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ABSTRACT 

 

Introduction: Double filtration plasmapheresis (DFPP) using two plasma 

filter with different pore size effectively reduce pathogenic serum substances 

in several disease through eliminating large molecules selectively as well as 

conserving essential component of plasma such as albumin. Systemic lupus 

erythematosus (SLE) is systemic autoimmune disease characterized by the 

production of unusual autoantibodies. We performed 2 sessions of DFPP for 

SLE patients and assessed its usefulness.  

Methods: During 2012 to 2013, DFPP was carried out with an interval of 4 

weeks in 10 patients with diagnosis of SLE. Status of autoantibodies, other 

objective data and subjective data was measured and assessed before and after 

DFPP, and followed up even up to 16 weeks.   

Results: At screening, IgG, IgM and anti-dsDNA antibody was elevated 

(1688.9±456.6 mg/dL; 79.4±26.8 mg/dL; 103.2±97.3 IU/mL), antinuclear 

antibody was positive and antimitochondrial antibody was negative in all 

patients. Anti-Sm antibody was positive in six patients. Generally C3, C4 was 

slightly decreased and hs-CRP was within normal limits. IgG, IgM, anti-

dsDNA antibody, and anti-Sm antibody was significantly decreased through 

each session of DFPP. And the levels were maintained stably or increased 

slightly. Clearance rate (CR) of indicators was measured. Mean CRs were 

listed in decreasing order as IgM, fibrinogen, LDL-C, total cholesterol, anti-

dsDNA Ab, IgG, and albumin. The patients with high serum anti-dsDNA 
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antibodies level showed better clearance rate and cumulative effect. There 

was improvement of subjective symptoms in two patients and improvement of 

SLEDAI score in the other patient. 

Conclusions: In this study of SLE, we have identified that DFPP effectively 

removes autoantibodies and clinical symptoms are improved in some. Future 

study is warranted to establish proper frequency and detailed procedure 

condition.  
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INTRODUCTION 

Systemic Lupus Erythematosus (SLE) is a chronic inflammatory disorder 

where circulating autoantibodies such as anti-dsDNA, immune complexes, 

and complement deposition lead to cell and tissue injury (1). The therapeutic 

goal of SLE is to keep symptoms under control without destructive 

complications by inhibiting inflammation and production of relevant 

autoantibodies. Treatment of SLE is mostly accomplished by 

immunosuppressive or cytotoxic drugs. Despite the standard drug therapy, 

SLE patients may undergo disease exacerbations leading to progressive 

multiple organ involvements. Moreover, the drug therapy itself has additional 

risks of substantial toxicity and complications. The long term corticosteroid 

therapy can contribute to osteoporosis, hypertension, diabetes, atherosclerotic 

disease, infections, and psychiatric disease (2). Furthermore, cumulative 

dosing of the cytotoxic drugs for SLE is associated with significant toxicities 

such as bone marrow suppression, premature ovarian failure with 

cyclophosphamide. (3) 

Thus, in addition to the drug therapy, plasmapheresis was introduced in the 

management of severe SLE to remove pathogenic autoantibodies and 

circulating immune complexes rapidly. Although therapeutic plasma 

exchange (TPE) had been extensively indicated for SLE over the past few 

decades since its first implementation in 1974 (4), no benefit was clearly 

proven though the controlled trials (5-8). Based on these evidences, the 
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Apheresis Applications Committee of the American Society for Apheresis 

(ASFA) put TPE for SLE-associated nephritis in category IV, which mean 

apheresis could be ineffective or harmful (1), and it is still regarded 

questionable the role of TPE in the treatment of mild form of SLE. Even 

though those disappointing reports has restricted the indications of TPE in 

SLE patients, adjunctive trial of TPE during standard therapy still remain 

effective for certain severe conditions (9). 

