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SUMMARY
Background: Severe hypertriglyceridemia (sHTG) is an independent risk factor of atherosclerotic heart disease
(ASHD) and acute pancreatitis (AP). The aim was to evaluate the efficacy and safety of DFPP in sHTG patients
(TG > 1,000 mg/dL).
Methods: This was a prospective single-center study in which patients with severe symptomatic drug and diet refractory HTG were recruited. Peripheral venous access of upper extremities was used for DFPP. Blood flow rate
was 100 - 120 mL/min and plasma separation rate was 800 - 1,000 mL/h. Plasma volume to treat in each case was
calculated with the Kaplan formula. Anti-coagulation was achieved by low molecular weight heparin. Treatment
goal was triglyceride level decreased to normal (< 1.7 mmol/L). Epidemiological data, lipid, hematological parameters as well as side effects were evaluated before and after DFPP.
Results: Seven patients (6 males and 1 female) were consecutively enrolled to this trial. There was diabetes
mellitus type 2 in four patients and obesity-associated nephropathy in one patient. The mean age was 42.5 years.
The average TG level before plasmapheresis was 17.41 mmol/L (range 10.93 - 26.33 mmol/L). After one session,
the levels of triglyceride, total cholesterol, LDL-c, HDL-c decreased significantly by 58.3%, 43.2%, 41.9%, 20.7%,
respectively. The mean number of treatment sessions was 1.5 (range 1 - 3). DFPP was well-tolerated. Except for
transient decrease of albumin, globulin and fibrinogen, liver and renal functions, hematological parameters did
not change significantly.
Conclusions: According to our own experience, DFPP may be used safely and effectively in sHTG patients at risk
of acute coronary events and AP. However, further randomized controlled trials are necessary to explore the longterm effect.
(Clin. Lab. 2022;68:xx-xx. DOI: 10.7754/Clin.Lab.2021.211051)
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LIST OF ABBREVIATIONS
HTG - hyperglyceridemia
ASCVD - atherosclerotic cardiovascular disease
AP - acute pancreatitis
TG - triglyceride
TC - total cholesterol
LDL-c - low-density lipoprotein cholesterol
HDL-c - high-density lipoprotein cholesterol
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(platelet count < 50 * 109/L), hypotension (systolic
blood pressure < 90 mmHg), important organ dysfunction, mental disorder that could not afford to receive
DFPP treatment. In Table 1, demographic characteristics of the patients are shown.

Fg - fibrinogen
Alb - albumin
Glb - globulin
Hb - hemoglobin
WBC - white blood cell count
BUN - blood urea nitrogen
Cr - creatinine
ALT - alanine aminotransferase
AST - aspartate aminotransferase

Study design
Prospective single-center study recruited patients with
severe symptomatic drug and diet refractory HTG at the
Seventh Affiliated Hospital of Sun Yat-sen University
and then treated with DFPP. Treatment modalities to reduce serum TGs and the number of DFPP sessions in
each case were determined by the attending physicians.
The treatment goal was to decrease the triglyceride level
to normal level (< 1.7 mmol/L).

