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ABSTRACT

Objective: Immunosuppressive therapy in anti-neutrophil cytoplasmic antibody-associated vasculitis is indispensable 
for patient and kidney survival. There is a controversy about whether the risks of plasma exchange treatment override 
the probability of kidney-related outcomes. Hence, the question arises in which conditions the plasma exchange will be 
required? In this study, we aimed to evaluate the effect of plasma exchange adding to immunosuppressive therapy in anti-
neutrophil cytoplasmic antibody-associated vasculitis patients.
Methods: We retrospectively analyzed 57 patients with biopsy-proven anti-neutrophil cytoplasmic antibody-associated 
vasculitis. We grouped patients according to treatment options with or without plasma exchange. We investigated the 
1-year and 5-year patients and kidney outcomes.
Results: Thirty-six (63.2%) of 57 patients were treated with plasma exchange besides the routine immunosuppressive 
treatment. Sixteen (44.5%) of 36 patients were with active pulmonary hemorrhage and the remaining 20 (55.5%) were 
with vasculitic pulmonary involvement. The survival rate was 80.7% and 68.8% in the first and fifth year, respectively. 
In the multivariate Cox regression analysis model, risk factors affecting patient survival were age >50 years (hazard 
ratio = 17.11 P = .034), pulmonary involvement (hazard ratio = 13.25, P =.02), positive perinuclear anti-neutrophil cytoplas-
mic antibody-associated vasculitis (hazard ratio = 5.93, P =.036), and lower albumin level (hazard ratio = 0.18, P =.014). It 
is found that C-reactive protein level and plasma exchange did not relate to better patient and kidney outcomes (P > .05).
Conclusions: In anti-neutrophil cytoplasmic antibody-associated vasculitis, although pulmonary hemorrhage and pulmo-
nary involvement are serious complications, plasma exchange did not provide additional benefit to standard treatment.
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INTRODUCTION
Anti-neutrophil cytoplasmic antibody (ANCA)-
associated vasculitis (AAV) involves a group of disorders 
which are composed of inflammation and destruction 
of small vessels with necrotizing inflammation, absence 
(pauci-immune) or presence of immune complex depo-
sition with circulating ANCA.1 The characteristic lesion of 
pauci-immune glomerulonephritis is focal necrotizing 
and crescentic glomerulonephritis.2

Treatment strategies may differ between the centers. 
Immunosuppressive therapy started on time alters the 
course of the disease, mainly patient and kidney sur-
vival.3,4 The addition of cyclophosphamide to corticoste-
roid during induction increases the remission rates from 
55% to 85%, while decreases the recurrence rates by 3 
times.5,6 Immunosuppressive therapy is recommended 
for all patients with kidney involvement unless they were 
with severe glomerular loss and severe tubulointerstitial 
injury.7 And patients with extra-kidney organ involvement 
are recommended to be treated with immunosuppressive 
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therapy regardless of the degree of kidney problem.8 Many 
authors consider plasma exchange (PE) with corticosteroid and 
cyclophosphamide during remission induction in patients with 
severe kidney problems (need for dialysis or rapid increase in cre-
atinine) and/or vasculitis-induced alveolar hemorrhage or with 
anti-GBM positivity in addition to ANCA positivity at admission.9,10 
On the contrary, some studies showed that PE was not beneficial 
as additional treatment in patients with serum creatinine < 5.66 
mg/dL (<500 μmol/L).11 A newly published randomized controlled 
study by Walsh et al12 displayed that PE has no impact on death or 
end-stage kidney disease (ESKD) too. It is also not clear whether 
the patient with severe, moderate, or mild alveolar hemorrhage 
(with small focal infiltrations, mild hypoxia, or without hypoxia) 
will benefit from PE or not.13,14 The main aim of our study was to 
explore the role of PE and other risk factors on patient and kidney 
survivals in patients with AAV.

METHODS
We retrospectively analyzed patients who were admitted to 
3 nephrology centers between 2012 and 2018 with the diagnosis 
of glomerular diseases. Fifty-seven of 556 patients with biopsy-
proven AAV were included in the study. Patients older than 
18 years and with at least 5 years of follow-up were included in 
the study. Patients with missing data were excluded.

Informed consent was obtained from all living patients and 
from relatives of deceased patients. The study was performed 
in accordance with the Declaration of Helsinki and approved by 
local Ethical Committee (date: April 20, 2020; reference number: 
86/02).

