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Abstract
Background: Severe hypertriglyceridemia (HTG) is associ-
ated with major complications such as acute or relapsing 
pancreatitis (AP) and atherosclerotic cardiovascular disease 
(ASCVD). Rapid elimination of triglyceride (TG)-rich lipopro-
teins (LP) with double filtration plasmapheresis (DFPP) with-
out need for substitution has been found to be effective for 
the acute, short-term treatment of HTG-induced AP. Data on 
the long-term use of DFPP to prevent HTG-associated com-
plications are scarce. Objectives: To evaluate the use and ef-
ficacy of regular DFPP treatment in clinical practice for pre-
venting recurrence of HTG-associated complications in 
thera py refractory patients. Methods: Retrospective multi-
center study in patients with severe symptomatic drug and 

diet refractory HTG with regular DFPP treatment. Patients’ 
incidence of HTG-associated pancreatic or cardiovascular 
complications was compared before treatment and with 
regular DFPP treatment. Results: Ten patients (3 female) 
were identified with baseline maximal TG concentrations of 
2,587–28,090 mg/dL (median 5,487 mg/dL; interquartile 
range [IQR] 4,340–12,636). The mean observation period was 
3.9 ± 3.4 years before and 3.8 ± 3.0 years after commence-
ment of DFPP. In 5 patients, severe HTG was related to chy-
lomicronemia, 2 patients had familial partial lipodystrophy 
Dunnigan, and 1 patient had additional LP(a)-hyperlipopro-
teinemia. The main HTG-associated complication was recur-
rent AP in 8 patients, including 1 patient treated during preg-
nancy. Two patients presented severe progressive ASCVD. 
With long-term DFPP treatment, the annual rate of HTG-
associa ted pancreatic or cardiovascular complications de-
clined from median 1.4 (IQR 0.7–2.6) to 0 (IQR 0.0–0.4; p < 
0.005). The absolute number of events was reduced by 77%. 
In 6 patients (60%) episodes of AP did not occur, nor was 
progression of ASCVD detected clinically or by routine imag-
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ing techniques. DFPP was effective in the elimination of TG-
rich LP from plasma, and was safe and well-tolerated. Con-
clusion: Long-term, regular DFPP treatment resulted in sta-
bilization of patients with severe HTG and related recurrent 
AP or progression of ASCVD, who were refractory to conven-
tional dietary and drug therapy. © 2020 S. Karger AG, Basel

Introduction

The complex causes of hypertriglyceridemia (HTG), 
which are associated with a highly variable clinical appear-
ance, make diagnosis and therapy an interdisciplinary chal-
lenge. Increased synthesis or defective clearance can lead to 
an increase of triglyceride (TG)-rich lipoproteins (LP) in 
plasma. According to a recently simplified classification, 
HTG is defined as either mild-to-moderate, with a plasma 
TG concentration of 2–10 mmol/L (175–885 mg/dL) and a 
more likely polygenic or secondary basis, or, rarely, severe, 
with a TG concentration of >10 mmol/L, (> 885 mg/dL), 
more likely related to monogenic causes affecting only 
0.1% of adults [1, 2]. Severe HTG primarily results from 
genetic disorders leading to a decrease in LP lipase activity. 
Uncontrolled diabetes mellitus, drugs, nephrotic syn-
drome, obesity, and alcohol intake are secondary causes. 
Severe HTG is associated with serious complications such 
as acute pancreatitis (AP) with high risk of frequent relapse 
and atherosclerotic cardiovascular disease (ASCVD). Ele-
vated TG-rich LP represent an independent causal risk fac-
tor for ASCVD [2, 3]. The results of a large Mendelian ran-
domization study suggested that all apolipoprotein B 
(ApoB)-containing LP particles, including TG-rich very-
low-density lipoprotein (VLDL) particles and their meta-
bolic remnants, as well as low-density lipoprotein (LDL) 
particles, have approximately the same effect on the risk of 
cardiovascular disease per particle [4].

