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Abstract

Objective: The aim of the study was to analyze the indications, efficacy, and complications of therapeutic plasma exchange 
(plasmapheresis) applied for renal diseases in three years retrospectively. 
Materials and Methods: This study included 47 patients with nephrological disorders (41.5%, 28 men and 19 women). We 
analyzed data including demographic characteristics, underlying renal disease, and outcomes of the patients as well as the 
procedural characteristics and safety profile regarding the type and amount of the replacement fluid, number of sessions, 
and complications. 
Results: The mean age of the patients was 48±14.68 years. A total of 251 sessions were performed, and the mean number of 
sessions per patient was 5.61±2.79. Nephrological diseases treated with plasmapheresis were rapidly progressive glomer-
ulonephritis in 17 (36.4%) patients, thrombotic microangiopathies in 13 (27.6%) patients, renal transplantation in 9 (19%) 
patients, focal segmental glomerulosclerosis in 4 (8.5%) patients, and multiple myeloma in 4 (8.5%) patients. The most 
common complications were muscle cramps in 8.5% of patients, minor allergic reactions and pruritus in 6.3% of patients, 
hypotension in 6.3% of patients, and hematoma in catheter insertion site in 2.1% of patients. Six patients (12.7%) treated 
with plasmapheresis died because of primary disease.
Conclusion: Plasmapheresis has place as a therapeutic modality in nephrology practice with a minor adverse reactions.
Keywords: Plasmapheresis, renal diseases, therapeutic apheresis

INTRODUCTION
Therapeutic plasma exchange or plasmapheresis is 
based on the centrifugation or membrane path sepa-
ration of plasma outside the body (extracorporeal) and 
replacement with fresh frozen plasma or albumin solu-
tions (1). Plasmapheresis removes large molecules such 
as antibodies, immune complexes, lipoproteins, cryo-
globulins, or endotoxins from plasma or replaces the 
missing material in plasma (1-3). With a single change of 
total plasma volume, 50%-60% of the target substance 
can be removed from the intravascular compartment (4).

The efficacy of plasmapheresis has been demonstrated 
in many immunological, hematological, neurological, 
metabolic diseases, and intoxication conditions (4, 5). In 

nephrology practice, it has a place in the treatment of rap-
idly progressive glomerulonephritis (RPGN), renal-associ-
ated vasculitis, thrombotic microangiopathies (TMAs), 
paraproteinemias, and transplantation rejections (4-7). 
In the finally published guide of the American Apheresis 
Society (ASFA) in 2016, new indications have been added 
to the extracorporeal blood purification therapies by the 
modern techniques (such as immunoadsorption, rheoph-
eresis, lipopheresis, selective cytapheresis) in addition to 
the classical plasmapheresis (8).

In this study, we retrospectively evaluated demographic 
features, indications, efficacy, and safety of plasmapher-
esis in nephrological diseases that were treated with 
plasmapheresis.
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MATERIALS AND METHODS
Data of 47 patients (19 females, 28 males) who had plasma-
pheresis because of kidney disease between January 2015 and 
December 2017 were reviewed. The data of these patients were 
obtained by entering the plasmapheresis procedure code in the 
hospital registry system. Age, gender, plasmapheresis indica-
tions, total number of sessions, type and amount of replace-
ment fluid, anticoagulation, complications, and in-hospital out-
comes of the patients were investigated.

In this retrospective study, data were collected with the patient 
protocol number without questioning the identity information; 
and an ethical committee approval was not obtained because 
of the lack of an interventional procedure.

