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Abstract: Low-density lipoprotein apheresis (LDL-A) has been developed as a therapy for

familial hypercholesterolemia, but LDL-A has also been used as a general treatment for

drug-resistant nephrotic syndrome (NS) due to focal segmental glomerulosclerosis (FSGS).

The patients with NS due to minimal change disease (MCD) are often difficult to control

effective circulating plasma volume, causes acute kidney injury (AKI), and when diuretics

are not effective and the respiratory condition of patients worsens, patients require acute

renal replacement therapy (ARRT). The effectiveness of LDL-A is not only reduction of

serum low-density lipoprotein but also various other benefits. LDL-A might have improved

renal hemodynamics by reducing vasoconstrictive eicosanoids and contributed to the ther-

apeutic effect of antiproteinuric drugs such as corticosteroids. We treated a 49-year-old

Japanese woman and a 71-year-old Japanese man with AKI caused by NS due to MCD,

who required ARRT. Although these patients received ARRT and corticosteroids, their AKI

and MCD did not improve sufficiently. We initiated LDL-A treatment for these patients as an

additional treatment modality, because their total serum cholesterol levels were high at the

time of admission. After the additional LDL-A treatment, both patients were able to

discontinue ARRT, because NS and AKI in both patients were improved sufficiently. It is

possible that early additional LDL-A is effective for patients with AKI and NS due to MCD

who require ARRT, and may help patients discontinue ARRT because of the effect of LDL-A

such as improving hypercoagulability and renal hemodynamics and contributing to the

therapeutic effect of corticosteroids.
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Introduction
Low-density lipoprotein apheresis (LDL-A) has been developed as a therapy for

familial hypercholesterolemia, but LDL-A has also been used as a general treatment

for drug-resistant nephrotic syndrome (NS) due to focal segmental glomerulosclerosis

(FSGS).1–3 Several studies have reported that LDL-A may be effective for non-FSGS

or for diabetic nephropathy.4–6 Minimal change disease (MCD) often causes NS not

only in children but also in adults.7–9 Renal insufficiency occurs in approximately

20–30% of patients with MCD.7 In MCD, it is often difficult to control effective

circulating plasma volume and causes acute kidney injury (AKI), and when diuretics
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are not effective and the respiratory condition of patients

worsens, patients require acute renal replacement therapy

(ARRT) such as hemodialysis (HD) or the extracorporeal

ultrafiltration method (ECUM). Furthermore, even if we

treat patients with NS due to MCD with corticosteroids,

which are the first-line therapy for MCD, some patients

cannot discontinue ARRT because their NS and AKI are

prolonged. The effectiveness of LDL-A is due to reducing

serum low-density lipoprotein. However, LDL-A may also

have various other benefits.1–6 We hypothesized that LDL-A

could improve AKI caused by NS due to MCD and may

help patients discontinue ARRT from these cases. We report

two patients who had to undergo ARRT because their AKI

was caused by MCD-induced NS, and who received LDL-A

at Nippon Medical School Chiba Hokusoh Hospital.

Cases Presentation
We report two patients who were treated at Nippon Medical

School Chiba Hokusoh Hospital between September 2017

and March 2019. We obtained written informed consent

from the patients to publish this case series and accompany-

ing images. A 49-year-old Japanese woman and a 71-year-

old Japanese man with AKI caused by NS due to MCD

underwent HD or ECUM to control their fluid volume and

to treat their renal function failure. Tables 1 and 2 show the

patient characteristics of a 49-year-old Japanese woman and

a 71-year-old Japanese man, respectively, at the time of

hospitalization. The female patient’s vital sing on the admis-

sion was Consciousness, Blood pressure 126/84 mmHg,

Pulse 95/min, Respiratory rate of 17/min with an O2 satura-

tion of 95%; room air, and the male patient’s vital sing on

the admission was Consciousness, Blood pressure 142/82

mmHg, Pulse 76/min, Respiratory rate of 12/min with an

O2 saturation of 95%; O2 6 L/min. The female patient’s

post medical history was allergic dermatitis, and the male

patient’s medical histories were hypertension, hepatitis B,

vasospastic angina, atrial fibrillation, complete atrioventri-

cular block, asbestosis, hypothyroidism and prostatic hyper-

trophy. The female was no medication, and the male

patient’s medication were verapamil 240 mg/day, cilnidi-

pine 10 mg/day, benidipine 8 mg/day, nicorandil 30 mg/day,

trichlormethiazide 1mg/day, rosuvastatin 2.5 mg/day, lanso-

prazole 15 mg/day, furosemide 20mg/day, epinastine

20 mg/day and silodosin 8 mg/day. We performed renal

Table 1 Laboratory Findings at the Time of Admission: A 49-Year-Old Japanese Woman

