LDL apheresis may
be an important tool for primary and secondary prevention in selected
patients with a particularly high risk for coronary heart disease.
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Introduction

In the last decade several systems have been developed
for the extracorporeal specific elimination of low-density
lipoprotein (LDL) cholesterol from patient plasma. These
procedures are collectively referred to as LDL aphere-
sis. Today LDL apheresis has largely replaced plasma ex-
change therapy, as introduced by DeGennes et al [1]
and Thompson ez al [2], in the treatment of patients with
otherwise refractory hyperlipidemia such as homozygous
familial hypercholesterolemia. Now, with the experience
gathered in the course of several years of clinical ap-
plication, the efficacy, specificity and safety of different
methods of LDL apheresis can be compared. Besides the
marked reduction of LDL plasma concentrations it has
become apparent that at least some of the LDL lower-
ing procedures result in an equally significant change of
hemorrheologically important parameters. This and the
long-term clinical benefits of LDL apheresis treatment, in
particular for the secondary prevention of coronary heart
disease, are still under investigation by a number of multi-
center clinical trials. The present review covers the issues
of safety, efficacy and specificity as well as clinical results
of IDL apheresis treatment based on papers published
within the last 2 years.

Short-term effects and safety of low-density
lipoprotein apheresis

Three methods of selective removal of LDL from plasma
have been established and are now widely used for
the treatment of hypercholesterolemic patients: LDL im-
munoabsorption, using immobilized anti-apolipoprotein

(apo)B antibodies for LDL binding [3]; heparin-induced
extracorporeal IDL precipitation (HELP)-LDL apheresis
[4]; and LDL binding to dextran sulfate cellulose (DSC)-
LDL apheresis [S]. Another method proposed is double
plasma filtration which retains L. by virtue of its molec-
ular size rather than by specific affinity binding [6].

In a recent review Keller [7¢*] compared the different
procedures for LDL apheresis with regard to efficacy in
lowering LDL concentrations and safety in patient treat-
ment. Immunoabsorption, heparin precipitation and dex-
tran sulfate binding all achieve a 60-80% decrease of LDL
in plasma in the course of a single LDL apheresis ses-
sion (Table 1). The reduction in high-density lipoprotein
(HDL) levels and immunoglobulins was usually less than
20% with no significant differences between the three LDL
apheresis methods. These apparent losses are at least to
some extent due to unspecific plasma dilution by the
saline priming solution from the extracorporeal plasma
circuit. However, a careful study of albumin losses in-
duced by DSC-LDL apheresis which takes plasma dilution
into account comes to the conclusion that 4-9% of the
total plasma albumin reserve is lost by a single apheresis
treatment [8°]. '

Double plasma filtration achieves the same reduction of
LDL concentrations as the methods mentioned above
but the selectivity of the procedure is much lower. To-
tal plasma protein losses are significant and concomi-
tant albumin substitution is regularly required. There-
fore double plasma filtration holds an intermediate po-
sition between plasma exchange therapy and selective
LDL apheresis. An interesting, although rare, application
of double plasma filtration has been reported by Frances-
chini et al [9°] who successfully treated a patient with
primary sclerosing cholangitis and excessive debilitating
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Table 1. Short-term effects of different forms of LDL apheresis on LDL
and Lp(a) plasma concentrations.

Number
LDL of patients  LDL Lp(a) Reference
Immunoabsorption 8 —68% —58% [15°]
DSC-LDL apheresis 54 —76% —65% 7]
2 —63% —80% [13¢]
HELP apheresis 5 —50% —45% [15¢]
7 —64% —62% [16]

Reductions induced by a single treatment are expressed as a
percentage of the pre-treatment values.

xanthomatosis due to a massive increase of lipoprotein X
in plasma. Since lipoprotein X lacks apoB selective LDL
apheresis was ineffective whereas double-plasma filtra-
tion induced complete regression of xanthomas. Side ef-
fects like vagal reactions, fever, chills, flushing or angina
pectoris occurred at a rate of less than 3% of treatments
with no preference for one of the three LDL apheresis
schemes [7+*,10°¢]. A special concern with LDL immuno-
absorption was the possibility of immunization of pa-
tients with sheep immunoglobulins which may be shed
from the LDL-immunosorbent columns. Gordon et al.
[11¢] investigated this problem in detail. They demon-
strated that antibody shedding does occur and that most
patients on treatment develop antibodies against sheep
immunoglobulin G. However, clinical reactions like flush-
ing and diaphoresis, which were observed in about 1%
of patients, were unrelated to this immunization. In con-
trast, a consistent correlation was found between clinical
reactions and complement activation (Ze. generation of
fragment C 5a), which was induced by plasma passage
through the immunosorbent column. Complement ac-
tivation was also found in the HELP-apheresis process
[12¢]. Activated complement factor C3, complement fac-
tor fragment C5a and terminal complement complex are
generated at the plasma/blood cell filter but activated C3
and terminal complement complex are largely adsorbed
to the following HELP-specific filter, resulting in patient
plasma concentrations which were actually below those
measured before treatment. C5a is not retained in the fil-
ter system but plasma levels at the end of treatment were
within the normal range and leucocytopenia, a hallmark
of complement activation, was never observed.

