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Abstract 
 
Backgraund/Aim. Primary anti-neutrophil cytoplasmatic 
antibody (ANCA)-associated vasculitis are chronic multisys-
temic autoimmune diseases which include microscopic pol-
yangitis (MPA), granulomatosis with polyangitis (WG), eo-
sinophilic granulomatosis with polyangitis (EPGA; churg-
strauss syndrome – CSS), and also a localized forms of ill-
ness. In our research, we studied clinical and serological pa-
rameters in patients, in order to find out which of them 
would be the best predictor of renal outcome in ANCA-
associated vasculitis. Methods. Data from 42 patients with 
diagnose of MPA (9), WG (17), EPGA (0), CSS (0), and al-
so idiopathic rapidly progressive glomerulonephritis 
(ROEB) without immune deposits (renal-limited vasculitis – 
16) were analyzed. Cockroft formula was used for calculat-
ing the glomerular filtration in the moment of presenting 
the illness, and also after five year follow-up period. Other 
factors that were analyzed are: gender, age, type of ANCA 
antibodies, type of infections, stage of chronic kidney dis-
ease, need for heamodialysis and mortality. Results. Of a 
total of 42 patients, 17 (40.48%) were male. The average age 
of the patients at the time of diagnosis was 57.8 (± 10.44) 
years. Seventeen patients (40.48%) had a diagnosis of WG, 

9 (21.43%) MPA, and 16 (38.09%) iRPGN. The presence of 
positive anti-proteinase (anti-PR3) antibodies was con-
firmed in 18 patients, and anti-MPO antibodies in 17 pa-
tients. Three patients had both subtypes of ANCA antibod-
ies (anti-PR3 and anti-MPO). Initially, 12 patients required 
heamodialysis treatment. Twenty nine patients had a com-
plete and 13 patients had partial remission. Out of the total 
number of patients, 8 patients (19.04%) developed the ter-
minal renal failure stage, and ended up on a chronic dialysis 
program. During a five-year follow-up period, 12 patients 
(28.57%) resulted in death. The age of the patient proved to 
be statistically significant predictor of glomerular filtration 
rate (GFR) at the moment of presentation of the disease (p 
= 0.011). GFR t = 0 was statistically significant (p = 0.000) 
for the evaluation of kidney function outcomes in ANCA-
associated glomerulonephritis. Conclusion. Kidney func-
tion in the moment of illness presentation, determined by 
GFR t = 0, is the most important significant factor for pre-
dicting renal outcome in ANCA-associated vasculitis, and 
also the mortality in these patients. 
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Apstrakt 
 
Uvod/Cilj. Primarni anti-neutrofilna citoplazmatska antite-
la (ANCA)-udruženi vaskulitisi predstavljaju hronično mul-
tisistemsko autoimunsko oboljenje u koje se ubrajaju 
mikroskopski poliangiitis (MPA), granulomatoza sa poli-
angiitisom (WG), eozionofilna granulomatoza sa poliangiit-
som (EPGA; Churg-Stranss sindrom – CSS), kao i loka-
lizovane forme bolesti. U našem ispitivanju, koristili smo 
kliničke i serološke parametre kod bolesnika kako bismo 
pronašli koji od njih bi bili najbolji prediktori bubrežnog 
ishoda kod ANCA-udruženih glomerulonefritisa. Metode. 
Analizirani su podaci 42 bolesnika sa dijagnozom MPA (9), 
WG (17), eozionofilna granulomatoza sa poliangiitsom 