Severe HTG accounts for up to 10% of all AP cases in 
nonpregnant individuals and is the third most common 
cause of AP after gallstones and alcohol. AP requires ur-
gent therapy to prevent pancreatic necrosis, which has a 
mortality rate of up to 30% [5]. In pregnancy, up to 50% 
of all AP cases are related to HTG [6]. In the context of risk 
for HTG-induced AP, (HTG-AP) the threshold of TG lev-
els > 1,000 mg/dL is mentioned most frequently, which 
should be regarded as equivalent to severe HTG [5]. 

Standard treatment of HTG consists of dietary restric-
tions and lipid-lowering medication, such as fibrates and 
omega-3 fatty acids. In medical emergencies, effective 
and rapid lowering of excessively elevated TG with thera-

peutic apheresis to control HTG-AP is recommended by 
national and international apheresis guidelines [7, 8]. In 
general, 1–3 daily treatments of plasma exchange or dou-
ble filtration plasmapheresis (DFPP) are performed. 
DFPP is a selective method of LP apheresis based on 
membrane plasma separation with subsequent plasma fil-
tration of high-molecular-weight LP from plasma. Clini-
cal data on the long-term use of therapeutic apheresis to 
prevent recurrence of HTG-associated complications are 
scarce and limited to plasma exchange [9–13]. For this 
indication, a selective procedure, such as DFPP, might be 
preferred to avoid the need for substituting human plas-
ma products with their potential adverse effects. 

The aim of our nationwide retrospective study was to as-
sess the clinical practice and to evaluate the efficacy of long-
term DFPP for patients with severe symptomatic HTG. For 
the first time, a larger case series with regular DFPP treat-
ment for this rare indication was analyzed, including 2 pa-
tients with familial partial lipodystrophy (FPLD) who are, 
to our knowledge, the first cases described in the literature.

Methods

Patents and Outcome Measures 
An open, retrospective, multicenter, noninterventional study 

throughout Germany was performed. Data collection period was 
between March 2018 and March 2019. Criteria for patient enroll-
ment were diagnosis of severe HTG; insufficient response to ap-
propriate diet and lipid-lowering drug therapy, including antidia-
betic drugs, which were associated with relapsing or progressive 
HTG-related pancreatic or cardiovascular complications; and reg-
ular treatment with DFPP. The protocol was approved by the Eth-
ics Committee of Bayerische Landesärztekammer (No. 17090) and 
the Ethics Committee of University Duisburg Essen (No. 18-8500-
BO) and was reported to an open source online registry (No. 
DRKS00011704). The trial was performed in accordance with the 
principles of the Declaration of Helsinki. All patients provided 
written, informed consent before enrollment. The clinical course 
before and with regular DFPP was recorded. Individual retrospec-
tive observation periods were determined by the date of commenc-
ing regular DFPP treatment and the date of data collection for the 
study. The analyzed time before DFPP treatment varied depending 
on available clinical data of the individual patient. 

The main outcome parameter for efficacy was the incidence of 
HTG-associated pancreatic or cardiovascular complications before 
and after commencement of DFPP treatment. HTG-associa ted 
complications were defined as follows: event of AP, episode of se-
vere abdominal pain in patients with history of recurrent AP, and 
event or progression of ASCVD as determined clinically or by rou-
tine imaging technique. An ASCVD event was accounted by occur-
rence of cardiovascular death, nonfatal myocardial infarction, coro-
nary bypass surgery, percutaneous coronary intervention, or stent. 
Progression of ASCVD without clinical event was accounted as an 
equivalent event with the following findings by routine imaging 
techniques: incidence of new or additional  ASCVD at a new vascu-
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lar location or region, or deterioration of existing ASCVD. Second-
ary endpoints were evaluations of safety and tolerability using treat-
ment protocols in patient records. The validity of clinical findings 
was ascertained with careful review of medical records and based on 
standardized case report forms with source data verification. 