INTRODUCTION
Severe hypertriglyceridemia (HTG), defined as a triglyceride (TG) level > 1,000 mg/dL (> 11.3 mmol/L), is
an uncommon condition that affects 0.4% of adults [1].
Severe HTG is associated with serious complications
such as atherosclerotic cardiovascular disease (ASCVD)
and acute pancreatitis (AP) with high risk of frequent
relapse [2,3]. It is generally believed that triglyceride
(TG) levels of > 1,000 mg/dL (11.3 mmol/L) trigger
acute pancreatitis and its serious complications. Double
Filtration Plasmapheresis (DFPP) is a semi-selective
blood purification modality derived from the plasma exchange (PE) modality, in which the first filter separates
the whole blood from the plasma, then the plasma is
passed through a second filter that prevent the passage
of high-molecular weight molecules [4]. DFPP has the
advantage of reducing the risk of allergic reaction and
viral infections using fresh-frozen plasma as replacement fluid in PE.
For this indication, a selective procedure, such as DFPP,
might be preferred to avoid the need for substituting human plasma products with their potential adverse effects.
By selecting the optimal pore size model for the plasma
component separator, DFPP can be applied to various
disorders, such as familial hypercholesterolemia [5,6],
organ transplants [7], rheumatic disorders [8, 9], neurological disorders [10], and dermatologic disorders [11].
In some reports, DFPP has proven to be effective in decreasing TG levels in HTG-associated pancreatitis [9,
12]; however, there is little experience in sHTG patients
not complicated with pancreatitis. Thus, we are interested in exploring the therapeutic potential of DFPP on
sHTG to further scrutinize the safety and the patients’
outcomes.

Ethics
This trial was approved by the ethics committee of the
seventh Affiliated Hospital of Sun Yat-sen University.
Informed consent was obtained from all patients prior to
inclusion.
Apheresis and outcome ascertainment
DFPP procedure was performed by a plasmapheresis
machine (Multifiltrate CiCa ®, FMC, Bad Homburg,
Germany) using a plasma separator (P2, Fresenius, Germany) and a plasma component separator (Cascadeflo
EC-50W, Asahi Kasei Medical Co, Japan). There was
no need for replacement fluid. Peripheral venous access
of upper extremities was used for DFPP. Blood flow
rate was 100 - 120 mL/min and the plasma separation
rate was 800 - 1,000 mL/h. Plasma volume to treat in
each case was calculated with the Kaplan formula: plasma volume estimate = (0.065 * weight [kg]) * (1-hematocrit), with a mean of 2 L per session. Anticoagulation was achieved by low molecular weight heparin.
The primary endpoint was the effectiveness of DFPP on
the reduction in TG during DFPP session. The secondary endpoint was the eﬀects of DFPP on biochemical
and hematological parameters as well as adverse events
during DFPP treatment.
Laboratory test
Before and after PE, venous blood samples were collected from an antecubital vein for hemoglobulin, white
blood cell counts, biochemical analyses such as triglyceride (TG), total cholesterol (TC), low-density lipoprotein cholesterol (LDL-c), high-density lipoprotein cholesterol (HDL-C), fibrinogen (Fg), albumin (Alb), globulin (Glb), immunoglobulin (IgE, IgA, IgM, IgG), alanine aminotransferase (ALT), aspartate aminotransferase (AST), blood urea nitrogen (BUN), and creatinine
(Cr) before and after DFPP were done in patients.

MATERIALS AND METHODS
Participants
Seven consecutive patients (six males and one female,
mean aged 42.5 years) with severe hypertriglyceridemia
(serum triglyceride levels more than 1,000 mg/dL) were
enrolled in this study. Four patients had type 2 diabetes
mellitus and one patient had obesity-associated nephropathy. There was no history of acute or chronic
pancreatitis. Exclusion criteria were thrombocytopenia

Statistical analysis
Data were analyzed using SPSS 10.0 Windows. All results were given mean ± SD. Two-paired t-test was used
for comparison of pre-PE and post-PE values. The level
of significance was set at p < 0.05.
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11.12 * 109/L (p = 0.008). Figure 2 summarizes the effects of DFPP on biochemical and hematological parameters.

Table 1. The demographic characteristics of DFPP.
Parameters

Mean ± SD

Demographic characteristics
Age (years)

42.5 ± 6.7

Gender (M/F)

6/1

Safety of DFPP treatment
The mean number of treatment sessions was 2.5 (range
1 - 3). Blood flow rate was 125 ± 20 mL/min, the
duration was 2.6 ± 0.3 hour. Mean processed plasma
volume was 2,931.3 mL. The dosage of LMWH was
4,500.0 ± 1,333.3 IU. DFPP was well-tolerated. None of
the patients developed complications related to plasmapheresis. In Table 2, the features of DFPP are seen. Except for a transient decrease of albumin, globulin, and
fibrinogen (see Figure 3A, these indexes returned to
normal level within several days), immunoglobulin E,
A, M, and G did not change significantly during DFPP
treatment (see Figure 3B).

