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HELP system in familial hypercholesterolemia
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Abstract

The purpose of the present report is to demonstrate the long-term
efficacy and safety of heparin-induced extracorporeal lipoprotein
precipitation (HELP) of LDL-c and fibrinogen in the management of
familial hypercholesterolemia. From June 1992 to June 1998 a
22-year-old young male patient with familial hypercholesterolemia
(double heterozygote for C660X and S305C) resistant to medication
and diet and with symptomatic coronary artery disease (angina) was
treated weekly with 90-min sessions of the HELP system. The patient
had also been previously submitted to right coronary artery angioplasty.
The efficacy of the method was evaluated by comparing the reduction
of total cholesterol, LDL-c and fibrinogen before and after the ses-
sions and before and after initiation of the study (data are reported as
averages for each year). During the study, angina episodes disap-
peared and there were no detectable adverse effects of the treatment.
Total cholesterol (TC), fibrinogen, and LDL-c decreased significantly
after each session by 59.6, 66.1 and 64%, respectively. HDL-c showed
a nonsignificant reduction of 20.4%. Comparative mean values pre-
and post-treatment values in the study showed significant differences:
TC (488 vs 188 mg/dl), LDL-c (416.4 vs 145 mg/dl), and fibrinogen
(144.2 vs 57.4 mg/dl). There was no significant change in HDL-c
level: 29.4 vs 23 mg/dl. These data show that the HELP system, even
for a long period of time, is a safe and efficient mode of treatment of
familial hypercholesterolemia and is associated with disappearance of
angina symptoms.
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Introduction

An association has been well established
between the increase in serum levels of total
cholesterol (TC) and LDL cholesterol and
the development of coronary arterial disease
(CAD) (1,2). On this basis, a reduction of TC
levels, specifically LDL-c, becomes a funda-
mental therapeutic objective for the reduc-

tion and progression of CAD. The manage-
ment of hypercholesterolemia in the major-
ity of patients is done by means of diet and
medication; however, one group of patients,
represented primarily by those with familial
hypercholesterolemia (FH), is resistant to
this therapy. This group of patients can ben-
efit from the reduction of serum levels of
LDL-c by means of the heparin-induced ex-
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tracorporeal lipoprotein precipitation (HELP)
system (3-5).

FH is known to be associated with a high
risk of development of severe atherosclero-
sis, CAD in particular. Homozygous and
double heterozygous individuals can present
coronary problems in infancy and adoles-
cence (6-9). In 1992, a patient with FH began
treatment with the HELP system at our insti-
tution in Curitiba, PR. The objective of the
present report is to demonstrate our six-year
experience of follow-up and treatment of
this patient, evaluating the safety and effi-
cacy of the method by comparing TC and
LDL-c levels, clinical evolution, treadmill
test and images (Doppler ultrasound of
carotids).

Case report

A 22-year-old male student started to
have dyspnea in response to minimum effort
and dizziness at 12 years of age. During this
period, he received a diagnosis of FH. He
was initially treated by plasmapheresis and
was started on hydroxymethyl glutaryl coen-
zyme A reductase (HMG-CoA-R) inhibi-
tors, although with no improvement of plasma
levels of TC and LDL-c. The patient did not
have any history of systemic arterial hyper-
tension, diabetes mellitus or hyperthyroid-
ism. Family history included a brother who
died at age 14 during myocardial revascular-
ization and a sister who died at age 28 due to
myocardial infarction. The patient was on
treatment with diet and HMG-CoA-R inhibi-
tors from 1988 to 1992. At the beginning of
1992 he began to have episodes of angina
and dyspnea with minimum effort. He then
underwent cardiac catheterization and an-
gioplasty. In June 1992 the patient began
treatment with the HELP system.

At that time, he showed normal blood
pressure, bilateral systolic bruits in the ca-
rotid arteries, and a slightly decreased filling
of the carotids. A systolic aortic murmur was
detected with a slightly muffled S2. The rest

of the exam was normal except for the pres-
ence of xanthomas between the fingers on
both hands. A fundoscopy showed an in-
crease of the dorsal reflex without other
alterations. An electrocardiogram showed
sinus rhythm, heart rate of 88 bpm and con-
duction disturbances of the right stem of the
bundle of Hiss. The patient was submitted to
a stress test that was not conclusive. A Dop-
pler ultrasound of the carotid arteries showed
a large atherosclerotic plaque in the right
internal carotid with obstruction of 95% of
the vessel. The pretreatment TC was 677
mg/dl, LDL-c was 322 mg/dl, and HDL-c
was 19 mg/dl.

