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Résumé 

L’AL est une méthode fiable utilisée pour diminuer les concentrations de C-LDL dans le traitement 

de l’HFHo. L’objectif de cette étude était de comparer l’efficacité de deux systèmes d’AL [précipitation 

extracorporelle induite par l’héparine (HELP) et l’adsorption au sulfate de dextran (ASD)] à réduire 

les concentrations de lipides, de marqueurs de l’inflammation et de molécules d’adhésion dans un 

échantillon de sujets avec HFHo (n=9). 

Des échantillons sanguins étaient collectés à jeun avant et après l’AL. Tous les sujets étaient d’abord 

traités avec le système HELP puis avec le système ASD dans cette étude à séquence unique. Tous 

les sujets ont été comparés à eux-mêmes.  

Comparé au système HELP, le système avec l’ASD a induit des diminutions significativement plus 

importantes dans les concentrations de C-total (-63,3% vs -59,9% ; P=0,05), de C-LDL (-70,5% vs -

63,0% ; P=0,02), de CRP (-75,3% vs -48,8% ; P<0,0001) et de TNF-α (-23,7% vs +14,7% ; P=0,003). 

Les diminutions dans les niveaux plasmatiques de PCSK9 (-45,3% vs -63,4% ; P=0,3), de Lp(a) (-

70,6% vs -65,0% ; P=0,3), d’E-sélectine (-16,6% vs -18,3% ; P=0,7) d’ICAM-1 (-4,0 vs 5,6% ; P=0,6) 

et de VCAM -1 (8,3% vs -1,8% ; P=0,08) n’étaient pas différentes entre les deux systèmes. Pour le 

même volume de plasma traité (3000 mL), le système HELP a induit des diminutions plus importantes 

dans les concentrations plasmatiques d’apo B (-63,1% vs -58,3% ; P=0,04), de C-HDL (-20,6% vs -

6,5% ; P=0,003) et de PCSK9 (-63,4% vs -28,5% ; P=0,02).  

Ces résultats démontrent que ces deux systèmes d’AL permettent de réduire les concentrations 

plasmatiques de lipides et de marqueurs inflammatoires chez des patients avec HFHo. Comparé au 

système HELP, le système à l’ASD induit des diminutions plus importantes dans les lipides et les 

marqueurs inflammatoires. Cette différence est fort probablement liée au fait que le système à l’ASD 

permet de filtrer une quantité plus importante de plasma.
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Abstract 

LDL apheresis (LA) has been proven to be a reliable method to decrease LDL-C concentrations in 

homozygous familial hypercholesterolemia (HoFH). The objective of the present study was to 

compare the efficacy of two LA systems [heparin-induced extracorporeal LDL precipitation (HELP) 

vs. dextran sulfate adsorption (DS)] on the reduction of lipids, inflammatory markers, and adhesion 

molecules in a sample of genetically defined HoFH subjects (n=9). Fasting blood samples were 

collected before and after LA. All subjects were first treated with the HELP system then with DS in 

this single sequence study. Therefore, each subjects served as their own control. Compared with 

HELP, DS led to significantly greater reductions in total cholesterol (-63.3% vs. -59.9%; P=0.05), LDL-

C (-70.5% vs. -63.0%; P=0.02), CRP (-75.3% vs. -48.8%; P<0.0001) and TNF-α (-23.7% vs. +14.7%; 

P=0.003). Reductions in the plasma levels of PCSK9 (-45.3% vs. -63.4%; P=0.31), lipoprotein (a) (-

70.6% vs. -65.0%; P=0.30), E-selectin (-16.6% vs. -18.3%; P=0.65), ICAM-1 (-4.0 vs. 5.6%; P=0.56) 

and VCAM-1 (8.3% vs. -1.8%; P=0.08) were not different between the two systems. For the same 

volume of filtered plasma (3000 mL), HELP led to greater reductions in plasma apoB (-63.1% vs. -

58.3%; P=0.04), HDL-C (-20.6% vs. -6.5%; P=0.003) and PCSK9 (-63.4% vs. -28.5%; P=0.02) levels. 

Our results suggest that both LA systems are effective in reducing plasma lipids and inflammatory 

markers in HoFH. Compared with HELP, greater reductions in lipid levels and inflammatory markers 

were achieved with DS, most likely because this method allows for a larger plasma volume to be 

filtered. 

