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Abstract. Fifty-one patients with coronary heart dis-
ease (CHD) and LDL-cholesterol levels =200 mg dl~!
despite diet and drug therapy have been recruited into
an angiographically controlled, multicentre, two-year
study to evaluate HELP-LDL-apheresis in the second-
ary prevention of CHD. There were five drop-outs in
the first year and 46 patients completed one year of
therapy. An average of 2-791 of plasma was treated per
patient every 7-7 days. Treatment was well tolerated
and the incidence of side effects was small (2:9% of
treatments). Mean pre-/post-apheresis LDL-choles-
terol levels decreased from 283/120 mg dI~! at baseline
to 207/78 mg d1~! and 203/76 mg d1~! after 6 and 12
months, respectively. Mean pre-/post-apheresis HDL-
cholesterol levels rose significantly over the course of
therapy from 40-5/36:6 mg d1=! to 44-8/39-7 mg dl !
and 48-2/41-3 mg dl~" after 0, 6 and 12 months,
respectively. No major derangement of pre-apheresis
haemostasis nor of haematological or clinical chemical
parameters had occurred after 12 months of treatment.
The data from this study support the feasibility of
HELP-LDL-apheresis as an adjunctive therapy for
lowering cholesterol levels in CHD patients refractory
to cholesterol-lowering drugs while substantially
improving the HDL/LDL ratio.
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Introduction

A causal link between plasma cholesterol and coron-
ary heart disease (CHD) is now well established and
conclusive evidence has been presented demonstrating
that a cholesterol-lowering therapy can reduce the
incidence of CHD and its associated effects. The results
of the LRCC primary prevention trial [1], a rando-
mized placebo-controlled double blind study with
cholestyramine, revealed that for every 1% reduction
in cholesterol there is a 2% reduction in the CHD
incidence. The Helsinki Heart Study [2] further streng-
thened the view that lipid-lowering is effective in the
primary prevention of CHD. While these two trails
addressed the question of a lipid lowering therapy in
the primary prevention of CHD, the CLAS study [3]
has produced evidence confirming the benefit of such
therapy in the secondary prevention of coronary
disease. This randomized control study used a combi-
nation of diet, colestipol and nicotinic acid to achieve
an average 43% reduction in the LDL-cholesterol
levels of treated subjects. Angiographic evaluation
after two years of treatment showed a highly signifi-
cant improvement in the status of coronary lesions in
the drug-treated group as compared to the placebo
group. .

Cholesterol lowering strategies to reduce the risk of
CHD in the general population have now been
proposed [4,5]. The cornerstone of such strategies is
undoubtedly diet and where necessary drug therapy.
With the advent of the HMG-CoA-reductase inhibi-
tors [6-8], a new class of powerful lipid lowering drugs
has been introduced with great potential for the
treatment of hypercholesterolaemia. The use of these
drugs is currently being evaluated whereby the long-
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Table 1. Initial clinical and laboratory data of the patients recruited to the study and those completing 12 months of regular treatment

Mean (SD)
Total chol. Total triglyc.
n M/F MI ACVB Smoker* Hypertension Age (yr) [mg dl—1] [mg d11]
All patients recruited 51 34/17 28 22 36 17 44-4 386 161
92) (93) (89)
Patients completing 46 33/13 24 20 33 16 44-6 379 178
12 months treatment (8-0) (92) (106)

* Prior to diagnosis of CHD.

term safety will be of profound importance for their
general application in the treatment of a chronic
disease that only becomes clinically manifest after
many years.

More radical measures for the treatment of hyper-
cholesterolaemia such as partial ileal bypass [9,10],
portocaval shunt [11], liver transplantation [12],
plasma exchange [13-15] and LDL-apheresis [16-21]
have been reported. Plasma exchange has proven to be
particularly successful in the management of the severe
hypercholesterolaemia of homozygous FH [22].
Several LDL-apheresis procedures with varying
degrees of selectivity have subsequently been devel-
oped [16-21] and are at present being evaluated in
clinical trials. While the use of such intensive therapies
for the primary prevention of CHD will be largely
restricted to the most severe forms of hypercholestero-
laemia, their application as an adjunctive LDL-choles-
terol lowering therapy in the secondary prevention of
coronary heart disease remains an attractive thera-
peutic possibility. The combination of LDL-apheresis,
together with diet and drugs, should allow a maximal
lowering of LDL-cholesterol [23,24]. Besides LDL, the
various apheresis procedures may also eliminate other
potentially atherogenic factors, such as Lp(a) [25,26]
and acutely improve the haemorheological status of
the patient [27,28].

