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Abstract: We report the first experiences with HELP
apheresis as an emergency treatment for acute cardiovas-
cular syndromes; two patients who were not eligible for
lysis therapy and catheter intervention were treated with
HELP apheresis instead. Both patients had a most severe,
generalized atherosclerosis and reached the hospital too
late for conventional measures. In both cases, the use of

the apheresis dramatically improved the clinical situation
to such an extent that the possibilities of this apheresis
system urge further investigation. Key Words: Myocardial
infarction—Unstable angina—Stroke—GIIb/IIIa inhibi-
tors—Fibrinolytic drugs—Low-density lipoprotein apher-
esis—Plasma treatment.

INTRODUCTION

Patients with cerebral or myocardial infarction re-
quire early and effective reperfusion of the infarcted
area. Reperfusion of the occluded artery restores
oxygen and nutrient supply to the infarcted area,
which improves cerebral or cardiac function and sur-
vival, respectively (1). Until now, there were two
main strategies of reperfusion treatment: first, a me-
chanical approach, including cardiologic (percutane-
ous transluminal coronary angioplasty ([PTCA]/
percutaneous transluminal angioplasty [PTA],
stenting) or surgical interventions (carotid surgery,
coronary bypass operation); second, a pharmacologi-
cal approach, including various antithrombotic drugs
such as fibrinolytic agents (abciximab, t-PA, re-
teplase), heparin, or inhibitors of platelet aggrega-
tion (aspirin, clopidogrel, GIIb/IIIa inhibitors). Not-
withstanding the merits of either approach, both
strategies have their well-known limitations in the

problem of allocation, or rather access to the infarc-
tion, the short therapeutic time window and the risk
of serious complications (1).

We are presenting a new approach to the treat-
ment of acute cardiovascular syndromes with which
we have already found beneficial in the secondary
prevention of coronary heart disease (2–7). The
method is called Heparin-mediated Extracorporeal
LDL/Fibrinogen Precipitation or the HELP system
(HD Secura R, B. Braun Melsungen AG, Melsun-
gen, Germany) (2–4). It is a form of lipid apheresis
that combines a plasmapheresis unit for separation
of the plasma, a pump for the controlled addition of
heparin (>100,000 U/h) and acetate buffer to the ex-
tracorporeal circuit, a precipitation filter for retain-
ing fibrinogen, other clotting factors, C-reactive pro-
tein and low-density lipoprotein (LDL)-cholesterol
after precipitation through heparin, a heparin ad-
sorber to bind excess heparin from the plasma, and
finally a dialysis/ultrafiltration unit for restoration of
the physiological pH of plasma after treatment.

The system is technically standardized and has
been in clinical use for more than 15 years. Its safety
and efficacy have been proven by numerous studies
(2–7), by treatment of approximately 1,000 patients,
and by more than 200,000 treatments overall.
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The two cases described here emphasize the pos-
sibilities of HELP apheresis as a complement or an
alternative to traditional therapies for stroke, un-
stable angina, and myocardial infarction.

CASE I

A 55 year old male patient was admitted to our
hospital with left side hemiparesis, accompanied by
hemihyperesthesia and apraxia of the left arm, cen-
tral paresis of the facialis nerve, pronounced dysar-
thria, and a lack of orientation. The reason for the
stroke was an occlusion of the right cerebri media
artery, leading to infarction of the gyrus precentralis,
postcentralis, and the edge of gyrus frontalis. Figure
1 shows the magnetic resonance imaging on admis-
sion. An old infarction of the brainstem and micro-
angiopathic changes were also present; Doppler so-
nography showed an occlusion of the right carotid
internal artery. Six months earlier this vessel was
already 80% occluded.

Because the stroke symptoms had begun 2 days
earlier, it was too late for thrombolysis. The patient
was treated overnight with full-dose heparin. Be-
cause there was no relevant improvement the next
day, we decided to attempt treatment with HELP
apheresis. This one treatment had the following ef-
fects: during the 2 h long apheresis, the patient’s
dysarthria improved drastically. After the apheresis,
the patient articulated normally. Also, he could walk
without any form of assistance and had regained his
muscle force. His orientation improved (i.e., he now
remembered his telephone number and other de-
tails). The patient was stable over the following days
and left the hospital within 1 week. A slight apraxia
of his hand remained. During the next visit, the pa-
tient reported minor memory problems but not in
relation to his job as a night porter. One month later,
his memory caused no further problems.

The good outcome in this case is remarkable be-
cause this patient had a most severe, generalized
atherosclerosis with previous strokes, severe lower
extremity arterial disease, and ischemic cardio-
myopathy with subsequent heart transplantation in
1991. One kidney was extirpated because he had
urothelial cancer.

CASE II

A 60 year old female patient was admitted to the
hospital with chest pain. She had sustained anginal
pain at rest for 3 days, aggravated by an influenza-
like infection with fever and bronchitis.

