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Lipoprotein apheresis affects 
the concentration of extracellular 
vesicles in patients with elevated 
lipoprotein (a)
Joanna Marlęga‑Linert 1, Aleksandra Gąsecka 2,3, Edwin van der Pol 3,4, Agnieszka Kuchta 5, 
Krzysztof J. Filipiak 6,7, Marcin Fijałkowski 1, Marcin Gruchała 1, Rienk Nieuwland 3,8 & 
Agnieszka Mickiewicz 1,8*

Lipoprotein apheresis (LA) is a therapeutic option for hyperlipoproteinemia(a) (hyper‑Lp(a)) and 
atherosclerotic cardiovascular disease (ASCVD). LA improves blood rheology, reduces oxidative 
stress parameters and improves endothelial function. The underlying molecular mechanisms of 
LA beneficial effects are unknown, but it has been suggested that LA exhibits multiple activities 
beyond simply removing lipoproteins. We hypothesized that LA removes not only lipoproteins, 
but also extracellular vesicles (EVs). To test this hypothesis, we performed a prospective study 
in 22 patients undergoing LA for hyper‑Lp(a) and ASCVD. Different EVs subtypes were measured 
before and directly after LA, and after 7 days. We used calibrated flow cytometry to detect total 
particle concentration (diameter >  ~ 100 nm), total lipoproteins concentration (diameter > 200 nm, 
RI > 1.51), total EV concentration (diameter > 200 nm, RI < 1.41), concentrations of EVs derived 
from erythrocytes (CD235a+; diameter > 200 nm, RI < 1.41), leukocytes (CD45+; diameter > 200 nm, 
RI < 1.41) and platelets (CD61+, PEVs; diameter > 200 nm, RI < 1.41). LA reduced the concentrations 
of all investigated EVs subtypes and lipoproteins. Lp(a) concentration was lowered by 64.5% [(58% – 
71%); p < 0.001]. Plasma concentrations of EVs > 200 nm in diameter derived from platelets (CD61 +), 
leukocytes (CD45+) and erythrocytes (CD235a+) decreased after single LA procedure by 42.7% 
[(12.8–54.7); p = 0.005], 42.6% [(29.7–54.1); p = 0.030] and 26.7% [(1.0–62.7); p = 0.018], respectively, 
compared to baseline. All EV subtypes returned to the baseline concentrations in blood plasma after 
7 days. To conclude, LA removes not only Lp(a), but also cell‑derived EVs, which may contribute to LA 
beneficial effects.

Abbreviations
LA  Lipoprotein apheresis
ASCVD  Atherosclerotic cardiovascular disease
hyper-Lp(a)  Hyperlipoproteinemia(a)
EVs  Extracellular vesicles
Lp(a)  Lipoprotein (a)
MACE  Major adverse cardiovascular events
FH  Familial hypercholesterolemia

Lipoprotein (a) (Lp(a)) is an LDL-like particle, which concentration is independently and linearly associated with 
increased risk of myocardial infarction, stroke, cardiovascular (CV) death and aortic stenosis  progression1–11. 
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Currently, there are no clinically introduced, commercially available and approved medications that can effi-
ciently lower Lp(a) blood concentration. Although proprotein convertase subtilisin/kexin 9 (PCSK9) inhibitors 
can reduce Lp(a) concentrations along with cardiovascular risk, they are not registered to treat isolated hyper-
Lp(a)7. New agents including pelacarsen, olpasiran, SLN360 and muvalaplin which target apo(a) are currently 
being investigated in clinical trials.