In order to assess the role of LDL-apheresis in the
secondary prevention of CHD long-term multicentre
trials are required. We therefore initiated a prospec-
tive, open multicentre study aimed at treating indi-
viduals with hypercholesterolaemia and CHD with an
LDL-apheresis procedure based on the heparin-
induced precipitation of LDL at acid pH, the so-called
HELP system [20]. The aims of this study were three-
fold: -

1 Evaluation of the long-term effects of regular
HELP-LDL-apheresis on plasma lipoproteins and
proteins.

2 Assessment of the efficacy, safety and practicability
of long-term HELP-LDL-apheresis.

3 Evaluation of the coronary status of patients after
two years of regular HELP-LDL-apheresis through
coronary angiography.

Table 2. Classes of lipid-lowering
drugs administered during the first
12 months of the HELP multicentre

study
Drug type No. of patients*
resins 35
fibrates 29
nicotinic acid 15
sitosterol 5

* Several patients were on multi-
drug treatment.

This report describes the study design and the results
of the first 12 months of regular HELP-LDL-aphere-
sis.

Materials and methods
Study design

Ten centres participated in this study and 51 patients
aged between 28 and 65 years were recruited (Table 1).
To be eligible for treatment patients had to have
clinically manifest coronary heart disease (CHD) with
angiographically documented changes in several seg-
ments of the coronary arterial tree. A further criterion
for selection was hypercholesterolaemia with LDL-
cholesterol levels =200 mg d1~! despite diet and drug
therapy. At the outset of this study, HMG-CoA-
reductase inhibitors were still at the clinical trial stage
in the FRG and so were excluded from our study
design. Each centre was responsible for screening and
selecting their own patients according to the study
protocol and for maintaining the diet and drug therapy
with which the patient had been treated prior to
beginning LD L-apheresis. A list of the classes of lipid-
lowering drugs that were administered to the patients
during the first 12 months of the study is presented in
Table 2.

The study protocol was approved by the ethics
committee of the Faculty of Medicine, University of
Gottingen. Written consent was obtained from all
patients at the start of the study. Reasons for exclusion
from the study included: haemorrhagic diathesis,
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Table 3. Clinical and laboratory data on the five patients who were lost to follow-up in the study

Pat. no M/F  Age(yr) LDL-C*initial (mgdl™')final Previous MI  AVCB no. of apheresis Reasons for termination
6 F 18 540 230 — —26 returned to native country
13 F 65 252 224 + +25 > 6 week break in treatment
30 F 47 337 245 + -7 problems of vascular access

33 F 32 318 250 + +14 fatal MI

42 M 49 230 232 + —49 sudden cardiac death
* Pre-apheresis values

coagulation disorders, neoplasm, liver disease, severe Statistics

cardiac insufficiency, cardiac valvular disease, apo-
plexy, dementia, non-compliance with dietary and
drug therapy.

Coronary angiograms were planned for each patient
prior to beginning HELP therapy and again after two
years of regular treatment. Detailed guidelines for
standardisation of the coronary angiography were
included in the study protocol. Before and after each
apheresis the following parameters were determined:
total cholesterol, total triglycerides, LDL-cholesterol,
HDL-cholesterol, prothrombin time, thrombin time,
fibrinogen and plasminogen.