On the other hand, modified form of plasmapheresis, double filtration 

plasmapheresis (DFPP), is also available as a therapeutic option. In contrast to 

TPE which exchanges a large volume of plasma unselectively with an 

equivalent amount of replacement fluid, DFPP is a membrane-type 

plasmapheresis technology that removes large molecules selectively by 

double filtration of the plasma (10). It has two membrane filters with different 

pore sizes. The first plasma filter called plasma separator, separates whole 

blood into blood cell and plasma components. And from the isolated plasma, 

the secondary plasma filter called plasma fractionator selectively removes 

high-molecular weight substances including pathogenic substances such as 

immunoglobulins (Igs) and circulating immune complexes, and/or protein 

complexes. DFPP prevails recently for its advantage of safety. DFPP not only 

minimizes the loss of albumin and the subsequent need for replacement fluids 

but also maximizes selectivity of removal by using different pore sized-

plasma fractionators. Therefore, DFPP is used widely and actively for the 

treatment of various autoimmune, metabolic, and hematological diseases (11).  
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However, so far, none have been subjected to controlled trials for DFPP in 

SLE. To our knowledge, only few reports with low evidence have described 

effective DFPP synchronized with cyclophosphamide pulsed therapy or 

cytotoxic therapy in the management of SLE with co-morbidities (12).  

We hypothesized that DFPP could reduce various pathogenic factors of SLE 

and therefore, disease activity of SLE would be decreased and disease 

remission would be reached or sustained. Here, we report a prospective non-

randomized pilot study on the clinical efficacy, elimination efficacy of 

antibodies, and safety of DFPP in patients with SLE. 
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MATERIALS AND METHODS 

1. Patients 

In this investigator-initiated, single-center, open-label pilot study, twelve 

patients with SLE under immunosuppression were recruited between January 

2012 and August 2013. The diagnosis of SLE had been made according to the 

revised criteria for classification of American College of Rheumatology (13). 

The eligibility criteria for the study participants are shown in Table 1. 

Medications which were in use prior to the DFPP were maintained throughout 

the treatment period. 
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2. Methods 

 

Double-filtration plasmapheresis (DFPP) procedure 

The DFPP procedure was performed by the plasmapheresis machine 

(Plasauto EZ, produced by Asahi Kasei Medical, Tokyo, Japan) using a 

plasma separator (Plasmaflow OP-05W, Asahi Kasei Medical) and a 

secondary filter called plasma fractionators (Cascadeflo EC-40W, Asahi Kasei 

Medical). The two membranes have different pore sizes. The membrane pore 

in the plasma fractionator was smaller than that in the plasma separator. The 

Plasmaflow OP-05W plasma separator consisted of a hollow fiber 

polyethylene membrane coated by ethylene -vinylalcohol copolymer, with 

internal diameter of 350±50 μm, wall thickness 50±10 μm, mean pore 

diameter of 0.3 μm, effective membrane surface area of 0.5 m2, and the 

priming blood volume of 550 ml. The Cascadeflo EC-40W plasma 

fractionator consisted of a hollow fiber made of ethylene vinyl alcohol 

copolymer, with internal diameter of 175 μm, wall thickness 40 μm, mean 

pore diameter of 0.025 μm, effective membrane surface area of 2.0 m2, and 

the priming blood volume of 150 ml.  

Processing conditions were set as follows: The amount of target plasma 

processing volume was 1/25 of body weight, blood flow rate was 50–140 mL/ 

min and plasma separation speed was 25-30% of the blood flow speed. 

Heparin was used as the anticoagulant. No replacement fluid was used. 

Vascular access was established by 16G catheters in both antecubital veins. 
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Study Design 

Each patient was treated with a total of two DFPP sessions, with an interval 

of 4 weeks (week 0 and week 4). Physical findings, blood parameters and 

urinalysis were evaluated at the beginning of the study (around the 1st DFPP), 

after 1 week, 4 weeks (around the 2nd DFPP), and after 16 weeks. Subjective 

symptoms were evaluated at the beginning of the study (before the first 

DFPP), after 4weeks (before the second DFPP), and after 16 weeks.  

 

Assessment of outcome  

Laboratory studies included CBC, and biochemistry (total cholesterol, 

triglyceride (TG), low density lipoprotein cholesterol (LDL-C), total protein, 

serum albumin, ALT, AST, r-GTP, BUN, Creatinine, hs-CRP, homocystein, 

fibrinogen), immunologic index (IgG, IgM, antinuclear antibody (ANA)), 

anti-dsDNA antibodies, anti-Sm Ab, antimitochondrial Ab (AMA), C3, C4). 

Subjective symptoms were evaluated on a 5-point scale using the Anti-Aging 

QOL Common Questionnaire (AAQol) as described in previous reports (14).  