Alternatively, Lp(a) blood concentration of can be reduced by lipoprotein apheresis (LA), which is currently 
used to treat patients with elevated Lp(a) concentrations and progressive atherosclerotic cardiovascular disease 
(ASCVD)12–20. LA decreases Lp(a) concentration by 73% and reduces the rate of major adverse CV events 
(MACE) by 86%21,22. The lipid-lowering effect has been suggested to be the main mechanism responsible for 
this clinical benefits of LA. However, LA exhibits also pleiotropic effects, which act in concert with its lipid-
lowering mode of  action23–25. LA improves blood rheological properties by decreasing its  viscosity26, reduces 
oxidative stress and microalbuminuria, increases flow-mediated vasodilation, and improves endothelial function 
by affecting circulating endothelial cells and progenitor  cells27. LA also mobilizes adult stem cells and lowers 
the expression of stress response genes. Additionally, LA reduces the expression of microRNAs involved in 
atherosclerosis development and  progression28–30. However, there is lack of data about the effect of LA on the 
concentrations of circulating extracellular vesicles (EVs). EVs are cell-derived, membrane-enclosed particles 
that have heterogeneous properties and can be divided into subgroups based on their size, origin, or formation 
 process31. EVs have emerged as mediators of intercellular communication by transporting various molecules, 
including proteins, lipids, nucleic acids, cytokines, chemokines, and signaling ligands between cells. EVs also 
contribute to homeostasis maintenance and are involved in the pathophysiology of inflammation, thrombosis, 
and neo-angiogenesis, all of which underly ASCVD. Monitoring changes in plasma EV concentrations can 
be used as a tool to assess the severity and progression of  ASCVD32–34. Therefore, EVs may serve as novel CV 
 biomarkers35–38. For example, concentration of platelet-derived EVs was higher in patients with acute coronary 
syndrome than those in the control  group39,40. Increased concentrations of EVs were also found in patients with 
familial hypercholesterolemia (FH) compared to non-FH  patients41. LA therapy has been shown to reduce EV 
concentration in patients with  FH42. Recently, our understanding of EVs role has evolved from signaling markers 
to important effectors of intracellular communication. Therefore, EVs are increasingly being investigated as new 
pharmacological targets, giving promise for a new direction of targeted therapy.

To our knowledge, we are the first to studywhether LA can affect concentrations of various EV subtypes in 
patients with hyper-Lp(a) and ASCVD. We hypothesized that LA procedure may not only remove lipoproteins 
but also remove EVs, and their removal may be associated with reducing the risk of CVD.

Materials and methods
This prospective study was conducted at the First Department of Cardiology, Medical University of Gdansk, 
Poland. The study protocol was designed in compliance with the Declaration of Helsinki and approved by the 
Ethics Committee of the Medical University of Gdansk (Approval Number KB/428/2018-2022). All participants 
provided written, informed consent.

We included 22 patients (8 females and 14 males) who underwent biweekly LA procedures in 2022. LA ther-
apy was initiated based on the following recommendations: hyper-Lp(a) with an Lp(a) concentration > 100 mg/
dl in patients with documented ASCVD.

All patients received the standard treatment according to the guidelines, including the maximal tolerated 
dose of statins in combination with ezetimibe. None of them was treated with PCSK9 inhibitors. The data col-
lected included demographics (age, sex), body mass index, Lp(a) concentration at diagnosis, and cardiovascular 
risk factors (including familial hypercholesterolemia, chronic kidney disease, smoking, diabetes, and arterial 
hypertension). Clinical and biochemical characteristics of the study group is presented in Supplemental File 1. 
The patient diagnosed with chronic kidney disease had GFR of 53 ml/min/1.73 m2. Biochemical parameters at 
baseline and immediately before and after the LA procedure, were performed at the local laboratory and included 
lipid, biochemical, and coagulation profiles.

Lipoprotein apheresis procedures
Patients underwent regular LA, with cascade filtration technique (MONET/Fresenius) which is the method 
of selective, extracorporeal removal of pro-atherosclerotic lipid particles. In the first step, the MONET system 
separates plasma from blood cells. In the second step, plasma is transferred through a specific membrane capil-
lary filter, with high permeability for proteins < 100 kDa (90%) and low permeability for proteins > 1000 kDa. 
The manufacturer does not provide details on pore size of the filter, as the membranes are characterized via 
their sieving coefficients. In practice, the MONET system allows albumin, HDL, and smaller immunoglobulins 
to pass, whereas Lp(a), LDL, VLDL and chylomicrons, are retained and thereby removed from the  plasma43.

All procedures were performed via peripheral venous access. Acid citrate dextrose and heparin were used 
as the anticoagulants.