Plasmapheresis was performed by the MCS+system (Haemon-
etics, Braintree, MA, USA) using centrifugation method. Plasma 
volume was calculated with the formula “weight×0.065×(1-
Htc),” and fresh frozen plasma (FFP) was used as replacement 
fluid. A double-lumen hemodialysis catheter placed in the fem-
oral or internal jugular vein provides vascular access. Citrate 
anticoagulation was performed as standard, and oral calcium 
supplementation was provided for all of the patients.
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Table 1. Indications and categories of plasma exchange in renal 
diseases*

Disease Category

ANCA-associated RPGN

Dialysis dependent I

Diffuse alveolar hemorrhage (DAH) I

Dialysis independent III

Anti-glomerular basement membrane disease (Good-
pasture syndrome)

Dialysis dependent, DAH (-) III

DAH I

Dialysis independent I

Systemic amyloidosis IV

Cryoglobulinemia (symptomatic/severe) I

Focal segmental glomerulosclerosis (relapse in trans-
plant kidney) I

Atypical hemolytic uremic syndrome (aHUS) (Comple-
ment-mediated thrombotic microangiopathy-TMA)**

Complement factor gene mutations II-III**

Factor H autoantibodies I-I**

Membrane cofactor protein (MCP) mutations IV-III**

HUS-infection related (İnfection related TMA**)

Shiga toxin related, severe neurological symptom** IV-III**

S. pneumoniae related III

No severe neurological symptom** IV**

Henoch-Schonlein purpura (crescentic) III

Severe extrarenal disease III

Monoclonal gammopathy with

Symptomatic hyperviscosity I

Rituksimab prophylaxis I

Immune-complex RPGN III

Immunoglobulin A nephropathy

Crescentic III

Chronic progressive III

Myeloma cast nephropathy II

Nephrogenic systemic fibrosis III

Renal transplantation, ABO compatible

Antibody mediated rejection I

Desensitization, live donor, positive cross-match 
based positive donor specific HLA antibody I

Desensitization, high PRA, cadaveric donor III

Renal transplantation, ABO incompatible

Desensitization, live donor I

Humoral rejection II

From A2/A2B group to B transplantation, cadaveric 
donor IV

Sepsis and multiorgan dysfunction III

Systemic lupus erythematosus

Severe II

Nephritis IV

Drug related thrombotic microangiopathy

Cyclosporine/Tacrolimus III

Vasculitis**

Hepatitis B related polyarteritis nodosa (HBV-PAN) II

Idiopathic PAN IV

Eosinophilic granulomatosis with polyangiitis (EGPA) III

Behçet’s disease III

* American Society of Apheresis guideline-2013 (8)
** The new indications included in ASFA-2016 guideline were expressed as italic
Categories imply;  
I; Disorders for which apheresis is accepted as first-line therapy, either as a primary 
standalone treatment or in conjunction with other modes of treatment, 
II; Disorders for which apheresis is accepted as second-line therapy, either as a 
standalone treatment or in conjunction with other modes of treatment, 
III; Optimum role of apheresis therapy is not established, 
IV; Disorders in which published evidence demonstrates or suggests apheresis to 
be ineffective or harmful.



The indications and categories of plasmapheresis were deter-
mined according to the guidelines of the American Apheresis 
Society (ASFA) (Table 1) (8, 9).

In all patients, diagnosis of rapidly progressive glomerulone-
phritis was made by the histological crescent formation and 
capillary necrosis in renal biopsy.

Diagnosis of TMA was established with the presence of clinical 
and laboratory data of acute renal injury, microangiopathic he-
molytic anemia, and thrombocytopenia. Thrombotic thrombo-
cytopenic purpura was excluded with normal ADAMTS13 activ-
ity.

Focal segmental glomerulosclerosis (FSGS) was diagnosed by 
renal biopsy.

Myeloma cast nephropathy in patients with multiple myeloma 
was established by detecting increased free light chain levels in 
patients with acute kidney injury.

Response to treatment was staged as partial healing, complete 
recovery, and unresponsive. The reversal of the patient’s clin-
ical and laboratory data to pre-disease values was defined as 
complete recovery, lack of improvement in clinical and labora-
tory data after plasmapheresis sessions as unresponsive, and 
results between these groups as partial recovery (2).

Statistical Analysis
All numerical data were represented as mean±SD.  Descriptive 
analysis was done by using Statistical Package for the Social 
Sciences (SPSS) for Windows, version 25.0. (IBM Corp., Armonk, 
N.Y., USA).

