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Abstract
The aim of the study was to assess the correlation of commonly used laboratory tests with clinical activity, degree of kidney involvement
and treatment of systemic small-vessel vasculitis with the presence of ANCA antibodies.

Methods.

The study included 28 patients with active AAV (BVAS ≥ 3). The following tests were performed: MPO-ANCA, PR3-ANCA, peripheral blood
count, ESR, CRP, procalcitonin, creatinine, GFR, urea, albumin, �brinogen, d-dimer, components of the C3 and C4 complement systems,
urinalysis with sediment evaluation and diurnal proteinuria. The assessments were conducted twice: at study entry (A0) and after 6 months
(A6) (BVAS = 0).

Results

At the time of inclusion in the study, the mean creatinine concentration was 3.39 mg/dl (GFR 33.17 ml/min/1.73m²), after achieving
remission in 11 patients (39.3%) GFR remained below 30 ml/min/1.73m² , 4 patients (14.3%) continued renal replacement therapy, and 3
patients (10.7%) with advanced renal failure died. Microhematuria occurred in 80.9% of the studied population, withdrew in most patients,
strongly correlated with renal involvement p<0.001 and was not related to disease severity p=0.147. CRP, ESR, �brinogen, d-dimer, albumin
and hemoglobin in the peripheral blood showed a strong correlation with the clinical activity of AAV and well identi�ed severe patients. High
procalcitonin concentrations correlated with a severe form of the disease, pulmonary involvement with respiratory failure and alveolar
hemorrhage (mean 3.41 ng/ml, median 0.91 ng/ml, SD 7.62, p = 0.000), and were associated with the occurrence of infectious
complications and the need to administer antibiotic therapy. ANCA antibodies were useful in the evaluation of patients with AAV, the
amount of antibodies did not correlate with the severity of vasculitis (p=0.685) and the results in many patients did not match the expected
assumptions. 

Conclusions

CRP, ESR, �brinogen, d-dimers, albumin and hemoglobin in the peripheral blood correlate well with the activity of vasculitis and identify
severe patients. The resolution of microhematuria suggests remission of the disease in the renal area. Procalcitonin may be slightly
increased in patients with active AAV without infection, high concentrations are strongly associated with infectious complications. ANCA
antibodies should always be interpreted in the context of the observed clinical symptoms.

Introduction
ANCA associated vasculitis (AAV) is associated with necrotic in�ammation in the wall of small arteries, veins and capillaries [1]. The
consequence is ischemia, followed by impairment of the organ functions. The classi�cation of AAV includes granulomatosis with
polyangiitis (GPA), microscopic polyangiitis (MPA), eosinophilic granulomatosis with polyangiitis (EGPA) and renal limited-AAV (RLV).

AAV is a rare disease, the annual incidence is estimated at 5.0-10.65/million. The �ve-year survival rate for GPA is 74-91% and for MPA 45-
76% [2,3]. ANCA antibodies are detected in the serum in approximately 90% of patients, and in 10% they are absent despite the typical
clinical course. The sensitivity of the detected PR3-ANCA and MPO-ANCA amounts to 85.5%, and the speci�city is as high as 98.6% [2,3].
Controversies concern the usefulness of testing for antibodies in monitoring vasculitis activity [4]. Patient evaluation is based on a
multivariate analysis and requires extensive clinical experience. In everyday clinical practice, we observe an incomplete correlation of test
results with the condition of a patient and the intensity of involvement of various organs. This applies, in particular, to the markers of
in�ammation, i.e. peripheral blood leukocytosis, ESR, CRP, or the amount of ANCA antibodies. Additionally, the clinical picture includes
symptoms resulting from permanent organ damage that occurred during the disease, adverse events of drugs and infectious
complications. The absence of markers unequivocally correlating with AAV activity and differentiating between other clinical conditions
makes diagnostic and treatment di�cult. The objective of the study was to assess the correlation of commonly used laboratory tests with
clinical activity, degree of renal involvement and treatment of systemic small-vessel vasculitis with the presence of ANCA antibodies.

