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• Complication



Apheresis 

Modalities
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Technique of plasma exchange

• Membrane filtration TPE: extracts fraction of 
plasma 30%

• Centrifugation TPE: 80%, U.S.A. 
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• Plasmaflo OP (聚乙烯, γ-ray 消毒)
• Prismaflex TPE series (聚丙烯, 環氧乙烷消毒)
• The separation efficiency

– plasma filtration rates
– membrane properties (pore size and surface area)
– sieving coefficients
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離心每分鐘 2,000-2,500 轉

Pack RBC to a Hct ≥80% --> removal of larger plasma 
volumes and shorter sessions --> lower blood flow rates 
--> peripheral vein access
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When to Consider TPE 
• The ideal characteristics of a substance

a. large molecular weight (>15,000 Da)
b. slow rate of formation
c. prolonged half-life
d. higher-percentage intravascular distribution
e. low turnover rate
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Vascular access 

• Blood flow rates
– centrifugation: 50-120 mL/min
– membrane filtration: 150-200 mL/min 

• Large-Bore Peripheral Intravenous Access
– adults: 17-19–gauge needles 
– children: 19-22–gauge needles

• Central Venous Catheters for Dialysis:  11.5-F
• Ports: heparin locks at 1,000 U/mL
• Arteriovenous Fistulas or Grafts



Anticoagulation 

• Citrate

◦ short half-life (30-60 min), regional effect

◦ 80% is removed with the discarded plasma

◦ Whole blood to anticoagulant ratios of 10:1-14:1 
(expressed in milliliters)

• Heparin

◦ short half-life (23 min to 2.48 hrs), cheap

◦ almost entirely cleared during TPE

◦ first choice in membrane TPE

◦ loading : 3,000-5,000 U, followed by 1,000 U/h



Replacement Fluids 

• Albumin

◦ 50%-60% reduction in anticoagulant factors

◦ Lower risk of hypersensitivity reactions

◦ Cost: albumin–saline(8:2) solutio combination(7:3)

→ elevated hypotension risk

• Frozen Plasma(FP) 

◦ In TTP and bleeding patients (eg, diffuse alveolar 
hemorrhage [DAH])

◦ Risk for citrate toxicity       (7 mmol citrate/U)

◦ Exchange 3 L -> 10-15 U FP

◦ Allergic reactions



• I = Apheresis is first-line therapy

• II = Second line therapy, conventional therapy first

• III = Individualized

• IV = Apheresis is ineffective or harmful

Category IV

HELLP syndrome(Antepartum)
Paraproteinemic demyelinating
Neuropathies(Multifocal motor neuropathy) 
Disseminated pustular Psoriasis
Gemcitabine/quinine related TMA
Idiopathic polyarteritis nodosa vasculitis



Neurology



Autoimmune disease

Liver disease



Nephrology-Specific Indications for TPE



Thrombotic microangiopathy



2020 update.

Vasculitis



Transplant



Others



Nephrology-Specific Indications 

• Autoantibodies are frequently associated with 
primary kidney diseases and are ideal candidates for 
TPE. 

-> few kidney diseases have evidence

• The 2021 KDIGO glomerular diseases guideline, the 
only recommendation for TPE is for anti-GBM 
disease (KDIGO grade 1C).



Anti-GBM Disease

• IgG Ab directed against the α3 chain of type IV collagen
-> GN and/or alveolar hemorrhage.

• Kidney failure: 55% of patients despite treatment

• No benefit from TPE: 100% crescents or >50% global 
glomerulosclerosis and no pulmonary hemorrhage.

• Management: corticosteroids, cyclophosphamide, and 
TPE

• TPE prescription:
– Plasma volume: 1-1.5 EPV

– Frequency: QD

– Replacement fluid: Albumin or FP if DAH

– Duration: at least 10-20 days and until resolution or Ab(-)



Catastrophic Antiphospholipid Syndrome 
(CAPS)

• Antiphospholipid antibodies and multiple thromboses in 
at least 3 organ systems in less than 1 week. 

• It typically affects small vessels of the kidneys, lungs, 
brain, heart, and skin. (large vessels). 

• The 65% of episodes have a precipitating event.

• Management: anticoagulation, steroids, and TPE and/or 
IVIG

• TPE prescription:
– Plasma volume: 1-1.5 EPV

– Frequency: QD or QOD

– Replacement fluid: FP or (FP + albumin)

– Duration: at least 3 to 5 sessions



FSGS Following Kidney Transplant

• Etiology unknown, maybe anti-nephrin antibodies

• Occur: First allograft: 20%-50% and 80%-100% in 
subsequent allografts.

• 30%-60% of patients -> ESRD within 3-7 years

• Management: steroids, rituximab, and TPE and/or IV 
immunoglobulin, lipoprotein apheresis (BIW * 3 weeks), 
or immunoadsorption with regenerative adsorbers

• TPE prescription:
– Plasma volume: 1-1.5 EPV

– Frequency: QD or QOD

– Replacement fluid: Albumin

– Duration: QD*3 and then 6 次/週* 2 週



TMA: Factor H Autoantibody–
Mediated

• Cause of thrombotic microangiopathy (TMA): activation 
of the alternative pathway of complement

• Genetic variants: 60% of patients, and an autoantibody 
inhibiting complement factor H function <10%.

• Management: TPE and/or eculizumab with 
immunosuppression

• TPE prescription:
– Plasma volume: 1-1.5 EPV

– Frequency: QD

– Replacement fluid: FP or (FP + albumin)

– Duration: Until clinical response or Ab titer reduced to 
less than clinical threshold (similar to immune TTP)



TMA: Ticlopidine Associated

• Drug-induced TMA: ticlopidine, calcineurin inhibitors, 
and gemcitabine. 