DFPP treatments were performed using a membrane plasma 
separator (Plasmaflo OP-08W) in combination with a plasma com-
ponent filter (Cascadeflo EC-50W or Rheofilter ER-4000, all Asahi 
Kasei Medical, Tokyo, Japan) and the tubing system MF-430 or 
CMF-430 (Effe Emme, Cigliano, Italy) together with the Octo Nova 
Technology, SW version 4.30.5 (DIAMED, Cologne, Germany). In 
2 patients with extreme chylomicronemia, plasma separation was 
switched from membrane to centrifuge technique using the Spectra 
Optia (Terumo BCT Inc., Lakewood, CO, USA) in combination 
with a plasma filter (Rheofilter ER-4000). For vascular access in 2 
patients, peripheral veins were used. In 8 patients, arteriovenous 
fistulas were created for chronic treatment. The filtered plasma vol-
ume per treatment was 2,000–5,000 mL, representing in mean 113% 
(±31) of patients’ plasma volume. Anticoagulation was performed 
with unfractionated heparin (in 2 patients combined with citrate).

Statistics
The t test for paired samples was used to analyze changes in an-

nual event rates; p < 0.01 was considered significant. Descriptive 
statistics were provided as mean with SD or median with inter-
quartile range (IQR). 

Results

Characteristics of Patients 
Ten patients were identified (3 female) with a median 

age of 43 years (IQR 35–48) at commencement of DFPP 
treatment. Patient characteristics are summarized in Ta-
ble 1. Ten treatment sites were involved in extracorporeal 
treatment of the patients. The patients presented different 
forms of severe symptomatic HTG. In 5 patients (2–5, 7), 
HTG was associated with chylomicronemia. In 2 patients, 
the diagnosis of familial chylomicronemia syndrome (FCS) 
was considered very likely. In patient 2, a heterozygous mu-
tation of the glycosylphosphatidylinositol-anchored high-
density-lipoprotein-binding protein 1 (GPIHBP1) gene 
was detected. In patient 3, genetic testing was not available, 
but FCS scoring according to Moulin et al. [14] was 10, sug-
gesting FCS. However, multifactorial CS was not complete-
ly excluded. Two patients had FPLD Dunnigan (8, 9), con-
firmed by genetic testing. Patient 10, in addition to severe 
HTG, had LP(a)-hyperlipoproteinemia (Lp[a]-HLP), pos-
sibly representing a phenotype of familial combined hyper-
lipidemia. Diabetes mellitus has to be addressed as a major 
condition aggravating treatment of HTG in 7 of the ana-
lyzed patients. In 4 patients, type 2 diabetes was regarded as 
an underlying disease. In 3 patients, diabetes mellitus was 
pancreoprive due to HTG-related pancreatitis episodes (1, 

2, 6) or additional pancreas tumor surgery (6). Recurrent 
AP was the main HTG-associated complication in 8 pa-
tients (1–8), 1 woman (7) was treated during pregnancy. 
Two patients (9, 10) had a severe progressive ASCVD. Pa-
tient 10 had, in addition, episodes of pancreatitis.

Appropriate diet and lipid-lowering therapy, including 
antidiabetic drugs, were insufficient to prevent progression 
or recurrence of HTG complications. In particular, patients 
9 and 10 received statins to reduce ASCVD risk. However, 
attainment of the LDL-C target for established ASCVD, 
which was reduced from 70 to 55 mg/dL according to the 
2019 guidelines of the European Society for Cardiology, 
could not be evaluated as LDL-C measurement must be re-
garded as invalid with TG levels of 800 mg/dL and above 
[15, 16]. Due to unsatisfactory control of TG levels, thera-
peutic apheresis was indicated, and DFPP was chosen as 
selective modality. At the time of the current assessment in 
2019, all but 1 patient (7) were on regular treatment.