Material And Methods
The study included 28 patients with active AAV. In 16 patients the disease was newly diagnosed, and in 12 patients another exacerbation
was observed. The control group included 27 patients without diagnosed autoimmune disease, matched in terms of age, sex and stage of
chronic kidney disease to patients from the study group.
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The criteria for inclusion in the study were: informed consent of the patient, age over 18 years, diagnosed small-vessel vasculitis with the
presence of ANCA antibodies, meeting the  ACR 1990 criteria and in accordance with the CHCC 2012 nomenclature. The exclusion criteria
were the lack of consent to participate in the study, in�ammation of small vessels without the presence of ANCA antibodies at the
diagnosis of the disease, or lack of cooperation with the patient. We obtained written informed consent from all participants. All methods
were performed in accordance with the relevant guidelines and regulations.

The study protocol was approved by the Bioethics Committee of the Military Institute of Medicine in Warsaw on June 18, 2014 (No.
26/WIM/2014). The study was funded by a Grant for a Young Researcher of the Military Institute of Medicine.

A detailed analysis of clinical data was performed, disease activity and remission were veri�ed using the BVAS/WG and BVAS v3 scales.
The following laboratory tests were performed: MPO-ANCA (positive result > 5.0 IU/ml), PR3-ANCA (positive result> 3.0 IU/ml), peripheral
blood count, ESR, CRP, procalcitonin (PCT), creatinine, GFR, urea, albumin, �brinogen, d-dimer, components of the C3 and C4 complement
systems, urinalysis with sediment evaluation and diurnal proteinuria.  Patients from the study group were assessed twice: at study entry
(A0) and after 6 months (A6) in the early remission stage (BVAS =0). In the control group, the most likely cause of kidney disease was
identi�ed in order to exclude concomitant glomerulonephritis and systemic diseases.

During the study, 2 patients from the study group died in the course of septic shock in the early stages of the disease, shortly after the
introduction of immunosuppression, 1 person died 6 weeks after the inclusion due to severe Clostridium di�cile infection and 2 individuals
were disquali�ed as a result of non-cooperation. The remaining 23 patients were included in the comparative analysis at baseline and after
6 months of treatment.

Basic descriptive statistics such as arithmetic mean, median, standard deviation, minimum and maximum values were employed. The
hypotheses regarding comparisons between the two groups were veri�ed using the non-parametric Mann-Whitney test and the Wilcoxon
test for small study groups, respectively. The veri�cation of hypotheses concerning comparisons between more than two groups was
performed using the non-parametric Kruskal-Wallis test. Trend analyzes were done with the use of the Jonckheere-Terpstra test. In the case
of categorized variables, the Fisher test was employed. The signi�cance level was set at 0.05.

Results
In the study population with active AAV, 67.9% were women. The average age was 58.3 years. GPA was diagnosed in 16 patients (57%) and
MPA in 12 patients (43%). The clinical activity of the disease was evaluated according to the BVAS/WG scale at 8.46 pts (min. 3 pts, max.
16 pts) and according to the BVAS v3 scale at 19.14 pts (min. 7 pts, max. 31 pts). The localized form was diagnosed in 1 person, the early
systemic form in 5 people and the dominant form was generalized and severe vasculitis (22 patients; 78.6%) [Table 1]. The lungs were
involved in 24 individuals (86%), and the upper respiratory tract in 15 (54%). HRCT was dominated by ground-glass opacities and
parenchymal in�ltrates. Hemoptysis occurred in 9 patients while respiratory failure requiring mechanical ventilation or assisted respiration
developed in 6 individuals.

Table 1

Characteristics of the studied population.
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  AAV group (A)

(N=28)

Control group (C)

(N=27)

Age, mean ± SD, years 58.32 ± 15.14 60.3 ± 17.14

Sex, females/males (%) 19 (67.9%) /

9 (32.1%)

18 (66.6%) /

9 (33.3%)

ANCA PR3/MPO 17 (71%) /
11 (29%)

-

BVAS v3, mean ± SD 19.14 ± 7.14 -

BVAS/WG, mean ± SD

 

8.46 ± 3.66 -

Organ activity

skin

joints

upper respiratory tract

lung

kidneys/HD

nervous system

 

7 (25%)

24 (86%)

15 (54%)

24 (86%)

21 (75%) / 12(43%)

7 (25%)

 

-

     

Clinical form
localized and early systemic
generalized
severe

 

 

 

6 (21.4%)

10 (35.7%)

12 (42.8%)

-

Remission induction
glucocorticoids
plasmapheresis
cyclophosphamide
rituximab
other

 

28 ( 100%)

7 (25%)

18( 64%)

6 ( 21%)

4 (14%)