Treatment Protocol
All patients were treated with standard immunosuppressive 
treatment protocols in accordance with the Kidney Disease: 
Improving Global Outcomes (KDIGO) 2012 glomerulonephri-
tis guideline and The European Vasculitis Society (EUVAS) by 
evaluating current laboratory results, clinical status, physical 
examination, and pathology findings. Pulse steroids (maxi-
mum cumulative dose 1-3 g) were given to all cases for 3 days. 
In maintenance therapy, the steroid dose was reduced gradu-
ally to 5 mg at the sixth month. Steroid dosage after the sixth 
month varied according to guidelines and physicians. In addi-
tion to steroids, cyclophosphamide (0.75 g/m2 intravenously) 
was given every 3-4 weeks, the dose was decreased to 0.5 g/m2 

if the age >60 years or GFR <20 mL/min/1.73 m2. Kidney remis-
sion was considered with the dedection of less than 5 erythro-
cytes in each large magnification area and disappearance of 
erythrocyte cylinders in urine microscopy. The patients whose 
kidney function did not return to normal after treatment but 
with normal urinary sediment, stable serum creatinine, and 
stable non-nephrotic proteinuria for the last 3 months were 
also considered in kidney remission. The cases of non-glomer-
ular hematuria such as stone, tumor, and so on, or the use of 
cyclophosphamide, which is toxic for the bladder mucosa, were 
not considered as disease activation. While pulmonary involve-
ment was determined by clinical and radiological evaluation, 
severe pulmonary involvement was considered as cases with 
severe hemoptysis and the oxygen saturation below 85% under 
oxygen therapy. Clinical remission is stated as per the recom-
mendation of European League Against Rheumatism/EUVAS, 
which is zero for the Birmingham Vasculitis Activity Score.15

Plasma Exchange
Plasma exchange was performed on an average of 7-10 times 
at a dose of 60 mL/kg/session. Fresh frozen plasma was used as 
the replacement fluid considering the risk of bleeding.

Cytoplasmic- and Perinuclear Anti-neutrophil Cytoplasmic 
Antibody Measurement
The enzyme-linked immunosorbent assay and immunofluo-
rescence assay methods were used to measure the c-ANCA and 
p-ANCA values of the patients.

Statistical Analysis
In statistical analysis, categorical variables were given as num-
bers and percentages. For descriptive statistics, mean ± stan-
dard deviation (SD) and median (min-max value) were used 
depending on the normal distribution state of the variables. 
Normal distribution was evaluated with Kolmo​gorov​–Smir​
nov/S​hapir​o–Wil​k tests. Chi-square tests were used for com-
parison of categorical variables between groups. Student’s 
t-test or Mann–Whitney U test was used for comparison of 
data sets. Survival analyses were performed by Kaplan–Meier 
methods and Log-rank test. Multivariate Cox regression analy-
sis was used to determine the independent prognostic factors 
for overall survival (OS) or ESKD state. Variables with P < .05 as 
determined by log-rank test were entered into multivariate Cox 
regression analysis. The hazard ratios (HRs) with corresponding 
95% CIs were used to show the factors affecting the outcomes. 
P < .05 was accepted to be statistically significant. Statistical 
Package for the Social Sciences version 22.0 (IBM SPSS Corp.; 
Armonk, NY, USA) was used for analysis.

RESULTS
The mean age of the patients was 53.9 ± 14.0 years and 28 
(49.1%) of them were male. Immunosuppressive therapy was 
initiated for all patients after biopsy. Twenty-one patients 
(36.8%) received only cyclophosphamide and steroid therapy 
as remission induction. Thirty-six patients (63.2%) received PE 

MAIN POINTS

•	 Anti-neutrophil cytoplasmic antibody-associated vasculitis is 
related to high mortality and morbidity.

•	 Immunosuppressive therapy started on time alters the course of 
the disease, mainly patient and kidney survival.

•	 There is a controversy about whether the risks of plasma 
exchange treatment override the probability of kidney-related 
outcomes.
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in addition to cyclophosphamide and steroid therapy. At the 
end of the first year, 9 patients (15.8%) were in clinical and kid-
ney remission; there were 25 patients (43.8%) with chronic kid-
ney disease (CKD) and 12 patients (21.1%) with ESKD. Eleven 
patients (19.3%) died at the end of the first year. Twenty-seven 
patients (47.3%) were c-ANCA positive, while the remaining 
30 (52.6%) patients were p-ANCA positive. p-ANCA-positive 
patients were older (59.4 years vs. 47.8 years, P = .001).