DFPP Treatment
All patients received DFPP treatments – generally 1–2, 

with a maximum of 3 treatments per week at the discretion 
of the treating physician. One patient (7) was treated with 
DFPP only during pregnancy for 2 months within the third 
trimester. The range of baseline TG concentrations was 
2,587–28,090 mg/dL (median 5,487 mg/dL; IQR 4,340–
12,636). TG concentrations before/after DFPP treatment 
had means 2,865 mg/dL (±1,425) and 1,695 mg/dL (±1,375), 
respectively. In 2 patients (2, 8) with severe chylomicrone-
mia, plasma separation using a membrane technique was 
impaired by accumulation of chylomicrons. Elimination 
of these very large TG-rich LP was improved by using a 
centrifuge technique for plasma separation in combina-
tion with a plasma filter. The individual mean reduction 
rate of TG varied from 17 to 83% (for details see online 
suppl. Table 1; for all online suppl. material, see www.karg-
er.com/doi/10.1159/000506506). Regular DFPP was well-
tolerated by all patients after analysis of 1,085 treatment 
sessions. Eight patients had an arteriovenous fistula for 
vascular access. Recurrent fistula thrombosis occurred in 
1 patient (1) and could be resolved by thrombectomy and 
surgical revision. Minor adverse events typically associated 
with therapeutic apheresis methods (e.g., transient hypo-
tension, dizziness, hematoma at vascular access, or nausea) 
were not reported in detail.

Clinical Course 
Patients’ clinical courses regarding HTG-associated 

complications before and with regular DFPP are depicted 
in Figure 1 (for additional details of cases see online sup-
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pl.). Clinical course during DFPP treatment was analyzed 
from the time of commencing DFPP until the time of data 
collection for each patient. The analyzed time before 
DFPP treatment varied depending on available clinical 
data of the individual patient. The mean retrospective ob-
servation period was 3.9 years (±3.4) before and 3.8 years 
(±3.0) after commencement of DFPP. With long-term 
DFPP treatment, the annual rate of HTG-associated pan-
creatic or cardiovascular complications declined signifi-

cantly from median 1.4 (IQR 0.7–2.6) to 0 (IQR 0.0–0.4; 
p < 0.005; Fig. 2a). Additional subgroup analyses are pro-
vided in online supplementary Figure 1a, b. In total, 464 
months were analyzed before commencement of treat-
ment and 457 months were analyzed after commence-
ment of DFPP treatment. Evaluated absolute numbers of 
HTG-associated complications were 44 before and 10 af-
ter commencement of DFPP in 10 patients (Fig. 2b). Dur-
ing regular DFPP treatment, the absolute number of 

Table 1. Baseline characteristics

Patient 
number

Age at 
start of 
DFPP

Gender Body 
weight, kg

BMI, 
kg/m2

TG baseline 
maximal, 
mg/dL

Total
cholesterol 
baseline, mg/dL

Lp(a) 
baseline

Characteristics
of dyslipidemia

Main HTG-
associated
complications

Family
history for 
dyslipidemia

Diabetes 
mellitus

Lipid-lowering 
drugs

1 28 Male 125 36 6,127 562 <60 mg/dL sHTG AP Positive Yes, 
pancreoprive

Omega-3 fatty 
acids, fibrates, 
statins; ezetemib; 
nicotinic acid 
intolerance

2 43 Male 98 31 21,596 758 52 mg/dL sHTG; CM, 
very likely FCS*1

AP Negative Yes, 
pancreoprive

Omega-3 fatty 
acids, statins, 
ezetemib; 
nicotinic acid 
and fibrates 
intolerance

3 42 Male 122 42 28,090 626 <0.3 mg/dL sHTG, CM, 
very likely FCS*2

AP Negative Yes, 
type 2

Omega-3 fatty 
acids, statins; 
fibrates

4 44 Male 81 26 4,320 590 n.d. sHTG, CM AP Positive No Omega-3 fatty 
acids; fibrates

5 34 Male 99 29.6 3,562 414 <5 mg/dL sHTG, CM AP Negative No Omega-3 fatty 
acids, fibrates

6 50 Male n.d. n.d. 5,940 382 <7 nmol/L sHTG AP Negative Yes, 
pancreoprive

Omega-3 fatty 
acids, fibrates; 
ezetemib; 
nicotinic acids 
and statins 
intolerance

7 29 Female 48 18 9,000 164 n.d. sHTG, CM AP Positive No Omega-3 fatty 
acids, fibrates; 
lipid lowering 
medication 
stopped during 
pregnancy

8 37 Female 80 28 14,805 469 2 mg/dL sHTG, FPLD AP Positive Yes, 
type 2

Fibrates, statins; 
omega-3 fatty 
acids; metreleptin 
ineffective

9 56 Female 85 27 2,587 304 11 mg/dL sHTG, FPLD ASCVD 
(CHD)