Keywords: Familial hypercholesterolemia, apheresis, inflammation, lipoproteins. 

  



 

95 
 

Introduction 

Autosomal dominant familial hypercholesterolemia (FH) is caused by mutations in the genes 

encoding the LDL receptor (LDLR), its ligand apolipoprotein B (apoB) or the proprotein convertase 

subtilisin kexin type 9 (PCSK9).1,2 Mutations in the LDLR gene disrupt the normal clearance of LDL 

particles from the plasma, causing an important increase in LDL cholesterol (LDL-C) concentrations.1 

In Quebec (Canada), FH prevalence is higher due to the founder effect, and nine mutations are 

responsible for 90% of the FH cases, defined on the basis of clinical and biochemical criteria.1,3,4 

Homozygous FH patients (HoFH) present the most severe form. In HoFH, LDL particles are totally or 

near totally unable to bind with LDLR,1 resulting in a six- to eightfold increase in plasma LDL-C 

concentrations. If left untreated, tendinous xanthomatosis and atherosclerotic coronary artery disease 

usually occur before the age of 20.5 In HoFH patients, pharmacological treatment is insufficient to 

achieve efficient reduction in total and LDL-C concentrations.6,7 Consequently, lipid apheresis (LA), a 

technique that allows selective extracorporeal removal of apoB-containing lipoprotein, has been 

shown to be effective in reducing cholesterol levels and improving cardiovascular disease risk in 

HoFH patients.8,9 LA has additional effects on potentially pro-atherogenic factors, such as 

inflammatory markers, adhesion molecules and PCSK9 levels.10-12 When used in addition to lipid 

lowering medication and a low-fat diet, LA can induce a reduction in LDL-C concentrations of nearly 

60%, depending of the system.13 

Available LA systems differ by the method used to remove LDL-C particles from plasma (adsorption, 

precipitation, filtration).9,13,14 No study has yet compared LA with heparin-induced extracorporeal LDL 

precipitation (HELP) and dextran sulfate adsorption (DS) in HoFH. Therefore, the objective of the 

present study was to compare the efficacy of LA performed with HELP and DS on the reduction of 

lipoproteins, inflammatory markers, adhesion molecules and LDL particle size in HoFH subjects. 

Methods 

Population 

Nine HoFH subjects were recruited from a pool of patients being followed at the lipid clinic of the 

Laval University Medical Center in Quebec City. All participants were at least 15 years old. None of 

the subjects were pregnant or nursing; had acute liver disease, hepatic dysfunction, or persistent 

elevations of serum transaminases; had a recent history of alcohol or drug abuse; had diabetes 

mellitus; had a history of cancer; or had undergone hormonal treatment. They were all taking lipid 

lowering medications and were receiving LA bimonthly. 

All patients were screened for mutations in the LDLR gene from samples of their genomic DNA; the 

deletion mutations were detected by Southern blotting,15 and the point mutations were analyzed by 

restriction enzyme fragment analysis.3,16 Four patients were found to be compound heterozygous, 
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carrying a >15 kb deletion at the 5’ end of the gene5 and the W66G mutation in exon 3,17 two were 

homozygotes for the >15 kb deletion at the 5’ end of the gene,5 two were homozygotes for the W66G 

mutation in the exon 3,17 and one subject, from Honduras, had a splice site mutation in intron 7 (LDL-

R1061(-1) G-->C).18 

Study Design 

Subjects were first treated with the HELP system then with DS in this single sequence study. The 

mean time interval between each apheresis was 34 days (median: 28 days).  

Fasting blood samples were obtained at the beginning and at the end of each LA. For DS, two 

subjects had their blood samples taken before and after two separate lipid apheresis treatments: one 

stopped after 3,000 mL of plasma filtration (DS3) and the other stopped after completion of the 

treatment (DSF>4 L). All other patients (n = 7) had their DS3 and DSF blood samples taken during a 

single treatment. 

The study was approved by the Laval University Medical Center ethical review committee, and written 

informed consent was obtained from each subject. This trial was registered at clinicaltrials.gov as 

NCT02286596. 

Heparin-induced Extracorporeal LDL Precipitation 

HELP LA was performed using the Plasmat Futura® system (B. Braun Medical, Bethlehem, PA, USA). 

