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Abstract. Heparin-induced Extracorporeal LDL-Pre-
cipitation (HELP) is an effective procedure for the
elimination of both plasma LDL and fibrinogen.

In 10 adult patients with severe type IT hyperlipopro-
teinemia, a single HELP treatment of 3 1 plasma led to
an acute decrease in the average plasma viscosity (PV)
from 1-30 to 1-1 mPas. At the same time, an even more
marked decrease in the mean erythrocyte aggregation
rate from a pathological value of 7:9% to a value of
3-7% (normal range < 5%) was observed. Long-term
studies on five patients demonstrated a lasting im-
provement in these two haemorheological variables.
The acute rheological changes were also accompanied
by an improvement in polarographically determined
muscle oxygen tension. Mean oxygen tension values
measured in both the m.biceps brachii and the m.tibia-
lis anterior in five patients before and after a single
HELP treatment increased from 3044 to 3747
mmHg and from 27+ 2 to 31 + 3 mmHg respectively.

These results may provide an explanation for the
rapid improvement in patients’ clinical symptoms such
as angina pectoris and in stress electrocardiogram
which have been observed during HELP therapy.

Keywords. Atherosclerosis, haemorheology, LDL-
cholesterol, heparin-induced-LDL-apheresis, plasma
viscosity, erythrocyte aggregation, blood fluidity, tis-
sue oxygen tension.

Introduction

Elevated plasma levels of low density lipoproteins
(LDL) are strongly linked with an increased risk for
coronary heart disease (CHD) [1-3]. In the heterozy-
gous form of familial hypercholesterolemia (FH),
which can be associated with hyperfibrinogenemia [4],
severe atherosclerosis often occurs before the fourth or
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fifth decade of life. Persons with the homozygous form
of this disease have markedly increased LDL-choles-
terol concentrations and usually suffer death from
myocardial infarction before the age of thirty [5].

Treatment of FH by diet and drug therapy alone is
often ineffective. Encouraging results have, however,
been obtained by Thompson and co-workers [6] who
treated five homozygotes by regular plasma exchange
for a mean of 8-4 years. They observed an improved
survival of the treated individuals over their untreated
siblings. In conventional plasma exchange, the
patients’ plasma has to be replaced by donor plasma or
plasma protein fraction (PPF) with the risks of
transmitting infectious diseases or inducing adverse
immunological reactions to the foreign proteins [7,8].
In the case of PPF substitution there is also an
unspecific loss of other plasma proteins, in particular
the immunoglobulins. It is therefore not surprising
that methods have been developed to selectively
remove LDL in order to return the patient’s own
lipoprotein-free plasma.

Heparin-induced Extracorporeal LDL-Precipi-
tation (HELP).is based on the observation of Burstein
and Scholnick [9] that lipoproteins can be differentially
precipitated by heparin at acid pH in the absence of
divalent cations. Seidel and Wieland {10,11] extended
these findings to develop a specific system for both the
determination of LDL-cholesterol in serum and
plasma as well as the extracorporeal elimination of
LDL from plasma based on their specific precipitation
by heparin at pH 5-12.

In addition to LDL Armstrong et al. [12] have
demonstrated that a limited number of other plasma
proteins are also precipitated to varying degrees by the
HELP procedure. Of particular interest was the obser-
vation that fibrinogen is as effectively eliminated as
LDL by HELP [13,14]. This is one of the major
differences to other LDL-apheresis procedures such as
immunoadsorption with immobilized anti-LDL anti-
bodies [15] or specific adsorption with dextran sulfate
[16].
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Although LDL-cholesterol is one of the major risk
factors in atherogenesis, it is becoming increasingly
clear that the frequency of cardiovascular complica-
tions is significantly higher in patients with elevated
fibrinogen levels [17-21]. Furthermore, both fibrino-
gen and LDL are known to affect haemorheological
parameters such as plasma viscosity and red blood cell
aggregation [22-26], which may contribute to distur-
bances in microcirculation. The co-precipitation of
fibrinogen and LDL might therefore be of therapeutic
value in the treatment of FH.