Specificity of extracorporeal low-density
lipoprotein elimination and effects on
hemorrheological parameters

Although LDL apheresis is designed for the selective re-
moval of ILDL from plasma, none of the three methods
described above is absolutely specific for LDL only. Im-
munoabsorption and DSC apheresis are highly specific
for apoB-containing lipoproteins which include very-low-

density lipoprotein (VLDL), intermediate-density lipopro-
tein, LDL and lipoprotein (a) [Lp(a)]. A detailed study
of the lipoproteins eliminated from the plasma by DSC
apheresis has been published by Gairin e al [13¢]. Lipo-
proteins were analyzed by sandwich-type immunoenzy-
mometric assays and characterized by their apolipopro-
tein composition rather than by the conventional density
nomenclature. Plasma concentrations of apoB-containing
lipoproteins, including those which also contain apoE,
apoC-II and apo(a), were reduced by 65-88%. However,
this does not necessarily mean that these lipoproteins
were directly eliminated by affinity binding to dextran sul-
fate as evidenced by comparatively small amounts of lipo-
protein (Lp)B:E and LpB : CII particles recovered from
the dextran sulfate columns, It is assumed that heparin,
which is injected as an anticoagulant during apheresis,
activates lipolytic enzymes. These in turn transfer iz vivo
LpB:CII and LpB:E (Ze. VLDL and intermediate-density
lipoprotein) into LDL which extracorporeally binds avidly
to the dextran sulfate matrix. This view is supported by
observations published by Richter et al. [14¢] who found
a marked increase of lipoprotein lipase and hepatic lipase
activity after a single treatment with LDL immunoabsorp-
tion. Plasma VLDL was reduced by 50% but no VLDL
eluted from the immunoabsorption column.

A second apoB-containing lipoprotein which is signifi-
cantly correlated with the risk for coronary heart dis-
ease is Lp(a). Immunoabsorption, DSC-LDL apheresis
and HELP-LDL apheresis all eliminate Lp(a) to about the
same extent as LDL [15¢,16,17]. Table 1 summarizes re-
sults for Lp(a) elimination by different methods of LDL
apheresis published within the last 2 years. An interesting
aspect of selective LDL binding procedures is the poten-
tial use of the vast amounts of LDL recovered from affinity
columns or precipitation filters in biomedical or clinical
research. LDL recovered from dextran sulfate columns,
heparin LDL precipitates or plasma double filtration was
found to have almost normal receptor binding affinity
in hepatoma cell cultures, although binding to or des-
orption from dextran sulfate cellulose seems to induce
proteolytic cleavage of apoB [18¢]. Whether this finding
is of clinical significance and whether LDL derived from
LDL apheresis can be used as a drug targeting vehicle is
presently under investigation.

In contrast with LDL immunoabsorption and DSC-LDL
apheresis, HELP-LDL apheresis also eliminates fibrinogen,
resulting specifically in a 50-60% reduction of plasma
concentration through a single treatment [19,20]. Paral-
lel measurements of plasma viscosity and erythrocyte ag-
gregation before and after HELP-LDL apheresis revealed
significant reductions of 15 and 40%. The muscle oxy-
gen tension was found to be significantly higher directly
after treatment when compared with pre-treatment val-
ues, probably as a result of improved microcirculation
[20]. In another study of 12 patients, values for blood vis-
cosity, plasma viscosity and erythrocyte aggregation were
lower after treatment than before LDL.immunoabsorp-
tion (n = 8) or HELP-LDL apheresis (n = 4), with no
significant differences between the two methods [21¢].
However, a specific reduction of fibrinogen was only ob-
served in the group treated with HELP-LDL apheresis
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(—51%). The hematocrit in this group was unchanged
whereas it dropped by 10% in the LDL immunoabsorp-
tion group. DSC-LDL apheresis, on the other hand, in-
duced no changes of plasma fibrinogen levels and plasma
viscosity before and 7 days after treatment in 10 patients
with familial hypercholesterolemia. However, blood vis-
cosity was significantly reduced, which was probably also
due to a concomitant decrease of the hematocrit [22¢].
Hemostatic variables such as tissue plasminogen activa-
tor, plasminogen activator inhibitor, platelet aggregation
and monocyte procoagulant activity were unaffected by

DSC-LDL apheresis when measured before and 7 days

after treatment [23].