Urinalysis Biochemical Serology

Protein (4+) AST 19 IU/L CRP 5.96 mg/dL

Glucose (-) ALT 11 IU/L IgG 466 mg/dL

Occult blood (2+) T-Bil 0.3 mg/dL IgA 256 mg/dL

LDH 265 IU/L IgM 104 mg/dL

Sediment CK 63 IU/L CH50 55 U/mL

RBC 10–19/HPF TP 3.8 g/dL C3 178 mg/dL

WBC 5–9/HPF Alb 1.5 g/dL C4 52.1 mg/dL

Casts 30–99/HPF BUN 32.2 mg/dL Anti-nuclear Ab <40

Cre 1.81 mg/dL PR3-ANCA (-)

Urinary protein excretion 9.6 g/day T-Cho 550 mg/dL MPO-ANCA (-)

FENa 3.36 LDL-Cho 423 mg/dL Anti-GBM Ab (-)

FEUN 12.2% TG 315 mg/dL HBs Ag (-)

Na 137 mEq/L HCV Ab (-)

Complete blood count K 4.7 mEq/L TPHA (-)

WBC 12,030/µL Cl 106 mEq/L RPR (-)

RBC 469×10^4/µL Glucose 96 mg/dL

Hb 11.0 g/dL Selectivity Index 0.14

Hct 34.20%

Plt 38.5×10^4/µL

Abbreviations: RBC, red blood cell; WBC, white blood cell; FENa, fractional excretion of sodium; FEUN, fraction excretion of urea nitrogen; Hb, hemoglobin; Hct,

hematocrit; Plt, platelet; AST, aspartate aminotransferase; ALT, alanine aminotransferase; T-Bil, total- bilirubin; LDH, lactate dehydrogenase; CK, creatine kinase; TP, total

protein; Alb, albumin; BUN, blood urea nitrogen; Cre, creatinine; T-Cho, total-cholesterol; LDL-Cho, low-density lipoprotein cholesterol; TG, triacylglycerol; CRP,

C-reactive protein; IgG, immunoglobulin G; IgA, immunoglobulin A; IgM, immunoglobulin M; Ab, antibodies; PR3-ANCA, proteinase-3-anti-neutrophil cytoplasmic

antibodies; MPO-ANCA, myeloperoxidase-anti-neutrophil cytoplasmic antibodies; Anti-GBM, anti-glomerular basement membrane; HBs Ag, hepatitis B surface antigen;

HCV, hepatitis C virus; TPHA, treponema pallidum hemagglutination test; RPR, rapid plasma reagin.
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biopsy on them for diagnosis the hospitalization day 12 and

the hospitalization day 7, respectively. The results of the

patients were minor glomerular abnormalities, MCD com-

patible; the number of glomeruli of their renal biopsy speci-

mens were 12, and those included 2 and 3 global sclerosis,

respectively, and those did not include segmental sclerosis.

The respiratory status of these patients worsened after

admission to the hospital due to poor control of circulatory

dynamics caused by AKI; their urinary volume (UV) also

decreased, and their fluid volume and body weight

increased. Therefore, patient one and patient two each

underwent ARRT two days and one day after hospital

admission, respectively. Corticosteroid therapy was also

initiated to treat NS one and eight days after hospital

admission. Although these patients received ARRT and

corticosteroids to treat AKI and MCD diagnosed by renal

biopsy, their AKI and MCD did not improve sufficiently;

their UV also did not clearly increase, and hypoalbumine-

mia was prolonged. We decided to initiate LDL-A treat-

ment for these patients as an additional treatment modality

because their total serum cholesterol levels were high at

the time of admission. The man already treated by rosu-

vastatin at the admission, and was not so high LDL levels

but high total serum cholesterol levels, over 300 mg/dL.

The female had not treated by cholesterol lowering med-

ication at the admission, but she additionally treated by

atorvastatin to hyper LDL levels. Both patients did not

treat by human albumin supplement therapy through all

courses. LDL-A treatment was initiated during corticoster-

oid treatment for 21 and 24 days for the female and male

patient, respectively; the male patient received plasma

exchange only once because he tested positive for serum

cryoglobulin before we obtained the renal biopsy result.

We then discontinued plasma exchange because we did not

consider cryoglobulinemic vasculitis from the renal biopsy

result.

LDL-A was performed using hollow polysulfone fibers

(SulfluxFP-05®;KanekaCo. Ltd.,Osaka, Japan) as the plasma

separator and a dextran sulfate cellulose column (Liposorber

LA-15; Kaneka Co. Ltd., Osaka, Japan) as the LDL absorber.4

Approximately 3000–4000 mL of plasma was treated (nearly

equal to body weight (kg)/13 × (1 - hematocrit)).

