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Abstract

Introduction: Homozygous or severe heterozygous familial hypercholesterol-

emia and elevated lipoprotein(a) levels may be treated with membrane filtra-

tion. The MONET system (Fresenius Medical Care, Bad Homburg, Germany)

involves plasma separation by centrifugation or filtration.

Methods: Whether the method of plasma separation affects lipoprotein lower-

ing and treatment safety was investigated in a single-center retrospective study.

Results: The centrifugation-based plasma separation achieved a higher

plasma flow and shorter time to treat 1 L of plasma (46.2 ± 8.6 min), than the

filtration-based system (71.5 ± 40.0 min; p = 0.001). The mean reduction of

LDL-cholesterol was 69% and 67% with centrifugation and filtration and was

75% for lipoprotein(a) with both plasma separation methods. A reduction of

IgM by more than 60%, of albumin and total protein by approximately 20%

and low frequency of side effects was observed.

Conclusions: The efficacy of lowering atherogenic lipoproteins was compara-

ble with both plasma separation methods. Centrifugation was more time-

efficient compared to filtration.
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1 | INTRODUCTION

Homozygous or severe heterozygous familial hypercholes-
terolemia and elevated levels of lipoprotein(a) (Lp(a)) are
serious risk factors for cardiovascular diseases [1–3].
Besides lifestyle and nutritional measures, primary thera-
pies are of pharmacological nature, among those statins
and the recently introduced PCSK-9 inhibitors [4–6]. In
patients with intolerance to available drugs or in those not
sufficiently responding to drug therapy, the use of

extracorporeal blood purification techniques is considered
to lower blood levels of LDL-cholesterol and Lp(a) [7–10].
These include various apheresis techniques, which aim to
lower blood levels of atherogenic LDL-cholesterol and
Lp(a) [4]. In addition, pleiotropic effects of lipoprotein
apheresis may further contribute to lowered atherogenic
risk [4, 11]. Few studies have addressed the association of
lipoprotein apheresis with the risk of cardiovascular
events. A reduction of cardiovascular risk could be identi-
fied [12–15]; however, further long-term studies are
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required on the association of lipoprotein apheresis with
the long-term prognosis of affected patients.

Some lipoprotein apheresis systems eliminate lipopro-
teins from whole blood, such as the DALI adsorber or the
Liposorber D [16, 17]. Others eliminate lipoproteins from
plasma and therefore require first plasma separation,
either by filtration or centrifugation. Both plasma frac-
tionation methods were established earlier to separate
plasma from whole blood for therapeutic purposes and to
extract plasma proteins from donor blood and were
investigated for efficacy in terms of plasma extraction
rate and low platelet contamination of the plasma frac-
tion [18, 19]. In lipoprotein apheresis, a second step
removes atherogenic lipoproteins from plasma which can
be achieved by different techniques—either adsorption,
precipitation, or filtration. The latter uses a specific filter
to separate molecules based on their size. This can be
realized with the MONET system, where a second filter
with high permeability for proteins <100 kDa (90%) and
low permeability for proteins >1000 kDa retains the lipo-
proteins, whereas other plasma proteins pass the filter
and are returned to the plasma circuit and then to the
patient's circulation [4]. An observational multicenter
study revealed a mean reduction rate of 64% for LDL-
cholesterol and of 67% for Lp(a) with the MONET system
[20]. Treated plasma volume was the strongest predictor
of efficacy of treatments with the MONET system. There-
fore, the effectiveness of the plasma separation technique
to provide a high plasma yield in a given time could be of
importance for the efficacy of lipoprotein reduction. Clin-
ical data comparing the use of centrifugation and filtra-
tion for plasma separation in lipoprotein apheresis is
scarce. Therefore, this retrospective study was performed
to compare specifically both methods of plasma separa-
tion in view of the efficacy of lipoprotein reduction and
treatment safety.