The primary efficacy outcomes studied included the changes in the level of 

autoantibodies. Secondary efficacy outcome assessed was AAQol scoring. 

And the clearance rate (CR) of Igs, anti-dsDNA antibody, other serum 

proteins and lipids were further estimated by using serum values immediately 

before and after DFPP. CR, representing the percentage of serum substances 

reduced from DFPP was calculated using following formula: CR = [(pre-

DPFF index)–(post –DFPP index)]/ (pre-DPFF index) × 100 (%), where pre-

DPFF index and post-DPFF index are the value of immediate before and after 
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DFPP. 

When possible, the SLE disease activity index (SLEDAI), which represents 

the disease activity of SLE, was measured. 

 

Statistical analysis 

Data are expressed as means ± standard deviation. Changes in test values 

before and after DFPP were compared by statistical analysis using Wilcoxon’s 

matched pairs test. The statistical analysis software SPSS 21 (SPSS Inc., 

Chicago, IL, USA) was used for statistical analysis. A P value of 0.05 or less 

was considered statistically significant.  

 

Ethical standards 

Written informed consent was obtained from all patients prior to inclusion in 

the study. The study was approved by the Ethical Committee of Seoul 

National University Hospital, conforming to the Declaration of Helsinki. 
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Table 1. Eligibility criteria  

Inclusion criteria* 

(1) Antinuclear Ab + 

(2) Anti-double strand DNA Ab levels ≥ 10 IU/mL 

(3) Antimitochondrial Ab+ 

(4) Hs-CRP levels ≥ 1.0 

 
Exclusion criteria* 

(1) A severe underlying disease such as hepatic failure, renal 
failure, cardiovascular disease, hematologic diseases, 
pulmonary diseases or any other poorly controlled disease 

(2) Pregnant, or breast feeding 

(3) Body weight < 45kg 

(4) Previous episode of shock occurring during extracorporeal 
circulation of blood 

(5) Serious bleeding diathesis 

(6) History of hypersensitivity to corticosteroid (topical) 

(7) Difficulty in communication 

(8) History of blood donation ≥200ml within a month or ≥400ml 
within 3 months prior to this study 

(9) Age < 20 or > 60 years 

(10) Any other condition that in the opinion of the investigators 
would make the patient unsuitable for enrollment 

 

*Study participants had to meet more than 2 of the following 4 inclusion criteria and 

none of the exclusion criteria 
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RESULTS 

Patients’ background 

Of the twelve patients recruited, two patients did not complete the study. A 

total of ten patients, composed of nine women and a man, and aged 25–54 

years, were enrolled in this study. Baseline characteristics of the patients were 

shown in Table 2. One patient presented concomitant occurrence of Sjögren 

syndrome and SLE with lupus nephritis, nine patients presented SLE alone. 

Among those nine, five patients were developed with lupus nephritis, one 

patient was with hypothyroidism, and one showed pleural effusion and the 

other two were without any significant complication. 

Disease specific autoantibodies were measured as screening (Table 3). The 

levels of anti-dsDNA antibodies, which is highly diagnostic of SLE and 

implicated in the pathogenesis of lupus nephritis (15, 16), elevated in all 

participants (103.2±97.3 IU/mL; mean±SD). Anti-Sm Ab, of which 

prevalence has been reported to be 5-30% in SLE patients, was positive in 6 

patients (60%) (17, 18). All patients showed positive for ANA and negative 

for AMA. The hs-CRP was measured and found low level in all patients. 

Serum complement C3 and C4 levels were normal to slightly depressed 

(73.2±19.0 mg/dL, 11.5±7.0 mg/dL).  

 

DFPP  

The processed plasma volume was mean 2307.5 ml and the processing time 

was mean 138 min per session, respectively. There was no side effect during 
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procedures. No DFPP-related severe complications were observed.  

 

Efficacy outcome  

Immunoglobulin 

Changes in levels of Ig in patients after treatment with DFPP are shown in 

Table 3 and Figures 1A and 1B. All the patients significantly exhibited 

improvements in level of Igs after first session of DFPP (IgG: 1688.9±456.6 

mg/dL vs. 1147.2±394.2 mg/dL, P=0.005; IgM: 79.4±26.8 mg/dL vs. 