Long-term effects and clinical results of
low-density lipoprotein apheresis treatment

Results from two multicenter studies of LDL apheresis as
a means of aggressive lipid-lowering therapy were pub-
lished in 1991 (Table 2). The HELP-LDL apheresis study
was designed to test the role of LDL apheresis in the sec-
ondary prevention of coronary heart disease [10¢+]. Fifty-
one patients with coronary heart disease and LDL choles-
terol concentrations >200 mg/dl despite diet and drug
therapy were also treated with weekly HELP-LDL aphere-
sis for 2 years. After 12 months LDL cholesterol had
been lowered from 283( +86) mg/dl before treatment
to pre- and post-apheresis levels of 203( & 41) mg/d] and
76( £24) mg/dl, respectively. With 7-day treatment in-
tervals the time-averaged LDL cholesterol concentration
can be calculated as the mean of pre- and post-treat-
ment levels, which is 140 mg/dl. Thus the application of
HELP-LDL apheresis in this study resulted in a long-term
reduction of LDL cholesterol concentrations of about
50%. At the same time pre-treatment HDL cholesterol
increased significantly from 41(£11) to 48( % 11) mg/dl.
The LDL:HDL cholesterol ratio was reduced from 7.0 be-
fore treatment to approximately 3.5 after 12 months. The
same reduction of the LDL:HDL ratio was achieved in the
Familial Atherosclerosis Treatment Study [24] by drug
treatment with a combination of either lovastatin and
colestipol or niacin and colestipol. B-Hydroxy-B-methyl-
glutaryl coenzyme A (HMG CoA) reductase inhibitors
were not available when the HELP study was started. In
the meantime it has been shown that a combination of
HMG CoA reductase inhibitor and LDL apheresis treat-
ment results in an even more pronounced decrease of
IDL concentrations [25]. Interestingly, this regimen is
also effective in the treatment of homozygous familial
hypercholesterolemia, as shown by one patient who on
weekly HELP-LDL apheresis alone had pre/post-treatment
LDL cholesterol levels of 100/400 mg/dl [26¢]. Additional
therapy with lovastatin (20 mg/day) resulted in a further
20% reduction of these values. Since LDL receptor activity
was less than 10% of normal in this subject the effect of
lovastatin was probably mediated through a mechanism
independent of the LDL receptor.

Table 2. Long-term effects of LDL apheresis on plasma lipoproteins
and fibrinogen concentrations as determined by two recent
multicenter studies (see text for details) [10°°,17].

HELP-LDL apheresis  DSC-LDL apheresis

Fibrinogen (mg/dl)
Before treatment 308 n.d. n.d.
On LDL apheresis 96—235*

Subjects treated n=>51 n =54 n=10
Intervals between treatment 7 days 7—14 days 7-14 days
Duration of treatment 12 months 4 months 4 months
LDL (mg/dl)
Before treatment 283 243 447
On LDL apheresis 76-203* 1391 210t
HDL (mg/dl)
Before treatment 41 n.s. ns.
On LDL apheresis 41-48*

Concentrations before and on treatment are significantly different

(P <0.001 for HELP-LDL apheresis). *Plasma concentrations directly
after treatment and before the next treatment session; ttime-averaged
concentrations.

Data on the second multicenter study [17], using DSC-
LDL apheresis, are at present only available in pre-
liminary form. Sixty-four patients with familial hyper-
cholesterolemia (54 heterozygous and 10 homozygous)
were treated at 7-14-day intervals for 18 weeks. Base-
line LDL cholesterol concentrations were 243 mg/dl and
447 mg/dl, respectively. Time-averaged LDL cholesterol
levels on treatment were 139 mg/dl in heterozygotes and
210 mg/dl in homozygotes. HDL cholesterol increased
slightly but changes were not significant. Lp(a) levels
were reduced markedly by the procedure but — as in the
HELP study — long-term concentrations are not given. In
the previously mentioned paper on Lp(a) reduction by
HELP-LDL apheresis and LDL immunoabsorption long-
term reductions of the initial Lp(a) concentration by 43%
after 1 year and 30% after 2 years were observed [15¢]. A
multicenter study of LDL immunoabsorption supervised
by Borberg et al. is still ongoing with even preliminary
data unavailable at present (H Borberg, personal commu-
nication, 1992). Long-term observations in eight patients
with severe heterozygous familial hypercholesterolemia
treated at weekly intervals with ILDL immunoadsorption
showed a 30% increase in HDL pretreatment levels after
1 year of therapy [14¢]. This rise was entirely due to an
increase of HDL; whereas HDL, remained unchanged.