Primary disease
Type 2 Diabetic Mellitus

4

Obesity-associated
nephropathy

1

Others

2

Table 2. The features of DFPP treatment.
Parameters

Mean ± SD

Treatment sessions (cycles)

1.5 ± 0.5

Blood flow rate (mL/min)

125 ± 20

Duration (hours)

2.6 ± 0.3

Processed plasma volume
(mL)

2,931.3 ± 775.6

Anticoagulant (LMWH, IU)

4,500.0 ± 1,333.3

DISCUSSION
In this study, DFPP significantly decreased the levels of
TG, TC, LDL-c, and HDL-c in patients with severe hypertriglyceridemia. The levels of TG decreased below
1.7 mmol/L in all patients after DFPP treatment. DFPP
may affect the levels of TG, because of the removal of
TG or chylomicron from plasma. Single DFPP removed
about 60% - 85% of TG and cholesterol [12,13]. The diameters of VLDL, LDL, and chylomicron are 30 - 80,
20 - 25, and 80 - 100 nm, respectively [14]. There are
seven types of non-selective and selective lipid apheresis now in clinical use, including immunoadsorption,
double filtration plasmapheresis and thermofiltration
plasmapheresis, dextran sulphate adsorption, heparin
extracorporeal LDL precipitation, direct adsorption of
lipoprotein using hemoperfusion and dextran sulphate
adsorption using hemoperfusion [15]. Two types of filters with different pore sizes are used for DFPP treatment. The principles and clinical experience of DFPP
for arteriosclerosis and systemic lupus erythematosus
(SLE) were first described by Dr. Agishi in 1980 [16].
Blood is separated into plasma and blood cells using a
plasma separator. The separated plasma is fractionated
into large and small molecular weight components by a
plasma component separator (or plasma fractionator).
Large molecular weight components, including pathogenic substances, are discarded. Small molecular weight
components, including valuable substances such as albumin, are returned to the patient. The advantage of
DFPP is that the volume of discarded plasma can be
significantly reduced and can significantly reduce the
volume of the replacement fluid. The discarded plasma
is replaced by the same volume of albumin solution as
replacement fluid; hence, the chance of allergic reactions and viral infections can be greatly decreased. By
selecting the optimal pore size model, major substances
to be removed can be selected from immunoglobulin G
(IgG) to low density lipoprotein cholesterol (LDL-C).
DFPP can be applied to a variety of refractory disorders

RESULTS
Baseline and clinical characteristics of patients with
sHTG
Seven patients (6 males and 1 female) with severe
symptomatic drug and diet refractory HTG at the
Seventh Affiliated Hospital of Sun Yat-sen University
were consecutively enrolled to this trial and treated with
DFPP between 2 January, 2020 and 26 February, 2021
(see Table 1). Four patients had diabetes mellitus type 2
and one patient had obesity-associated nephropathy.
The mean age was 42.5 years.
Eﬀects of DFPP on lipid and biochemical and hematological parameters
After the first session, the average TG level before plasmapheresis was 17.41 mmol/L (range 10.93 - 26.33
mmol/L). The levels of triglyceride, total cholesterol,
LDL-c, HDL-c decreased significantly by 58.3% (10.15
mmol/L, range 2.40 - 19.65 mmol/L), 43.2% (3.44
mmol/L, range 1.40 - 4.80 mmol/L), 41.9% (0.63
mmol/L, range 0.26 - 1.14 mmol/L), 20.7% (0.10
mmol/L, range 0 - 0.14 mmol/L), respectively (see Figure 1, all p < 0.05). After DFPP treatments, TG levels
decreased to the normal level in all patients.
The levels of Hb, AST, ALT, BUN, and Cr showed no
statistical difference after DFPP (p > 0.05). However,
white blood cell counts increased from 8.77 * 10 9/L to
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Figure 1. The change of lipid parameters pre- and post-DFPP treatment.