31.3±14.4 mg/dL, P=0.005). Igs in patients showed further decrease after 

second session of DFPP (vs. baseline: IgG: 1123.0±361.8 mg/dL, P=0.005; 

IgM: 30.1±11.0 mg/dL, P=0.005). At the 1-week follow-up interval, the level 

of Igs still maintained reduced status compared to the baseline values (IgG: 

1484.9±480.0 mg/dL, P=0.005; IgM: 55.8±19.5 mg/dL, P=0.005). However, 

the decrease was not significantly maintained at the 4-week follow-up interval 

(vs. baseline: IgG: 1622.9±466.0 mg/dL, P=0.126; IgM: 72.3±25.5 mg/dL, 

P=0.21) and either at the 16-week follow-up interval (IgG: 1345.7±416.3 

mg/dL, IgM: 75.2±36.7 mg/dL; vs. baseline: IgG P=0.139, IgM P=0.441; vs. 

before 2nd DFPP: IgG: P = 0.374, IgM: P=0.237).  

 

Anti-dsDNA antibody 

Although the levels of anti-dsDNA antibodies had been elevated in all 

patients at baseline, the levels became decline after first session of DFPP 

(n=10, 103.2±97.3 IU/mL vs. 70.0±84.9 IU/mL, P=0.059) in patients except 

one individual, whose baseline titer was not obtained immediately before 
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procedure, and also further decreased significantly after second session of 

DFPP in all patients (36.8±22.0 IU/mL, P=0.005) (Table 3 and Figure 2). 

Generally, the levels of anti-dsDNA antibodies were stably maintained at 

lower level than initial value during 16 weeks of follow-up periods.  

 

Anti-Sm antibody 

By ELISA method, mean quantitative values were quite low throughout 

whole follow-up periods. Although the six patients showing positive for anti-

Sm antibody at initial screening were not turned to negative, the anti-Sm 

antibody value significantly decreased through first (7.0±6.0 IU/mL vs. 

3.6±2.4 IU/mL. p=0.028) and second DFPP session (vs. baseline: P = 0.028, 

vs. pre 2nd DFPP: P=0.043).  

 

ANA, AMA  

All patients showed positive for ANA and negative for AMA through all the 

follow-up period. 

 

Hs-CRP 

The initial mean values of Hs-CRP was less than 1.0mg/L (0.33±0.42 mg/L), 

and the mean values became lower after DFPP and showed decreasing 

tendency during follow-up period.  

 

Clearance rates 

All serum levels of anti-dsDNA antibody and Igs were decreased after DFPP. 
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The clearance of plasma proteins and lipids are presented in Table 4. The 

mean CR values of IgG, IgM, and anti-dsDNA antibody were 33.1%, 60.6%, 

and 42.0% around the first session of DFPP, 31.4%, 58.4%, and 43.2% around 

the second session of DFPP, and 34.3%, 62.3%, and 47.3% through the serial 

two sessions of DFPP, respectively.  

Nine patients except one, whose initial anti-dsDNA antibody value was not 

measured at the day of the first DFPP, were divided into two groups according 

to their baseline anti-dsDNA antibody titer. Initial anti-dsDNA antibody level 

were above 80 IU/mL (n=4, 178.6±103.0 IU/mL, range: 88.4-277.5 IU/mL) in 

group A and under 50 IU/mL (n=5, 30.7±12.5 IU/mL, range: 13.2-43.6 IU/mL) 

in group B. The mean CR values through the first session of DFPP, the second 

session of DFPP and the serial two sessions of DFPP were 48.2%, 49.6%, and 

62.2% in group A, 37.0%, 38.1%, and 35.5% in group B, respectively (Table 

4). 

The clearance rates were highest for IgM, followed by TG, fibrinogen, LDL-

C, total cholesterol, anti-dsDNA Ab, IgG, albumin, and homocysteine in 

decreasing order, similarly across the groups. Just comparing single DFPP 

value versus consecutive dual DFPP value, there was no significant difference 

of CR in response to the number of DFPP trials with just monthly twice. 

 

AAQol score 

Comparing the value of the baseline, QoL score at the 4-weeks follow-up 

was slightly decreased (118.9 vs. 111.8, p = 0.139). At the 16-weeks follow-

up, all patients showed little change in their score. 
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Clinical manifestation 

Two patients clinically improved after 2 sessions of DFPP. In one patient, 

hand dorsum pain was improved with improvement of fatigue after 2nd DFPP. 