2 | MATERIAL AND METHODS

2.1 | Study objectives and procedures

The objective of this retrospective, single-center study has
been the efficacy and safety of lipoprotein apheresis with
the MONET filter employing plasma separation either
with membrane filtration or centrifugation. Plasma sepa-
ration was performed either by filtration with the
Plasmaflux P2 dry filter using the Art Universal machine
and Art tubing sets (all Fresenius Medical Care, Bad
Homburg, Germany) or by centrifugation using the
COM.TEC system including the P1R tubing system (both
Fresenius Kabi, Bad Homburg, Germany). The COM.
TEC system was connected to the MONET filter

(Fresenius Medical Care, Bad Homburg, Germany) using
the BioRet tubing system (Aries s.r.l., Mirandola, Italy).
Anticoagulation of the extracorporeal circuit in both sys-
tems was achieved by using citrate (acid-citrate-dextrose,
ACD-A solution), which is continuously infused in the
extracorporeal circuit before centrifugation or before the
plasma filtration filter in case of centrifugation or filtra-
tion for plasma separation, respectively. All patients
received apheresis via peripheral veno-venous access.

Plasma derived from either plasma separation tech-
nique enters the MONET filter, the membrane of which
has low permeability for proteins >1000 kDa, with a siev-
ing coefficient for LDL-cholesterol of ≤0.09. This should
result in retaining lipoprotein complexes, whereas
smaller plasma proteins can pass the membrane and are
returned to the patient.

Patient demographic, medical, treatment-related, and
laboratory data were obtained from routine documenta-
tion in patient records.

2.2 | Patients

Patients with a very high cardiovascular risk consisting of
a manifest cardiovascular disease and severe dyslipidemia
with elevated LDL-cholesterol and/or Lp(a) beyond the
secondary prevention limits [21, 22] and treated between
May 2013 and January 2020 with MONET lipoprotein
apheresis were included into this study on performance
(i) if plasma separation was performed by centrifugation
with the COM.TEC system; (ii) if plasma separation was
performed with filtration in these patients as well; and
(iii) if pre- and posttreatment laboratory data on lipids
and lipoproteins were available. Safety data routinely col-
lected before and after apheresis using both plasma sepa-
ration methods during this time period were analyzed,
too. Frequency of side effects was based on all treatments
performed during this time period.

All patients had given their informed consent to use
their clinical data for secondary data analysis for research
purposes at time of enrolment into the apheresis pro-
gram. All data used for analysis were pseudonymized. No
ethics committee was consulted due to the retrospective
nature of the study.

2.3 | Analysis

Results on continuous variables are given as mean and
standard deviation (mean ± SD). Data were tested for
normality (Kolmogorov–Smirnov test), in case of non-
normality, differences between the results were tested
using the Wilcoxon signed-rank test for dependent
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samples and Mann–Whitney U test for independent sam-
ples. A p value <0.05 was considered statistically signifi-
cant. Calculated p values serve as descriptive measures
only. If possible (given start and end values), plasma con-
centrations were corrected using the formula [23]:
Ccorr = c* (Hct0/Hctn)*(1-Hctn)/(1-Hct0)
(Hct0 = pretreatment hematocrit; Hctn = hematocrit
value at sampling time n). Whole blood measures (blood
cell counts) were corrected using the formula [24]:
Ccorr = C*Hct0/Hctn. Analyses of reduction rates were
performed comparing the means of patient individual
means of all treatments.

All statistical analyses were performed with the IBM
SPSS for Windows software, version 22.

3 | RESULTS

Between May 2013 and January 2020, 2562 treatments with
filtration for plasma separation and 1497 treatments with
centrifugation for plasma separation were performed. Four-
teen patients, who fulfilled the inclusion criteria for this ret-
rospective study on performance, underwent in total
476 lipoprotein apheresis treatments with centrifugation
using the COM.TEC system as plasma separation method.
Twelve of these fourteen patients received also lipoprotein

apheresis treatments with filtration as the plasma separa-
tion technique during this period. Patient demographic data
and plasma lipoprotein profiles at patient individual start of
lipoprotein apheresis are displayed in Table 1.