We have, therefore, investigated the influence of
extracorporeal LDL and fibrinogen elimination on
rheological parameters in patients with FH and CHD.
We were especially interested as to whether the long-
term effects of regular weekly treatment on plasma
viscosity and erythrocyte aggregation might offer an
explanation for the rapid improvement in CHD symp-
toms such as angina pectoris reported by several of our
patients after only 6-12 weeks of HELP treatment.

Patients and methods

Patients

The rheological investigations described in this study
were performed on 10 patients (nine males and one
female) aged from 30 to 51 years with heterozygous
FH and angiographically documented CHD who had
begun regular weekly HELP treatment.

Heparin-induced extracorporeal LD L-precipitation
(HELP)

The HELP procedure is described in detail elsewhere
[12,13]. Briefly, plasma is obtained by filtration of
whole blood through a 0-55 y filter and is then mixed
continuously with an equal volume of a 0-2 M sodium
acetate buffer (pH 4-85), containing 100 i.u. ml~! of
heparin (Braun-Melsungen AG, Melsungen, FRG).
Precipitation occurs at a final pH of around 5-12. The
suspension is continuously recirculated through a 0-4 y
polycarbonate filter from which a LDL- and fibrino-
gen-free plasma is obtained which is then passed
through an anion exchange filter to adsorb excess
heparin. Finally, physiological pH is restored by
bicarbonate dialysis and excess fluid is removed by
ultrafiltration before the plasma is mixed with the
blood cells and returned to the patient. All filters and
connecting tubes are sterile disposable systems
intended for single use only (HELP-LDL-Aphere-
sis™, Braun-Melsungen AG, Melsungen, FRG). Plas-
mapheresis, filtration, dialysis and ultrafiltration are
carried out with a combined system especially deve-
loped for HELP-treatment (Secura Plasmat™, Braun-
Melsungen AG, Melsungen, FRG).

Clinical chemical analyses

Total protein content was measured by the biuret

method (Boehringer, Mannheim, FRG). Total choles-
terol was estimated by the CHOD-PAP method
(Boehringer, Mannheim, FRG). LDL-cholesterol was
determined by a precipitation procedure based on
dextran sulfate [27] using a commercially available test
kit (Immuno, Heidelberg, FRG). HDL-cholesterol
was also measured using a commercial test kit (Boehr-
inger, Mannheim, FRG). Fibrinogen and plasmino-
gen were measured by radial-immunodiffusion (Parti-
gen™ Behring AG, Marburg, FRG).

Haemorheological parameters

RBC count and haematocrit were estimated in the
routine haematology laboratory using a Coulter
counter. Plasma viscosity was determined in a capil-
lary tube plasma viscosimeter (KSPV-4, Rheomed
GmbH, Aachen, FRG) as described by Junger al. [28];
the time taken by a plasma bolus to travel a defined
distance under constant pressure in a thermally stabi-
lized capillary (37°C; 0-8 mm) was measured and the
dynamic viscosity then calculated in mPas. Erythro-
cyte aggregation was measured using the Myrenne
Erythrocyte Aggregometer (MA-1, Myrenne GmbH,
Roetgen, FRG) following the method of Schmid-
Schénbein [29,30]. Briefly, RBC were washed in isoto-
nic saline (0-9%) and adjusted in autologous plasma to
a haematocrit of 35%. Twenty microlitres of the test
sample were placed on a conical plate subjected to high
shear rate rotation. The formation of RBC aggregates
caused an increase in light transmission through the
sample. The integral over S s was compared to a given
maximum aggregation value and expressed in percent-
ages.

Measurement of tissue oxygen pressure

Tissue oxygen pressure (pO,) in skeletal muscle (m.
biceps bracchii and m. tibialis anterior) was measured
polarographically in five patients, immediately before
and 30 min after HELP treatment. Measurements were
made at 200 different locations in the muscle tissue
using a needle electrode and a KIMOC pO,-Histo-
graph (G.M.S., Liibeck, FRG) [31,32]. Haemorheolo-
gical parameters (erythrocyte aggregation and plasma
viscosity) were determined simultaneously. The data
were analysed by the two-sample Kolmogoroff-Smir-
nov test.