HELP-LDL-apheresis

The details of this procedure have been published
elsewhere [20]. Briefly, plasma and blood cells are
separated by a 0-55 um plasma filter and the plasma is
then continuously mixed with a sodium acetate buffer
(pH 4-85) containing 100 U m1~! heparin. The precipi-
tate formed at this low pH is then removed by filtration
through a 0-45-um polycarbonate filter and the excess
heparin in the filtrate is adsorbed to a DEAE-cellulose
filter. Finally, physiologic pH is restored and excess
fluid removed by bicarbonate dialysis/ultrafiltration
before the treated plasma is mixed with the blood cells
from the plasma filter and returned to the patient. Each
centre was advised to treat between 2-5 and 3 litres of
plasma at each visit and to document the exact volume
treated as well as the treatment time. All centres were
equipped with a Plasmat Secura (B. Braun Melsungen)
and were regularly supplied with the necessary sterile
disposable filters and tubing systems required. Centres
were required to treat patients every seven days with
the exception of holidays and illness. Patients who for
any reason had to interrupt treatment for an interval of
six weeks or more were excluded from the evaluation.

Laboratory parameters

Total cholesterol, HDL-cholesterol and triglycerides
were determined with commercially available test kits
(Boehringer, Mannheim). LDL-cholesterol was mea-
sured using the Quantolip LDL test kit (Immuno,
Heidelberg). The haemostasiological and clinical
chemical parameters were measured in the respective
laboratories of each centre.

The results were evaluated using exploratory data
analysis. A global trend over the period of 0, 6 and 12
months was tested using the Friedman Rank Test ata
significance level of 5%. Significant results were
further subjected to Wilcoxon sign-rank tests to
investigate differences between two time points (e.g. 0
and 12 months). The significance levels were adjusted
by the Holm procedure [29].

Results

A total of 51 patients with severe CHD and type Ila
hypercholesterolaemia were recruited into the study
(Table 1). Twenty-eight patients had suffered a pre-
vious myocardial infarction (MI) and 22 patients had
received an aorta-coronary venous bypass (ACVB).
Over two-thirds of the patients were smokers prior to
the diagnosis of CHD. Forty-six patients completed
12 months of regular treatment while 5 patients were
lost to the study during the first year (Table 3). Two
suffered cardiac deaths two days or more after the
previous HELP-LDL-apheresis procedure. Patient 33
suffered a fatal MI after anticoagulation therapy had
been discontinued on account of an imminent dental
appointment. Autopsy revealed a thrombotic stenosis
of the venous bypass of the right coronary artery.
Patient 42 died from sudden heart failure after stren-
uous exercise. His relatives refused an autopsy.
Because of poor venous access patient 30 required a
Cimino Bresica fistula for treatment. However,
repeated occlusion of the shunt resulted in this patient
having to be withdrawn from the study. Patient 13 had
to interrupt apheresis treatment for a period of more
than six weeks due to an operation and did not fulfil the
study guidelines. Finally, patient 6 was lost to follow
up because she returned to her native country before
completing the study.

Technical details

During the first 12 months the average treatment
frequency interval was 7-7 days (SD=4-2), each
patient being treated on average 47 times during the
year. Actual treatment time not including initial
preparation lasted 118 min (SD =24) and on average
2:791(SD=0-37) of plasma were treated at each visit.
Table 4 summarizes in more detail the volume of
plasma treated in relation to the total number of
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Table 4. Number and frequency of aphereses in which a
particular volume of plasma could be treated

Plasma volume treated  No. of aphereses %
<15 29 1-36
1-5<20 40 1-88
2:0<2-5 123 577
2:5<30 1939 90-99
Total 2131 100

Table 5. Clinical side-effects reported during HELP-L.D1 -apheresis

No. of patients

Side-effect Frequency affected

Angina pectoris 22 9

Vagal reaction

(Hypotension, bradycardia < 60/min,
nausea) 1

Haematoma

Shunt occlusiont

Arrhythmia

Eye burning

Shivering

Collapse

Dyspnoe

Vertigo

—

—R W W R RV N
—_ W W B R —

Total 29*

(o)
N

* Several patients reported more than one side effect.
T Does not include the data of the patient who was lost to the study
on account of repeated shunt occlusion.

aphereses. More than 2-5 1 of plasma could be treated
in over 90% of aphereses and more than 2 1in over 96%
of aphereses.