It has been proven useful in decreasing total cholesterol, LDL-C, lipoprotein (a) Lp(a) and C-reactive 

protein (CRP). According to manufacturer’s specifications, the maximum volume of plasma filtrated 

using the Plasmat Futura® is 3 L. After primary separation from other blood constituents, the plasma 

is mixed with an acetate-acetic acid buffer (pH 4.85), so that the pH of the mixture is 5.1. Then, 

100,000 U heparin per liter is added to the buffer. After the plasma has been mixed thoroughly with 

the acetate-acetic acid buffer and heparin, LDL-C precipitates in the acid environment together with 

fibrinogen and heparin. These precipitates are then removed from the plasma by a polycarbonate 

membrane. The remaining free heparin is almost completely removed by a heparin absorber (DEAE 

cellulose). The acidemic plasma is returned to a physiological pH value using bicarbonate dialysis, 

and the plasma, free of LDL, is returned to the patient with the blood cells. 

Dextran sulfate adsorption 

LA with DS was performed using the Liposorber® LA-15 system (Kaneka Corporation, Osaka, Japan). 

The manufacturer’s specifications recommend treating 1.5 patient plasma volumes during a single 

procedure to yield a 75 to 80% acute reduction in plasma LDL-C concentrations. The plasma volume 

for each patient was estimated using the following equation: plasma volume (L) = 0.065 X weight (kg) 

X (1-hematocrit).19 After primary separation, the plasma is pumped into one of the two dextran sulfate 
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adsorption columns. ApoB-containing lipoproteins electrostatically bind in the first column to the 

negatively charged dextran sulfate. The plasma is then transferred to the other column, and the first 

column is rinsed with NaCl to remove LDL-C. Both columns work in alternating cycles. The plasma is 

then mixed with blood and passes through a warmer column before being reinjected into the patient. 

Heparin is used as an anticoagulant during the treatment.9,20 

Plasma lipids, Lipoproteins and Apoproteins 

Blood samples were collected in tubes containing disodium EDTA (Na2EDTA) and benzamidine 

(0.03%).21 Samples were immediately centrifuged at 4°C for 10 min at 3,000 rpm to obtain plasma 

and were stored at 4°C until processing. The cholesterol and triglyceride (TG) levels were determined 

in the plasma and lipoprotein fractions by enzymatic methods (Randox Co., Crumlin, UK) using an 

Olympus AU400 analyzer (Melville, NY, USA), as previously described.22 Plasma VLDL (d < 

1.006/mL) were isolated by preparative ultracentrifugation, and the HDL fraction was obtained after 

precipitation of LDL in the infranatant (d > 1.006 g/mL) using heparin and MnCl. The cholesterol and 

TG contents of the infranatant fraction were measured before and after the precipitation step. Plasma 

apoB and apoA-I levels were measured using a BN-ProSpec nephelometer (Dade Behring, 

Mississauga, Ontario, Canada) with reagents and calibrators provided by the manufacturer. 

Plasma PCSK9, Lipoprotein (a), Inflammatory Markers, and Adhesion 

Molecules 

Commercial enzyme-linked immunosorbent assay (ELISA) kits were used to measure plasma PCSK9 

(Circulex, CycLex Co, Nagano, Japan), lipoprotein (Lp) (a) (ALPCO, Salem, NH, USA), C-reactive 

protein (CRP) (BioCheck, Inc. Foster City, CA, USA), plasma interleukin-6 (IL-6), tumor necrosis 

factor- (TNF-), vascular cellular adhesion molecule-1 (VCAM-1), intercellular adhesion molecule-

1 (ICAM-1) and E-selectin (R&D Systems, Minneapolis, MN, USA) following the manufacturer’s 

instructions. 

LDL Particle Size Measurement 

Various measures of LDL particle size, including the LDL peak particle diameter (LDL-PPD) and the 

proportion of small and large LDL, were assessed using nondenaturing 2%-16% polyacrylamide gel 

electrophoresis as described previously.23 

Statistical analysis 

The PROC MIXED procedure was used to compare pre-post values and the differences between 

each apheresis treatment. The covariance structure was adjusted for each variable to increase the 

power of the test. Non-normally distributed variables were transformed prior to the analyses. The 

Boxcox procedure was used to determine the adequate transformation to normalize the variables. 

The Tukey-Kramer adjustment was used to account for the repeated measures. Differences were 
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considered significant at P ≤ 0.05. All analyses were performed using SAS (v9.3, SAS Institute, Cary, 

NC). 