Results

Acute changes in plasma viscosity and erythrocyte
aggregation

Plasma viscosity and erythrocyle aggregation were
determined in 10 patients who were beginning HELP
therapy. These parameters were measured both before
and after the first four HELP treatments. The results
are presented in Fig. 1 as the mean values for each of
the weekly treatment procedures. In addition to the
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Figure 1. Acute changes in plasma viscosity (PV), erythrocyte aggregation (EA), fibrinogen (FIB) and LDL-cholesterol as
measured before @ and after O the first four HELP treatments performed at weekly intervals (week 1-4). The data are mean

values + SEM from 10 patients.

two rheological parameters, the corresponding mean
LDL-cholesterol and fibrinogen concentrations are
also illustrated for comparison. The plasma viscosities
of our patients were generally in the upper normal
range (normal range: 1-18-1-34 mPas). Each HELP
treatment caused a significant decrease in viscosity to
within the lower normal range and below. Over the
first four weekly treatments, there was a gradual
reduction in the average pretreatment plasma visco-
sity. The pretherapeutic RBC aggregability was above
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the normal range (<5%) in most of our patients,
indicating an abnormal rheological status. After a
single HELP treatment the aggregation index (%)
decreased markedly to within the normal range of
< 5%. This acute reduction in RBC aggregation was a
constant phenomenon in all of our patients treated
with HELP (Fig. 1).

The rates of return of LDL-cholesterol, fibrinogen,
plasma viscosity and erythrocyte aggregation were
also followed over a period of 7 days between two
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Figure 2. Rates of return of (a) plasma viscosity (O——0), (b) erythrocyte aggregation (6——@), (c) plasma fibrinogen (0——0)
and (d) serum LDL-cholesterol (a——a) to pre-apheresis levels. The results represent the mean values as measured in five

patients.
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Table 1. Effect of repeated HELP treatment at weekly intervals on erythrocyte
aggregation as determined in five patients before the 1st, 4th, 8th and 12th
treatment

Changes in plasma viscosity during the course of HELP treatment

Patients Before % 4Wk % Wk % 12Wk %

1 H.Sp. 1-36 100 1-19 875 1-18 86-8 122 89-7

2 F.Wa. 1-37 100 1-25 91-2 125 91-2 1-18 86-1

3 F.-J.Wi. 1-28 100 1-25 97-7 1-22 95-3 1-24 96-9

4 H.Se. 1-36 100 123 90-4 127 93-4 1-26 92-6

5V.Ja. 1-45 100 1-19 82-1 1-28 883 1-22 84-1
X 1-36 100 1-22 89-8 1-24 91-0 1-22 89-9
SD 0-06 0-03 57 004 35 003 51
Median 1-36 100 1-23 90-4 1:25 91-2 1-22 89-7

individual apheresis procedures. The data are pre-
sented as the mean values measured in five different
patients (Fig. 2). LDL-cholesterol, fibrinogen and
erythrocyte aggregation showed a gradual return to
their pre-apheresis levels while plasma viscosity
showed a more rapid increase within the first 24 h after
apheresis.

Long-term effects on plasma viscosity and erythrocyte
aggregation

Rheological parameters were also measured at 4-week
intervals during the first 3 months of HELP therapy in
five patients. Determinations were made prior to each
monthly HELP procedure. As can be seen from Table
1, pretreatment plasma viscosity values decreased in all
patients during the first 4 weeks from 1-32 +0-8 mPas
to 1:22+0-4 mPas and remained relatively stable
thereafter. The decreases in the pretreatment erythro-
cyte aggregability indices showed rather more varia-
tion between individual patients (Table 2). However,
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there was a consistent improvement in the erythrocyte
aggregability during long-term HELP therapy at
weekly intervals; the aggregation index decreased from
a mean of 8:32+2-45% to 6:6+1-57% after 4 weeks
and to a mean of 6-37+ 1-38 after 8 weeks therapy.

The effects of long-term HELP therapy on LDL-
cholesterol and fibrinogen levels as well as on plasma
viscosity and erythrocyte aggregation are presented in
Fig. 3 for one individual on HELP treatment for
almost 6 months. The measurements illustrated were
obtained immediately prior to an apheresis. Pretreat-
ment fibrinogen levels decreased during the first 3
weeks of therapy and remained fairly constant there-
after. Similar decreases were also observed for LDL-
cholesterol and the two rheological parameters. Inter-
estingly, an increase in LDL-cholesterol after approxi-
mately 11 weeks treatment due to a prolonged interval
between aphereses was also accompanied by an in-
crease in erythrocyte aggregation and plasma visco-
sity.