Side effects

From a total of 2131 individual aphereses on the 46
patients completing 12 months of treatment, 62 cases
of undesirable side effects were reported in 29 patients.
These are listed in Table 5. Adverse clinical reactions
were reported in only 2:9% of treatments and the
reactions were generally of a minor nature and not
uncommon to other extracorporeal treatment pro-
cedures [30-32]. No major life-threatening complica-
tion occurred during treatment. The two sudden
cardiac deaths described above occurred during the
treatment-free period.

During the course of therapy there was, however, a
general improvement in the angina symptoms of our
patients. At the outset of treatment 38 suffered from
angina while only eight reported no symptoms. After
six months of treatment 20 patients no longer experi-
enced angina (Table 6).

Table 6. Number of patients reporting
angina pectoris symptoms during the course
of 12 months regular HELP-apheresis

Months of treatment

Angina pectoris

symptoms 0 6 12
None 8 20 19
Present 38 26 24
No details 0 0 3

Lipids and lipoproteins

The levels of various lipid and lipoprotein parameters
measured directly before an apheresis are compared
after 6 and 12 months of regular therapy to the levels
before the start of apheresis therapy in Table 7. Pre-
apheresis total cholesterol values could be maintained
at levels about 23% lower than those before therapy.
This reduction was primarily due to a mean drop in
LDL-cholesterol of 28%. The patients with the highest
baseline LDL-cholesterol concentration before start-
ing HELP treatment displayed the greatest percent
reduction (r=0-71). The median LDL-cholesterol
levels decreased progressively during the first 3-4
treatments but remained relatively stable thereafter at
around 200-210 mg dl~! (Fig. 1). The post-apheresis
levels stabilized at values of around 80 mg dI~/,
representing a decrease of about 60% at each treat-
ment. In contrast to LDL, mean pre-apheresis HDL-
cholesterol levels rose by about 19% during the course
of 12 months therapy. Interestingly, mean pre-aphere-
sis triglyceride levels dropped by 19-20%. .

Haemostasiological findings

Fibrinogen and plasminogen are two components of
the coagulation/fibrinolytic system that are simulta-
neously precipitated with LDL during the HELP
procedure. The mean fibrinogen level at the start of
treatment was 308 mg dl~! (Table 8). Similar to LDL-
cholesterol, the pre-apheresis fibrinogen levels fell in
the first 3-4 treatments and remained relatively con-
stant over the course of therapy. The mean pre-
apheresis levels at 6 and 12 months of 250 and 235 mg
dl~!, respectively, represent a reduction of around
19-24%. In contrast to LDL and fibrinogen, pre-
apheresis plasminogen concentrations were un-
changed after 6 and 12 months. This is presumably due
to the more rapid turnover of plasminogen, concentra-
tions generally returning to pre-apheresis levels within
2-3 days of the apheresis [33]. No derangement of pre-
apheresis haemostasis was observed (Table 8) after 6
and 12 months of regular therapy. The average
prothrombin and activated partial thromboplastin
times remained unchanged. The values observed on
completion of an apheresis procedure were typical for
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Table 7. Serum lipid and lipoprotein concentrations after 0, 6 and 12
months regular HELP-LDL-apheresis

Months
0 6 12
Rk
Total chol. (mgdl—!) [ |
S mean (SD) 358 (89) 279 (41) 277 (41)
median 337 278 270
%k
E mean (SD) 180 (57) 137 (23) 137 (26)
median 179-5 139 129
*
Triglyc. (mgdl—") | ]
S mean (SD) 184 (130) 149 (72) 148 (102)
median 150-5 128 122-5
*
E mean (SD) 113 (104) 94 (62) 93 (70)
median 785 76 69
ok k
LDL-chol. (mgdl~}) | 1
S mean (SD) 283 (86) 207 (40) 203 (41)
median 2555 204 197
|
ok
E mean (SD) 120 (53) 78 (21) 76 (24)
E median 115-5 76 72
*okk
HDIL-chol. (mgdl~}) [ ]
S mean (SD) 40-5(11) 44-8 (9) 482 (11)
S median 41-0 43-8 48-5
L Il |
%k *
E mean (SD) 36-6 (14) 39-7 (11) 413 12:0
median 31-0 372 400

S = pre-apheresis concentrations.