The electrocardiogram showed a sinus tachycardia
of 119/min; low voltage; QRS axis to the left: −70°,
left anterior fascicular block and right bundle branch

block; ST segment elevation and Q in II; aVF, and
V6; R reduction in V5; and ST segment depression in
V1–2. The laboratory analysis confirmed the diagno-
sis of a myocardial infarction. On admission, tropo-
nin I was 244 ng/mL (reference: <0.5 ng/mL), the
creatine kinase (CK) activity 377 U/L (ref. < 80 U/L)
to which the cardiac-specific isoenzyme of the CK
containing M and B subunits (CK-MB) contributed
15% (Table 1). Aspartate aminotransferase (GOT)
was 62 U/L (ref: < 15 U/L), LDH 666 U/L (ref. < 240
U/L) (Table 1).

FIG. 1. Case I: Diffusion imaging of the brain on admission,
showing the fresh territorial infarction of the right cerebri media
artery (white area with reduced diffusion caused by the cytotoxic
edema) (A). Case I: Magnetic resonance imaging scan of the brain
on admission, showing the fresh infarction of the right cerebri
media artery (T2-weighted image) and multiple white matter le-
sions reflecting old microangiopathic lesions (B).
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Coronary angiography revealed a distal occlusion
of the right coronary artery that most probably ac-
counted for the acute symptoms but was not acces-
sible to intervention (Fig. 2). The patient had a his-
tory of severe, diffuse transplant-associated coronary
artery disease after heart transplantation 1994. The
left ventricular function was reduced but not quan-
tified by ventriculography with regard to her el-
evated creatinine levels of 3.7 mg/dL.

It was too late for thrombolytic therapy because of
the onset of symptoms 3 days prior. We performed
one HELP apheresis which had the following imme-
diate effects. Her anginal pain disappeared, and the

monitor recorded less irregular heartbeats. Pulse and
blood pressure remained stable. After only 2 hours
of treatment, the creatine kinase (CK) activity had
dropped by 65% and CK mass by 72% (Table 1).
The myocardial markers again increased several
hours after apheresis but not up to the initial level
(Table 1). This kind of wash out effect can be also
observed after successful PTCA or thrombolytic
treatment. In parallel, a pronounced acute-phase re-
action could be observed: C-reactive protein (CRP)
was 24.7 mg/dL (ref. <0.5 mg/dL), fibrinogen was 787
mg/dL (ref. < 400 mg/dL), presumably triggered by
the preceding infection. Thrombocyte aggregation
was raised as indicated by a curtailed in vitro bleed-
ing time of 51 s (ref. 71–118 s for adenosine diphos-
phate [ADP] [8]). An enormous amount of fibrino-
gen (25.4 g) was precipitated by the apheresis.

HELP apheresis lowered plasma fibrinogen by
81%, CRP by 79%, and also the global clotting ac-
tivity from normal values to a prothrombin time
(PT) of 39% and an activated thromboplastin time
(aPTT) to 83 s (Table 1). Contrary to the usual
course in unstable angina with ensuing infarction,
the patient recovered extraordinarily fast; heparin
infusion was stopped the next day. She was dis-
charged after 1 week. Three months later she re-
ported no health problems; in the mean time, left
ventricular function measured by echocardiography
was in the lower normal range.

DISCUSSION

The positive outcome in both cases and ongoing
studies urge treatment at a preliminary stage be-
cause there are obvious and potentially substantial
implications for the treatment of acute cardiovascu-
lar syndromes.

TABLE 1. Clinical laboratory values during treatment

Therapy

HELP treatment I.V. heparin and nitrates until day 2

Before Day 1:
11:00 h

After
13:00 h

Reduction
by HELP

Day 1,
20:00 h Day 2 Day 3 Day 4 Day 7

CK [U/L] 377 133 −65% 174 143 70 40 16
CK-MB [U/L] 57 20 −65% 35 23 — — —
CK mass [ng/mL] 127 35 −72% 42 28 8.8 3.3 1.1
Troponin I [U/L] 244 180 −25% 184 215 134 103 28
Creatinine [mg/dL] 3.7 2.9 −22% 3.5 3.0 2.6 3.1 2.7
Fibrinogen [U/L] 787 150 −81% 310 439 487 515 405
CRP [mg/dL] 24.7 5.2 −79% 11.0 7.8 2.7 1.9 1.0
Lp(a) [mg/dL] 100 20 −80% — — 83 62 —
PT [%] 80 39 −51% 75 90 85 80 80
aPTT [s] 39 83 +106% 126 39 51 39 39
GOT [U/L] 62 — 47 33 17 11 11
LDH [U/L] 666 — 658 541 — 244 247

CK: creatine kinase, CK-MB: cardiac-specific isoenzyme of the creatine kinase containing M and B subuits, CK mass: creatine kinase
mass, CRP: C-reactive protein, Lp(a): lipoprotein (a), PT: prothrombin time, aPTT: activated partial thromboplastin time, GOT: aspartate
aminotransferase, LDH: lactate dehydrogenase.