In total, 476 treatments with centrifugation and 410
treatments with filtration for plasma separation were
included in the analysis for performance. Patients received
between 1 and 93 treatments with centrifugation and
between 1 and 128 treatments with filtration as plasma
separation method. The mean treated plasma volume was
with centrifugation significantly higher than with filtration
for plasma separation. Mean treatment time was signifi-
cantly shorter for the centrifugation-based system than
with treatments employing plasma filtration; in conse-
quence, the required time to treat 1 L of plasma with the
centrifugation-based system was significantly lower than
with the filtration-based system (Table 2). Hence, the
centrifugation-based procedure yields a higher plasma
flow rate than the filtration-based procedure.

There were no significant differences in the reduction
rates for any lipoprotein between the plasma separation
procedures comparing the patient means of the treat-
ments intraindividually (Figure 1). The patient mean
LDL-cholesterol reduction was 69% and 67% in treat-
ments with centrifugation and filtration for plasma sepa-
ration, respectively. Ninety-three percent and ninety
percent of treatments with plasma separation by centrifu-
gation and filtration, respectively, achieved an LDL-
cholesterol reduction by ≥60%. High-density lipoprotein
(HDL)-cholesterol was reduced by 29% and 26% in treat-
ments with centrifugation and filtration for plasma sepa-
ration, respectively. The mean reduction of Lp(a) based
on patient means amounted to 75% with both plasma
separation methods (Figure 1).

In view of safety, posttreatment laboratory parameters
are displayed as (hematocrit-corrected) percentage of pre-
treatment value (Figure 2). Whereas blood cells did not
change, a considerable reduction of immunoglobulins,
particularly of IgM by more than 60% irrespective of the
plasma separation method, and an approximately 20%
reduction of albumin and total protein was observed.
Despite this, the long-term pretreatment values of these

TABLE 1 Patient description at start of first lipoprotein

apheresis

Parameter

Mean ± SD

N = 14

Age 57.6 ± 16.2

Sex (male/female) 6/8

Lipoprotein parameters

Total cholesterol (mmol/l) 7.1 ± 3.1

LDL cholesterol (mmol/l) 4.5 ± 2.7 (N = 13)

HDL cholesterol (mmol/l) 1.8 ± 1.0

Triglycerides (mmol/l) 3.7 ± 5.4

Lp(a) (mg/dL) 95.2 ± 38.1 (N = 10)

TABLE 2 Achieved treatment parameters with both methods of plasma separation

Parameter Centrifugation (COM.TEC) Plasma filtration (Art Universal) p

No. of patients 14 12

No. of treatments 476 410

Treated plasma volume, mL 3863 ± 451 3506 ± 459 <0.001

Treatment time, min 161.7 ± 18.2 229.8 ± 57.6 0.001

Time to treat 1 L of plasma, min 46.2 ± 8.6 71.5 ± 40.0 0.001

Note: Mean ± SD.
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parameters did not decrease over up to 7 years, as could be
documented in patients having been treated for 4–10 years
with centrifugation (n = 5) or filtration (n = 4) as plasma
separation method. Fibrinogen was not measured post-
treatment; however, the mean pretreatment values of
360 and 335 mg/dL with centrifugation and filtration,
respectively, as plasma separation method indicate a post-
treatment recovery of fibrinogen within normal ranges.

Side effects as documented in the patient record are
given in Table 3. The most frequent side effects observed

with centrifugation for plasma separation was hypoten-
sion and tingling, with filtration, nausea was most
frequently observed. Overall, the frequency was below
1% of all treatments for any category of side effect.
Technical issues were mostly related to the puncture for
vascular access which had to be repeated in 8.2% and
6.9% of treatments applying centrifugation or filtration,
respectively. Flushing of the MONET filter turned out
to be necessary, likely due to increased transmembrane
pressure (TMP) during the course of the treatment. This
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FIGURE 1 Reduction rates of lipids after lipoprotein apheresis with plasma centrifugation (COM.TEC) (n = 14, Lp(a): n = 11) and

plasma filtration (Art Universal) (n = 12, Lp(a): n = 9)

FIGURE 2 Safety

laboratory parameters after

lipoprotein apheresis with

plasma centrifugation (COM.

TEC) and plasma filtration (Art

Universal) (hemoglobin,

erythrocytes, thrombocytes,

leukocytes: n = 14/12 [COM.