The other patient felt that general condition has improved much better after 

1st DFPP.   
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Table 2. Patients' baseline characteristics 

  

Age (years), mean (SD) 35.8 (10.5) 

Female, no (%)   9 (90%) 

Complication, no (%) 
 

SLE with Sjögren syndrome 1 

Lupus nephritis 1 (10%) 

SLE alone 9 

Lupus nephritis 5 (50%) 

Hypothyroidism 1 (10%) 

Pleural effusion 1 (10%) 

 

Abbreviations: SD, standard deviation; SLE, Systemic Lupus Erythematosus. 
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Table 3. Measured items in pre-, post procedure on 2 sessions of DFPP  

 

 

Abbreviations: DFPP, double filtration plasmapheresis; ab, antibody 

Values are presented as mean (range). 

a P < 0.05 vs Baseline. 

b P < 0.05 vs pre 2nd DFPP. 

-1 ~ 0 week 0 week 1 week 16 week

Items Baseline post 1st DFPP 1st F/U pre 2nd DFPP post 2nd DFPP 2nd F/U

IgG (mg/dL) 1689.9 (1195-2524) 1147.2 (667-1849)
a

1484.9 (1011-2457)
a 1622.9 (1120-2420) 1123.0  (714-1738)

a, b 1345.7 (681-2054)

IgM (mg/dL) 79.4 (34-132) 31.3 (13-64)
a

55.8 (23-83)
a 72.3 (32-116) 30.1 (11-42)

a, b 75.2 (32-149)

C3 (mg/dL) 73.2 (49-103) 48.7 (32-69)
a 68.1 (40-90) 68.8 (28-105) 45.9 (22-65)

a, b 68.7 (43-90)

C4 (mg/dL) 11.5 (4-27) 5.4 (1-16)
a 12.4 (4-29) 11.2 (4-28) 5.5 (2-15)

a, b 10.5 (3-20)

anti-dsDNA ab (IU/mL) 103.2 (13.2-277.5) 70.0 (10.2-260.0) 84.8 (13.9-257.5) 67.8 (15.8-139.5) 36.8 (9.1-77.6)
a, b 57.3 (17.6-128.0)

Hs-CRP (mg/dL) 0.33 (0.01-1.01) 0.27 (0.01-0.86) 0.41 (0.01-1.43) 0.28 (0.01-1.01) 0.16 (0.01-0.62)
a, b 0.20 (0.01-0.52)

4 week
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Table 4. Clearance rates (%) of serum proteins and lipids.  

 

 

Abbreviations: ab, antibody; LDL, low density lipoprotein; TG, triglyceride. 

Values are presented as mean (standard deviation) 

a 1st session vs. 2 sessions. 

b 2nd sessions vs. 2 sessions. 

c Nine patients except one, whose initial anti-dsDNA antibody value was not 

measured at the day of the first DFPP. 

d Initial anti-dsDNA antibody level > 80 IU/mL, n=4 

e Initial anti-dsDNA antibody level < 50 IU/mL, n=5 

 

 

 

 

 

 

1st session 2nd session 2 sessions P-value
a

P-value
b

IgG 33.2 (7.7) 31.4 (3.3) 34.3 (5.7) 0.575 0.093

IgM 60.6 (9.8) 58.4 (7.4) 62.3 (7.0) 0.515 0.015

anti-dsDNA ab
c 42.0 (22.3) 43.2 (9.6) 47.3 (21.3) 0.515 0.441

Group A
d 48.24 49.58 62.18

Group B
e 36.97 38.1 35.48

Homocysteine 10.5 (9.6) 12.4 (6.9) 10.0 (15.7) 0.959 0.678

Fibrinogen 57.2 (9.2) 52.2 (9.9) 58.1 (8.4) 0.203 0.093

Total cholesterol 54.5 (8.4) 51.8 (6.6) 52.16 (9.3) 0.445 0.959

LDL  cholesterol 52.7 (26.6) 59.6 (5.9) 54.9 (14.0) 0.878 0.314

TG 58.2 (7.2) 56.7 (12.7) 61.5 (17.4) 0.374 0.203

Total protein 23.6 (6.9) 23.3 (3.7) 23.8 (6.9) 1 0.499

Albumin 16.6 (8.6) 16.2 (4.8) 15.7 (10.1) 0.26 0.612
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Figure 1. Changes in levels of immunoglobulins after treatment with DFPP 