When we grouped patients according to their remission 
induction treatments, in the PE-treated group, patients were 
with higher serum creatinine (P = .014) and lower estimated 

glomerular filtration rate (P = .045). Twenty-three patients 
(58.5%) patients were male in the same group (P = .004). Serum 
C-reactive protein (CRP) was also higher in the PE group (P = .006, 
P = .01). The number of patients with pulmonary involvement 
in the 2  groups was similar (44.4% vs. 61.9%, P =,.203), while 
all patients with pulmonary hemorrhage (16 patients (44.4%)) 
were in the PE group. At the end of the first year, 8 patients 
(22.2%) in the PE group, 3 patients (14.2%) in the without PE 
group died (P = .086). Data were summarized in Table 1.

In the survival analysis, the mean survival time was 91.6 ± 
7.8 months. The 1-year survival rate was 80.7% and the 5-year 

Table 1.  The Comparison of the Demographic Data and Laboratory Characteristics of the Patients at the Diagnosis Time and the Clinical 
Outcomes According to the Treatments

N = 57 Plasma Exchange +ISt, n = 36 ISt, n = 21 P

Age (years), mean ± SD 52.9 ± 15.2 55.5 ± 11.9 .5201

Gender (male), n (%) 23 (63.9) 5 (23.8) .0042

Hypertension, n (%) 17 (47.2) 11 (52.4) .7072

Diabetes mellitus, n (%) 14 (38.9) 3 (14.3) .0502

Pulmonary involvement, n (%) 16 (44.4) 13 (61.9) .2032

Pulmonary hemorrhage, n (%) 16 (44.4) 0 (0)

Urea (mg/dL), median (min-max) 128.0 (7.0-278.0) 71.0 (15.0-141.0) .0033

Creatinine (mg/dL, SD), median (min-max) 4.0 (0.5-11.0) 2.51 (0.7-11.2) .0143

eGFR (mL/min/1.73 m²) (EPI-CKD) median (min-max) 13.5 (4.0-125.0) 23.0 (4.0-102.0) .0453

Total protein (g/dL, SD), mean ± SD 6.2 ± 0.7 6.3 ± 1.0 .4791

Albumin (g/dL, SD), mean ± SD 3.0 ± 0.7 2.9 ± 0.6 .7431

<2.5 g/dL albumin, n (%) 9 (25) 4 (19) .6052

Proteinuria (>150 mg/day), n (%) 36 (100) 19 (90.5) .1324

White blood cell (/mm3), median (min-max) 10 700 (1500-26 200) 11 000(6200-21 230) .5463

Hgb (g/dL), mean ± SD 9.1 ± 1.5 10,0 ± 2.1 .0711

Plt (103/µL) median (min-max) 296.5 (89.0-887.0) 305.0 (36.0-616.0) .7473

Plt/MPV, median (min-max) 36.0 (9.2-94,3) 44.0 (5.4-72.0) .8693

CRP, mg/dL, median (min-max) 62.6 (0.5-232.0) 21.5 (0.4-123.0) .0113

Sedimantasyon, mm/h, median (min-max) 45.5 (2.0-143.0) 72.00 (19.0-104.0) .0773

c-ANCA positive n (%) 16 (44.4) 11 (52.4) .5632

p-ANCA positive n (%) 20 (55.6) 10 (47.6) .5632

Clinical outcomes (12th month), n (%) .3992

  Remission 5 (13.8) 4 (19.1)

  CKD 16 (44.4) 9 (42.9)

  ESKD 7 (19.4) 5 (23.9)

  Death 8 (22.2) 3 (14.2)

CRP, C-reactive protein; c-ANCA, cytoplasmic anti-neutrophil cytoplasmic antibody; CKD; chronic kidney disease;  eGFR, estimated glomerular filtration rate; ESKD, 
end-stage kidney disease;  Hgb, hemoglobin; ISt, immunosuppressive treatment (cyclophosphamide + corticosteroid); MPV, mean platelet volume; plt, platelet;  p-ANCA, 
perinuclear anti-neutrophil cytoplasmic antibody; SD, standard deviation.
1Student’s t-test, 2Chi-squared test, 3Mann-Whitney U-test, 4Fisher’s exact test.
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survival rate was 68.8%. Gender (P = .959), PE (P = .919), and 
diabetes mellitus (P = .132) did not affect survival according 
to the results of our study. Data were summarized in Table 2. 
Kaplan–Meier graphs were shown for age (Figure 1) and pulmo-
nary involvement (Figure 2). Risk factors related to the survival 
of the patients were evaluated with the multivariate Cox regres-
sion analysis model. According to multivariate Cox regression 
analysis, the patients younger than 50 years (HR = 17.11, P = 
.034), with pulmonary involvement (HR = 13.25, P = .02), hav-
ing positive p-ANCA (HR = 5.93, P = .036), having serum creati-
nine level above 4.39 mg/dL (HR = 4.45, p = 0.018), and having 
serum albumin level lower than 2.5 g/dL (HR = 0.18, P = .014) 
had increased risk of death. C-reactive protein, PE, and the pres-
ence of diabetes were not found to be significant risk factors for 
mortality (P > .05) (Table 3).