During the period of treatment with the
HELP system the patient experienced no
episodes of angina pectoris or dyspnea symp-
toms and the xanthomas between the fingers
disappeared. The anti-angina drugs were sus-
pended. The laboratory exams, ergometrics,
and images will be discussed in the Results
section.

Methods

The molecular diagnosis of the disease
was performed by sequencing the LDLr gene.
Two sequence alterations were identified by
denaturing gradient gel electrophoresis in
the PCR amplification products of exon 7
and exon 14. Big dye terminator sequencing
of exon 7 revealed the presence of a C to G
transversion at position 977, which changes
the codon at amino acid position 305 from a
serine to a cysteine (S305C). Sequence anal-
ysis of exon 14 revealed the presence of a C
to A transversion at position 2043, which
changes the codon at amino acid position
660 from a cysteine to a stop-codon. This
variant, termed C660X (FH-Lebanese), has
been reported previously. The criteria for
patient eligibility were based on clinical ex-
amination and laboratory tests performed
before, during and after therapy with the
HELP system, as well as the patient’s con-
sent and awareness of the type of treatment



777

Braz J Med Biol Res 35(7) 2002

HELP system in familial hypercholesterolemia

to which he would be submitted. The study
was approved by the Hospital Ethics Com-
mittee.

The phases of the study were divided into
eligibility criteria, pretreatment phase, evalu-
ation of treatment (efficacy), evaluation of
safety, and adverse effects.

Eligibility criteria

The main inclusion criterion of the pa-
tient in this study was a concentration of
LDL-c above 160 mg/dl with an unsatisfac-
tory response to conventional therapy. The
patient did not satisfy any exclusion criteria
that might contraindicate this type of thera-
py, such as the presence of hyperthyroidism,
arrhythmia, renal insufficiency, uncontrolled
diabetes mellitus, cancer, bleeding disorders,
serum triglyceride levels higher than 500
mg/dl, arterial diastolic pressure above 100
mmHg recorded on more that two occasions
at an interval of 24 h, positive tests of hepa-
titis A, B, C, and AIDS, or the use of antico-
agulants. The patient remained without the
use of antilipemic drugs throughout the study.

Pretreatment evaluation

Pretreatment assessment consisted of car-
diovascular evaluation (recent and past
events), physical exam, stress test (standard),
chest X-ray, and evaluation of angina and
dyspnea. The biochemical exams performed
in this phase were the following (using stan-
dard techniques): total and fractional pro-
teins, sodium, potassium, chloride, calcium,
phosphorus, total and fractional bilirubin,
alkaline phosphatase, LDH, serum glutamic-
oxaloacetic transaminase, serum glutamic
pyruvic transaminase, creatine phosphoki-
nase, glucose, urea, creatinine, uric acid and
total CO2, plasma iron, total iron-binding
capacity, partial thromboplastin test (PTT),
fibrinogen, and anti-thrombin III. The crite-
ria for patient eligibility were confirmed af-
ter evaluation, and treatment was initiated.

Evaluation of HELP treatment

The observation period was June 1992
through June 1998. A distal AV fistula was
placed in the left wrist and the patient under-
went weekly sessions on the HELP system
(B. Braun, Melsungen, Germany). By means
of the AV fistula, with a blood flow of about
70 ml/min, plasma was then obtained by
passing blood through a 0.2-µm filter. Blood
was mixed with a buffer solution of 0.3 M
acetate, pH 4.85, containing 100 U of hepa-
rin/ml. The plasma and the solution flows in
this phase were both approximately 30 ml/
min. After a pH of 5.12 was reached in the
buffer and plasma solution, precipitation of
heparin-LDL-fibrinogen occurs. This sus-
pension was recirculated through a precipi-
tation filter (a polycarbonate membrane of
0.4 µm), and the filtrate, free of LDL-c, goes
through a heparin adsorption process. After
this step, the remaining solution was the
plasma-buffer solution. The next step con-
sisted of dialysis with bicarbonate and ultra-
filtration whereby the excess fluid was re-
moved and the pH was restored. Finally, the
plasma, free of LDL-c, was added to the cell-
rich blood and returned to the patient (Figure
1). The tubes and filters for each treatment
were not reutilized. The objective of each

Figure 1. Flow sheet of the HELP procedures.
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session was to “treat”, on average, 2 liters of
plasma.