RESULTS
A total of 251 plasmapheresis procedures (mean number of ses-
sions per person was 5.61±2.79) were applied to 47 (28 male, 19 
female, mean age 48±14.68 years) nephrology patients in our 
apheresis unit for three years. Totally used FFP volume was cal-
culated as 3.28±0.48 L. 

The demographic data of the cases, the indications/categories 
of plasmapheresis, the complications of the procedure, and the 
in-hospital outcomes are shown in Table 2.

In our study, hemodialysis (mean creatinine levels 6.34±1.85 mg/
dL) and plasmapheresis treatments were performed on consec-
utive days in 17 patients with RPGN. High-dose corticosteroids 
and cytotoxic immunosuppressive therapy were accompanied 
by plasmapheresis. One of these patients was diagnosed with 
systemic lupus erythematosus (SLE)-associated nephritis and 
one with crescentic IgA nephropathy. Complete recovery was 
achieved with immunosuppressive and plasmapheresis treat-
ments in three patients (17.6%), partial recovery was achieved 
in seven patients (41.2%), and patients were followed up with-
out dialysis (mean creatinine values 2.65±0.86 mg/dL). Despite 
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Table 2. Demographic, clinical, and procedure-related data of the patients

Number
Gender 
(F/M)

Age 
(mean±SD)

Indication 
category*

Number of 
sessions 
(per 
patient 
mean±SD)

Replaced 
fluid 
volume 
(liter) 
(mean±SD)

Complication 
(number of patients)

Outcome (number 
of patients)

Rapidly progressive 
glomerulonephritis 17 5/12 51.12±21.3 I 7.8±2.3 3.26±0.38 Cramp (2) Full recovery (3)

Allergic reaction (2) Partial recovery (7)

Hypotension (1) Unresponsive (5)

Thrombocytopenia(6) Death (2)

Thrombotic 
microanjiyopathy 13 6/7 44.9±18.9 III-IV 5.4±2.2 3.57±0.48 Hematoma (1) Full recovery (3)

Thrombocytopenia (3) Unresponsive (8)

Death (2)

Renal transplantation 
(rejection) 9 3/6 38.4±23.7 I 6.8±1.4 3.28±0.66 Cramp (1) Full recovery(3)

Partial recovery (5)

Unresponsive (1)

Focal segmental 
glomerulosclerosis 4 1/3 49.7±13.6 I 3.1±2.2 3.46±0.34 Allergic reaction (1) Unresponsive (2)

Partial recovery (2)

Multiple myeloma 4 4/0 62.0±9.3 II 4.0±2.5 3.24±0.55 Cramp (1) Recovery (1)

Hypotension (2) Unresponsive (1)

Thrombocytopenia (4) Death (2)



a combination of plasmapheresis and immunosuppressive 
therapy, 5 (29.4%) patients remained dialysis-dependent. One 
patient died because of massive alveolar hemorrhage, and one 
patient died because of catastrophic SLE.

Complete recovery (23.1%) was achieved in 3 of 13 patients with 
TMA. Two of these patients were considered to have infection-re-
lated TMA, and one to have persistent HELLP (hemolysis, elevated 
liver enzyme levels, low platelet level) syndrome after pregnancy. 
Out of seven patients who required hemodialysis (mean creatinine 
level 7.86±2.14 mg/dL), one was diagnosed as having TMA because 
of cancer, three were associated with chemotherapeutics, and one 
with scleroderma renal crisis. The cause was not found in two pa-
tients. The patients were discharged with hemodialysis treatment. 
Two patients who were followed up in the intensive care unit and 
were diagnosed with TMA died because of sepsis. One of the pa-
tients was diagnosed with complement-related TMA (complement 
factor H-related protein 5 mutation) and treated with eculizumab 
for being unresponsive to the plasmapheresis.