• Ticlopidine usually presents with severely diminished 
ADAMTS13 levels (<10%) within 2 weeks of drug 
exposure, -> Ab against ADAMTS13.

• Management: Drug discontinuation + TPE

• TPE prescription:

– Plasma volume: 1-1.5 EPV

– Frequency: QD-QOD

– Replacement fluid: FP

– Duration: QD until recovery of hematologic 
parameters (similar to immune TTP)



TMA: TTP

• Management: Steroids and TPE; rituximab (和TPE要
隔24小時); caplacizumab (against vWF)

• TPE prescription:

– Plasma volume: 1-1.5 EPV

– Frequency: QD-QOD

– Replacement fluid: FP

– Duration: QD until PLT >150 ×  103/μL and LDH 
near normal for 2-3 consecutive days



Living-Donor ABO-Compatible Kidney Transplant,
Antibody-Mediated Rejection or Desensitization

• Management: AMR can be treated with TPE, double 
filtration plasmapheresis, and immunoadsorption, 
desensitization regimens include IVIG, rituximab, and 
optional additional immunosuppression

• TPE prescription:
– Plasma volume: 1-1.5 EPV
– Frequency: QD-QOD
– Replacement fluid: Albumin or FP + IVIG 100-200 mg/kg
– Duration: 

• For AMR, 5 or 6 sessions or based on clinical 
outcomes and decrease in donor-specific antibody 
titers 

• For desensitization, until cross-match < institution -
dependent thresholds or at least 3 sessions post-OP 



Living Donor ABO-Incompatible 
Kidney Transplant, Desensitization

• Management: TPE, immunoadsorption

• TPE prescription:
– Plasma volume: 1-1.5 EPV

– Frequency: QD-QOD

– Replacement fluid: Albumin or FP(ABO compatible)

– Duration: Until cross-match < institution -dependent 
thresholds before transplant



ANCA–associated vasculitis

• Management: Induction with pulsed 
methylprednisolone and rituximab or 
cyclophosphamide with or without TPE

• TPE prescription:
– Plasma volume: 1-1.5 EPV

– Frequency: QD-QOD

– Replacement fluid: Albumin or FP if DAH

– Duration: 7 -12 sessions over a median 14 days



General Considerations

• Vascular access
– CVC
– AV fistula or graft

• Anticoagulant
– Heparin
– Citrate

• Replacement fluid
– FFP
– Albumin



Prescription principles

• Estimated plasma volume (EPV)

= (0.065 × BW) × (1 − Hct)

• X1 = X0 − Ve/EPV  (X1 : 最終血漿濃度, X0初始濃度, Ve:交換的體積)

Recommend TPE volume : 1-1.5x EPV
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Number of Exchanges, Duration, and
Discontinuation 

• Example: 70 kg adult, Hct 34%

• Replacement Fluids: 3 L / each TPE course

• Duration: 離心 TPE: 1.5-2 hrs, 膜過濾 TPE : 3 hrs

• Determinants of the efficiency of TPE

– Sieving coefficient: 0 - 1.0

– Plasma half-life: t ½

– Extravascular concentration

– Rate of synthesis
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Number of Exchanges, Duration, 
and Discontinuation 

• In general, TPE performed every other day(QOD) for 
6 treatments will decrease circulating IgG levels to 
16%-20% of the baseline level. 

• Diseases with a high autoantibody production rate 
(eg, anti-GBM disease) require daily sessions with 
concomitant immunosuppression.



Special Considerations

• ACEI: hold before TPE 24-48 hrs 

(Bradykinin degradation -> hypotension)

–> hydrophilic, electronegative membranes: 
polyacrylonitrile AN69 filter, dextran sulfate 
systems, albumin replacement fluids, and Plasmaflo 
OP.

• Drug removal
– High removal: aspirin, phenytoin, propranolol, 

thyroxine --> need additional dose
– Low removal: prednisone, cyclosporine, 

tacrolimus, cyclophosphamide, rituximab



• Daily medication 
after TPE

• very low volume of 
distribution (<0.2 
L/kg) 

• high protein 
binding (>80%).
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Simultaneous Extracorporeal Therapies

• 如果 RRT or ECMO的病人用同套管路進行 TPE,

--> access pressure alarms, circuit clotting, and risk 
of air embolism

• H/D 病人: 鹼血症 if 用FP當置換液 --> 如果要同日
進行，TPE須先於H/D

• TPE不能拿來脫水(超過濾) 

• ECMO 因用heparin抗凝，首選用FP當置換液

• TPEC回血端需接在氧合器前以防空氣栓塞。

• Need lower ECMO blood flow rates



Complications

• Hypocalcemia: 9%-19.6%, more frequent with frozen 
plasma (20%) than albumin (9%).

• Hypokalemia: serum K lower 25% with albumin 
replacement.

→ intermittent or a continuous IV Ca/K infusion 
with the returning blood.

• Hypotension: 0.4%-15%, albumin–saline solution 
replacement.

• Mortality rate: 0.03% - 0.05%.



Potential mechanisms of hypotension

• delayed or inadequate volume replacement

• vasovagal episodes

• low oncotic fluid replacement

• anaphylaxis

• transfusion-associated lung injury 

• arrhythmia

• bradykinin reactions

• bleeding from vascular access

• cardiovascular collapse
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Take home messages

• To remove a single pathogenic substance from the 
plasma.

• Ideal characteristics: large MW, slow formation, 
prolonged t1/2, high intravascular distribution, and low 
turnover.

• In ASFA guidelines, category I indicated apheresis as 
first-line therapy. 

• TPE sessions typically exchange 1-1.5 volume.

• TPE provided significant benefits of pro-inflammatory 
clearance and reduction of 60-days mortality in 
selected patients with COVID-19.