 

Abbreviations: DFPP, double filtration plasmapheresis; ab, antibody 

a P < 0.05 vs Screening. 

b P < 0.05 vs pre 2nd DFPP. 
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Figure 2. Changes in levels of anti-dsDNA antibody after treatment with 

DFPP 

 

Abbreviations: DFPP, double filtration plasmapheresis; ab, antibody 

a P < 0.05 vs Screening, for all participants (n=10). 

b P < 0.05 vs pre 2nd DFPP, for all participants (n=10). 

c P < 0.05 vs Screening, except for patient no. 9, whose anti-dsDNA antibody was 

measured at 10 days before first DFPP (n=9). 

d P < 0.05 vs pre 2nd DFPP, except for patient no. 9, whose anti-dsDNA antibody was 

measured at 10 days before first DFPP (n=9). 
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DISCUSSION 

Immunologic characteristics of SLE include the presence of ANA, anti-ds-

DNA antibody and anti-Sm antibody. For the diagnosis of SLE, anti-Sm 

antibody is most specific marker (19). And anti-dsDNA antibody is also a 

specific autoantibody with pathogenicity and has been reported to be 

associated with disease activity of SLE (15, 16, 20, 21). The hypothesis that 

pathogenic immunologic markers will be reduced during DFPP was supported 

by our results. 

In general, removal efficacy of DFPP depends on multiple factors. The 

intensity of the procedure such as frequency, interval and processing volume 

of trials as well as the characteristics of target substance such as molecular 

weight are major factors that can affect the removal efficacy of DFPP (22). In 

this study, the clearance of IgM tended to be greater than that of IgG, 

suggesting that IgM were removed more effectively than IgG. It is notable 

that the removal of anti-dsDNA antibody was comparable to that of IgG rather 

than IgM. Anti-dsDNA antibody is known as a heterogeneous population, 

some of which have been found not to be pathogenic (23). Though non-

pathogenic anti-dsDNA antibodies found in normal individuals are usually 

IgM isotype and show low avidity, pathogenic anti-dsDNA antibodies in SLE 

patients are usually IgG isotype and present high avidity (23). As anti-dsDNA 

antibodies in SLE patients belong to IgG class, the autoantibody in our study 

was cleared at a similar rate to that of IgG. Selective removal of pathogenic 

substances by pore-size dependent filtration is the main principle of DFPP. 
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EC-40W filtrate large molecules greater than 500kDa and significantly 

eliminate IgM, lipids, fibrinogen and α2-macroglobulins (24, 25). IgG is 

known to be decreased by EC-40W, with less magnitude when compared with 

EC-20W (26). According to the previously published reports, immunologic 

disease with abnormal IgG or globulins as pathogenic markers could be 

treated effectively using with the plasma fractionator EC-20W rather than EC-

40W (26). Various plasma fractionators have different removal ability 

depending on their membrane pore size and therefore the choice of the plasma 

fractionator should be determined in consideration of the molecular weight of 

the substance to be removed. In this study, we applied EC-40W as a plasma 

fractionator. That was a conservative approach to prevent the occurrence of 

side effects because it was a pilot study and targeted relatively stable patients. 

Furthermore, we compared CRs of testing parameters depending on the 

number of DFPP trials in order to find out the cumulative effects of serial 

DFPP. However, there was no significant difference between groups with just 

monthly twice DFPP. According to the previously published reports (27), 

autoimmune disease, mostly due to pathogenic IgG, could reach best 

clearance rates by minimum 4 sessions of DFPP (27). Therefore, for 

enhancing removal efficacy, further well controlled studies are needed to 

determine appropriate conditions such as adequate pore size of the plasma 

fractionator, adequate frequency and interval of DFPP.  

We compared the CR of anti-dsDNA antibodies depending on their initial 

value. The group with higher initial titer showed higher CRs and presented 

distinct cumulative effect of serial trial. In other words, when the initial titer 
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of targeted substance is high, it is necessary to increase the number of DFPP 

trials. 