E =post-apheresis concentrations.

*p<0-05; ** p<0-01; *** p < 0-001; significances were only tested
for the pre-apheresis concentrations.

anticoagulation therapy during extracorporeal treat-
ment.

Clinical chemical findings

Electrolyte concentrations remained stable during the
course of HELP therapy (Table 9). A small reduction
in pre-apheresis total protein concentrations presum-
ably reflects a drop in specific heparin-binding proteins
such as fibrinogen and apo B. Two further heparin-
binding proteins the complement factors C3 and C4
were also reduced by regular HELP treatment but
concentrations remained within the normal limits. Pre-
apheresis levels of plasma albumin were unaffected by
regular treatment. Haematological parameters were
also largely unaffected. The small drop in haemoglobin

and erythrocyte concentrations may be due to small
blood losses during the extracorporeal procedure and
due to the regular blood sampling for control of
laboratory parameters.

Discussion

Since the first report of De Gennes ef al. [13] there have
been numerous accounts on the use of plasmapheresis
and plasma exchange for the treatment of hypercholes-
terolaemia. Thompson et al. in particular [14,15]
have pioneered the long-term use of this therapy for
the treatment of individuals with homozygous familial
hypercholesterolaemia. Regular exchange on a weekly
or twice monthly basis increased the life expectancy of
treated homozygous siblings, improved their well-
being, induced regression of xanthoma and arrested or
slowed the progression of atherosclerosis [22].
Although plasma exchange in general is apparently
well tolerated and free of serious side effects, fatalities
have been described which were primarily due to the
use of fresh frozen plasma [34]. Fewer allergic side
effects were experienced when a plasma protein frac-
tion was employed but regular use may still induce
deficiency of essential plasma proteins not present in
this fraction. The incidence of medically relevant
undesirable side effects associated with plasma
exchange has been set as 12% [32]. To obviate the need
of an exogenous protein source several selective pro-
cedures have been developed for on-line removal of
LDL from plasma. The most specific procedure,
immunadsorption, utilizes immobilized antibodies
against apo B to selectively remove all apo B contain-
ing lipoproteins while allowing the remaining plasma
proteins to be returned to the patients [17]. This was
one of the first LDL-apheresis systems to be described
and has now been in clinical application for several
years [35]. Using this procedure Hombach et al. [35]
reported regression of stenosis demonstrated by stan-
dardized coronary angiography in a small number of
patients treated for periods ranging from 5 to 54
months.

Cascade or double filtration plasmapheresis allows a
separation of large molecular weight plasma compo-
nents such as LDL from the majority of the other
plasma proteins [18,21] through use of membrane
filters with appropriate sieving coefficients. This pro-
cedure, however, results in the loss of other large
molecular weight species such as HDL and IgM.
Furthermore, the selectivity of the membrane de-
creases with time due to formation of a secondary
membrane through deposition of proteins on the inner
membrane surface. This can then lead to a substantial
loss of albumin unless membrane fouling is restricted
by dilution of the plasma and repeated back-flushing
of the membrane.

The affinity of LDL for polysulphated polysaccha-
rides provides a basis for two further techniques to
remove LDL from plasma. These procedures appear
to be intermediate beween immunoadsorption and
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Figure 1. Pre- and post-apheresis concentrations during the course of 12 months regular HELP-LDL-apheresis in 46 patients. Data are presented
as box plots for consecutive treatments; the limits defined by the box plots are the 10, 25, 75 and 90 percentiles. The median (50 percentile) values

are linked by solid lines.

cascade filtration in their selectivity. Lupien ef al. were
the first to describe a selective LDL-apheresis pro-
cedure in which blood was mixed with heparin agarose
beads to adsorb LDL [16]. After filtration the blood
was then reinfused to the patient. More recently a
disposable affinity column of dextran sulphate immo-
bilised to cellulose has been introduced to allow on-line
removal of LDL from plasma.