Figure 2. The effects of DFPP on biochemical and hematological parameters.
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Figure 3. The change of protein level pre- and post-DFPP treatment.
A: The change of fibrinogen, albumin, and globulin before and after DFPP treatment.
B: The change of immunoglobulins before and after DFPP treatment.

including metabolic disorders, organ transplants, rheumatic disorders, neurological disorders, and dermatologic disorders by selecting the optimal model. In the
present clinical trial, the pore diameter of plasma separator (P1) is 380 nm and the plasma component separator (EC-50W) is 0.035 µm, the latter of which is suitable for lipoprotein apheresis. Moreover, there is no
need for replacement fluid, avoiding any chance of allergic reaction or viral infection.
In several case reports and case series, DFPP has been
used in the treatment of patients with acute pancreatitis
due to sHTG [12,17]. Although the American Society
of Apheresis categorized therapeutic apheresis as a class
III treatment for hypertriglyceridemic pancreatitis meaning the optimal therapeutic method for sHTG was
not well established and that therapeutic decision should
be individualized - we do not yet know whether DFPP
could be conclusively useful when used on patients
whose serum triglyceride levels were in upper ranges
[18,19]. Hence, we need more clinical trials to verify
the safety and efficacy of DFPP and to determine where
and when to intervene.
In our study, after a single DFPP session, the levels of
triglyceride, total cholesterol, LDL-c, HDL-c decreased
significantly by 58.3%, 43.2%, 41.9%, 20.7%, respectively (Figure 1), which is consistent with the previous
study [12,13]. However, there was a transient decrease
of albumin, globulin, and fibrinogen after DFPP treatment, while immunoglobulins level did not show ob-
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vious change. Even though, several days later, the
above proteins were restored to normal levels.
The complications of DFPP were not important in our
patients. Liver and renal functions were not impaired.
Hematological parameters changed minimally and hemolysis was not observed. White blood cell count increase may be related to the activation of neutrophils after DFPP [20,21].
In conclusion, although our study group is small, DFPP
may be used safely and effectively in severe hyperlipidemic patients at risk of acute coronary events and acute
pancreatitis. Further extended studies may provide more
detailed information.

Declaration of Interest:
There is no conflict of interest in the study.

References:

5

1.

Ford ES, Li C, Zhao G, Pearson WS, Mokdad AH. Hypertriglyceridemia and its pharmacologic treatment among US adults. Arch
Intern Med 2009;169(6):572-8. (PMID: 19307519)

2.

Jeppesen J, Hein HO, Suadicani P, Gyntelberg F. Triglyceride
concentration and ischemic heart disease: an eight-year follow-up
in the Copenhagen Male Study. Circulation 1998;97(11):1029-36.
(PMID: 9531248)

Yan Lei et al.
3.

Toskes PP. Hyperlipidemic pancreatitis. Gastroenterol Clin North
Am 1990;19(4):783-91. (PMID: 2269517)

4.

Valbonesi M. Therapeutic plasmapheresis and cascade filtration –
Advances in technology and clinical applications. Transfusion &
Apheresis Science 2006;34(1):100-2.
https://www.researchgate.net/publication/246049019_Therapeuti
c_plasmapheresis_and_cascade_filtration__Advances_in_technology_and_clinical_applications

5.

Thompson G, Parhofer KG. Current Role of Lipoprotein Apheresis. Curr Atheroscler Rep 2019;21(7):26. (PMID: 31041550)

6.

Klaus G, Taylan C, Büscher R, et al. Multimodal lipid-lowering
treatment in pediatric patients with homozygous familial hypercholesterolemia-target attainment requires further increase of intensity. Pediatr Nephrol 2018;33(7):1199-208.
(PMID: 29502162)

7.