TEC/Art Universal], IgA, IgG,

albumin, total protein:

n = 10/11, IgM: n = 9/11), given

as hematocrit (Hct) corrected

value relative to the

pretreatment value; *p < 0.05

COM.TEC vs. Art Universal

system, Mann–Whitney U test
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was documented from the year 2016 onwards. During
the years 2016–2020, filter flushing was required in
41.1% of the treatments applying centrifugation, and in
3.6% of treatments applying filtration as plasma separa-
tion method. Apart from flushing, any technical issue
occurred in 12.1% and 8.6% of treatments with centri-
fugation or filtration as plasma separation method,
respectively.

4 | DISCUSSION

This retrospective study, which includes real-world data,
provides clinical insights into the previously scarcely
studied comparison of plasma separation by centrifuga-
tion and filtration for lipoprotein apheresis and its impact
on performance and safety. It confirmed a comparable
efficacy of LDL-cholesterol reduction by 69% and 67%
with MONET lipoprotein apheresis treatments emplo-
ying centrifugation or filtration for plasma separation.
This was achieved at shorter treatment times with centri-
fugation than with filtration. The extent of lowering of
LDL-cholesterol met the requirements to LDL-cholesterol
apheresis efficacy of >60% LDL-cholesterol reduction

as formulated by the Federal Joint Committee
(Gemeinsamer Bundesausschuss) in Germany [25], and
was in the range also found in previous studies [20,
26, 27]. No minimal reduction rate for Lp(a) has been for-
mulated so far, but the achieved reduction rate by in
average 75% is at the upper end and above the published
performances of a broad range of apheresis techniques
[28, 29], and as reported previously with the same
MONET system [20, 26, 27]. This reduction rate in our
study cohort suggests a lowering from a pre-treatment
Lp(a) level of approximately 100 mg/dL to below 50 mg/dL,
a level above which an elevated risk of cardiovascular
events has been estimated [30].

In the plasma filtration procedure employed in this
cohort using the Art Universal system, the blood/plasma
flow was fixed to ≥3:1, whereas the centrifugation
method using the COM.TEC system allowed a blood/
plasma flow ratio of 2:1, thus delivering a reasonable
plasma flow even if the blood flow is limited, for exam-
ple, due to difficult vascular conditions. The advantages
of the centrifugation method are, therefore, the resulting
shorter treatment times compared with the filtration
methods at equal efficacy. Similar findings on shorter
treatment times and higher plasma removal efficacy
with centrifugation-based plasma separation have
been published for total plasma exchange (TPE) [31, 32].
Centrifugation-based TPE could, in comparison to
filtration-based TPE, reduce treatment time without
compromising treatment efficacy. This can be viewed as
an advantage in supporting patient acceptance and is par-
ticularly relevant in centers that perform many interven-
tions per year. In addition to the actual treatment time,
the time for preparation of the devices and the patients is
relevant. These were reported as 10–15 min for centrifu-
gation with the COM.TEC device and 15–20 min with
the Art Universal device. However, a thorough time and
cost analysis, as already published for other devices [32],
could provide further evidence for the acceptability of the
method.

The target population for centrifugation-based plasma
separation therefore includes patients with vascular con-
ditions that might limit blood flow and, in consequence,
plasma flow. This may avoid the need for an arteriove-
nous shunt as vascular access.

Since the method of lipoprotein filtration is rather
size than molecule specific, also other proteins in the
respective size range may decrease [11]. The anti-
atherogenic HDL decreased by 29% and 26% with the
centrifugation- and filtration-based plasma separation,
respectively, slightly more than previously reported [20].
Albumin and total protein were only moderately lowered
by approximately 20%, slightly more than reported by
Kozik-Jaromin et al. [33] and by Julius et al. [34]. Most

TABLE 3 Safety of lipoprotein apheresis with plasma

centrifugation (COM.TEC) and plasma filtration (Art Universal) as

frequency of patient-related side effects,a given as percentage of all

treatments in the observation period (COM.TEC: n = 1497; Art

Universal: n = 2562)

Side effect
Centrifugation
(COM.TEC)

Plasma filtration
(Art Universal)