However, patient’s AAQol score showed little change with monthly twice 

DFPP although two patients showed improvement of clinical manifestation. In 

one patient, there was an improvement in SLEDAI score (from 16 to 6) 

through the 2 sessions of DFPP. It was regretful that information for the value 

of SLEDAI was limited.  

According to previous studies, approximately 0.5-3.1% of SLE patients was 

treated with PE (28, 29). Similarly, retrospective chart review of our study 

participants revealed that only one out of twelve patients had PE long before 

our study due to uncontrolled diffuse alveolar hemorrhage. As mentioned 

above, PE in SLE is mostly applied to life-threatening status and/or severe 

therapy-resistant manifestations. However, as a part of effort to support stable 

quality of life (QoL) for SLE patients, we tried to extent indications of PE in 

SLE and applied DFPP to even milder form of SLE. In Japan, patients with 

SLE could easily receive DFPP because Japan’s National Health Insurance 

covers not only plasma exchange but also DFPP and plasma adsorption even 

in milder form of SLE (30). It is our hope that our study could contribute to 

establish the hypothesis that DFPP induce or sustain disease remission by 

eliminating serum risk factors and could expand the usefulness of DFPP in 

SLE patients. 

In conclusion, DFPP can effectively eliminate autoantibodies especially for 

the patients with high serum antibodies level, indicating that DFPP may be an 

effective therapeutic approach in SLE. Our study suggests that further detailed 
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trials are needed in the potential application of DFPP in SLE to address not 

only improvement of laboratory findings, but also improvement of clinical 

conditions and QoL. 
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국   

: 이 막여과 액 요법(double filtration plasmapheresis, DFPP)

 1 차 필   2 차 필 를 사용하여 장  필  분인 알부

민과 같  분자량 질  보존하고 고분자량 질  택

 거하여 여러 질  병인 질  감소시키는데 효과  

용 고 있다. 자가면역질 인 신   낭창 (systemic lupus 

erythematosus, SLE) 상자에게 DFPP 를 시행하여, 후  자가항체

를 롯한 다양한 질병  험요인이 어드는지 인하여, DFPP 가 

SLE  증상  개 시키고 삶  질  향상시킬  있  인하고

자 한다.  

법: SLE  진단  10 명  자를 상  하 다. 그  1 명

 Sjögren syndrome 이 동 어 있었 며, 5 명  자가 합병증  

루프스신염  앓고 있었다. 4 주 간격   2 회  DFPP 를 시행하

고, 시  시행 후  자가항체  상태  주 , 객  자료를 

사 하고, 이후 16 주 지 추가 찰하 다.   

결과: DFPP 시행 , 자들  IgG  IgM 이 상에 해 증가 어 

있었고 (IgG: 1688.9±456.6; IgM: 79.4±26.8 mg/dL), anti-dsDNA 

antibody 가 높게 어 있었 며 (103.2±97.3 IU/mL), 6 명에  

anti-Sm antibody 가 양 이었다. 10 명  자 모  ANA 양 이었고, 

AMA 이었다. C3  C4 는 약간 감소 어 있었고, hs-CRP 는 상

다. DFPP 시행  IgG, IgM, anti-dsDNA antibody, anti-Sm 
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antibody 는 2 차 에 걸쳐 하게 감소하 고, 16 주 후 추가 찰 

시 그 값  지 거나 약간 상승하 다. 검사지표들  거  계

산했고, IgM, fibrinogen, LDL-C, total cholesterol, anti-dsDNA Ab, IgG, 

albumin   감소했다.  anti-dsDNA antibody 가 높았

 군에  항체 값이 낮  군에 해 거 이  높았고, 시행횟

에 다른 효과도 보 다. 2 명  자에  주 인 증상  

이 있었고, 다른 한 명  자에게  SLEDAI  개 이 있었다.  

결 : DFPP 를 통해 SLE 자들에게  효과  자가 항체를 감

소시킬  있었고, 주 인 증상이 일부에   인하 다. 

향후 이차 필  택과 시행 횟  증가 등 DFPP 용  한 

시행조건과 도를 립한다면 SLE 자  임상 경과 개 에 도움

이   있  것  판단 다.  

 

------------------------------------- 

주요어 : 이 막여과 액 요법, 신   낭창, IgG, IgM, 

anti-dsDNA antibody, anti-Sm antibody 
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