Despite the relatively rapid rate of return of plasma
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Figure 3. Effect of long-term HELP treatment on (a) plasma fibrinogen concentration (O0——0), (b) serum LDL-cholesterol levels
(a——A4), (c) plasma viscosity (O———0) and (d) the erythrocyte aggregation index (@——®) in a 51-year-old male suffering from
CHD and FH. The values shown were measured directly before each HELP treatment. The vertical dashes indicate the individual

HELP treatments.
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Table 2. Effect of repeated HELP treatment at weekly intervals on plasma viscosity
as determined in five patients before the 1st, 4th, 8th and 12th treatment

Changes in erythrocyte aggregation during the course of HELP-treatment

Patients Before % 4Wk % 8Wk % 12Wk %

1 H.Sp. 9-0 100 91 11 77 856 87 96-0

2 F.Wa. 9-2 100 62 674 69 750 76 826

3 F.-L.Wi. 6:7 100 60 896 53 791 42 627

4 H.Se. 11-0 100 96 873 65 591 63 57-3

SV.Ja. 131 100 690 45-8 69 527 718 59-5
X 9-8 100 74 782 67 703 69 71-6
SD 2-4 1-8 21-.8 09 139 17 169
Median 9-2 100 62 873 69 750 76 62-7

viscosity to pre-apheresis levels after a single apheresis
procedure, the long-term results show that a sustained
reduction in plasma viscosity as well as in the other
three parameters can be obtained through regular
treatment by HELP-LDL-apheresis.

Changes in oxygen tension of peripheral muscle tissue

To ascertain whether the improved post-treatment
rheological status might not also be reflected in an
improved microcirculation, muscle oxygen tension
was determined before and after HELP treatment at
200 different locations in both the m.biceps bracchii
and m.tibialis anterior. An approximately Gaussian
distribution of pO, values was observed for each
particular muscle and patient. The results are pre-
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sented as the cumulative frequency curves for the mean
pO, values obtained from measurements in five
patients. In both the m.biceps bracchii (Fig. 4a) and
m.tibialis anterior (Fig. 4b) HELP treatment caused a
significant shift (P <0-05, Kolmogoroff-Smirnov test)
in the cumulative frequency curves to higher pO,
values. This shift was somewhat more pronounced for
the m.biceps bracchii (mean from 3044 to 3742
mmHg). In the m.tibialis anterior the mean pO, value
increased from 2742 to 31+3 mmHg. The hatched
area represents the difference integral between the pre-
and post-treatment curves. In the case of the m.tibialis
anterior the greatest improvement was observed in the
range of the lower pO, values the maximum differences
of 16% occurring at 20 mmHg while for the- m.biceps
bracchii a maximum difference of 32-5% was found at
30 mmHg.
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Figure 4. Cumulative frequency of muscle oxygen tension (total of 1000 single determinations) in five patients before (left curve)
and after (right curve) a single HELP treatment (3000 ml plasma treated). The measurements were performed in the m.biceps
bracchii (a) and the m.tibialis anterior (b). The hatched area represents the difference integral between both curves, showing the
maximum different for m.biceps bracchii at pO, values of 30 mmHg (32-5%) and for m.tibialis anterior at pO, values of 20 mmHg

(16%) respectively.
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Discussion

The HELP procedure provides an effective alternative
to conventional plasmapheresis for the treatment of
familial hypercholesterolemia. It shows the same effi-
ciency in lowering LDL plasma cholesterol but retains
a high degree of specificity and has the advantage that
the patients are not exposed to foreign compounds as
with other LDL-apheresis techniques [12].

In contrast to other selective procedures for extra-
corporeal LDL elimination such as immunoadsorp-
tion with immobilized anti-LDL antibodies [15] or
specific adsorption with dextran sulfate [16], HELP
also effectively eliminates fibrinogen. This might be of
clinical importance since there is now a large body of
evidence linking elevated plasma levels of fibrinogen
and an increased risk for myocardial and cerebral
infarction [17-19]. Other studies have pointed out that
the severity and extent of coronary lesions is correlated
with the degree of fibrinogen elevation [20,21]. It is also
of interest to note that FH can be associated with
hyperfibrinogenemia [4].