-

 

 

 

In 21 patients (75%), the kidneys were involved The creatinine concentration increased by more than 30% and/or the presence of
microhematuria (≥ 10 erythrocytes in the �eld of view) was con�rmed. 9 patients (32%) started renal replacement therapy, and 3 persons
with subsequent AAV exacerbation (11%) were treated with hemodialysis as a result of earlier disease activity. After 6 months, only 3
patients were able to complete renal replacement therapy, and the remaining 6 patients continued dialysis treatment. Within 6 months of
follow-up, 3 patients (10.71%) died due to infectious complications, in each case severe AAV was diagnosed. In the remission-inducing
treatment, all patients received GCS, in 24 patients (85.71%), oral prednisone administration was preceded by repeated infusions of
methylprednisolone at 0.25-1.0 g/day for 3-5 days. 18 patients (64%) received cyclophosphamide according to the protocol from the
CYCLOPS study,  rituximab at a dose of 375 mg/m² of body surface area in four weekly infusions was administered in 6 individuals (21%),
mycophenolate mofetil in 2 patients (7%) and azathioprine (increase in chronic doses during the exacerbation of the disease) in one person
(4%). 7 patients (25%) underwent therapeutic plasma exchange. After 6 months of immunosuppressive treatment, remission was con�rmed
(BVAS v3 = 0 pts, BVAS/WG = 0 pts). Organ complications resulting from the underlying disease and/or immunosuppressive treatment were
evaluated according to the VDI scale (mean = 3.5 pts, min - 0 pts, max - 9 pts).
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In the studied population, the mean initial concentration of creatinine was high and amounted to 3.39 mg/dl (mean GFR 33.17 ml/min/1.73
m²) and after 6 months of treatment it decreased only to 2.86 mg/dl (mean GFR 37.87 ml/min/1.73m²). The difference was not statistically
signi�cant [Table 2].

Table 2

Laboratory test results - assessment of kidney involvement.

  Initially active AAV (A0) P * AAV remission

(A6)

Control group P**

Creatinine,
mean, mg/dl

3.39 ±2.21 0.051 2.86±2.05 4.05 ±3.51 0.427

eGFR,
mean, ml/min/1.73m²

33.17±30.46 0.054 37.87±31.11 33.6 ±33.3 0.436

Urea,
mean, mg/dl

97,69±62,04 0,123 88,13±49,49 94,04±51,7 0,298

Proteinuria,

mean, g/24 h

1.07±1.5 0.275 0.75±0.93 0.88 ±1.66 0.425

Microhematuria

> 4

81.9 % <0.001 18% 19% <0.001

p* comparison of patients with active vasculitis and in remission, p** comparison of patients with active vasculitis and the control
group.

Only in 4 patients (14.3%) the GFR value increased above 60 ml/min/1.73 m², in 11 (39.3%) it remained below 30 ml/min/1.73 m²,
including 3 patients (10.7%) had to continue renal replacement therapy, 3 people (10.7%) with advanced renal failure died. The amount of
daily proteinuria did not show a signi�cant correlation with AAV activity (p=0.275), and the percentage of patients in remission with daily
protein excretion above 150 mg was as high as 62.5% [Table 2, 3]. 

Table 3

Parameters related to AAV activity within the kidneys depending on the severity of the disease. 