EV blood collection and handling
Peripheral venous blood samples were collected from fasting patients according to recent guidelines to study 
 EVs44. Each patient had blood collected at three points in time: immediately before and after a single LA pro-
cedure, and then 7 days later. Briefly, blood was collected in 3.5 mL EDTA plastic tubes (Becton Dickinson) via 
antecubital vein puncture using a 21-gauge needle, without a tourniquet. Within 15 min from blood collection, 
platelet-depleted plasma was prepared by double centrifugation using an Eppendorf Centrifuge 5702R, equipped 
with a swing-out rotor and a radius of 132 mm (Eppendorf, Hamburg, Germany). The centrifugation parameters 
were as follows: 2500×g, 15 min, 23 °C, acceleration speed one, and no brake.
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The first centrifugation step was done using 3.5 mL whole blood collection tubes. The supernatant was col-
lected at 10 mm above the buffy coat. The second centrifugation step was performed with 1 mL of plasma in 
10 mL polypropylene centrifuge tubes. Supernatant (platelet-depleted plasma) was collected 5 mm above the 
bottom of the tube, transferred into 10 mL polypropylene centrifuge tubes, mixed by pipetting, transferred to 
0.5 mL Eppendorf tubes (Greiner Bio-One, Kremsmünster, Austria), and stored at − 80°C until analysis. Prior 
to analysis, the samples were thawed for 1 min in a water bath at 37 °C.

Flow cytometry
To assess EV concentrations, we used flow cytometry, the most reliable technique for estimating the surface anti-
gen expression of EVs. The concentration of (1) total particles, (2) EVs, and (3) lipoproteins within well-defined 
size and fluorescence ranges was measured using flow cytometry (A60-Micro, Apogee Flow Systems, Hertford-
shire, UK). To ensure reproducibility, we completed the MIFlowCYt-EV template and added the supporting 
information (Supplemental File 2). Samples were diluted twofold to 1500-fold in Dulbecco’s phosphate-buffered 
saline (DPBS) to achieve a count rate of less than 3000 events/s to prevent swarm  detection45. The diluted samples 
were measured for 120 s at a flow rate of 3.01 µL per min. The trigger threshold was set at 24 arbitrary units of 
the side-scatter detector, which corresponded to a side-scattering cross section of 7  nm2.

Total particle concentrations were defined as all particles exceeding the trigger threshold, which include 
EVs > 160 nm in diameter (assuming a core refractive index of 1.38, a shell refractive index of 1.48, and a shell 
thickness of 6 nm), lipoproteins (assuming a refractive index of 1.47546 > 120 nm in diameter, and protein com-
plexes per mL of plasma.

EV concentrations were defined as particles with a diameter > 200 nm a refractive index (RI) < 1.4147, as 
determined by the flow cytometry scatter ratio (Flow-SR)46, and positive at the fluorescence detector(s) cor-
responding to the used label(s) per mL of plasma.

Lipoproteins were defined as particles with a diameter > 200 nm with a refractive index > 1.547, as determined 
by Flow-SR46 per mL of plasma.

The validation of the flow cytometry method can be found in methodological guidelines to study extracellular 
vesicles and was described  elsewhere44–47.

Statistical analysis
Statistical analyses were performed using the STATISTICA software version 13 (StatSoft, Kraków, Poland). The 
Shapiro–Wilk test was used to test the normality of the distribution of variables. The variables are expressed as 
medians with the 25th and 75th percentiles. Friedman’s test (p = 0.002) with Dunn’s test as a post hoc test was 
used to assess the changes in individual parameters because of apheresis sessions. Univariate correlations were 
assessed using standardized Spearman coefficients. P values below 0.05 were considered statistically significant.

Results
EV concentration
The changes in total particle concentration (diameter >  ~ 100 nm), total lipoproteins concentration (diame-
ter > 200 nm, 1.50 < RI < 1.60), total EV concentration (diameter > 200 nm, RI < 1.41), concentrations of EVs 
derived from erythrocytes (CD235a + ; diameter > 200 nm, RI < 1.41), leukocytes (CD45+; diameter > 200 nm, 
RI < 1.41) and platelets (CD61 + , PEVs; diameter > 200 nm, RI < 1.41) before, immediately after, and 7 days after 
LA are presented in Fig. 1 (panels A–F). All presented values significantly decreased immediately after LA and 
restored seven days after LA. Total particle concentration was reduced by 59.8% (IQR 37.8–77.3; p = 0.018) 
(Fig. 1A). LA resulted in a reduction of total lipoprotein concentration by 58.9% (IQR 9.8–79.8; p > 0.05) (Fig. 1B). 
Total EV concentration was lowered by 55,6% (47.6 – 67.8; p = 0.002) (Fig. 1C). The CD61 + EV concentra-
tion was reduced by 42.7% after LA (IQR 12.8–54.7; p = 0.005) (Fig. 1D). LA resulted in a 42.6% reduction of 
CD45 + EV concentration (IQR 29.7–54.1; p = 0.030) (Fig. 1E). The CD235a + concentration decreased by 26.7% 
(IQR 1.0–62.7; p = 0.018) (Fig. 1F).