Before the beginning of each treatment
the following exams were performed: blood
count, total protein, PTT, coagulation time,
TC, HDL-c, triglycerides, fibrinogen, and
fractional C3 of the complement in order to
detect hypersensitivity. The blood, plasma,
and dialysate pH was measured every 30
min, as also was the TC of the blood return-
ing to the patient. After each treatment, blood
pH, TC, lipids, fibrinogen, and C3 content
were determined.

Efficacy of treatment

The efficacy of treatment was established
by laboratory exams, which permitted two
types of comparative analysis.

The individual comparative evaluation
of pre- and post-treatment was considered
effective when the following criteria were
fulfilled: reduction of TC by 30% of the
pretreatment level and reduction of LDL-c
by 30% of the pretreatment level.

Comparative evaluation of data obtained
before and after the study (semester, annual,
and beginning and end of the observation
period). The treatment was considered ef-
fective if a 30% reduction of the initial pre-
treatment average TC and LDL-c was
achieved compared to the final post-treat-
ment average, based on the following as-
sumptions: i) average pretreatment: first pre-

treatment average/final pretreatment aver-
age, and ii) average post-treatment: first post-
treatment average/final post-treatment aver-
age.

The patient was also submitted to a final
cardiovascular evaluation by means of an
annual stress test (according to the Bruce
protocol), and carotid artery examinations
(annual intervals). Doppler ultrasound was
used to determine the presence of stenosis
and the constriction of the vessels due to
atherosclerosis.

Data were analyzed statistically by the
parametric paired Student t-test and the non-
parametric Wilcoxon test (Primer of Biosta-
tistics software) for the comparison of data
in each group, pre- and post-therapy ses-
sions, and the chi-square test for the compar-
ison of the initial and final correlated aver-
ages. The level of significance was set at 5%.

Results

Laboratory parameters

Mean percent reduction of HDL-c, TC,
LDL-c and fibrinogen pre- and post-HELP
session for the period analyzed (Figure 2)
was 59.6, 64, and 66.1%, respectively. These
values were considered significant. Simi-
larly, when we compared the initial averages
to those obtained during the study period, we
observed a significant difference. Mean pre-
treatment TC, LDL-c, and fibrinogen values
were 488, 416.4, and 144.2 mg/dl, while
mean post-treatment values were 188, 145,
and 57.4 mg/dl, respectively (P<0.05).

Mean TC, LDL-c, and fibrinogen values
during the follow-up period were 325.4,
269.7, and 112.2 mg/dl, respectively (Figure
3A-C).

The mean pre- and post-treatment reduc-
tion of HDL-c by the HELP system for the
period studied (Figure 2) was 20.4%, which
was not statistically significant. The same
results were obtained when the averages for
each year of study were analyzed. Likewise,

M
ea

n 
re

du
ct

io
n 

(%
) 60.0

70.0

50.0

40.0

30.0

20.0

10.0

0.0
Fibrinogen Total

cholesterol
HDL

cholesterol
LDL

cholesterol
C3

66.1*
59.6* 64.0*

40.5

20.4

Figure 2. Mean reduction (%) of each parameter before and after a session. *P<0.05 when
comparing values before and after a session (chi-square test).



779

Braz J Med Biol Res 35(7) 2002

HELP system in familial hypercholesterolemia

there was no significant difference between
the pre- (29.4 mg/dl) and post-treatment
(23 mg/dl) averages during the study. Mean
HDL-c during the interval between treat-
ments was 25.6 mg/dl (Figure 3D).