Disease form Creatinine GFR Urea Proteinuria Microhematuria

localized and early systemic n=6 mean 2,28 69,50 53,33 0,28 1,0

SD 3,44 34,80 40,15 0,32 1,55

median 0,900 90,00 40,00 0,15 0,00

generalized   n=10 mean 2,55 35,00 75,70 1,15 2,56

SD 1,29 24,71 34,78 0,98 1,01

median 2,40 26,50 77,00 0,88 3,00

severe          n=12 mean 5,32 10,25 151,08 1,28 2,55

SD 1,44 3,69 58,73 1,78 0,69

median 5,35 9,50 174,50 0,86 3,00

P in the Kruskal-Wallis test 0,002 0,002 0,002 0,047 0,077

P in the Jonckheere-Terpstra test for the trend 0,000 0,000 0,000 0,064 0,147

The occurrence of microhematuria was strongly related to AAV activity in the kidneys. In 57.1% of patients, microhematuria covering the
�eld of view was observed, in another 23.8% exceeded the value recognized as normal. After achieving remission, it withdrew in almost all
patients, and the difference was statistically signi�cant (p <0.001) [Figure 1]. 
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At the time of AAV diagnosis, peripheral blood leukocytosis was signi�cantly elevated compared to the control group (p<0.001), the degree
of leukocytosis increase did not correlate with the severity of the disease, and it did not decrease signi�cantly in the follow-up, most likely
due to the effect of GCS treatment (p=0.249 ) [table 4, 5].  In�ammation parameters of CRP and ESR showed a strong association with,
both, activity and severity of AAV (p<0.001). In the majority of patients, foci of infection were excluded, and peripheral blood and urine
cultures were sterile. In the most severe patients, the exclusion of infection was very di�cult, and it was necessary to administer broad-
spectrum antibiotics. In order to differentiate high CRP values, procalcitonin was determined. The mean PCT concentration in patients with
active AAV was 0.6 ng/ml, median 0.17 ng/ml and was signi�cantly higher compared to the remission period of the disease (mean 0.19
ng/ml, median 0.08 ng/ml, p<0.001 ). In 5 patients (22%), PCT concentrations were: 0.98 ng/ml, 0.85ng/ml, 0.7 ng/ml, 1.01 ng/ml, 0.62
ng/ml respectively and were in the so-called a gray zone of 0.5 to 2.0 ng/ml despite no active infection. 2 female patients (9%) with PCT of
4.17 ng/ml and 3.52 ng/ml had a severe form of vasculitis with pulmonary involvement, respiratory failure and alveolar hemorrhage,
requiring broad-spectrum antibiotic therapy. 2 women who died in the course of septic shock (PCT: 27.28 ng/ml, 1.22 ng/ml) were excluded
from the comparative analysis. Procalcitonin concentration levels were particularly high in patients with severe AAV [Table 4, 5].  The
concentration of �brinogen in active AAV was signi�cantly increased in 16 patients (69.5%) and showed a strong relationship with the
severity of the disease (p=0.011). The concentration of platelets in the peripheral blood, although in most patients within the reference
values, was statistically signi�cantly higher in active AAV than in remission (289 thous./ul vs 234 thous./ul; p=0.024). However, it did not
differ signi�cantly from the results in the control group (p=0.213) and was not related to the severity of the disease [Table 4, 5].

Table 4

Laboratory test results. 



Page 7/14

  Initially active AAV (A0) P * AAV remission

(A6)

Control group P**

ANCA IU/ml

mean

median

SD

min-max

 

68,16

51,0

62,10

2,2-197,0

 

<0,001

 

25,68

4,5

44,02

0,1-177,0

 

0,2

0,2

0,27

0,0-1,3

 

<0,001

Leukocytosis x10\\^9/l

mean

median

SD

min-max

 

10,7

9,6

3,84

3,45-19,45

 

0,262

 

9,45

9,27

2,80

5,9-16,06

 

6,82

6,41

1,97

3,59-12,19

 

<0,001

Hemoglobin g/dl

mean

median

SD

min-max

 

10,11

10,3

2,16

5,5-14,8

 

0,002

 

11,61

11,3

1,90

6,25-15,3

 

12,78

13,2

1,89

9,8-16,1

 

<0,001

Platelets x10\\^9/l

mean

median

SD

min-max

 

289,2

269,0

121,9

81,0-616,0

 

0,024

 

234,6

236,0

64,26

149,0-354,0

 

240,5

239,0

56,16

146,0-341,0

 

0,213

ESR mm/1h

mean

median

SD

min-max

 

63,26

56,0

41,20

11,0-140,0

 

<0,001

 

22,13

17,0

15,15

3,0-61,0

 

23,87

26,0

15,49

2,0-50,0

 

<0,001

CRP mg/dl

mean

median

SD

min-max

 

5,15

2,0

7,09

0,1-24,4

 

<0,001

 

0,3

0,2

0,24

0,1-0,8

 

0,8

0,3

1,75

0,1-8,4

 

<0,001

Procalcitonin ng/ml

mean

median

SD

min-max

 

0,60

0,17

1,07

0,02-4,17

 

<0,001

 

0,14

0,05

0,21

0,0-0,91

 

0,19

0,08

0,28

0,0-1,25

 

0,094

Albumin g/dl

mean

median

 

3,7

3,6

 

<0,001

 

4,31

4,3

 

4,43

4,4

 