Table 2 Laboratory Findings at the Time of Admission: A 71-Year-Old Japanese Man

Urinalysis Biochemical Serology

Protein (4+) AST 33 IU/L CRP 0.64 mg/dL

Glucose (±) ALT 16 IU/L IgG 522 mg/dL

Occult blood (2+) T-Bil 0.2 mg/dL IgA 125 mg/dL

LDH 441 IU/L IgM 545 mg/dL

Sediment CK 421 IU/L CH50 37 U/mL

RBC 5–9/HPF TP 4.5 g/dL C3 114 mg/dL

WBC 5–9/HPF Alb 1.9 g/dL C4 35.5 mg/dL

Casts 30–99/HPF BUN 43.6 mg/dL Anti-nuclear Ab <40

Cre 2.05 mg/dL PR3-ANCA (-)

Urinary protein excretion 9.9 g/day T-Cho 304 mg/dL MPO-ANCA (-)

FENa 6.18 LDL-Cho 191 mg/dL Anti-GBM Ab (-)

FEUN 8.7% TG 162 mg/dL HBs Ag (-)

Na 129 mEq/L HCV Ab (-)

Complete blood count K 4.7 mEq/L TPHA (-)

WBC 8200/µL Cl 99 mEq/L RPR (-)

RBC 494×10^4/µL Glucose 114 mg/dL

Hb 16.1 g/dL Selectivity Index 0.11

Hct 43.6%

Plt 25.1×10^4/µL

Abbreviations: RBC, red blood cell; WBC, white blood cell; FENa, fractional excretion of sodium; FEUN, fraction excretion of urea nitrogen; Hb, hemoglobin; Hct,

hematocrit; Plt, platelet; AST, aspartate aminotransferase; ALT, alanine aminotransferase; T-Bil, total- bilirubin; LDH, lactate dehydrogenase; CK, creatine kinase; TP, total

protein; Alb, albumin; BUN, blood urea nitrogen; Cre, creatinine; T-Cho, total-cholesterol; LDL-Cho, low-density lipoprotein cholesterol; TG, triacylglycerol; CRP,

C-reactive protein; IgG, immunoglobulin G; IgA, immunoglobulin A; IgM, immunoglobulin M; Ab, antibodies; PR3-ANCA, proteinase-3-anti-neutrophil cytoplasmic

antibodies; MPO-ANCA, myeloperoxidase-anti-neutrophil cytoplasmic antibodies; Anti-GBM, anti-glomerular basement membrane; HBs Ag, hepatitis B surface antigen;

HCV, hepatitis C virus; TPHA, treponema pallidum hemagglutination test; RPR, rapid plasma reagin.
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Despite therapy with corticosteroids for AKI and NS

due to MCD, the fluid volume and renal function in these

patients were not controlled before LDL-A treatment.

After the additional LDL-A treatment, their fluid volume

control, renal function, and urinary protein began to gra-

dually improve. Figure 1 shows the clinical courses and

changes in clinical status in (1) a 49-year-old Japanese

woman and (2) a 71-year-old Japanese man. After the

female patient had received LDL-A six times, UV

exceeded 1300 mL/day and her serum albumin (Alb) was

increased; thus, she was able to discontinue ARRT. After

the male patient had received LDL-A three times, UV was

improved and serum Alb was increased; thus, he was able

to discontinue ARRT. Moreover, after LDL-A treatment,

urinary protein was improved in both patients, and they

achieved remission of MCD; therefore, they were dis-

charged on the 54th and 67th day, respectively, after

admission.

Discussion
LDL-A was developed as a therapy for familial hyperch-

olesterolemia, but it has been generally used for the treat-

ment of drug-resistant NS that is specifically due to FSGS;

LDL-A is used in this capacity in Japan as well.1–3 On the

contrary, it has been reported that the effectiveness of

LDL-A is not significantly different between FSGS and

non-FSGS4 and that LDL-A effectively decreases protei-

nuria and podocyte excretion,5 which affects survival

extension and renal function in diabetic nephropathy

patients.6

The effectiveness of LDL-A lies in reducing serum

low-density lipoprotein; LDL-A may also have various

other benefits.1–6 Muso et al proposed that LDL-A

improves hypercoagulability and renal hemodynamics

and that LDL-A contributes to the therapeutic effect of

antiproteinuric drugs such as corticosteroids.4 The urine

volume in both patients was increased after additional

LDL-A treatment because LDL-A might have improved

their renal hemodynamics by reducing vasoconstrictive

eicosanoids such as thromboxane A2 and by increasing

prostaglandin I2.4 We also used corticosteroids as a first-

line therapy for these patients with NS undergoing ARRT;

we found that LDL-A might improve the bioavailability of

drugs and treatment effects.4 Furthermore, Muso et al

proposed that LDL-A initiated within eight weeks after

the onset of NS may be more effective in the treatment and

recovery of a patient’s nephrotic condition compared with

when LDL-A is given more than eight weeks after NS

onset.4 We initiated LDL-A treatment in both patients

within eight weeks of NS onset. It is possible that both

patients recovered effectively after they had received

LDL-A because of this early intervention.