Results 

Subjects 

The demographic, anthropometric and genotypic characteristics of the subjects (4 men and 5 women) 

are presented in Table 1. The median age was 44 years (range: 15-53 years), the median weight 

was 75.7 kg (51.0-121.5 kg) and the median body mass index was 24.7 kg/m2 (19.9-37.5 kg/m2). As 

mentioned earlier, two subjects were homozygotes for the >15 kb deletion, two were homozygotes 

for the W66G mutation, four were compound heterozygotes carrying the >15 kb deletion and the 

W66G mutation, and one subject was homozygote for a splice site mutation in intron 7 (LDLR1061(-1) 

G-->C mutation). 

Technical Aspects 

Using the Plasmat Futura® system (HELP), 3000 mL of plasma was filtered during the treatment. The 

Liposorber® system (DSF) allowed for a larger plasma volume to be filtered, with a median volume of 

4200 mL (3100-4500; P=0.0002). Compared with DS, the plasma filtration rate was higher with the 

HELP system (24.0 mL/min (16.7-31.6 mL/min) vs. 18.7 mL/min (12.9-23.3 mL/min); P=0.006). 

Lipids/Lipoproteins 

Table 2 presents pre-post values for plasma lipids, PCSK9, Lp(a), LDL size, and LDL-PPD following 

LA treatments. LA with both HELP and DSF significantly decreased total cholesterol, TG, total apoB, 

VLDL-C, LDL-C, HDL-C, PCSK9, and Lp(a). Except for Lp(a), significant reductions in these 

parameters were also achieved after 3000 mL of plasma filtration with the DS system (DS3). LA with 

HELP had no impact on either LDL size or LDL-PPD. LDL size was not affected by treatment with 

DS3 but was reduced when a larger plasma volume was filtered using DSF (P=0.08). LDL-PPD was 

significantly reduced following DSF. 

The median reductions in the plasma lipids, PCSK9, and Lp(a) levels following each LA are compared 

in Table 3. For the same filtered plasma volume, apheresis with HELP led to a greater reduction in 

the plasma apoB, HDL-C and PCSK9 levels. Changes in total cholesterol, plasma TG, and LDL-C 

were not significantly different between apheresis treatments with the same volume of plasma 

filtration (HELP vs. DS3). 

Compared with HELP, apheresis with DSF led to significantly greater reductions in total cholesterol, 

VLDL-C, and LDL-C. In addition, the reduction in HDL-C was smaller after DSF compared with HELP. 

Finally, the decrease in the PCSK9 and Lp(a) levels were not significantly different between apheresis 

treatments with HELP and DSF. 
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Compared with DS3, filtration of a larger plasma volume using the DSF protocol led to significantly 

greater reduction in total cholesterol, apoB, and LDL-C. However, there were no significant changes 

in TG, VLDL-C, HDL-C, PCSK9, and Lp(a) between DSF and DS3. 

Adhesive Molecules and Inflammatory Markers 

The pre-post treatment values for ICAM-1, VCAM-1, E-selectin, CRP, TNF-α, and IL-6 for each LA 

system are presented in Table 4. No significant changes in the ICAM-1 and VCAM-1 levels were 

observed after apheresis with the HELP or DS system. The E-selectin and CRP levels, however, 

were significantly reduced following apheresis with HELP, DS3 and DSF (E-selectin: P≤0.02, and 

CRP: P≤0.001,). The TNF-α levels were significantly decreased after treatment using DS3 and DSF. 

In contrast, LA treatment with HELP, DS3 and DSF significantly increased IL-6 levels. 

As shown in Figure 1A, reduction in the E-selectin levels was not significant between HELP, DS3 and 

DSF. Figure 1B shows that the greatest reduction in CRP was achieved with DSF (P<0.01). Reduction 

in the TNF-α levels was similar using DS3 and DSF (P=0.80), whereas HELP had no effect on TNF-α 

levels (Figure 1C). Finally, changes in the IL-6 levels were significantly greater after treatment with 

DS3 and DSF compared with HELP (P<0.001) (Figure 1D). 

Discussion 

This is the first study to compare the efficacy of LA treatment using HELP or DS in the same HoFH 

subjects. Our results demonstrate that LA treatment using HELP or DS is effective to reduce plasma 

lipid levels and several inflammatory markers and adhesion molecules. Compared with HELP, DSF 

led to significantly greater reductions in the total cholesterol, VLDL-C, LDL-C, and HDL-C levels. For 

the same volume of filtered plasma (3000 mL), however, HELP led to a greater reduction in apoB, 

VLDL-C, HDL-C and PCSK9 levels. Moreover, both systems significantly reduced CRP and E-

selectin levels, but only DS significantly lowered TNF-α concentrations. In contrast, IL-6 was 

significantly increased following treatment with both systems. 