(EPGA; CSS) (0), kao i idiopatski rapido-progresivni glo-
merulonefritis bez imunskih depozita (16). Cockcroft for-
mula je upotrebljena za izračunavanje glomerulske filtracije 
u momentu prezentacije bolesti i nakon petogodišnjeg 
praćenja bolesnika. Ostali faktori koji su analizirani bili su: 
pol, starost, tip ANCA antitela, tip infekcija, stepen 
hronične bubrežne insuficijencije (HBI), potreba za hemodi-
jalizom i mortalitet. Rezultati. Od ukupno 42 bolesnika, 17 
(40,48%) su bili muškog pola. Prosečna starost bolesnika u 
vreme postavljanja dijagnoze bila je 57,8 ± 10,44 godina. 
Prisustvo pozitivnih anti-proteinaze 3 (anti-PR3) antitela 
potvrđeno je kod 18 bolesnika, a anti-MPO antitela kod 17 
bolesnika. Pozitivnost anti-PR3 i anti-MPO antitela dokaza-
na je kod tri bolesnika. Inicijalno, hemodijalizni tretman je 
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sproveden kod 12 bolesnika. Nakon sprovedene terapije 
kod 29 bolesnika postignuta je potpuna, a kod 13 bolesni-
ka delimična remisija. Od ukupnog broja bolesnika, osam 
(19,04%) je razvilo terminalni stadijum slabosti bubrega i 
nastavilo lečenje hroničnim hemodijalizama. Tokom peri-
oda praćenja od pet godina, 12 bolesnika (28,57%) je um-
rlo. Starost bolesnika bila je statistički značajan predictor 
brzine glomerularne filtracije (GFR-a) u momentu 
prezentacije bolesti (p = 0.011). GFR t = 0 pokazao se 
statistički značajnim (p = 0.000) za procenu ishoda 

bubrežne funkcije kod ANCA-udruženih glomerulone-
fritisa. Zaključak. Bubrežna funkcija u momentu 
prezentovanja bolesti, određena putem GFR t = 0, pred-
stavlja jedini značajni faktor za procenu ishoda bubrežne 
funkcije kod ANCA-udruženih glomerulonefritisa, kao i 
mortaliteta kod ovih bolesnika. 
 
Ključne reči: 
glomerulonefritis; antitela, antineutrofilna, 
citoplazmatska; glomerulska filtracija; mortalitet. 

 

Introduction 

Primary types of vasculitis that are associated with anti-
neutrophil cytoplasm antibody (ANCA-associated vasculitis; 
AAV) are chronic multisystemic autoimmune diseases which 
include microscopic polyangiitis (MPA), granulomatosis 
with polyangiitis (WG), eosinophilic granulomatosis with 
polyangiitis (EPGA; Churg-Strauss syndrome – CSS), and 
also a localized forms of illness. After receiving the cortico-
steroid and immunosuppressive therapy, most of the patients 
experience early remission, but patients with ANCA-
associated vasculitis continue to be at increased fatal risk 
compared with a healthy population 1. 

Kidney affection is one of the most common manifes-
tation of vasculitis and it has a great impact on the outcome 
of the disease 2, 3. Renal vasculitis is the most common se-
vere manifestation of ANCA-associated vasculitis (AAV) 
and it is typically presented with rapidly progressive glo-
merulonephritis (GN). During the diagnostic phase of 
AAV, dialysis is often needed, however renal recovery and 
withdrawal from dialysis after the treatment is possible, in 
more than 50% patients 4. Renal impairment as prognosis is 
also a predictor of poor renal outcome 5–8 and also of poor 
patient survival 1, 9.  

Treatment of AAV may also cause significant morbidi-
ty, and patients with impaired renal function may be particu-
larly prone to treatment-emergent adverse events 4. Medica-
tion based on cyclophosphamide (CYC) and corticosteroids 
(CS), which have been used since the 1970s 10, changed the 
prognosis of AAV from lethal to a chronic relapsing disease. 
Around a half of the patients have a relapse within five years 
after diagnosis 11, 12. 

Mortality of the patients with ANCA-associated vascu-
litis is high, 10–15% within the first year following treatment 
initiation. These patients have 2.7-fold increase in mortality 
compared with the general population. Some of the studies 
have shown that the mortality of the patients with renal in-
volvement depends on factors such as: older age, side effects 
of the therapy, lung haemorrhage, high disease activity score 
based on the Birmingham Vasculitis Activity Score (BVAS), 
etc 13–18. In order to control the inflammation, patients are 
treated with immunosuppressive and/or cytostatic therapy. 

In our study, we used clinical and serological parame-
ters in 42 patients, in order to find out which of them would 
be the best predictor of renal outcome in ANCA-associated 
vasculitis.  