MCD often causes NS not only in children but also in

adults, including those over the age of 60; MCD is seen in

10–15% of adult cases of primary NS.7–9 In MCD patients,

renal function failure occurs in approximately 20–30% of

cases because the filtration function of water and solutes is

damaged due to foot process fusion and because AKI com-

plicated by MCD is associated with significant morbidity and

mortality.7 The total length of glomerular epithelial slit pores

Figure 1 Clinical course of patients: (1) a 49-year-old Japanese woman and (2) a 71-year-old Japanese man.

Abbreviations: LDL-A, low-density lipoprotein apheresis; Cre, serum creatinine; UP, urine protein; Alb, serum albumin; UV, urine volume; T-cho, serum total cholesterol.
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is reduced by the fusion of foot processes in MCD, which

causes a reduction of glomerular capillary permeability to

water and small solutes.10 The risk factors of acute renal

failure in patients with MCD are high blood pressure, high

serum cholesterol level, and severe hypoalbuminemia.11

Both patients in these cases had high serum cholesterol levels

and severe hypoalbuminemia, which may have caused AKI.

Some studies have reported that endothelin 1 (ET-1)

levels in renal tissue and in the urine of patients with

MCD are elevated.12,13 ET-1 is known to be one of the

most potent vasoconstrictors that affect renal vasculature.

As a result, ET-1 decreases blood flow and GFR.11

Therefore, ET-1 may cause AKI in patients with NS due to

MCD.11 Furthermore, one study reported that a single treat-

ment with LDL-A decreased the plasma ET-1 level.14 LDL-

A may improve AKI with NS due to MCD via a decrease in

ET-1, although the pathophysiology of AKI in patients with

MCD who require dialysis is still unclear.11

Steroid treatment is the first-line therapy for MCD.8

Other immunosuppressive agents such as cyclosporine,

cyclophosphamide, mycophenolate mofetil, and tacrolimus

are used as a second-line therapy for MCD.8 However,

these drugs increase the risk for infection in these patients,

and it has been reported that acute renal failure during the

course of NS may increase the risk of infection.8 If

patients require ARRT due to AKI caused by MCD, they

also require vascular access, such as temporary catheter

placement, through which they can receive ARRT without

concomitant hemodialysis. Central venous catheter-related

bloodstream infections are associated with compromised

immune function;15 thus, it is possible that therapies such

as corticosteroids increase the patients’ risk for catheter-

related bloodstream infections. Although it is not comple-

tely understood how rituximab controls MCD,16 it has

recently been used in some cases for the treatment of

steroid-dependent MCD.9,16,17 In Japan, rituximab has

been effectively used for childhood-onset, complicated,

frequently relapsing NS, and steroid-dependent NS.18

Furthermore, even in patients with adult-onset NS, ritux-

imab is as effective and safe as in childhood-onset NS.19,20

However, a concern of long-term rituximab therapy is the

development of low immunoglobulin levels.21 LDL-A

therapy may thus be advantageous in patients undergoing

ARRT for AKI caused by NS due to MCD because they

do not require new vascular access for only LDL-A and

because LDL-A itself is not known to increase the risk of

infection. One report states that LDL-A is effective for

patients with rituximab-resistant MCD.22

These cases suggest that even if patients requiring ARRT

caused by MCD do not improve sufficiently with corticoster-

oids as a first-line therapy, the early additive indication of

LDL-A in these patients is effective and allows discontinu-

ance of ARRT and remission of NS due to MCD because of

the effect of LDL-A such as improving hypercoagulability

and renal hemodynamics and contributing to the therapeutic

effect of corticosteroids. However, it is not sure that their

improvements in these cases were actually caused by the

additive indication of LDL-A, because it is possible that

they improved due to only corticosteroids therapy without

the additive indication LDL-A. To understand the true effects

of LDL-A for AKI due to MCD, we should certainly conduct

an additional research such as comparing with control.

This case series had certain limitations to prove our

hypothesis that LDL-A could improve AKI caused by NS

due to MCD and may help patients discontinue ARRT.

Firstly, it was experienced at a single center, and therefore

the number of participants was limited to only two patients.

Secondly, we could not compare with control patients who

did not be added LDL-A therapy to corticosteroids therapy.

Thus, we need additional researches to prove the hypothesis.

Conclusion
We achieved remission of NS due to MCD after LDL-A

treatment, as seen in other reports. Furthermore, it is

possible that early additional LDL-A is effective for

patients with AKI and drug-resistant NS due to MCD

who are undergoing ARRT, and may help patients discon-

tinue ARRT and not increase the risk of infection. We

suggest early additional LDL-A for AKI caused by NS

due to MCD as an alternative therapy.
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