LA is used as a long-term therapy to rapidly reduce plasma lipids and lipoproteins in patients with 

homozygous or severe heterozygous FH who are intolerant or not sufficiently responsive to lipid-

lowering therapy. As expected, both LA techniques (HELP and DS) were highly effective in reducing 

the concentrations of apoB-containing lipoproteins and cholesterol in subjects with HoFH. Marked 

reductions in the concentrations of atherogenic lipoproteins with LA have been shown to reduce the 

rate of cardiovascular events in FH patients.24 Sachais et al.25 reported that treatment with LA over a 

7-year period in patients with severe hypercholesterolemia was associated with a significant decrease 

in cardiovascular events and interventions. This study showed a 3.7-fold reduction in the relative risk 

for cardiovascular events and an over 20-fold decrease in the relative risk for cardiac interventions.  
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In this study, HELP led to a greater reduction in the HDL-C levels than LA with DS. Both devices 

(HELP and DS) remove LDL and other lipoproteins through interactions between polyanions and 

apoproteins. The negatively charged DS filter and the low pH acetate buffer with polyanion heparin 

(HELP) have been shown to form insoluble precipitates with the positively charged amino acid 

domains of apoB. In contrast, HDL is negatively charged and does not contain apoB. This difference 

in the structure and charge of HDL most likely accounts for the fact that changes in the plasma HDL 

content are less dramatic than those observed for apoB-containing lipoproteins. Previous studies 

reported that LA treatment achieved a slight decrease in HDL-C levels,26,27 a finding attributed to 

hemodilution, activation of hepatic triglyceride lipase, or decreased activity of lecithin cholesterol 

acyltransferase.28 Our results, however, suggest that DS may decrease HDL-C significantly less than 

HELP. Further studies are needed to investigate the mechanisms underlying the differences in HDL-

C responses following LA using either HELP or DS. 

In this study, LA performed with the HELP technique did not affect the mean LDL size and LDL PPD. 

The LDL pool before and after HELP apheresis was mainly composed of medium size LDL particles 

(255-265 Å). However, treatment with the DS technique was associated with a significant decrease 

in LDL PPD and a tendency to reduce LDL particle size. Small, dense LDL (sdLDL) particles (<255 

Å) have been shown to be more atherogenic, and an increase in the relative proportion of sdLDL has 

been correlated with higher CVD risk.29,30 These results are in contrast with a previous finding by 

Schamberger et al.31 who reported a significant reduction in sdLDL particles and a significant increase 

in large LDL particles following apheresis treatment with both HELP and DS techniques in 16 FH 

subjects. It is important to emphasize that the variations in LDL particle size and LDL PPD following 

LA are expected to be much less predictive of future CV events than variations in the levels of apoB-

containing lipoproteins. Further studies are required to clarify the impact of LA on the LDL density 

profile. 

Our results are in agreement with previous findings10 showing that LA reduces plasma PCSK9 levels. 

PCSK9 is the ninth member of the proprotein convertase family and is mainly expressed in the liver, 

small intestine and kidney.32 Mechanistic studies have shown that PCSK9 interacts with the epidermal 

growth factor precursor homology domain A of the LDLR at the cell surface and promotes its 

intracellular lysosomal degradation.33 High levels of PCSK9 decrease the LDLR density on the cell 

surface and, therefore, reduce LDL-C clearance, leading to an accumulation of LDL particles in 

plasma.34 PCSK9 has an impact on apoB and Lp(a) synthesis by inhibiting the degradation of newly 

synthesized apoB.35 LDL-C levels and PCSK9 levels have been shown to be positively correlated in 

non-FH and untreated FH subjects,36,37 with PCSK9 levels being higher in HoFH than in heterozygous 

FH or non-FH patients.38 Our results show that LA with HELP led to a greater reduction in the PCSK9 

levels than LA using DS3. We did not observe, however, a significant correlation between changes in 

LDL-C and changes in PCSK9 levels. Therefore, reduction of the PCSK9 levels is an additional 
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benefit of LA in HoFH. One can speculate that LDL-C levels would more rapidly return to baseline 

without a drop in PCSK9 levels, which could be responsible for the maintenance of low LDL-C levels 

after each apheresis treatment. 