Positive Yes, 
type 2

Statins, ezetrol, 
omega-3 fatty 
acids

10 49 Male 80 29 4,400 473 89 mg/dL sHTG; 
Lp(a)-HLP

ASCVD 
(CHD; 
PAOD); + AP

Positive Yes, 
type 2

Fibrates, ezetrol, 
statins

* FCS scoring 10 according to Moulin et al. [14].
1 Heterozygous mutation GPIHPB1.
2 Eruptive xanthoma and blood sample with typical creamy chylomicron layer.
DFPP, double filtration plasmapheresis; TG, triglyceride; AP, acute pancreatitis; ASCVD, atherosclerotic cardiovascular disease; CHD, coronary heart disease; CM, chylomicrone-

mia; FCS, familial chylomicronemia syndrome; FPLD, familial partial lipodystrophy; Lp(a)-HLP, lipoprotein(a)-hyperlipoproteinemia; PAOD, peripheral arterial occlusive disease; 
sHTG, severe hypertriglyceridemia; BMI, body mass index.
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events declined by 77%. In 6 cases (60%), including the 
pregnant patient, episodes of AP did not occur, nor was 
progression of ASCVD detected clinically or by routine 
imaging techniques. TG values during the pregnancy and 
clinical course of patient 7 are depicted in Figure 3.

Discussion

The role of long-term DFPP as final treatment escala-
tion for relapsing or progressive complications of severe 
HTG was analyzed in 10 patients. HTG in these patients 
had different etiologies and different pathogenic profiles. 
Diabetes mellitus was a comorbid condition of severe 
HTG in 7 patients. In 4 of these patients, diabetes mellitus 
existed as an underlying disease. In 3 patients, it developed 
due to deterioration of pancreas function (pancreoprive). 
Chylomicronemia was present in 5 patients. Two patients 
had the very rare form of FPLD Dunnigan. The indication 
for regular DFPP treatment to prevent HTG-associated 

complications (i.e., recurrent HTG-AP) or progression of 
ASCVD was established during routine care. The general 
approach for the long-term treatment of HTG, aiming at 
preventing HTG-associated complications like HTG-AP, 
includes dietary counseling, fat restriction, medium chain 
TGs, weight loss, avoiding alcohol intake, strict glycemic 
control in diabetes, and lipid-lowering drugs [17]. How-
ever, standard treatment strategies may be insufficient to 
prevent complications in some patients with severe HTG 
due to very rare monogenic forms or individual comorbid 
conditions or predisposing factors.