The mean time between clinical admission and ESKD devel-
opment was 49.2 ± 4.5 months. None of the parameters like 

gender, age, ANCA positivity, or diabetes were related to 
ESKD (P > .05). Plasma exchange was also not related to ESKD 
(P = .554).

DISCUSSION
We found that there was no difference in terms of ESKD, mor-
tality, and clinical outcome in patients who received PE and 
those who did not. The baseline level of the CRP, which is 
marker of inflammation, was not found to be associated with 
the outcomes. In multivariate Cox regression analysis, risk 
factors affecting patient survival were age >50 years, pulmo-
nary involvement, positive p-ANCA, serum creatinine level 
>4.39 mg/dL, and lower albumin level.

Anti-neutrophil cytoplasmic antibody-associated vasculitis 
is related to high mortality and morbidity. Therefore, effec-
tive and reliable treatments are needed. Treatment is gener-
ally planned according to the 2012 Kidney Disease Improving 

Table 2.  The OS Rates According to the Factors

Total N = 57
Log Rank Test 

P
Overall Survival, Months Mean ± 

Standart Error* 1-Year Survival Rate, %
5-Year Survival Rate, 

%

All Patients 91.6 ± 7.8 80.7 68.8

Sex .959

  Female 62.3 ± 7.0 82.8 68.8

  Male 91.4 ± 11,1 78.6 68.8

Age .031

  <50 years 114.8 ± 9.4 95.0 87.7

  ≥50 years 54.2 ± 6.6 73.0 58.9

Pulmonary involvement .030

  No 76.3 ± 11.5 92.9 81.3

  Yes 57.3 ± 4.4 69.0 56.8

ANCA .042

  c-ANCA+ 108.3 ± 9.4 92.6 82.2

  p-ANCA+ 52.4 ± 7.4 70.0 56.9

Creatinine .040

  Cr ≥ 4.39 (mg/dL) 38.9 ± 6.8 70.0 51.3

  Cr < 4.39 (mg/dL) 103.4 ± 8.6 86.5 78.6

Plasma exchange .919

  Only ISt 60.8 ± 8.5 85.7 65.5

  Plasma exchange + ISt 92.9 ± 9.6 77.8 70.4

Diabetes mellitus .132

  Yes 47.3 ± 9.1 64.7 56.6

  No 98.5 ± 8.8 87.5 73.9

*Since the median survival rate could not be reached, the data are presented as the mean ± standard error.
c-ANCA, cytoplasmic anti-neutrophil cytoplasmic antibody; ISt, immunosuppressive treatment (cyclophosphamide + corticosteroid); OS, overall survival p-ANCA, 
perinuclear anti-neutrophil cytoplasmic antibody.
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Global Outcomes (KDIGO) nephritis guide.16 We prefer steroid 
and cyclophosphamide as remission induction, and in some 
cases, PE was added to this standard therapy. In the updated 
report of EUVAS on AAV, as in the 2012 KDIGO guide, PE treat-
ment is recommended in the presence of rapidly progressing 
kidney failure and severe pulmonary hemorrhage for the treat-
ment of AAV.15 However, in these international guidelines, it 
should be noted that PE has been recommended for the treat-
ment of AAV with pulmonary hemorrhage based on observa-
tional studies involving fewer than 100 patients.17,18 Besides, it 
has been seen that the patients are in the form of case series 
in the post-guideline studies on this subject, and these studies 

have a low level of evidence and have conflicting results regard-
ing its effectiveness.19,20

The Plasma Exchange and Glucocorticoid Dosing in the 
Treatment of Anti-Neutrophil Cytoplasm Antibody-Associated 
Vasculitis study investigating the appropriate treatment 
options for AAV is the large-scale, multicenter, and random-
ized controlled study in the literature. In the study published by 
Walsh et al.12 they investigated the effects of PE primarily on the 
patient outcomes in the cases with severe AAV (severe defini-
tion: GFR <50 mL/min or diffuse pulmonary hemorrhage). The 
primary outcomes of this study were determined as all-cause 
mortality or ESKD. This study included 704 patients at 95 cen-
ters in 16 countries and the patients were followed for up to 
7 years. As a result, it has been shown that plasmapheresis in 
addition to standard treatment does not provide additional 
benefit for severe AAV. Similarly, in our local patient population, 
we have shown that PE in the patients with ANCA-associated 

Figure 1.  The relationship between the age and overall survival.