Lp(a) is an important independent CVD risk factor.39 Maintaining low levels of Lp(a) is important in 

the treatment of HoFH. In our study, the decrease in Lp(a) levels was similar with various LA 

protocols, achieving a reduction of 65.0% with HELP, 65.4% with DS3 and 70.6% with DSF. These 

results suggest that both LA systems are effective for reducing Lp(a) levels in HoFH. 

We also assessed the effect of the HELP and DS systems on various adhesion molecules. VCAM-1, 

ICAM-1 and E-selectin play a major role in leukocyte adhesion to endothelium, which is detectable 

early in human and experimental plaque formation.40 In the current study, LA with HELP or DS had 

no significant effect on either VCAM-1 or ICAM-1. Both systems, however, were similarly efficient at 

reducing E-selectin levels. Our results are consistent with previous studies, in which significant 

reductions in E-selectin were observed with both HELP and DS,11 but our results contrast with other 

findings showing significant reductions in ICAM-1 and VCAM-1 levels following LA.11,41,42 Sampietro 

et al. reported a significant reduction in the ICAM-1 and E-selectin levels in FH subjects following LA 

with DS and suggested that cholesterol could play a major role in controlling adhesion molecule levels 

because adsorption of these two molecules to the DS columns was negligible.43 Further studies are 

needed to fully assess the impact of various LA systems on adhesion molecule levels and the 

associated potential benefits on vascular function. 

Finally, we compared the effect of LA with HELP and DS on inflammatory markers. LA with HELP 

significantly decreased CRP levels, but the effect was smaller than that of DS. Previous studies have 

shown that LA with various apheresis devices lowers CRP levels,12,44 an effect most likely attributed 

to CRP adsorption.45 In addition, our results indicate that DS is the only system that significantly 

reduced TNF-α levels and that both apheresis systems led to a significant increase in IL-6 levels, a 

finding consistent with those of previous reports.26,45,46 The elevation of IL-6, however, was much 

greater with DS than with HELP, which suggests that changes in IL-6 and other inflammatory markers 

could be related to unequal inflammatory activation by the various columns. Whether such differences 

in inflammatory markers with HELP and DS result in clinical benefits should be addressed. 

Conclusions 

In conclusion, LA is an effective treatment to reduce apoB-containing particle levels. Compared with 

HELP, DS led to significantly greater reductions in plasma levels of VLDL-C, LDL-C, C-reactive 

protein and tumor necrosis factor-α. Changes in the plasma levels of PCSK9, Lp(a), and cell adhesion 

molecules were not different between the two systems. For the same volume of plasma filtered (3000 

mL), however, HELP led to a greater reduction in the VLDL-C, HDL-C, and PCSK9 levels. Because 
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these conclusions are based on a small number of patients and treatments, larger studies are 

desirable in the future to confirm these results. Further prospective studies should be conducted to 

assess whether these changes are maintained over a long period in patients with FH. 
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Tables 

Table 8-1 Baseline characteristics of the subjects with homozygous FH (n=9) 

 Median (range) 

Gender (n) 4 M/5 F 

Age (y) 44 (15-53) 

Weight (kg) 75.7 (51.0-121.5) 
BMI (kg/m2) 24.7 (19.9-37.5) 

Mutations  

Del15 kb  2 subjects 

W66G 2 subjects 

Del15 kb+W66G 4 subjects 

Honduras-1 (LDL-R1061(-1) G-->C) 1 subject 
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Table 8-2 Biochemical characteristics before and after apheresis treatment 

 HELP DS3 DSF 

 Pre Post Pre Post Pre Post 

Plasma       

Cholesterol, mmol/L 10.08 (5.00-13.95) 4.00 (2.28-6.65)‡ 9.75 (5.18-14.83) 3.94 (2.40-6.60)‡ 10.34 (5.18-14.83) 3.65 (2.32-4.85)‡ 

Triglycerides, mmol/L 1.01 (0.72-2.63) 0.71 (0.40-1.24)† 1.29 (0.78-4.3) 0.91 (0.38-1.64)* 1.21 (0.78-4.30) 0.58 (0.47-1.01)† 