The deposition of fibrinogen in the arterial intima is
an early finding and might even precede LDL deposi-
tion [33]. Smith et al. [34,35] demonstrated that
developing atheromatous lesions contain fibrinogen,
presumably derived from the plasma, which has been
converted in the plaque to fibrin. They also pointed out
that fibrin accumulation is even greater than lipopro-
tein deposition in the fibrous plaques. It is well known
that elevated fibrinogen levels increase blood viscosity
[22-24] as well as inducing increased erythrocyte
[25,26] and thrombocyte aggregation [36]. These pro-
pertiecs may not only lead to an increased risk of
thrombus formation but may impair the microcircula-
tion, especially if haemodynamics are also perturbed
[37]. ‘

Some of our patients, especially those with signifi-
cantly impaired haemorheology have reported relief
from severe angina attacks and an improved exercise
capacity after a short period (6-12 weeks) on HELP
treatment. Kilpatrick et al. [38] also noted a rapid
improvement in whole blood and plasma viscosity
after conventional plasmapheresis using plasma pro-
tein fractions which did not contain either fibrinogen
or LDL to replace the patients own plasma. Although
they were unable to relate this improvement in visco-
sity to an increase in lower-limb blood flow in further
studies Rubba et al. [39] and Postiglione and Thomp-
son [40] demonstrated a persistent improvement in
arterial blood flow by venous occlusion plethysmogra-
phy in FH patients after conventional plasmapheresis.
Our present results confirm the beneficial effects on
haemorheological parameters of eliminating both
fibrinogen and LDL. Furthermore, we have also been
able to show that these improvements are accompa-
nied by an increase in muscle oxygen tension in vivo.

Whether coronary blood flow is increased by a
reduction in viscosity is not known. Using indirect
measures to estimate myocardial blood flow, Gordon
et al. [41] found it to be correlated with plasma or

blood viscosity. Cerebral blood flow does appear to be
related to blood viscosity as shown by Humpbhrey et al.
[42] in patients with paraproteinacmia. When the
cerebral blood flow was plotted against the venous
haematocrit only a weak correlation was found,
whereas the flow correlated clearly to blood viscosity.
The same relation has been reported for lower limb
blood flow rates [43] after normovolaemic haemodilu-
tion. It is also of interest to note that in patients who
have undergone vascular surgery, prolonged or exces-
sive increases in fibrinogen levels have been shown to
correlate with failure of arterial surgery [44].

Conventional methods to lower fibrinogen levels
such as treatment with streptokinase or urokinase [45]
or with the venom of the Malayan pit viper (Ancrod)
can reduce effectively plasma fibrinogen levels, but
they are limited by antibody formation and bleeding
complications. Such a fibrinolytic therapy generates
large amounts of fibrinogen degradation products
(FDP) which are known to form fibrin monomer-
fibrinogen complexes; these complexes may increase
plasma viscosity in the early phase of treatment thus
favouring thrombo-embolic complications [46]. FDP
also influence prostaglandin metabolism, thus interfer-
ing with thrombocyte aggregation [47]. Under HELP
we have found no evidence of fibrinogen degradation.

The fact that regression of atherosclerotic lesions
may be induced by a dramatic reduction of circulating
LDL-cholesterol has been shown recently after extra-
corporeal immunoadsorption [48,49] or after com-
bined drug treatment [50]. In addition, atherosclerosis
in thesus monkeys regressed when high cholesterol diet
for 2 years was followed by normal diet and LDL
plasma levels returned to normal [51].

The HELP system is an efficient procedure for the
treatment of CHD associated with FH. Besides its
efficacy in lowering LDL-cholesterol, heparin-induced
extracorporeal LDL precipitation may be helpful in
the management of hyperfibrinogenemia, especially in
patients who have been immunized against conventio-
nal agents. We are currently investigating the potential
of this procedure which leads to a reduction in both
plasma LDL and fibrinogen levels for inducing a
regression of atherosclerosis in a multicentre study
involving 45 patients. ‘
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