The mean pre- and post-HELP session
reduction of C3 for the period analyzed (Fig-
ure 2) was 40.5%, which was statistically
significant. This was validated when we an-
alyzed the averages for each year of study.
Similarly, there was a significant difference
between pre- and post-treatment averages,
which were 123.1 and 74 mg/dl for the dura-
tion of the study. Mean C3 during the inter-
val between treatments was 101.1 mg/dl (Fig-
ure 3E), and mean pH during the total period
of study was 7.433 (Figure 4).

Treadmill tests

Pre-study. The test was ineffective and
an ischemic response could not be evalu-
ated.

One year of follow-up. Considered nor-
mal.

Four years of follow-up. Ineffective, ap-
pearing abnormal due to an electrocardio-
graphic alteration in response to stress (sug-
gesting myocardial ischemia) and compro-
mising the chronotropic and inotropic func-
tions.

Six years of follow-up. Ineffective, ab-
normal due to an ischemic response charac-
terized by an electrocardiographic alteration
in response to stress and during the recovery
phase (immediate post-stress period).

Double Doppler ultrasound exam

Pretreatment. The exam showed abnor-
mal signs of atheromatosis inside the com-
mon carotid arteries. In the internal right

Figure 3. Levels of plasma components before, after
and between HELP treatment. A, Total cholesterol; B,
LDL cholesterol; C, fibrinogen; D, HDL cholesterol; E,
C3. Data are reported as mean values.
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carotid a large atherosclerotic plaque was
observed with 95% obstruction of the vessel.

Post-treatment - 6 months. Stenosis of
approximately 50-60% of the right internal
carotid artery and of approximately 60-80%
of the left internal carotid.

Post-treatment - 2 years. Bilateral steno-
sis of 60-80% of the internal carotid arteries.

Post-treatment - 4 years. Bilateral steno-
sis of 50% of the internal carotid arteries.

Post-treatment - 6 years. Bilateral steno-
sis of 50% of the internal carotid arteries.

Discussion

The precipitation of LDL-c induced by
heparin in an extracorporeal system is based
on observations that lipoproteins can be pre-
cipitated by heparin at low pH, in the ab-
sence of divalent cations (10-12). Armstrong
et al. (5) have shown that other plasma pro-
teins can be differentially precipitated by the
HELP system, specifically, Lp(a), C3 and
C4. LDL-c and fibrinogen are involved in
the elevation of plasma viscosity and in the
incidence of cardiovascular complications.

Clinical experience with the HELP sys-
tem began in 1984. Since then, there have
been more than 70,000 treatments, including
some patients who have been treated for
more than 10 years (11). The system pro-
vides an efficient reduction of LDL-c, fi-
brinogen, and Lp(a). A session of 1.5 to 2 h
with removal of 2.8 to 3 liters of plasma
provides a 70% reduction of these three

components (6,7,10,11).
The HELP system treatment should be

considered in the following situations: i)
primary prevention of all patients with ho-
mozygous FH; ii) primary prevention of CAD
in young patients with severe hypercholes-
terolemia and a family history of persons
with CAD who maintain LDL-c levels higher
than 200 mg/dl despite dietary and pharma-
ceutical treatment, and iii) secondary pre-
vention of severe CAD, when LDL-c is not
maintained at a level below 135 mg/dl de-
spite dietary treatment and the use of anti-
lipemic medication.

Patients with homozygous FH can pres-
ent TC levels of 700 to 1000 mg/dl and, if not
treated, frequently die of acute myocardial
infarction before reaching 20 years of age.
The use of compactine (analogue to lovasta-
tin) in high doses showed a marginal reduc-
tion of approximately 7% when used only in
patients with homozygous FH. The dietary
and drug treatment did not prove to be effec-
tive in this situation, with the need for addi-
tional measures such as the HELP system
(3,4).

In 1990, Thiery et al. (6) reported a
7-year-old boy with homozygous FH sub-
mitted to weekly treatment with the HELP
system for a period of 2 years (90 treat-
ments). Upon admission, LDL-c was 820
mg/dl and during treatment, in the pre-HELP
session it reached levels of 380 mg/dl. Seidel
et al. (10) reported an average percent reduc-
tion of LDL-c levels and fibrinogen similar
to that observed in the present patient, dem-
onstrating the efficacy of the method in the
reduction of factors involved in atherogen-
esis.