Apolipoprotein B, g/L 2.00 (1.00-3.04) 0.78 (0.26-1.37)‡ 2.00 (1.01-3.1) 0.81 (0.32-1.31)‡ 2.24 (1.01-3.10) 0.71 (0.33-0.99)‡ 

VLDL       

Cholesterol, mmol/L 0.25 (0.01-0.94) 0.05 (0.01-0.18)* 0.24 (0.09-2.11) 0.01 (0.00-0.22)‡ 0.27 (0.09-2.11) 0.01 (0.00-0.09)‡ 

Triglycerides, mmol/L 0.39 (0.18-1.09) 0.26 (0.11-0.44)* 0.35 (0.22-2.39) 0.21 (0.06-0.75)* 0.44 (0.22-2.39) 0.13 (0.09-0.31)† 

Apolipoprotein B, g/L 0.10 (0.05-0.32) 0.06 (0.02-0.18)* 0.11 (0.04-0.35) 0.03 (0.00-0.08)† 0.09 (0.04-0.35) 0.04 (0.00-0.04)†  

LDL       

Cholesterol, mmol/L 9.28 (3.60-12.93) 3.42 (1.16-6.08)‡ 8.46 (3.52-11.86) 3.29 (1.37-5.67)‡ 9.55 (3.52-12.18) 2.95 (1.33-4.27)‡ 

Apolipoprotein B, g/L 1.93 (0.94-2.99) 0.60 (0.24-1.27)‡ 1.93 (0.90-2.75) 0.78 (0.32-1.30)‡ 2.18 (0.90-2.75) 0.70 (0.32-0.95)‡ 

HDL       

Cholesterol, mmol/L 0.96 (0.56-1.88) 0.86 (0.44-1.36)† 0.86 (0.58-1.70) 0.87 (0.57-1.62) † 0.86 (0.61-1.70) 0.85 (0.56-1.58)* 

Apolipoprotein A1, g/L 1.16 (0.73-1.72) 0.95 (0.58-1.34)‡ 1.17 (0.78-1.72) 1.01 (0.68-1.56)‡ 1.17 (0.80-1.72) 1.00 (0.67-1.51)‡ 

       

PCSK9, ng/mL 897 (271-1647) 329 (112-562)‡ 858 (319-2378) 631 (286-832)* 829 (432-1523) 468.3 (195-659)* 

Lp(a), mg/L 589 (31-970) 211 (29-340)† 647 (29-1070) 215 (117-362) 739 (29-1070) 195 (29-276)‡ 

LDL size, Å 256 (253-259) 257 (248-259) 257 (253-259) 256 (252-262) 257 (253-259) 255 (252-262) 

LDL PPD, Å 257 (252-260) 257 (248-259) 257 (252-261) 255 (252-262) 257 (252-261) 254 (252-261)* 

Median (range). HELP: heparin-induced extracorporeal LDL precipitation; DS3: Dextran sulfate adsorption 3000 mL; DSF: dextran sulfate 

adsorption final; PCSK9: proprotein convertase subtilisin kexin 9; Lp(a): lipoprotein (a); PPD: peak particle diameter. *P< 0.05; †P< 0.01; ‡P< 

0.0001.
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Table 8-3 Changes in biochemical characteristics after apheresis treatment 

 

HELP DS3 DSF 

 P  

 
HELP 
vs. DS3 

HELP 
vs. 
DSF 

DS3 vs. 
DSF 

Plasma       
Cholesterol, mmol/L -59.9 (-44.5; -61.5) -56.9 (-41.1; -60.5) -63.3 (-45.8; -69.7) 0.49 0.05 0.003 
Triglycerides, mmol/L -36.0 (+4.6; -60.4) -47.0 (+61.0; -74.0) -56.6 (+13.5; -78.8) 0.90 0.79 0.45 
Apolipoprotein B, g/L -63.1 (-46.7; -74.0) -58.3 (-42.0; -74.2) -70.9 (-55.8; -73.3) 0.04 0.06 <0.0001 

VLDL       
Cholesterol, mmol/L -80.9 (+400.0; -92.0) -98.1 (-68.4; -100.0) -98.1 (-66.7; -100.0) 0.03 0.01 0.49 
Triglycerides, mmol/L -36.6 (+55.0; -75.0) -59.1 (+28.6; -91.2) -62.5 (-14.3; -88.4) 0.74 0.34 0.57 
Apolipoprotein B, g/L -66.7 (+157.1; -81.3) -58.3 (-25.0; -100.0) 66.7 (-33.3; -100.0) 0.41 0.22 0.84 