Methods 

Forty two patients, with diagnose of WG, MPA, CSS, id-
iopathic rapidoprogressive glomerulonephritis (iRPGN) were 
enroled in this study. Disease diagnose was based on the 
Chapel Hill Consensus Conference criteria for ANC-
associated vasculitis 10. Inclusion criteria were: positive anti-
myeloperioxidase-antineutrophilic antibodies (anti-MPO-
ANCA) or anti-proteinase 3- antineutrophilic antibodies (anti-
PR3-ANCA); kidney damage; rapid increase of serum creati-
nine. Glomerular filtration rate (GFR) was calculated by Cock-
roft formula and it was used as a marker of kidney function 11. 
GFR was determined in the moment of kidney biopsy (t = 0), 
and after a five year follow-up period. In order to do analysis 
in a less complicated manner, CSS and iRPGN were marked 
as renal-limited form of vasculitis, because separated, those 
data would be statistically insignificant. Patients with second-
ary vasculitis, including lupus nephritis, were excluded from 
the study. Induction therapeutic approach was consistent as 
follows: methylprednisolone and cyclophosphamide; 
methylprednisolone, cyclophosphamide and therapeutic plas-
ma exchange; methylprednisolone; cyclophosphamide. After 
achieving remission, the therapy was: azathioprin peroral 2 
mg/kg/24 h; mycophenolat mofetil 2–3 g/24 h; combination of 
corticosteroid therapy and azathyoprin in patients whose con-
dition went worse after stopping corticosteroids.  

Statistical data processing was performed in IBM SPSS 
Statistics v.23. Categorical variables are represented by abso-
lute and relative frequencies. The central tendency of the con-
tinuous variables is represented by the arithmetic mean, the 
deviation with the standard deviation, the minimum and the 
maximum. Multivariate linear regression model were studied 
by the predictors of the renal function of the patient at the time 
of presentation of the disease and after the follow-up period. 
The stability of the 95% predictor confidence interval was 
confirmed by the bootstrap resampling method with 1,000 
samples and the Mersenne Twister random number generator 
(bootstrapping confirms that predictive models remain the 
same on a larger sample, that is, not to get different results 
when the sample would be larger). 

Results 

Characteristics of patients included in the study are giv-
en in Table 1. Of a total of 42 patients, 17 (40.48%) were 
male. The average age of the patients at the time of diagnosis 
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was 57.8 (± 10.44) years. Seventeen patients (40.48%) had a 
diagnosis of GW, 9 (21.43%) MPA, and 16 iRPGN (38.09%). 
None of the patients had CSS. The presence of positive anti-
PR3 antibodies was confirmed in 18 patients, and anti-MPO 
antibodies in 17 patients. Three patients had both subtypes of 
ANCA antibodies (anti-PR3 and anti-MPO). At the time of di-
agnosis, the mean value of the glomerular filtration volume 
(eGFR) was 52.71 mL/min / 1.73 m2 (eGFR values ranged 
from 4 to 156 mL/min /1.73 m2). Nine patients had preserved 
kidney function, five of them had stage 1 of chronic kidney 
disease (CKD), five had stage 2 of CKD, five had stage 3 of 
CKD, six had stage 4 of CKD, and twelve stage 5 of CKD. In 
19 patients, the presence of pulmonary lesions was established. 
Therapeutic protocols involved the following options: 25 

patients received a combination of methylprednisolone and 
cyclophosphamide (14 patients with GW; 7 patients with 
MPA; 4 patients with iRPGN), 13 patients methylpredniso-
lone, cyclophosphamide and plasma therapeutic modification 
(4 patients with WG; 8 patients with MPA; 1 patient with 
iRPGN), 3 patients methylprednisolone as a monotherapy be-
cause of the neutropenia (2 patients with WG, 1 patient with 
iRPGN), 1 patient cyclophosphamide due to unregulated dia-
betes (patient with MPA). Initial doses of corticosteroid thera-
py was 1mg/kg intravenous, and for cyclophosphamide 500–
750 mg/m2 (applied monthly). Plasma exchange therapy was 
applied in 13 patients, who had severe alveolar heamorrhage 
and end-stage renal disease (ESRD) in the moment of disease 
presentation. The number of plasma therapeutic modification 

Table 1 
Clinical characteristics of patients at the moment of the disease presentation (t = 0) 
Parameters                                                                                          Values 
Gender, n (%)  
  male 17 (40.48) 
  female 25 (59.50) 