HTG-AP
Recurrent HTG-AP was the main complication in 

80% of patients in this study. HTG-AP is a rare and com-
plex disorder with an underlying mechanism that is in-
fluenced by genetic, metabolic, environmental, and pa-
tient-specific factors [17]. In guidelines for the treatment 
of acute or chronic pancreatitis prevention of HTG-AP, 
relapse is not receiving appropriate attention. It has been 
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recognized in current guidelines on the use of therapeu-
tic apheresis [8]. Clinical studies are sparse. Plasma ex-
change and DFPP have also been found to be safe and 
effective for the emergency treatment of severe HTG-AP 
during pregnancy [6, 18–28]. Shortening of hospitaliza-
tion was reported as a major benefit [23, 29]. The patho-
genic model of HTG-AP includes disturbance of pancre-
atic microcirculation by very large TG-rich LP. The ac-
cumulation of chylomicrons reduces pancreatic capillary 
flow with resulting ischemia. Subsequent hydrolytic re-
lease of free fatty acids is toxic to the pancreatic endothe-
lium and acinar cells. Activation and release of pancre-
atic enzymes induces autodigestion-related injury [5]. 
The rationale for the use of therapeutic apheresis is rap-
id extracorporeal elimination of TG-rich LP, which is 
hypothesized to instantly stop further organ damage. 
DFPP treatment results in the improvement of blood 
flow and microcirculation [30]. It is generally believed 
that TG levels > 1,000 mg/dL trigger AP and its serious 
complications. How ever, this threshold for the risk of 
HTG-AP appears rather arbitrary [23, 31]. Not all pa-
tients with severe HTG develop AP, and many patients 
with severe HTG never develop AP. In a recent retro-
spective study evaluating patients with very severe HTG 
and TG > 2,000 mg/dL, in 62%, no episodes of AP were 
reported [32]. Also, the correlation of pancreatitis sever-
ity and TG level is different in individual patients [19]. 
In one study more severe forms of pancreatitis were ob-
served in patients with higher TG levels compared to a 
group with lower TG levels, suggesting that high TG lev-
el may be associated with poor prognosis [33]. In our 
study, clinical stabilization of patients was observed even 
though the TG concentration in plasma was not reduced 
to a mean level of < 1,000 mg/dL in all patients, suggest-
ing that additional individual predispositions for AP 
might be decisive. It can be hypothesized that the thera-
peutic effect of regular DFPP treatment is based on the 
pulsed immediate physical extracorporeal elimination of 
large LP with their load of oxidized lipid components 
from plasma, thus subsequently reducing other patho-
physiological processes of pancreatitis and atherosclero-
sis such as inflammation, oxidative stress, and impaired 
rheology [30, 34, 35]. With long-term DFFP, the inci-
dence of AP was reduced in all affected patients in this 
study compared to the evaluated time period before 
commencing DFPP. A reduction of DFPP treatment fre-
quency was followed by AP relapse and typical symp-
toms of TG-associated abdominal pain, respectively, in 
2 cases (4, 8). These results indicate a preventive effect of 
DFPP treatment.

Familial or Multifactorial Chylomicronemia 
Syndromes
TG concentrations of > 2,000 mg/dL are indicative of 

large quantities of chylomicrons, which are composed of 
86% TG. In the rare form of FCS arising from a genetic 
defect in intravascular lipolysis, such as LP lipase or 
 GPIHBP1, differentiation of FCS from MCS is difficult 
since the clinical and biochemical phenotype can be very 
similar, whereas the incidence of HTG-AP is more fre-
quent in FCS. Methods of genetic assessment are not al-
ways available. Recently, a pragmatic diagnostic scoring 
system for FSC was suggested [14]. The scoring system 
revealed the diagnosis of FCS as very likely for 2 patients 
in our cohort (2, 3) with histories of multiple AP. In 2, a 
heterozygous mutation in GPIHBP1 was detected by 
gene analysis. Patient 3 presented eruptive xanthomas 
and chylomicrons were visible as the typical creamy lay-
er on full blood samples. With long-term DFFP treat-
ment, the frequency of HTG-associated complications 
was markedly reduced in both patients. Antisense-medi-
ated inhibition of hepatic APOC3 mRNA with volane-
sorsen represents a novel pharmacological option to low-
er TG levels for the very rare patients with confirmed 
monogenic FCS and failure of a strict low-fat diet, which 
has been investigated in phase 3 clinical trials, but long-
term experience in routine care is not available [36]. 
Thrombocytopenia and injection-site reactions were re-
ported as common adverse events [36]. Thrombocytope-
nia is no relevant side effect of DFPP [37]. The annual 
treatment cost for volanesorsen in Germany in 2019 was 
> 600,000 Euro which is approximately 10 times that of 
DFPP. 

HTG-AP during Pregnancy 
In pregnancy, hormonal changes and a decrease in LP 

lipase activity predispose one to increased TG levels, 
mostly in the third trimester. TG-lowering drugs are con-
traindicated. In particular, in women with an existing 
dyslipidemia, pregnancy may cause severe HTG with a 
high risk of HTG-AP [17]. As in general, individual sus-
ceptibility differs – some pregnant women may tolerate 
higher TG levels without significant symptoms. AP is as-
sociated with life-threatening fetal complications and in-
creased maternal mortality [23]. Our patient (7) with a 
known history of severe HTG and recurrent AP experi-
enced intrauterine fetal death during her first pregnancy. 
Therapeutic apheresis was not considered at this time. 
With regular DFPP treatment during the third trimester, 
the second pregnancy continued without complications 
until the timely delivery of a healthy newborn. The pro-
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phylactic use of therapeutic apheresis to avoid HTG-AP 
in individual high-risk women during pregnancy seems 
to be rare in clinical practice – there are only a few case 
reports, including one describing effective treatment with 
DFPP [6, 38, 39]. Interdisciplinary cooperation of gyne-
cologists, lipidologists, and nephrologists caring for 
women with previously known severe symptomatic HTG 
during pregnancy should become mandatory in these 
rare cases.