LDL       
Cholesterol, mmol/L -63.0 (-45.8; -71.0) -59.8 (-42.3; -71.1) -70.5 (-57.3; -73.8) 0.49 0.02 0.0002 
Apolipoprotein B, g/L -62.9 (-46.0; -74.4) -57.6 (-40.8; -72.4) -70.2 (-56.4; -73.3) 0.19 0.31 0.01 

HDL       
Cholesterol, mmol/L -20.6 (-1.7; -27.7) -6.5 (-1.2; -11.2) -5.6 (-14.7; +3.2) 0.003 0.005 0.95 
Apolipoprotein AI, g/L -19.3 (-13.4; -24.4) -12.0 (-4.0; -15.0) -12.2 (+16.4; -7.5) 0.0005 0.004 0.62 

PCSK9, ng/mL -63.4 (-31.0; -73.3) -28.5 (-2.9; -73.9) -45.3 (-23.2; -62.8) 0.02 0.34 0.15 
Lp(a), mg/L -65.0 (-6.5; -73.0) -65.4 (-57.3; -100.0) -70.6 (0.0; -75.6) 0.59 0.62 0.68 

Median change in percentage (range). HELP: heparin-induced extracorporeal LDL precipitation; DS3: Dextran sulfate adsorption 3000 mL; 

DSF: dextran sulfate adsorption final; PCSK9: proprotein convertase subtilisin kexin 9; Lp(a): lipoprotein (a). Pre-apheresis values were 

included in the mixed model as covariables. P<0.05 is considered statistically significant.  
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Table 8-4 Plasma levels of inflammatory markers and adhesion molecules before and after apheresis treatment 

 HELP DS3 DSF 

 Pre Post Pre Post Pre Post 

ICAM-1, ng/mL 186 (98-418) 180 (125-349) 217 (146-349) 203 (127-359) 217 (146-349) 200 (128-376) 

VCAM-1, ng/mL 575 (410-1128) 564 (472-1175) 647 (484-1230) 652 (526-1265) 585 (460-1230) 664 (553-1495) 

E-selectin, ng/mL 32.5 (13.8-78.0) 24.8 (12.5-67.6)† 31.0 (18.0-70.7) 26.8 (14.5-68.7)‡ 31.0 (18.0-70.8) 27.1 (14.3-67.7)* 

CRP, mg/L 0.65 (0.24-348.89) 0.36 (0.12-23.44)† 1.89 (0.30-17.58) 0.41 (0.06-7.52)‡ 2.31 (0.30-39.71) 0.47 (0.06-9.47)‡ 

TNF-α, pg/mL 1.16 (0.74-1.68) 1.26 (0.93-1.94) 1.23 (0.96-1.82) 1.00 (0.79-1.56)† 1.22 (0.96-1.82) 0.97 (0.60-1.41)† 

IL-6, pg/mL 1.12 (0.59-19.54) 1.37 (0.96-18.03)* 1.01 (0.55-7.03) 5.71 (2.31-54.20)‡ 1.35 (0.74-7.03) 9.81 (2.24-56.43)‡ 

Median (range). HELP: heparin-induced extracorporeal LDL precipitation; DS3: Dextran sulfate adsorption 3000 mL; DSF: dextran sulfate 

adsorption final; ICAM-1: intercellular adhesion molecule-1; VCAM-1: vascular cellular adhesion molecule-1; CRP: C-reactive protein; TNF-α: 

tumor necrosis factor-α; IL-6: interleukin-6. *P< 0.05; †P< 0.01; ‡P< 0.0001.



 

111 
 

Figure 

Figure 8-1 Changes in E-selectin (A), C-reactive protein (CRP) (B), tumor necrosis factor-α (TNF-α) 

(C) and interleukin-6 (IL-6) (D) after apheresis treatment 

 
Changes in E-selectin (2A), C-reactive protein (CRP) (2B), tumor necrosis factor-α (TNF-α) (2C) and 

interleukin-6 (IL-6) (2D) after apheresis treatment. The line through the center of each Gaussian box-

percentile is the group median. The dotted lines within each box indicate the 25th and 75th percentiles. 

Letters above each column (a, b, c) refer to difference between apheresis.  Pre-apheresis values 

were included in the mixed model as covariables. Different letters refer to significant differences 

between corresponding variables (P<0.05). 