<0,001
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SD

min-max

0,68

2,6-5,0

0,35

3,4-4,9

0,39

3,7-5,2

Fibrinogen mg/dl

mean

median

SD

min-max

 

488,0

443,0

162,67

224,0-776,0

 

0,011

 

378,69

379,0

89,9

239-515,0

 

435,8

439,0

113,5

251,0-681,0

 

0,208

D-dimer

mean

median

SD

min-maxx

 

6,59

2,19

12,63

0,22-60,3

 

0,004

 

1,96

0,79

3,51

0,10-16,66

 

0,83

0,57

0,79

0,11-3,40

 

<0,001

C3

mean

median

SD

min-max

 

115,9

114,0

20,25

80,0-153,0

 

0,414

 

111,34

106,0

17,61

85,0-149,0

 

114,65

116,0

15,65

89,0-140,0

 

0,876

C4

mean

median

SD

min-max

 

23,26

23,0

6,74

12,0-41,0

 

0,011

 

26,87

27,0

5,25

18,0-38,0

 

26,39

25,0

6,28

18,0-43,0

 

0,125

p* comparison of patients with active vasculitis and in remission, p** comparison of patients with active vasculitis and control group

 
Table 5

Comparison of test results depending on the severity of AAV. 
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Disease form ANCA WBC Hb PLT ESR CRP PCT Albumin Fibri-
nogen

d-
dimer

C3 C4

localized
and early
systemic
n=6

mean 93,33 11,37 11,37 245,33 24,83 0,75 0,07 4,23 342,83 2,08 114,0 26,33

SD 75,58 3,24 1,02 120,98 12,27 0,92 0,07 0,39 102,49 2,34 14,42 3,93

median 89,00 11,49 11,7 240,50 23,00 0,25 0,04 4,30 324,0 1,08 113,5 28,00

generalized
   n=10

mean 57,63 9,61 10,74 308,50 57,00 2,73 0,18 3,74 426,7 1,84 116,9 22,3

SD 42,86 3,66 2,50 113,46 44,86 3,67 0,21 0,72 85,65 2,41 21,81 5,73

median 54,00 8,92 10,95 262,50 43,50 1,40 0,07 3,65 426,5 0,77 113,5 22,0

severe 
        n=12

mean 83,04 11,91 8,69 282,08 81,67 10,31 3,41 3,37 572,92 13,25 115,7 23,73

SD 79,69 4,55 1,53 126,83 31,39 9,47 7,62 0,72 165,28 16,41 21,74 8,29

median 53,00 10,3 8,65 285,00 85,00 6,90 0,91 3,20 590,5 8,51 124,0 22,0

P in the Kruskal-Wallis
test

0,661 0,285 0,009 0,577 0,007 0,006 0,000 0,043 0,009 0,001 0,966 0,292

P in the Jonckheere-
Terpstra test for the
trend

0,685 0,639 0,003 0,685 0,002 0,001 0,000 0,013 0,001 0,001 0,875 0,333

The results of the study showed a strong relationship o the increased concentration of d-dimer and the activity and severity of systemic
vasculitis. Prior to the initiation of remission-inducing treatment, the mean concentration of �brin degradation products was as high as 6.59
µg/ml (median 2.19 µg/ml) and was signi�cantly higher than in the control group (p<0.001). Additionally, the result exceeded the reference
value in 91% of patients (no patient was clinically diagnosed with overt venous thrombosis). After 6 months of immunosuppressive
treatment, the mean concentration of d-dimer decreased and returned to normal in the majority of patients (p = 0.004). [table 4, 5]. Patients
with active vasculitis were characterized by a lower concentration of hemoglobin and albumin in the peripheral blood compared to the
control group and the evaluation peformed in remission. These parameters also strongly correlated with the severity of the disease
(p=0.003, p=0.013). Components of the C3 and C4 complement systems did not change signi�cantly in the studied groups.

At the time of diagnosis of active AAV, the ANCA concentration was signi�cantly increased, the mean value was 68.16 IU/ml, and the
median was 51.0 IU/ml. The administered treatment decreased ANCA in the majority of patients, but the mean value was as high as 25.68
IU/ml (p<0.001) [Table 4, 5]. Decrease of ANCA below the cut-off point for positive result was found in only 7 of 23 patients, while in 10
patients the ANCA concentration was only partially reduced. In the studied population, in one female patient, ANCA did not decrease and
remained at a high level of >177 IU/ml in complete clinical remission, in another woman the concentration of antibodies increased from 51
IU/ml to 78 IU/ml. In the remaining 4 patients, despite the low initial ANCA concentrations of 2.2-5.2 IU/ml, high clinical activity of the
disease was observed, three patients were diagnosed with severe disease, and one with generalized disease. ANCA antibodies showed no
correlation with the severity of GPA/MPA (p=0.68) [Table 5].