Combination of HTG- and Lp(a)-HLP 
One patient (10) presented combined TG- and Lp(a)-

HLP associated with severe progressive ASCVD involv-
ing coronary and peripheral arteries despite convention-
al dietary and drug therapy, including effective lowering 
of LDL-C. Elevated ApoB-containing TG-rich LP are an 
independent causal risk factor for ASCVD. High concen-
tration of TG is strongly associated with increased risk for 
myocardial infarction, ischemic stroke, and early death 
[1, 2, 40]. The atherogenic potential of elevated TG is un-
derdiagnosed and undertreated due to diagnostic diffi-
culties and rare occurrence. Most forms of HTG are com-
bined with other dyslipidemias. The atherogenicity of TG 
is not only dependent on the concentration of TG but also 
on the composition of the TG-rich LP particles in the 
blood and their influence on lipid metabolism. With 
Mendelian randomization analyses, a similar risk reduc-
tion of ASCVD was found in TG-lowering LP variants 
and LDL-C-lowering LDL-receptor variants [4]. Howev-
er, there is not yet conclusive evidence on whether lower-
ing TG reduces the risk of ASCVD. Lp(a) is an indepen-
dent causal cardiovascular risk factor, enhancing the risk 
of premature or progressive ASCVD. Regular LP apher-
esis can prevent cardiovascular events in patients with 
progressive  ASCVD and Lp(a)-HLP [35]. Lp(a)-HLP, 
along with progressive ASCVD, is approved as an indica-
tion for regular LP apheresis in Germany. For patient 10 
with a combination of HTG- and Lp(a)-HLP (TG > 3,500 
mg/dL; Lp[a] > 80 mg/dL), regular DFPP treatment was 
of particular benefit as Lp(a) was eliminated with the 
same efficacy as LDL-C, and even greater efficacy than 
TG. With regular DFPP, progression of ASCVD could be 
prevented.

HTG and Lipodystrophy Syndromes
Lipodystrophy (LD) syndromes are extremely rare 

disorders of deficient leptin action and body fat homeo-
stasis associated with serious metabolic complications, 
including diabetes, HTG, and steatohepatitis [41]. Di-
etary approaches and available pharmacological agents 

are often unsatisfactory in LD. Lipodystrophies are cate-
gorized in congenital generalized LD, FPLD and acquired 
generalized or partial LD. Diagnosis of LD is generally 
based on medical history, physical examination, body 
composition, and metabolic status [41]. LD is a serious 
and complication-prone disease. Data on the use of ther-
apeutic apheresis as an ultima ratio option to reduce TG 
are scarce. Intensive, long-term plasma exchange therapy 
with dramatic clinical benefit has been described in 1 girl 
with acquired, generalized LD [42]. Two patients of our 
cohort were diagnosed with FPLD-type Dunnigan, with 
main complications of AP in 8 and ASCVD in 9. The ma-
jority of FPLD are autosomal dominant [43]. Phenotypi-
cally, patients with FPLD lack extremity and gluteal sub-
cutaneous fat, which becomes obvious around puberty in 
most cases. FPLD2, also known as the Dunnigan variety 
of FPLD, is caused by autosomal dominant mutations in 
the LMNA gene on chromosome 1q21-22 [43]. LMNA 
encodes nuclear lamin A/C. Cardiovascular complica-
tions include CHD and hypertension, while metabolic 
complications include insulin resistance, diabetes melli-
tus, HTG with resultant pancreatitis, and hepatic steato-
sis, which tend to increase with age. Women can also have 
preeclampsia and miscarriages. Many complications of 
FPLD are secondary to deficient adipose tissue, like insu-
lin resistance, leading to severe HTG and AP. Treatment 
with recombinant human methionyl leptin (metreleptin) 
may be considered for patients with FPLD and severe 
metabolic derangements (hemoglobin A1c > 8%, and/or 
TG > 500 mg/dL). In 8, who was clinically stable with reg-
ular DFPP, metreleptin treatment was not effective. Re-
duction of DFPP frequency during metreleptin treatment 
led to increased TG concentrations even above 6,000 mg/
dL. Simultaneously, the patient developed typical symp-
toms of TG-associated abdominal pain. Our results cor-
respond to the findings that in FPLD, the response to me-
treleptin is less robust than in generalized LD [41]. There 
is evidence of an increased risk of early ASCVD in sub-
jects with FPLD and LMNA mutations, notably in women 
[41, 44]. Both female patients in our study with known 
mutations in the LMNA gene coding for Lamin A/C pre-
sented 2-vessel coronary artery disease; patient 9 exhib-
ited a very progressive course. After commencing regular 
DFPP treatment, no progression of ASCVD was observed 
in either case.