Biochemical parameters
The concentrations of Lp(a) and all lipid parameters significantly decreased immediately after LA and restored 
seven days after LA (Table 1). The impact of LA on the Lp(a) and lipid parameters is shown in Fig. 2 (Panels 
A-E). The apheresis procedure led to a 64.5% (IQR 58–71) reduction of Lp(a) concentration (Fig. 2A). LDL-C 
concentration was lowered by 67% (IQR 65- 74) (Fig. 2B). Substantial reductions were also noted in total choles-
terol (Fig. 2C), HDL-C (Fig. 2D) and triglyceride concentrations (Fig. 2E) with percentage reductions as follow 
51.7% (IQR 44.5–53), 22% (IQR 18.8–25.6), 49.5% (IQR 40.8–60), respectively.

Changes in EV concentrations and lipid parameters
Almost all percentage values of changes in EV concentration of various origin were significantly correlated 
with each other except 1.5 < RI < 1.6 lipoproteins with CD61+ and CD235a + EVs. Also, total EVs did not cor-
relate with CD235a + EVs (Table 2). In relation to changes in lipid parameters, significant correlations were 
observed in the case of percentage changes in CD235a + EVs with total cholesterol (R = 0.476; p = 0.014), LDL-C 
(R = 0.449; p = 0.02), and triglycerides (R = 0.441; p = 0.02). Changes in CD45 + EVs correlated only with triglyc-
erides (R = 0.440; p = 0.02). Total and CD61 + EVs percentage changes did not correlate with the lipid parameters.



4

Vol:.(1234567890)

Scientific Reports |         (2024) 14:2762  | https://doi.org/10.1038/s41598-024-51782-5

www.nature.com/scientificreports/

Discussion
The main findings of our study are that (1) LA immediately reduces the concentrations of all subcellular parti-
cles > 100 nm, including EVs, (2) this reduction is independent of the cellular origin of EVs, (3) EV concentra-
tions are restored 7 days after LA.

We hypothesize that LA-induced removal of EVs might be one of the mechanisms contributing to the favora-
ble effects of LA. The reduction of EV concentration has been previously considered as a pleiotropic LA  effect30. 
Lowering EV concentration could be related to a decrease in CV risk, as numerous publications have underlined 
the negative role of EVs in the pathogenesis of ASCVD and their unfavorable content among ASCVD patients. It 
has been shown that EVs isolated from the blood differed between patients with ASCVD and healthy individuals. 
EVs isolated from CVD patients had the potential to induce endothelial dysfunction, whether those obtained 
from healthy patients did  not48,49 .

In our study, CD61 + EVs (platelet EVs, PEVs) were reduced by 42.7% during a single LA procedure. PEVs 
exhibit procoagulant actions, which play a major role in platelet aggregation and thrombus formation. PEVs also 
promote the formation of atheromatous plaques and accumulate in the lipid core of the  plaques50. Higher PEV 
concentrations are observed in patients with ASCVD. Interestingly, there was a lack of association between PEV 

Figure 1.  Impact of lipoprotein apheresis (LA) on the concentration of extracellular vesicles (EVs) measured 
with flow cytometry. Concentrations of extracellular vesicles (EVs) in plasma for (A) the total concentration 
of particles > 100 nm in diameter, (B) the total concentration of lipoprotein particles (diameter > 200 nm, 
refractive index between 1.5 and 1.6), (C) the total concentration of EVs (diameter > 200 nm, refractive index 
[RI] < 1.41), and the concentration of (D) CD61 + EVs, (E) CD45 + EVs, and (F) CD235a + EVs (diameter > 200 
nm, refractive index < 1.41). The line and error bars indicate the median value and the 5 and 95 percentiles, 
respectively. All measured particle concentrations decreased significantly after LA procedure and rebounded to 
the basis levels after 7 days. Abbreviations: CD—cluster of differentiation, RI—refractive index.

Table 1.  Biochemical parameters before and after lipoprotein apheresis (LA). Lp(a)—lipoprotein (a), LDL-C—
low density lipoprotein cholesterol, TC—total cholesterol, HDL-C—high density lipoprotein cholesterol, TG—
triglycerides.