Discussion
The study analyzed the results of laboratory tests at different stages of AAV disease and treatment. The course of the disease is very
variable, the assessment of the patient is based on experience and extensive differential diagnosis. The clinical activity scales BVAS v3 and
BVAS/WG have a documented value for the assessment of the severity of the disease, but the classi�cation of symptoms depends on the
experience of the doctor [5].

The study population was characterized by high disease activity, more than 78% of patients were diagnosed with the generalized and
severe form. Renal involvement was con�rmed in 75% of patients, with initially high creatinine levels, which in most patients did not return
to normal despite the treatment. The studies by Houben et al. and Hanaoka et al. showed that the increased concentration of creatinine and
the decrease in GFR below 60 ml/min/1.73m² at the time of diagnosis are late indicators of AAV activity in the kidneys, which is consistent
with the presented work. Despite treatment, a signi�cant proportion of patients remain in the advanced stage of chronic kidney disease,
which signi�cantly worsens the long-term prognosis [6,7].

The study showed a strong correlation between the presence of microhematuria and the activity of the disease in the kidneys. After
achieving remission, erythrocyturia resolved in almost all patients. Monitoring of the urine sediment for the presence of red blood cells is of
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great importance for the assessment of in�ammation within the glomeruli, and its resolution con�rms remission, which has also been
demonstrated in other studies [6-9]. The disappearance of proteinuria is likely to indicate remission of in�ammation as well. Persistent
proteinuria may be di�cult to interpret, as it may result from irreversible changes in the kidneys or from the imposition of comorbidities
such as hypertension or diabetes.

Patients with active vasculitis, particularly in the generalized and severe form, are characterized by a high intensity of in�ammation.
Secondary to in�ammation, AAV patients had lower concentrations of hemoglobin and albumin in peripheral blood compared to the control
group and to the evaluation performed in remission. These parameters strongly correlated with the severity of the disease (p=0.003,
p=0.013). On the other hand, peripheral blood leukocytosis had a low value in AAV monitoring, which was also observed in the reports of
other researchers [10]. However, studies demonstrated a high correlation of the increased concentration of CRP and the ESR value with AAV
activity, as well as with the severity of the disease. After effective treatment, CRP concentration returned to normal in all patients, and ESR
decreased signi�cantly. Similar observations were made in numerous clinical trials, although the non-speci�city of these parameters and
the inability to differentiate from infectious complications were emphasized [11, 12, 13]. The study by Kalsch et al. also showed that an
increase in CRP and an acceleration of OB are observed only in the presence of clinical symptoms of AAV activity and are not useful in
predicting an impending exacerbation [14]. These parameters are also of low value in the assessment of localized and early systemic AAV,
where the results may remain within the normal range despite the disease process.

The most important cause of death in the active phase of AAV are infectious complications, and the increase in in�ammatory markers
(leukocytosis, ESR, CRP) is equally typical for vasculitis and severe infection [15]. Repeated measurements of procalcitonin concentrations
proved to be very helpful in the differentiation of bacterial infection, and their effectiveness in diagnostics has been demonstrated in many
clinical studies [16, 17].

In the presented study, procalcitonin concentration was signi�cantly higher in active vasculitis than in remission. The highest values were
found in patients with severe AAV, who developed respiratory failure, alveolar bleeding, the need for mechanical ventilation or NIV assisted
respiration. In all these patients broad-spectrum antibiotic therapy was used. Two patients from this population eventually died from septic
shock.

The correct procalcitonin concentration of <0.5 ng/ml is likely to exclude signi�cant bacterial infection. In patients with AAV during the
period of disease activity, results are often observed in the so-called gray zone (0.5-1.0 ng/ml), despite the absence of infectious symptoms,
which may be due to a generalized in�ammatory reaction. In the presented study, similarly to other clinical trials, procalcitonin
concentration above 1.0 ng/ml was strongly associated with infectious complications, severe lower respiratory tract involvement and an
increased risk of death [16, 17].