Age (years), min-max; mean ± SD 30-83; 57.77 ± 10.44 
Anti-neutrophil cytoplasmatic antibody (ANCA) subtype, n (%)  
  antiMPO 17 (41) 
  antiPR3 18 (43) 
  antiPR3 + antiMPO 3 (7) 
  undifferentiated 4 (10) 

Diagnosis, n (%)  
  iRPGN 16 (38.09) 
  MPA 9 (21.43) 
  GPA 17 (40.48) 

Affection of other organs, n (%)  
  skin 5 (18.52) 
  lung 19 (70.37) 
  ORL 3 (11.11) 
  in total 27 (100) 

Induction therapy, n (%)  
  CYP 1 (2.4) 
  CS 3 (9.60) 
  CS+CYP 25 (59.50) 
  CS+CYP+PF 13 (31) 

GFR (mL/min), min-max; mean ± SD 4-156; 52.71 (42.46) 
Kidney function at the moment of disease presentation, n (%)  
  preserved 9 (21.42) 
  CKD grade 1 5 (11.90) 
  CKD grade 2 5(11.90) 
  CKD grade 3 5 (11.90) 
  CKD grade 4 6 (14.29) 
  CKD grade 5 12 (28.57) 

Hemodialysis, n (%)  
  iRPGN 2 (4.76) 
  MPA 6 (14.29)) 
  GPA 4 (9.52) 

Anti-MPO – anti-myeloperoxydase-antineutrophic antibodies;  
anti-PR3 – anti-proteinase 3; iRPGN – idiopathic rapidly progressive glomerulonephritis; 
MPA – microscopic polyangiitis; GPA – granulomatosis with polyangiitis;  
CYP – cyclophosphamide; CS – corticosteroids; PF – physical therapy;  
ORL – otorhinolaryngology; GFR – glomerular filtration rate;  
CKD – chronic kidney disease; SD – standard deviation. 
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was: 5 procedures in patients with WG, 5 procedures in pa-
tients with MPA, 3 procedures in patient with iRPGN. Initial-
ly, 12 patients required heamodialysis treatment (2 patients 
with iRPGN, 6 patients MPA, 4 patients with WG). Twenty 
nine patients had a complete and 13 patients had partial remis-
sion. Table 1 presents the clinical characteristics of patients in 
the moment of disease presentation. The most common cause 
of hospitalization of patients with ANCA vasculitis were in-
fections: urinary tract infections (in 11 patients), then lower 
respiratory tract infections (in 6 patients), and upper respirato-
ry tract infections (ear, throat and nose) (in 6 patients). After 
five-year follow up period, 14 patients did not have kidney 
weakness, and in other patients the most frequent was the 
grade 2 renal failure. Out of the total number of patients, 8 pa-
tients (19.04%) developed the terminal renal failure stage, and 
ended up on a chronic dialysis program (2 patients with 
iRPGN, 4 patients with MPA, 2 patients with WG). Six of 
these patients were initially on haemodialysis, and two of them 
had partially remission after initial treatment and were cortico-

steroid dependent. During a five-year follow-up period, 12 pa-
tients (28.57%) resulted in death (1 patient with iRPGN, 7 pa-
tients with MPA, 4 patients with WG). Seven of these patients 
were initially on haemodialysis, and cause of death was alveo-
lar heamorrhage in 4 patients, and severe infections in 8 pa-
tients. Table 2 presents the clinical characteristics of patients 
after five-year follow-up period. 

Based on the results of the general significance test [F 
(1.40) = 7.155, p = 0.011], one can conclude that the predic-
tive GFR model in t = 0 is statistically significant. According 
to R2 = 0.152 the model explains 15.2% variation of the de-
pendent variable. 

The age of the patient proved to be statistically signifi-
cant predictor of GFR at the moment of presentation of the 
disease. Estimated glomerular filtration decreased with the 
age of patients with a factor of 0.390 (Table 3). 