FIG. 2. Case II: Coronary angiography in Sones technique, show-
ing the right coronary artery with diffuse transplant-associated
coronary artery disease and distal occlusion (RAO projection).
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Energy production of cerebral and myocardial
cells is oxygen dependent with very little anaerobic
reserve. The oxygen supply can be augmented by
restoring forward blood flow or by increasing the
collateral circulation. HELP apheresis contributes in
both ways: There is no doubt as to the apheresis
promoting the disintegration of the occluding throm-
bus. We see that approximately 80% of plasma fi-
brinogen (the essential link for platelet-platelet-
interaction), 80% of von Willebrand factor (the
essential link for platelet-endothelial-interaction),
65% of factor XIII (the essential stabilizer of the
fibrin strands), 80% of prothrombin (the precursor
of the key enzyme of coagulation and platelet aggre-
gation), 50% of factor VII (the trigger of the intrinsic
coagulation cascade), 79% of CRP (the stimulus for
tissue factor expression by macrophages), 80% of
LDL-C (the critical compound of the unstable
plaque), and 80% of lipoprotein (a) (the thrombo-
genic competitor of plasminogen) has been washed
out (Table 1).

The abrupt reduction of the blood concentration
of the aforementioned blood constituents has a di-
rect impact on the concentration within the throm-
bus, because, according to Raoult’s law of osmotic
diffusion between two solutions, every concentration
difference seeks a balance. Both solutions equalize
by diffusion. Consequently, removing the clotting
factors from the blood exerts suction onto the links
of the thrombus that melts the thrombus.

Thrombus formation occurs as a dynamic process
over several days, and metabolic changes such as
hibernation or stunning protect the surrounding
ischemic tissue; therefore, treatment might still
prove beneficial after 2 or 3 days. Efficacy is limited
by increasing the stability of the thrombus. Stability
largely depends on the presence of factor XIII. The
simultaneous reduction of von Willebrand factor and
factor VII accelerates thrombus disintegration, be-
cause both factors fix the thrombus on the ruptured
plaque or the vessel wall, respectively (9,10).

The intensity of apheresis treatment regarding the
percentage of reduction of clotting factors and lipo-
proteins can be individually controlled: the more the
clotting factor concentration is lowered, the faster
the thrombus dissolves. Theoretically, plasma fi-
brinogen could be washed out completely. As to fi-
brinogen, we refer to a threshold concentration of 80
mg/dL for safety reasons. Treatment normally lasts 2
hours, but more than 90% of the precipitation occurs
in the first hour. It should be mentioned that the
HELP system does not induce a systemic fibrinolytic
state comparable to reteplase or streptokinase
(9,10) which explains why this treatment never pro-

voked serious bleeding complications in more than
200,000 treatments worldwide.

Besides the postulated effects on forward blood
flow, treatment improves the collateral blood flow.
We know from previous studies that a single HELP
apheresis leads to 9.7–19.9% more cerebral blood
flow verified by 133Xe-SPECT study (11), 14% more
cerebral CO2 reactivity using transcranial Doppler
during hypercapnia (12), 25–30% more coronary
blood flow and flow reserve by 13N-ammonia PET
studies (13,14), 16–34% higher muscle oxygen ten-
sion (7), and 33–50% higher transcutaneously mea-
sured partial pressure of oxygen (15).

Blood flow velocity increases because a single
apheresis lowers plasma viscosity by 15–20% and
erythrocyte aggregation by 60% which is a conse-
quence of fibrinogen removal (7,10). A better micro-
circulation ensues, because capillary perfusion is de-
termined mainly by plasma viscosity. The hematocrit
here is a mere 10% (Fahraeus-Lindquist effect). Less
erythrocyte aggregation and plasma viscosity facili-
tates oxygen delivery. This also facilitates clearance
of toxic metabolic products from the infarcted area.
Furthermore, the reduction of LDL-cholesterol ben-
eficially affects endothelial function and flow reserve
(13).

It is likely that all these effects do their part to
limit ischemia at distance and may also prevent sec-
ondary deterioration. One might take advantage of
the HELP apheresis in that it reaches vascular ter-
ritories that are not accessible to cardiologic or sur-
gical interventions. Lehner and Walzl (11) were first
to study patients with multiinfarct disease and cere-
bral infarctions: repeated HELP treatment signifi-
cantly improved neurological recovery as studied
with the Mathew scale and the Mini-Mental-State
Examination.

Notably, the available time span for application of
HELP treatment is not as limited as it is for fibrino-
lytic drugs. There is evidence from long-lasting ex-
perience in the chronic treatment of 1,000 patients
and from previous studies confirming the HELP
treatment is very well tolerated and compatible with
other interventions (PTCA and bypass surgery) or
standard medical therapy (2–6). The treatment is
easy to handle and ready for application.

CONCLUSIONS

Our preliminary results indicate that the HELP
therapy may become an important complementary
or alternative approach for patients experiencing an
acute cardiovascular event. The effectiveness of
HELP apheresis in stroke, unstable angina, and
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myocardial infarction needs to be further investi-
gated.
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