Numerous studies have shown an increased risk of venous thrombosis in the course of active AAV [18, 19]. The relationship of the markers
stimulating the coagulation system and �brinolysis with the activity of systemic vasculitis is less well documented [20]. The platelet counts
in the majority of patients with active GPA/MPA (82.14%) did not exceed the normal values, and the mean and median concentrations were
low compared to the observations of other researchers [20]. In the presented work and in numerous other studies, an increased
concentration of �brinogen was observed in severe active vasculitis [20,21]. The concentration of d-dimer proved to be a strong indicator of
in�ammation activity and a good marker of remission in other clinical studies as well [21, 22]. In the present work, a particularly high
concentration of d-dimer was observed in the severe form of AAV (13.25 µg/ml), while in the generalized, early systemic and localized form
it was signi�cantly lower and did not differ signi�cantly within these subgroups (2.08- 1.84 µg/ml). Despite the increased risk of
/hemorrhage in this population, increased vigilance and appropriate prophylaxis of thromboembolism are necessary due to the above
observations.

The complement system has long not been associated with small-vessel vasculitis connected with the presence of ANCA. A signi�cant role
of alternative activation in the pathogenesis of this disease has been demonstrated only in recent years,  [23, 24, 25]. The studies by
Augusto et al. and Crnogorac et al. showed a worse prognosis of patients with regard to survival and renal function in the group with
decreased component values of the C3 complement system,. However, no such relationship was found for the C4 component [25]. In the
presented study, the concentrations of C3 and C4 complement components did not differ signi�cantly depending on the activity of systemic
vasculitis.

ANCA antibodies testing is crucial in the diagnosis of AAV. However, in monitoring disease activity, the interpretation of the results arouses
controversy [4, 26, 27, 28, 29].

The presented study shows that in the population with newly diagnosed AAV and in exacerbation, the concentration of ANCA antibodies is
signi�cantly higher than in remission. This is con�rmed by  the strong relationship between the amount of ANCA and AAV activity. As in the
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reports of other researchers, it has been shown that a signi�cant decrease of ANCA concentration in the serum correlates well with the
achievement of clinical remission [30,31,32,33]. It was demonstrated, however, that in the majority of patients in remission, ANCA
antibodies were not completely eliminated, and despite the decrease in concentration, they still remained at a signi�cant level. The present
study shows that ANCA antibodies were still detected in the serum in 52% of patients after 6 months of treatment despite the absence of
disease activity (BVAS v3, BVAS/WG = 0 pts). We also observe patients whose ANCA concentration does not decrease or even increases
despite effective treatment and the lack of clinical symptoms. In our study, ANCA antibodies also showed no correlation with AAV severity.
This means that with high speci�city for vasculitis, ANCA antibody measurements have limited sensitivity in disease monitoring, and any
change in concentration should only be a guideline that requires interpretation in a clinical context [33].

In summary, the diagnosis of vasculitis is not easy, requires extensive clinical experience and access to immunological and
histopathological tests. Appropriate treatment, both inductive and supportive, is even more challenging. The absence of markers
unequivocally correlating with disease activity and differentiating from other clinical conditions makes management di�cult. We expect
that the results of the presented study will serve for a better interpretation of the available laboratory tests.

Conclusions
Routinely performed laboratory tests such as CRP, ESR, �brinogen, d-dimer, albumin and hemoglobin in the peripheral blood show a strong
correlation with the clinical activity of AAV and at the same time well identify patients with severe disease.

Procalcitonin was slightly increased in patients with active AAV without infection. Its high values correlated with severe involvement of the
respiratory system and showed a strong relationship with the occurrence of infectious complications. PCT monitoring may/can improve the
safety of immunosuppressive therapy.

Repeated determinations of ANCA antibodies are useful in assessing AAV, although the expected relationship between the amount of
antibodies and disease activity is not found in many patients. Therefore, the results should always be interpreted in the context of the
occurrence of clinical symptoms.

The presented study showed that patients with high creatinine concentrations in the course of AAV remain in the advanced stage of chronic
kidney disease, which signi�cantly worsens the long-term prognosis. Microhematuria was found to be an early and sensitive marker of
disease activity, and its resolution indicated remission of glomerular in�ammation.
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Figure 1

Severity of erythrocyturia in the sediment of a single urine sample.