A novel approach has exploited the fact that LDL
can be precipitated with heparin in the absence of
cations at low pH. This procedure has been termed the
Heparin Extracorporeal LDL-Precipitation (HELP)
System. After precipitation of LDL the precipitate is
removed by filtration and the pH of the plasma is
restored by bicarbonate dialysis. In additionto LDL a
limited number of other heparin-binding plasma pro-
teins and lipoproteins are eliminated by this procedure.
The lipoprotein Lp(a) is precipitated almost as effi-
ciently as LDL itself [26]. This is, therefore, at present
one of the most potent systems for reducing levels of
this lipoprotein. Fibrinogen is also coprecipitated
along with LDL and Lp(a) [20]. The reduction in the
levels of this protein and also in LDL induces acute
and chronic improvements in the haemorheological
parameters of patients being treated by the HELP
procedure [27]. Plasma exchange in which plasma
protein fraction lacking LDL and fibrinogen was
substituted has also been shown to provide beneficial
rheological effects [36,37].

The present multicentre study was initiated to test
the safety and efficacy of long-term regular HELP-
LDL-apheresis in the treatment of refractory hyper-
cholesterolaemia of patients with clinically docu-
mented coronary heart disease. A major goal is

assessment of the coronary status of our patients by
means of standardized coronary angiography after
two years of regular intensive treatment. This report
describes the results after one year of treatment.
During the first 12 months 5 of 51 (9-8%) patients were
lost to follow-up. Two patients suffered fatal cardiac
deaths. These deaths did not occur during or on the
day of treatment. In one case, a female patient who was
on anticoagulant therapy required dental treatment.
She suffered a fatal MI due to stenosis of the venous
bypass after having been taken off this therapy prior to
the dental appointment. The other patient died sud-
denly from heart failure after strenuous exercise. Since
an autopsy was refused by the relatives, the exact cause
of death could not be ascertained. Although these
deaths cannot necessarily be linked to apheresis treat-
ment, nor can we also exclude an association. How-
ever, it should be noted that the study collective
represents a group of patients at extremely high risk on
account of their existing coronary heart disease.
HELP therapy was well-tolerated by the patients
and adverse side effects were registered in only a small
number of cases. The most frequent side effect
reported during a HELP procedure, angina pectoris,
was obviously related to the underlying heart disease.
The second most frequent side effect, vagal reaction, is
also associated with other extracorporeal procedures.
The total incidence of side effects in all treatments
(2:9%) compares favourably with the figure of 12%
reported for plasma exchange in general [32]. Of the 38
patients who suffered from angina at the start of the
HELP program, 12 reported no symptoms after six
months of treatment. This improvement may well be
linked with the acute and long-term rheological



THE HELP-LDL-APHERESIS MULTICENTRE STUDY 381

Table 8. Haemostesiological parameters after 0, 6 and 12 months Changes that accompany the reduction in both LDL
regular HELP-LDL-apheresis and fibrinogen levels [27].

Although several coagulation factors were also

Months precipitated, repeated treatment led to no derange-

ment of pre-apheresis haemostasiological parameters.

0 6 2 Post-apheresis values were typical for the heparin-

- anticoagulation necessary for such extracorporeal

Fibrinogen (mgdl—Y [ | procedures. The absorption of the excess heparin from

S mean (SD) 308 (98) 250 (70) 235 (78) the precipitation reaction by the heparin adsorber has

median 28|0 249 235 proven to be completely adequate. Although fibrino-

e gen is effectively eliminated post-apheresis values

remained above the value of 60 mg dl~! that guaran-

E mean (SD) 147 (62) 137(39) 26 (42) tees effective coagulation. Other coagulation factors
median 130 98 79 . . .

: appear to rapidly recover their pre-apheresis values

Plasminogen (mgdl~?) within one to three days of apheresis [33]. Analysis of

S mean (SD) 10:0 (1-9) 10-6 (1-5) 107 (1-7) the lipid data revealed that HELP-LDL-apheresis

median 10-1 109 10-4 induced improvements in the lipids of our patients.