Therapeutic Apheresis – Methodological Aspects
Data on the long-term use of therapeutic apheresis to 

prevent relapse or progression of HTG-associated com-
plications are mostly limited to plasma exchange [9–13]. 
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A selective method of LP apheresis capable of eliminating 
large TG-rich LP, like DFPP, might be preferred to avoid 
the regular need for substituting human plasma products. 
Protein replacement fluids bear the risk of allergic reac-
tions, as well as a small but clinically relevant risk of virus 
transmission [45, 46]. With long-term DFFP treatment, 
the frequency of HTG-associated complications was re-
duced by 77% in our cohort compared to the analyzed 
time period before commencing DFPP. No relevant side 
effects were reported during DFPP. Sides effects related 
to vascular access are not specifically attributable to 
DFPP.

In rare cases with extremely large quantities of chylo-
microns with a particle size of 75–1,200 nm, membrane 
plasma separation can be impaired. Treatment in a fast-
ing state can be favorable to minimize the negative impact 
of postprandial increase of chylomicrons, remnants, or 
large VLDL on the filtration process. The use of centrifu-
gal plasma separation combined with plasma filtration 
represents a methodological alternative; however, the 
availability is mostly limited to in-hospital treatments. In 
2 patients (2, 8) of this case, series reduction of very large 
TG-rich LP was improved with a change to this method. 
In-hospital care of acute HTG-associated complications 
is regulated in Germany. DFPP and PE are implemented 
with equal cost in the coding system for hospital reim-
bursement. In 2019 reimbursement was 1,278 Euro per 
treatment. 

However, for long-term outpatient DFPP treatment of 
high risk patients with severe HTG, an individual approv-
al for reimbursement by the statutory or private health 
insurance fund is necessary, representing a substantial 
hurdle for actual clinical use.

Limitations
The retrospective nature of the analysis, variable ob-

servation periods, the relative small number of patients, 
and lack of a control group of patients are limitations of 
the presented study results. A potential confounding fac-
tor could be the intensive patient care by doctors and 
nurses during weekly treatments of the patients.

Conclusion

With long-term DFPP, the incidence rate of HTG-AP 
and progression of ASCVD was substantially reduced in 
select, high-risk patients with severe HTG which had 
failed to be eliminated by prior standard therapies. These 
results include rare genetic forms, such as FPLD, and par-

ticular comorbid or clinical conditions, such as pancreo-
prive diabetes mellitus or pregnancy. Based on the limited 
data, only patients who had already suffered severe com-
plications can be candidates for secondary prevention by 
long-term apheresis treatment. A larger prospective trial 
would be required to ascertain conclusively the benefits 
of long-term DFPP as an escalating treatment for severe 
refractory forms of HTG. However, it might not be fea-
sible to enroll a sufficient number of patients with such 
rare morbid conditions in a controlled study design, 
which also – from an ethical point of view – might be 
problematic in regard to the putative benefit of therapeu-
tic apheresis in these rare, high-risk patients.
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