A significant finding in our case was the
disappearance of angina and the withdrawal
of the anti-angina drugs used by the patient
during the period before treatment. Park et
al. (4), studying 44 patients with advanced
CAD unresponsive to conventional treat-
ment, found a pretreatment reduction of
55.5 ± 8.6, 44.8 ± 8.7 and 60.8 ± 10.2% of
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LDL-c, TC, and fibrinogen, respectively.
However, when these patients were submit-
ted to cardiac catheterization, 80% of them
showed progression of the atherosclerotic
plaque despite the symptomatic improve-
ment.

The role of thrombosis is of fundamental
importance in the development of coronary
atherogenesis and the appearance of clinical
events (3,4,7,8,13-15). The impact of treat-
ment by the HELP system on the antithrom-
botic mechanisms, mainly through a decrease
in plasma viscosity and the reduction of red
cell aggregation, is an explanation for the
clinical improvement of these patients de-
spite the anatomic worsening of their athero-
sclerotic lesions (3,4,7,11,13).

In the Framingham study (16), fibrino-
gen levels proved to be a risk factor inde-
pendent of the development of CAD in men.
The involvement of fibrinogen as an inde-
pendent risk factor in the appearance of cor-
onary events has been established for some
time. Sadoshima and Tanaka (17) found fi-
brinogen and LDL-c in the cerebral artery,
and the fibrinogen deposition preceded the
LDL-c deposition. On the basis of this find-
ing, one can speculate that fibrinogen can
increase the risk of thrombosis.

Another element involved in CAD is
Lp(a), associated with atherogenesis pro-
cesses as well as thrombogenesis. Lp(a) can
promote thrombosis due to its structural simi-
larity to plasminogen, competing for the bind-
ing site of the cells and exhibiting an antifi-
brinolytic action. Weekly treatment with the
HELP system causes a 50% reduction in
fibrinogen levels and Lp(a) and therefore,
despite the worsening of anatomic lesions
visualized by cineangiocoronariography, it
is a possible explanation for the patients’
clinical improvement (4,18).

There is evidence that a reduction of
LDL-c stabilizes the atherosclerotic plaque
more than it reduces LDL-c (2). This was
demonstrated by the decrease in size of the
atherosclerotic plaque detected by the Dop-

pler ultrasound of the carotid vessels, show-
ing a correlation with the reduction of
LDL-c levels. Despite the patient’s presenta-
tion of sustained high levels of LDL-c during
the observation period, 396.6 ± 73.4 mg/dl,
the reduction was 64%.

The HELP LDL-Apheresis Multicenter
Study (10) showed an elevation of serum
HDL-c levels during HELP therapy. The
reason for this metabolic alteration remains
unknown. In the clinical case described here
there was no increase of HDL-c; however, a
nonsignificant reduction of 20.4% was ob-
served.

Activation of the complement system
occurs in extracorporeal systems (19).
Würzner et al. (20) concluded that despite
the activation of the complement system the
HELP system presented good biocompati-
bility. C3 and C4 are extensively absorbed
by the filters of the system in such a way that
their post-treatment concentrations in plasma
are clearly lower than their pretreatment lev-
els. The concentrations of fractional comple-
ment return to normal levels in about 7 days.
In this case, a significant reduction of C3
was observed, with a return to normal levels
after one week of treatment.

The tolerance and safety of the treatment
have been very good. From the beginning of
the use of the method through 1996, ap-
proximately 700 patients were treated, for a
total of 70,000 sessions, with no report of
serious complications (11). The side effect
of the method most frequently reported was
angina pectoris due to the presence of CAD.
The second most observed side effect was
vagal reflex, also described in other extra-
corporeal procedures (10,21). Side effects
were reported for only 2.9% of the treat-
ments (10). The maintenance of post-treat-
ment fibrinogen above 60 mg/dl allowed for
effective coagulation (10). Our patient did
not present any type of complication or side
effect during the observation period.

Treatment with the HELP system of pa-
tients with FH resistant to conventional thera-
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py proved to be safe as well as efficient in the
reduction of LDL-c and fibrinogen. It also
appeared to be associated with clinical im-
provement, indicated by the disappearance

of angina symptoms and the regression of
atherosclerotic plaque, as shown by Doppler
ultrasound.
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