One patient had plasmapheresis treatment because of the recur-
rence of FSGS after kidney transplantation, and three patients 
had it because of FSGS resistance to the steroid and immunosup-
pressive therapies in the native kidney. In the patient with recur-
rence after renal transplantation, a decrease of more than 50% 
of the baseline in proteinuria is achieved by plasmapheresis. In 
the same case, Fabry disease was diagnosed, and recombinant 
alpha-galactosidase A enzyme treatment was given. In a patient 
diagnosed with FSGS in the native kidney, partial response was 
achieved with plasmapheresis treatment, but partial or complete 
resolution could not be obtained in other patients.

Because of acute humoral rejection, plasmapheresis was per-
formed in patients with renal transplantation (four live, five ca-
daveric).

No procedure-related mortality was observed in any of the pa-
tients who had plasmapheresis. Thrombocytopenia (27.6%) 
developed in 13 patients as a technical complication because 
of the procedure, and no data record was found for hemolysis. 
In our study, a data record of hemolysis could not be found. The 
most common complication encountered in the procedures 
was muscle cramps (8.5%).

Six patients (12.7%) died because of the severity of their prima-
ry diseases or complications because of it. The cause of death 
was reported to be massive alveolar hemorrhage in 1 (2.1 %) pa-
tient, cerebrovascular accident because of severe hyperviscosi-
ty syndrome in 1 (2.1%) patient, catastrophic lupus syndrome in 
1 (2.1%) patient, and sepsis in 3 (6.3%) patients.

DISCUSSION
In this study, the data of plasmapheresis procedure performed 
in renal diseases in the last three years in our clinic were ret-
rospectively reviewed. Conventional plasma exchange therapy 

is the therapeutic apheresis technique primarily used for the 
removal of large molecular weight substances from plasma, es-
pecially in hematological diseases, at the beginning. Today, dis-
eases treated with plasmapheresis are classified into five main 
categories: neurological, renal, hematological, immunological, 
and metabolic diseases (9). In updated guidelines, indications 
for disease treatable with plasmapheresis are increasing; and 
the use of plasmapheresis in vasculitis has been categorized in 
the latest ASFA guideline (Table 1) (8). The technical complex-
ity of this method has proven effective in definite indications, 
and the inclusion of newly developed more expensive methods 
(such as immunoadsorption) into the field also necessitates a 
careful discussion of the cost-benefit relationship (5). In Germa-
ny, the cost of therapeutic plasma exchange is between 830€ 
and 1620€ and in Turkey, this amount varies between 790₺ 
and 1580₺ for five to ten sessions according to the current cost 
schedule of the Ministry of Health (5, 10).

Among the indications of plasmapheresis in our study, RPGN 
cases (17/47, 36.2%) were most common. In the study of Sa-
mancı et al. (2), antinuclear cytoplasmic antibody (ANCA)-re-
lated and RPGN cases with plasmapheresis were reported at a 
similar rate (35%). According to the ASFA 2016 guidelines, plas-
mapheresis is recommended as category I in the case of dialy-
sis dependency or presence of DAH in ANCA-related RPGNs, as 
category III in the case of dialysis dependency in Goodpasture 
syndrome (5-9). Plasmapheresis treatment is recommended in 
RPGN associated with immune complex vasculitis as category 
III, in SLE nephritis as category IV (6, 8, 11, 12). The efficacy of 
plasmapheresis treatment in RPGN cases associated with idio-
pathic or other vasculitis other than ANCA-associated RPGN is 
controversial. The addition of plasmapheresis to the conven-
tional treatment of lupus nephritis provides a rapid reduction 
of circulating antibodies, but it does not suppress the humor-
al immune response and does not positively contribute to the 
prognosis of the disease (1, 4). Immunoadsorption is a more 
effective option in patients with severe SLE resistant to conven-
tional immunosuppressive therapy (4). In our case, immunoad-
sorption could not be applied because of technical insufficien-
cy; and it did not responded to the plasmapheresis treatment 
together with conventional immunosuppressive treatment. 