Based on the results of the general significance test [F 
(4.37) = 16.633, p = 0.000], it was concluded that the predic-
tive GFR model in t = 5 was statistically significant. The cor-

 
Table 2 

Clinical characteristics of patients after five-year follow-up period (t = 5) 
Parameter Values 
Infections 1 4.76 

encephalitis 6 28.57 
RTI 11 52.38 
UTI 1 4.76 
nediastinitis 6 28.57 
ORL 21 100 
in total   

GFR (mL/ min), min–max; mean ± SD 4–148; 58.21 ± 37.54 
Kidney function, n (%)    

preserved 14 34.10 
CKD grade 1 1 2.40 
CKD grade 2 11 26.80 
CKD grade 3 7 17.10 
CKD grade 4 1 2.40 
CKD grade 5 8 17.10 

Haemodialysis, n (%) 34 82.90 
no 8 17.10 
yes   

Mortality, n (%) 30 71.40 
no 12 28.57 
yes   

RTI – respiratory tract infections; UTI – urinary tract infections; CKD – chronic kidney 
disease; ORL – otorhinolaryngology; GFR – glomerular filtration rate. 

 
 

Table 3  
Predictive model for glomerular filtration rate at the moment of the 

disease presentation (t = 0) 
Predictors Coefficient β t p 95% CI 

Constant  4.143 0.000 72.039 240.803 
Age -0.390 -2.675 0.011 -3.147 -0.372 
CI – confidence interval. 
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rected determination coefficient showed that the model ex-
plains 60.4% of variation of the dependent variable. 

Of all potential renal outcome predictors, only GFR t = 
0 was statistically significant, which was directly proportion-
al to the factor 0.818 (Table 4). 

Discussion 

This retrospective study was done with a purpose to 
identify the best predictors of renal outcome in AAV. Renal 
dysfunction is known risk factor for mortality in patients 
with AAV 1, and for that reason, the accent on providing the 
better outcome should be focused on the treatment of renal 
vasculitis 19, 20. Better understanding of the factors that are 
associated with the prognosis of AAV can help to choose the 
right therapeutic approach in patient with this diagnose. De-
spite the significant kidney damage, in our study, 34 patients 
were not dialysis-dependent. End-stage kidney disease was 
developed in 8 patients, and 12 (28.57%) patients had lethal 
outcome due to complications of the disease itself, or of the 
therapy. Our results are similar to the multicentric clinical re-
search of Walsch et al. 21, and prospective multicentric clini-
cal study of de Lind van Wijngaarden et al. 22 (21%) and 
Titeca-Beauport et al. 23 (36.61%). In our research, 13 pa-
tients had additional plasma exchange therapy. There was no 
statistically significant impact of the plasma exchange thera-
py on the outcome of the patients. These results are different 
from the multinational randomized controlled study 
(MEPEX) study 24, in which the patients who received plas-
ma exchange therapy had better outcome of renal function. 
The data on antibody subtypes and prognosis of renal func-

tion are different. Recent studies have shown that MPO AN-
CA-positive patients have significantly more expressed 
chronic changes in kidney biopsies than patients with PR3 
ANCA 25. Other histological research did not prove the dif-
ference between antiPR3 and antiMPO antibodies 26. In our 

study, we noticed that the subtypes of ANCA antibodies af-
fected the prognosis. Average GFR t = 0 was significantly 
higher in patients with antiPR3 antibodies than in patients 
with antiMPO antibodies. The difference was not verified in 
patients after the five-year follow-up period (GFR t = 5). 
Twenty one patients (50%) had renal-limited form of the dis-
ease, and in 19 patients (70.37%) lung damage was present. 
Infection is one of the main problems during the treatment of 
AAV, and also is the main cause of death in immunosup-
pressed patients 27–29. Unlike the study of Kronbichler et 
al. 30, in our work, the most frequent were urinary tract infec-
tions (26.19%). Also, hospitalization of patients with ANCA 
vasculitis due to infections was less common than in the pub-
lished studies so far, where cumulative incidence at 1, 2 and 
5 years of any infection was 51%, 58% and 65%, respective-
ly 1, 31–33 . 

Conclusion 

The renal function at the moment of presentation of the 
disease, determined by GFR t = 0, is the most important 
independent factor for assessing the outcome of renal 
function in ANCA-associated glomerulonephritis, as well as 
the mortality of these patients. 
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