The average LDL cholesterol concentration obtained by
repetitive LDL apheresis depends on the time interval
between treatments, on the recovery curve for the LDL
concentration following apheresis and on the volume of
plasma treated. Franceschini er al. [27] have published
formulae which, for LDL apheresis treatments of one
plasma volume, allow an estimation of the LDL concentra-
tion time course which helps to define optimal treatment
intervals. In practice, options for treatment intervals are
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often confined by organizational needs to weekly and bi-
weekly schedules which have to be tested pragmatically.

As mentioned previously, LDL apheresis, besides low-
ering lipoprotein concentrations, may also have an im-
pact on hemorrheological parameters. In the HELP-IDL
apheresis study a long-term decrease of the plasma fib-
rinogen concentrations from initially 308( +98) mg/dl to
pre/post-treatment levels of 235( £ 78)/96( £+42) mg/dl
was observed. In a study of five heterozygous patients
with familial hypercholesterolemia treated weekly with
HELP-LDL apheresis for 12 weeks, a similar reduction in
fibrinogen concentrations was accompanied by a 20-30%
reduction of pre-apheresis values for plasma viscosity
and a 10% reduction of erythrocyte aggregation. Yet
another study of 10 patients with familial hypercholes-
terolemia (10 homozygotes, two heterozygotes) has also
been mentioned previously [22¢]. Here, arterial blood
flow measurements by plethysmography revealed an in-
crease of flow in the forearm and calf before and 3 weeks
after a course of six DSC-LDL apheresis treatments ap-
plied at biweekly intervals.

The crucial question for the evaluation of LDL aphere-
sis as a means of patient treatment is whether or not
the development of atherosclerosis can be prevented or
even reversed by this invasive therapeutic approach. For
primary prevention of coronary heart disease in homo-
zygous familial hypercholesterolemia, LDL apheresis is of
proven benefit and now constitutes an established ther-
apy. The role of LDL apheresis in the secondary pre-
vention of coronary heart disease is less clearly defined.
As mentioned before, the HELP-LDL apheresis study was
designed to address this problem [10*¢]. All participants
were examined by coronary angiography at start and after
2 years of treatment. As in the Familial Atherosclerosis
Treatment Study, a comparison of angiograms in a sub-
set of patients (n = 5) shows that more regression than
progression occurred [28]. Another small study of seven
patients with heterozygous familial hypercholesterolemia
produced evidence that LDL apheresis administered once
a week for 7-24 months induced regression of carotid
atherosclerotic plaques [29¢]. Plaques were evaluated by
a three-dimensional reconstruction of ultrasound images.
From 21 observed plaques one progressed, 12 did not
change and eight regressed within 6-12 months. The
complete evaluation of angiograms from the HELP study
and from the ongoing LDL immunoabsorption study will
soon provide results which will enable a rational determi-
nation of the role of LDL apheresis in the secondary pre-
vention of coronary heart disease compared with com-
bined drug treatment alone.

Based on present experience a German consensus panel
has recently published guidelines as to when LDL aphere-
sis treatment is indicated [30]. These are as follows:

in the presence of homozygous familial hyper-
cholesterolemia;

in the primary prevention of coronary heart dis-
ease in young patients with severe hypercholes-
terolemia, mild coronary heart disease (stage I-1)

and a family history of coronary heart disease
provided LDL cholesterol cannot be decreased be-
low 200 mg/dl by lipid-lowering diet and maximal
drug therapy;

in the secondary prevention of coronary heart
disease in patients with severe coronary heart
disease (stage II-IV) and severe hypercholes-
terolemia provided LDL cholesterol cannot be de-
creased below 135mg/dl by maximal dietary and
pharmacological treatment.

In any case diet and drug therapy should be continued
while patients are on LDL apheresis treatment. Guidelines
for secondary prevention will have to be reconsidered in
the light of results from multicenter studies.

Conclusion

LDL immunoabsorption, DSC-LDL apheresis and HELP-
LDL apheresis are all safe and equally potent methods
of extracorporeal DL elimination. Lp(a) can also specifi-
cally be removed from plasma by these procedures. In
addition, HELP-LDL apheresis selectively reduces plasma
fibrinogen which seems to have a beneficial effect on
the microcirculation. Long-term observations show that
besides the marked reduction in LDL cholesterol some
increase of HDL cholesterol occurs which may add to the
antiatherogenic effect of LDL apheresis treatment. Multi-
center studies which will soon be published in full will
help to define the role of LDL apheresis in the primary
and secondaty prevention of coronary heart disease.
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