Kenmochi T, Saigo K, Maruyama M, et al. Results of kidney
transplantation from ABO-incompatible living donors in a single
institution. Transplant Proc 2008;40(7):2289-91.
(PMID: 18790214)

8.

Bourquelot P. Access flow reduction for cardiac failure. J Vasc
Access. 2016;17 Suppl 1:S60-3. (PMID: 26951907)

9.

Huang SP, Toh DE, Sue YM, Chen TH, Cheng SW, Cheng CY.
Double filtration plasmapheresis in treatment of acute pancreatitis
associated with severe hypertriglyceridemia: Three case reports.
Medicine (Baltimore) 2018;97(44):e1298. (PMID: 30383651)

18. Szczepiorkowski ZM, Winters JL, Bandarenko N, et al. Guidelines on the use of therapeutic apheresis in clinical practiceevidence-based approach from the Apheresis Applications Committee of the American Society for Apheresis. J Clin Apher 2010;
25(3):83-177. (PMID: 20568098)
19. Padmanabhan A, Connelly-Smith L, Aqui N, et al. Guidelines on
the Use of Therapeutic Apheresis in Clinical Practice - EvidenceBased Approach from the Writing Committee of the American
Society for Apheresis: The Eighth Special Issue. J Clin Apher
2019;34(3):171-354. (PMID: 31180581)
20. Bedö Z, Sipka S, Csípö I, et al. Leukocytosis induced by plasma
exchange. Acta Med Hung 1991;48(3-4):219-24.
(PMID: 1822860)
21. Roy AJ, Ramirez M. Increased granulocyte counts in recipients of
plasma from leukapheresed rats: a dose response study. Exp Hematol 1978;6(4):375-82. (PMID: 648596)

10. Zhang L, Liu J, Wang H, et al. Double filtration plasmapheresis
benefits myasthenia gravis patients through an immunomodulatory action. J Clin Neurosci 2014;21(9):1570-4.
(PMID: 24814857)
11. Higashihara T, Kawase M, Kobayashi M, et al. Evaluating the
Efficacy of Double-Filtration Plasmapheresis in Treating Five Patients With Drug-Resistant Pemphigus. Ther Apher Dial 2017;
21(3):243-7. (PMID: 28661097)
12. Galán Carrillo I, Demelo-Rodriguez P, Rodríguez Ferrero ML,
Anaya F. Double filtration plasmapheresis in the treatment of
pancreatitis due to severe hypertriglyceridemia. J Clin Lipidol
2015;9(5):698-702. (PMID: 26350817)
13. Kyriakidis AV, Raitsiou B, Sakagianni A, et al. Management of
acute severe hyperlipidemic pancreatitis. Digestion 2006;73(4):
259-64. (PMID: 16940728)
14. Mach F, Baigent C, Catapano AL, et al. 2019 ESC/EAS Guidelines for the management of dyslipidaemias: lipid modification to
reduce cardiovascular risk. Eur Heart J 2020;41(1):111-88.
(PMID: 31504418)
15. Stefanutti C, Thompson GR. Lipoprotein apheresis in the management of familial hypercholesterolaemia: historical perspective
and recent advances. Curr Atheroscler Rep 2015;17(1):465.
(PMID: 25410046)
16. Agishi T, Kaneko I, Hasuo Y, et al. Double filtration plasmapheresis. Trans Am Soc Artif Intern Organs 1980;26:406-11.
(PMID: 7245523)
17. Chang CT, Tsai TY, Liao HY, et al. Double Filtration Plasma
Apheresis Shortens Hospital Admission Duration of Patients
With Severe Hypertriglyceridemia-Associated Acute Pancreatitis.
Pancreas 2016;45(4):606-12. (PMID: 26491906)

6

Clin. Lab. 7/2022