Mean total cholesterol and LDL-cholesterol levels

E mean (SD) 33(1-6) 38 (34) S0(I-) were effectively maintained at reduced levels compared

median >0 +9 +9 to the pre-therapeutic values. Due to the nature of

Prothrombin time (%) apheresis these levels fluctuate between post-apheresis

S mean (SD) 86-0 (22-3) 86-8 (24-0) 86-4 (22-2) ‘lows’ and pre-apheresis ‘highs’. For this particular

median 935 97:5 954 patient collective the regular treatment of 2:79 1 of

E mean (SD) 461 (15-8) 44-4 (14-7) 41:6 (12-6) plasma every 7-7 days led to a mean 28% reduction in

median 47-0 46-3 43-7

pre-apheresis LDL-cholesterol levels as compared to
the basal values at the outset of HELP therapy. There

Thrombin time (sec) was a strong negative correlation between the extent of

S ﬁiﬁ?aflsm ig.i 0 };‘Z 6D }‘5‘.; S this reduction and the initial pre-apheresis concentra-
E mean (SD) 204 (9-4) 20:1 (7-4) 21-7 (79) tion. At each apheresis there was an average 60%
median 13-0 19-0 21-0 reduction in LDL levels. The pre- and post-apheresis
levels remained relatively constant after an initial
PTT (sec) . .

S mean (SD) 319 (6:3) 29-4 (5-0) 29-9 (4-7) red'ugtl(.)n during the ﬁrst three to fqur procedures.
median 29.0 28.5 30-3 This is in agreement with the hypothesis that an acute

E mean (SD) 65:0 (33-6) 64-5 (26-8) 555 (15°5) reduction in LDL levels does not alter the synthetic or
median 54-0 530 54-7 catabolic rates of this lipoprotein [38]. HDL-choles-

terol levels on the other hand showed a definite

. . increase during the course of HELP therapy. Such

%zl;;sf ggiﬁt:lsczgfzgﬁgggis changes have been observed after regular immunosor-
*p < 005; ** p < 0-01; *** p <0-001; significances were only tested bant LDL-apheresis [39] and therefore do not appear
for the pre-apheresis concentrations. to be specific for any particular apheresis procedure.

Table 9. Clinical chemical and haematological parameters after 0, 6 and 12 months
regular HELP-LDL-apheresis

Months
0 6 12

Sodium (mmol/1) 140-5 (2:6) 1399 (2:7) 141-6 (2:6)
Potassium (mmol/l) 4-18 (0-40) 419 (0-59) 4-11 (0-38)
Calcium (mmol/l) 237 (0-13) 231 (0-13) 2:33 (0-15)
Total protein (g/l) 73-1 (7-0) 682 (5-5) 67-8 (4:3)
Albumin (g/1) 477 (8:1) 460 (9-3) 466 (9-3)
C3-compl. (%) 95 (25) 83 (26) 83 (26)
C4-compl. (%) 33 (14) 21 () 21 (8)
Hemoglobin (g/dl) 141 (1-8) 312 (1'9) 13-0 (1:9)
Hematocrit (%) 42-1 (5'5) 39-7 (57) 392 (57)
Erythrocytes (T/1) 4-63 (0-61) 4-46 (0-60) 4-47 (0-56)
Leucocytes (G/l) 6-5 (1-71) 661 (1-75) 6-54 (2-00)

Thrombocyte (G/1) 241 (80) 264 (69) 261 (74)
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Although our patient had normal triglyceride levels,
triglyceride concentrations also fell on regular treat-
ment and could be maintained at values 19% lower
than those at the outset of the therapy.

The initial results from this multicentre trial attest
that HELP-LDL-apheresis is a safe and efficient
procedure for effectively lowering cholesterol and in
particular LDL-cholesterol levels when applied on a
regular basis. Compliance has been good in this group
of high risk patients and complications have in general
been minor and uncommon. Our data support the
feasibility of such apheresis procedures as an adjunc-
tive therapy for obtaining an aggressive lowering of
cholesterol levels in high risk patients while substan-
tially improving the HDL/LDL ratio. It remains to be
established to what extent such aggressive therapy can
improve the coronary status of our patients. The
results of the angiographic evaluation will be reported
in due course after all patients have completed 24
months of regular HELP therapy.
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