Parameter Pre-apheresis, median value (interquartile range) Post-apheresis, median value (interquartile range)
7 days after apheresis, median value (interquartile 
range)

Lp(a) [G/l] 1.26 (0.9–1.54) 0.38 (0.33–0.55) 1.34 (1.21–1.47

LDL-C [mg/dl] 63 (5 –84.5) 21 (16–31) 65 (51–88)

TC [mg/dl] 128 (110.5–161) 68 (55– 9) 128.5 (120–172)

HDL-C [mg/dl] 40 (36.5–53) 34 (27–40) 41.5 (38–49)

TG [mg/dl] 103 (72–126) 47 (36–67) 103 (89–175)
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concentration and CVD risk factors among asymptomatic patients with atherosclerosis, what could be explained 
by the fact that thrombogenesis is mildly expressed at early stages of  ASCVD51.

EVs derived from leukocytes (CD45+) were another subtype of EVs analyzed in our study. We noted 
CD45 + EV concentrations reduction by 42.6% during LA. EVs originating from all types of inflammatory cells 
play a complex role in the immune system as they possibly trigger systemic inflammatory  response52. Progressive 
inflammation-induced impairment of endothelial cell function promotes atherosclerotic degeneration and plays 
an important role in ASCVD  development53. In addition, leukocyte-derived EVs were proven to be higher in 
patients with preclinical atherosclerosis and positively associated with CVD risk  factors51. Hence, lowering the 

Figure 2.  Impact of lipoprotein apheresis (LA) on lipid parameters. Concentrations of lipid parameters 
in plasma for (A) lipoprotein(a), (B) LDL-cholesterol, (C) Total cholesterol, (D) HDL-cholesterol, (E) 
triacyloglicerydes. The line and error bars indicate the median value and the 5 and 95 percentiles, respectively. 
All measured particle concentrations decreased significantly after LA procedure. Abbreviations: LDL-
cholesterol—low-density lipoprotein cholesterol, HDL-cholesterol—high-density lipoprotein cholesterol.

Table 2.  Univariate correlations of percentage changes in extracellular vesicle (EV) concentrations of various 
origins. Correlations were assessed using standardized Spearman coefficients. LA—lipoprotein apheresis, 
CD—cluster of differentiation, EVs—extracellular vesicles, RI—refractive index.

% of changes

EVs (CD61+) EVs (CD45+) EVs (CD235a+) 1.5 < RI < 1.6 EVs Total EVs

% of changes

EVs (CD61 +) – R = 0.747; p < 0.001 R = 0.582; p = 0.001 Non-significant R = 0.496;
p = 0.007

EVs (CD45+) R = 0.747; p < 0.001 – R = 0.423;
p = 0.02

R = 0.437
p = 0.02

R = 0.645
p < 0.001

EVs (CD235a+) R = 0.582; p = 0.001 R = 0.423; p = 0.02 – Non-significant Non-significant

1.5 < RI < 1.6 EVs Non-significant R = 0.436
p = 0.02 Non-significant – R = 0.532

P = 0.003

Total EVs R = 0.496;
p = 0.007

R = 0.645
p < 0.001 Non-significant R = 0.532

P = 0.003 –
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concentration of EVs, especially leukocytes, will contribute to beneficial effects by reducing local inflammation 
and subsequently reducing cardiovascular  risk53.

The third type of EVs investigated in our study was erythrocyte-derived EVs (CD235a+) with a transmem-
brane glycoprotein expressed on erythrocytes. The role of CD235a + EVs in ASCVD pathogenesis remains 
unclear. Although higher concentrations of erythrocyte-derived EVs were observed among patients with myo-
cardial infarction compared to that in the control group, its usefulness as a future marker is unfortunately 
small, and further studies are  needed54. Undoubtedly, the findings of our study indicate a 26.7% reduction in 
CD235a + EVs during the LA procedure. We also observed a correlation between CD235a + EVs and the total 
cholesterol, HDL-C, and triglyceride concentrations. However, considering the low clinical usefulness of EVs 
derived from erythrocytes, this association seems to have no practical benefits.