Patient-related
side effects

Hypotension 0.43% 0.13%

Tingling (Ca) 0.39% 0.07%

Dizziness 0.31% 0.20%

Hypertension 0.23% 0.00%

Malaise 0.16% 0.07%

Headache 0.12% 0.20%

Nausea 0.12% 0.53%

Cramps
(legs)

0.08% 0.20%

Technical
issues

New
puncture

8.2% 6.9%

Filter
flushing

23.0% 1.6%

aAll other categories of side effects occurred in less than 0.1% of treatments
in both groups.
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prominent was the lowering of IgM levels by more than
60%, which exceeded that reported by Julius et al. [34],
and which was comparable to that reported by Kozik-
Jaromin et al. [33]. Obviously, the immunoglobulins
recover after treatment, likely by redistribution from non-
plasmatic compartments and de novo synthesis, which
was supported also by long-term follow-up of pre-
treatment immunoglobulin values in single patients,
which rather increased than decreased (data not shown).
The elimination capacity of lipoprotein filtration for
immunoglobulins has been therapeutically acknowl-
edged in treating AB0 incompatible transplant recipients
[35]. Unfortunately, we could not assess the lowering of
fibrinogen by membrane filtration due to lack of post-
treatment values in patient records. Earlier studies have
shown fibrinogen reduction of 58% [33] and 50% [34]
with the MONET system. These studies and our data on
side effects do not support a long-term reduction of
plasma fibrinogen that would put patients at increased
bleeding risk. With mean values of 360 and 335 mg/dL
fibrinogen at start of treatment with centrifugation and
filtration as plasma separation method, respectively, and
a presumed reduction rate of 50%–60%, posttreatment
values should rarely be less than 100 mg/dL, a minimum
level associated to achieving normal hemostasis [36]. The
pretreatment values were comparable to those described
by Julius et al. [26], who reported mean posttreatment
values of approximately 200 mg/dL with the MONET
lipoprotein apheresis system. The protein-lowering effect
of plasma filtration can also be used therapeutically, for
example, in rheopheresis for indications that require a
reduction in plasma viscosity, such as in age-related mac-
ular degeneration or sudden hearing loss [7].

With centrifugation-based plasma separation, we
observed a more frequent need for flushing the MONET
plasma fractionator than with filtration-based plasma
separation. This flushing is triggered by an elevated TMP.
Plasma separated by centrifugation may have a higher
viscosity or different composition such as higher residual
thrombocyte count as also described earlier [19], which
may lead to depositions on the membrane surface, which
in turn leads to a rise in TMP. Nevertheless, the increased
flush rate had no negative effect on long-term pre-
treatment protein levels.

The low frequency of patient-related side effects dem-
onstrated that both methods of plasma separation used
for MONET lipoprotein apheresis result in safely per-
formed treatments. Technical issues affected mainly the
vascular cannulation, which was independent from the
plasma separation system.

Our study has certain limitations. Due to its retro-
spective nature, we had to rely on available data, without

control of treatment order, allocation criteria, and docu-
mented parameters. Therefore, only about 25% of treat-
ments performed in the center could be included in the
performance analysis. The single-center setting, small
number of patients, in most cases an imbalance in the
number of treatments with either system within a patient
cannot rule out potential bias. However, the real-world
setting is also a strength of the study as it reflects current
practice and provides new data since as yet clinical data
on filtration-based lipoprotein apheresis with centrifuga-
tion for plasma separation are scarce. To investigate the
impact of lipoprotein apheresis on cardiovascular risk
was beyond the scope of this study, but long-term, multi-
center, and adequately powered studies for this objective
would be warranted.

5 | CONCLUSION

Lipoprotein apheresis employing membrane filtration
showed comparable efficacy of lowering atherogenic lipo-
proteins with both filtration or centrifugation as plasma
separation methods. Centrifugation is more time effi-
cient, requiring less time to treat the same plasma vol-
ume. This can be an advantage in patients with a difficult
vascular situation, allowing the use of a peripheral vascu-
lar access at low blood flow rates and avoiding an arterio-
venous shunt as vascular access, eventually facilitating
lipoprotein apheresis with its potential lowering of
atherogenic risk.
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