Microangiopathic hemolytic anemia and unexplained thrombo-
cytopenia are adequate indications for plasmapheresis treat-
ment. Early removal of the immune complex and toxins rapidly 
breaks the pathogenetic process, and it provides a more effec-
tive treatment than other therapeutic interventions (5, 6, 8). 
Although the literature data on the efficacy of plasmapheresis 
treatment in TMA cases in which with renal involvement is at 
the forefront is contradictory, it is seen as a logical option when 
the poor prognosis in adults is considered (5, 8). Although there 
is no indication of plasmapheresis in the HELLP syndrome, 
plasmapheresis treatment may be beneficial if platelet levels 
do not improve in the first week after pregnancy (13, 14). Our 
case also showed complete recovery.
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The efficacy of plasmapheresis and consecutive intravenous 
immunoglobulin (IVIG) treatment has been proven in acute hu-
moral rejection after renal transplantation (15-17). White et al. 
demonstrated that plasmapheresis and successive IVIG therapy 
provided graft survival in eight patients in their retrospective 
study with nine patients with AHR diagnosed by biopsy (15). In 
another study, one-year graft survival rate was reported as 70% 
in patients with AHR with plasmapheresis and IVIG treatment 
(16). In accordance with the literature, in our study, graft surviv-
al was achieved in eight of the nine patients (Table 2).

Focal segmental glomerulosclerosis is a histological description 
of glomerular injury. Despite the steroid and other immunosup-
pressive treatment, plasmapheresis is indicated for persistent 
proteinuria in the treatment of FSGS in native kidneys (2, 6). Data 
on the positive effects of plasmapheresis treatment in patients 
with recurrent FSGS after kidney transplantation are available, 
and it is recommended in the 2016 ASFA guideline with category 
I indication (6, 8, 18, 19). In a study, the effect of plasmapheresis 
was examined in ten patients with recurrent primary FSGS af-
ter renal transplantation; it was found at the end of a mean fol-
low-up period of ten months, six patients had complete response 
(proteinuria <500 mg/day), three patients had a partial response, 
and one patient remained unresponsive (18). Because of the nat-
ural progress of FSGS, the role of plasmapheresis treatment on 
graft survival in the long term should be monitored. In our study, 
we found a decrease in proteinuria by plasmapheresis treatment 
in our relapsed FSGS case after transplantation, but no informa-
tion could be reached on primary/secondary FSGS distinction in 
unresponsive native kidney cases.

Myeloma cast nephropathy is a condition caused by increased 
levels of free immunoglobulin light chain (kappa or lambda) in 
the serum of the patients with multiple myeloma. It can cause 
acute kidney damage. Although the results of the application 
of plasmapheresis therapy in patients with myeloma are quite 
contradictory, it is more likely to be effective in acute myeloma 
cast nephropathy (6, 8, 20-22). Two of our patients with multiple 
myeloma who developed acute kidney injury and had plasma-
pheresis treatment died because of the complications related 
to their primary diseases. One patient had recovery in renal 
function with plasmapheresis treatment, and one patient re-
mained unresponsive.

Adverse effects associated with plasmapheresis treatment can 
be listed as technical complications (thrombocytopenia and he-
molysis), bradycardia, hypotension, allergic/febrile reactions, 
nausea-vomiting, leukopenia, hypocalcemia/cramps, pares-
thesia, convulsions, bleeding, and catheter-related problems 
(2). Consistent with the literature, 23% (4.38% of all treatments) 
of our cases had mild complications that did not require termi-
nation of the procedure (2, 4, 23). Hypocalcemia and cramps 
because of the use of citrate anticoagulation are the most 
common encountered complications (2, 4). No mortality was 
observed because of the procedure itself. 

CONCLUSION
The rapidly evolving therapeutic methods used in recent years 
to resolve the plasma and its components are safe and effec-
tive options. They can be applied with definite indications in 
some renal diseases that may have serious consequences. The 
increasing indications of therapeutic plasma exchange in the 
updated guidelines suggest that clinicians will experience this 
type of treatment more in practice. However, the cost-benefit 
relationship should be discussed in detail, especially in view 
of the financial burden imposed on health reimbursement by 
newly developed expensive technological methods.
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