Figure  2.  The relationship between pulmonary involvement and overall 
survival.

Table 3.  The Multivariate COX Regression Analysis According to the 
Factors for the OS

Multivariate Cox Regression Analysis 
Model for OS (n = 3228)

Adjusted HR (95% CI) P

Age .034

  <50 years Reference

  ≥50 years 17.11 (1.23-88,58)

Pulmonary involvement .002

  Yes 13.25 (2.52-39.46)

  No Reference

ANCA .036

  c-ANCA+ Reference

  p-ANCA+ 5.93 (1.13-31.26)

Creatinine .018

  Cr ≥ 4.39 (mg/dL) 4.45 (1.29-15.31)

  Cr < 4.39 (mg/dL) Reference

Albumin (g/dL) 0.18 (0.05-0.71) .014

CRP (mg/dL) 0.99 (0.96-1.01) .994

Diabetes mellitus .613

  Yes 0.68 (0.15-3.07)

  No Reference

Plasma exchange .637

  Only ISt 0.69 (0.16-3.12)

  Plasma exchange + ISt Reference

CRP, C-reactive protein; c-ANCA, cytoplasmic anti-neutrophil cytoplasmic 
antibody; HR, hazard ratio; ISt, immunosuppressive treatment (cyclophospha-
mide + corticosteroid); OS, overall survival p-ANCA, perinuclear anti-neutrophil 
cytoplasmic antibody.
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vasculitis did not result in lower death or less incidence of ESKD 
than in the patients treated without PE.

Some other previous studies in the literature have shown the 
critical benefits of PE to reduce the need for dialysis in the 
first year in patients with severe kidney disease.21,22 These 
studies have also suggested that PE affects ESKD without any 
benefit for survival. Contrary to these studies, Walsh et  al12 
have shown that PE is not related to kidney survival, support-
ing the findings of our study. In 2020, a meta-analysis of 1235 
AAV patients from 10 studies including Walsh’s study was pub-
lished. Plasma exchange was not associated with lower rates 
of either mortality at third and twelfth months or ESKD at third 
and twelfth months. The present meta-analysis does not sup-
port a wider use of PE for the management of AAV in routine  
clinical practice.23

The factors affecting mortality were age, pulmonary involve-
ment, creatinine level above 4.39 mg/dL, and lower albumin 
level. These findings are compatible with the literature.24,25 And 
the highest HR related to mortality was age (17.11; 1.23-88.58, 
P = .034) and pulmonary involvement (13.25; 2.52-39.46, P = 
.002). It has been detected that the baseline level of the CRP, 
which is marker of inflammation, did not determine the prog-
nosis. C-reactive protein did not show disease activity, response 
to treatment, and disease recurrence.26 In the literature, the 
prognosis of ANCA-negative vasculitis and c-ANCA-positive vas-
culitis was worse.15,27 In our study group, mortality was higher 
in p-ANCA-positive patients. On the other hand, the incidence 
of being over the age of 50 and decreased level of serum albu-
min, which are findings of poor prognosis, are higher in these 
patients than the c-ANCA positive ones.

It was reported that kidney survival was higher in female 
patients. The risk for the development of ESKD was higher in 
the patients with low GFR levels and a low percentage of normal 
glomerulus in biopsy at the time of diagnosis.28 We found that 
gender, CRP, or PE had no progression effect to ESKD.

There are several limitations to our study. The retrospec-
tive design of the study is the main limitation of the study. 
Different treatment options suggested by the guidelines could 
be chosen differently by doctors. The number of patients 
in our study is also low. However, we think that our study 
will have a contribution to the literature by showing local 
patient data even if the number of patients with this rare  
disease is low.

CONCLUSION
In AAV, PE did not provide additional benefit to standard treat-
ment. CRP at the time of diagnosis was not found useful in 
determining prognosis. Instead, pulmonary involvement even 
with or without pulmonary hemorrhage and age might be used 
as clinical surrogates of worse outcomes.
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