Elevated Lp(a) concentration is more prevalent in patients with FH, compared to general population. Those 
two determinants additively increase a CV risk. Li et al. showed that subjects undergoing coronary angiography 
with confirmed or probable FH, assessed by DLCN score, had higher Lp(a) concentration compared to those 
without FH. Lp(a) + FH phenotype translated into earlier and more severe course of  CVD55. The LA therapy is 
an effective therapeutic option also for patients with hyper-Lp(a) and coexisting FH. Among our patients with 
elevated Lp(a) treated by LA, only three had confirmed HeFH. However, we did not observe an earlier or more 
severe course of CVD in those subjects. It should be also highlighted, that our patients were treated with cascade 
filtration technique (MONET system). Although various LA techniques, including direct absorption (DALI), 
specific immunoadsorption (IMA), dextran sulphate adsorption (DSA), heparin-induced extracorporeal LDL 
precipitation (HELP) exert comparable effects on lipid  parameters56, the impact on C-reactive protein, leukocyte 
count or coagulation parameters differed, depending on the LA  system57. The changes in EV concentrations in 
patients treated with DALI (8 patients), whole blood dextrane sulfate adsorption (1 patient) and plasma dextrane 
sulfate adsorption (3 patients) were  similar42. Further studies are needed to investigate the effect of various LA 
systems on EV concentrations.

EVs are involved in inflammation, thrombosis, and neo-angiogenesis and participate in all stages of ath-
erosclerotic plaque  formation38. Initially, an increase in EV concentration results from prolonged exposure to 
damaging factors, leading to endothelial cell activation and  apoptosis58. Further accumulation of EVs increases 
plaque instability. In the case of plaque rupture, an increase in EV concentration, mainly in leukocytes, platelets, 
endothelial cells, and erythrocytes is  observed59.

In another study LA was shown to affect platelet-derived and annexin V-positive EVs. Likewise, the authors 
hypothesized an additional apheresis effect, as it removes EVs involved in procoagulation  pathways42. However, 
the use of annexin V to identify EVs populations has been questioned, while annexin V requires calcium ions 
to bind EVs surface and calcium ions are simultaneously involved in the coagulation pathway as a  cofactor60. 
Since then, the technology for EV measurements has evolved. In our study, we employed pre-analytical and 
analytical techniques using flow cytometry to measure concentrations of EVs from platelets (CD61+), leuko-
cytes (CD45+), and erythrocytes (CD235a +). Currently, this is the most reliable technique for estimating the 
surface antigen expression of EVs. To our knowledge, this is the first study to show the beneficial effects of LA 
on different subtypes of EVs among patients with hyper-Lp(a) and ASCVD. LA is currently an effective method 
for cardiovascular risk reduction among patients with genetically determined hyper-Lp(a) who, despite maxi-
mally tolerated lipid-lowering medications and low LDL-C concentrations, still have a high residual risk of CV 
events. In our study, we did not find any correlation between EVs and Lp(a) concentration changes. Therefore, 
we assume that reducing EV concentration is an independent, additional LA benefit and aim to state that this 
finding may be related to the reduction in the rate of cardiovascular events. Moreover, we have also shown that 
EV concentrations rebound within 7 days after apheresis, which may suggest the need to shorten the interval 
between LA procedures.

Limitations
A limitation of our study is that we cannot confirm the direct association between the LA-induced removal of EVs 
and beneficial LA effects. Further research is needed to evaluate EV concentrations during 1 and 6 day after LA.

We would like to emphasize that the strength of our study is the flow cytometry method applied to measure 
concentrations of platelet-derived (CD61+), leukocyte-derived (CD45+), and erythrocyte-derived (CD235a+) 
EVs. Although we measured only a fraction of all EVs in plasma, owing to assay controls and calibration we know 
the lower diameter limit (> 200 nm) and fluorescence intensity ranges of the EVs that we measured. Consequently, 
our data can be reproduced by other hospitals in the near future.

Conclusion
The findings of our study revealed that LA in patients with elevated Lp(a) and ASCVD led to (1) a substantial 
reduction in EV concentration, (2) regardless the cell origination. (3) This effect is transient, as we observed EVs 
concentrations rebound after 7 days of monitoring. The last conclusion indicates a need to shorten the intervals 
between LA procedures to less than one week. The removal of EVs with procoagulant and proinflammatory 
properties may be the additional, pleiotropic LA benefit. Future research is needed to indicate, whether this 
mechanism underlies the additional favorable effect of the LA procedure. Future studies should also address the 
pathophysiological insights and biomarkers for ASCVD mediated by high Lp(a) concentrations.

To summarize, our study is a reliable source of data, covers previously unexplored research field and provides 
basis for further research.

Data availability
Data are to be shared upon request (Medical University of Gdansk, amickiewicz@gumed.edu.pl).
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