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ABSTrAcT

The research is aimed to study the characteristics of various parts of the hemostatic system in 
children with IgA-vasculitis (Henoch-Schonlein) and to find their interrelation with the activity 
of the disease and its clinical manifestations.

A prospective clinical study was performed with the involvement of 50 patients (26 boys and 
24 girls) with IgA-vasculitis aged from 2.5 to 17 years (the average age 10.1±3.9 years), who 
were under supervision from 2010 to 2014. Тhe diagnosis was verified in accordance with the 
classification criteria of European League Against Rheumatism, Pediatric Rheumatology Inter-
national Trials Organization and Pediatric Rheumatology European Society.

The investigation included qualitative or quantitative determination of platelet aggregation, 
fibrinogen concentration, D-dimer level, tissue plasminogen activator, thrombomodulin, protein 
C, levels and activity of von Willebrand factor antigen and plasminogen activator inhibitor-1 in 
sera of patients (ELISA) in the active phase of the disease and in the absence of clinical and 
laboratory signs of the disease.

In the active period of IgA-vasculitis, half of the patients showed signs of endothelial activa-
tion/dysfunction, one-third of the patients had activation of coagulation, the vast majority of the 
observed patients had sustained reduction in fibrinolysis, characterized by low levels of tissue 
plasminogen activator and a high level of plasminogen activator inhibitor-1 in both active and 
inactive phases of the disease.

The investigation also allowed to determine the correlation of von Willebrand factor antigen, D-
dimers and thrombomodulin with the general clinical activity, as well as to detect the interrelation of 
fibrinogen and D-dimer levels with nephritis activity. The study revealed high relative risk of nephri-
tis in patients with hyperfibrinogenemia, high D-dimer and von Willebrand factor antigen at the onset 
of the disease. The high level of plasminogen activator inhibitor-1 and von Willebrand factor antigen 
were associated with recurrent IgA-vasculitis, whereas D-dimer was related to severe skin affection.

Thus, due to the close interrelation of coagulation and inflammation processes, the values of 
some coagulative and fibrinolytic system factors, the markers of endothelial activation can be 
used to identify the clinical activity level, as well as can be considered as predictors of nephritis, 
severe skin lesions and recurrent IgA-vasculitis in children.
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cidence rate [Weiss P et al., 2007]. It is associated 
with the group of primary systemic vasculitis. The 
incidence of IgA-vasculitis according to the major 
epidemiological studies is about 3.0-26.7/100.000 
children under the age of 17 years per year [Piram 
M, Mahr A, 2013], which determines its signifi-
cance for pediatric practice. IgA-vasculitis is char-
acterized by lesions of the microvasculature ves-

introduction

IgA-vasculitis (Schonlein-Henoch disease, 
hemorrhagic vasculitis) is a disease most com-
monly occurring in children and reaching 49% in-
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sels. It can have clinical manifestations such as 
cutaneous, joint, gastrointestinal and renal impair-
ments, rarely with the involvement of other organs 
with deposition of immune complexes in the base-
ment membrane, which mainly contains immuno-
globulins of A class (IgA). Antibodies interact with 
endothelial cells and induce complement-depen-
dent cytolytic reactions.

There is a close interrelation between inflamma-
tion and coagulation. The increased level of inflam-
matory activity leads to the activation of coagula-
tive system, which in its turn causes further activa-
tion of inflammation. Pro-inflammatory cytokines 
and chemokines, polymorphonuclear cells, plate-
lets, endothelial cells, fibrinogen and fibrin are im-
portant mediators of inflammation and coagulation, 
and are involved in the pathogenesis of IgA-vascu-
litis [Del Vecchio G et al., 2008]. In this respect, the 
discussions about the significance of various factors 
of coagulation activation as an indicator of clinical 
activity and prognosis are of great interest. In par-
ticular, the correlation of von Willebrand factor val-
ues and IgA-vasculitis activity should be mentioned. 
It has been found that high levels of fibrinogen, D-
dimer and fibrin degradation products are revealed 
in patients with IgA-vasculitis during the active 
phase, and the determination of the values of these 
parameters together with traditional indicators such 
as erythrocyte sedimentation rate and C-reactive 
protein can be used for the evaluation of clinical ac-
tivity [Yang Y et al., 2014].

Present study is aimed to clarify the nature of 
changes in a number of coagulation and fibrino-
lytic factors and determine their interrelation with 
the clinical manifestations and the activity of IgA-
vasculitis in children.

Material and MethodS

A prospective cohort clinical study was per-
formed with the involvement of 50 children 
with IgA-vasculitis (26 boys and 24 girls) aged 
2.5 to 17 years (mean age 10.1±3.9 g), who 
were supervised and treated at the I.M. Seche-
nov First MSMU Children’s Clinical Hospital 
from 2010 to 2015.

The study included patients with IgA-vasculi-
tis; the diagnosis was verified in accordance with 
the classification criteria of European League 
Against Rheumatism, Pediatric Rheumatology In-

ternational Trials Organization, Pediatric Rheuma-
tology European Society (2010). All the children 
had purpura, 33 (66.0%) patients had articular syn-
drome, 29 (58.0%) patients – abdominal syndrome 
and 22 (44.0%) children – nephritis. The study did 
not include patients with hemorrhagic vasculitis 
syndrome developed secondary to other diseases 
(systemic lupus erythematosus, ulcerative colitis, 
Sjogren syndrome, etc.).

All patients underwent a complete clinical, lab-
oratory and instrumental examination. For the ob-
jective evaluation of the clinical activity, an origi-
nal scale was created. It included score point sys-
tem for evaluation of the severity of major clinical 
syndromes (skin hemorrhagic, joint, abdominal 
and renal) and the level of changes in some labora-
tory parameters (Table 1). Total clinical activity 
was calculated as the sum of points present in the 
patient’s symptomatology.

Hemostasis study included qualitative or 
quantitative determination of platelet aggrega-
tion, fibrinogen level. The levels and activity of 
von Willebrand factor antigen (Technozym® 
vWF:Ag ELISA Kit, Technoclone GMBH, Aus-
tria) and its activity (Imubind® vWF Activity 
ELISA, Sekisui Diagnostics (American Diag-
nostics), USA), tissue plasminogen activator 
(Technozym® t-PA Ag EDTA ELISA Kit, Tech-
noclone GMBH, Austria), plasminogen activator 
inhibitor-1 and its activity (Technozym® PAI-1 
Actibind® ELISA Kit, Technoclone GMBH, 
Austria), D-dimer (Technozym® D-Dimer 
ELISA Kit, Technoclone GMBH, Austria), 
thrombomodulin (ELISA Kit for Thrombomodu-
lin USCN Life Science Inc., Germany) and pro-
tein C (Technozym® Protein C ELISA Kit, Tech-
noclone GMBH, Austria) were determined in 
blood sera by EIA (ELISA) method on BioRad 
iMark (Microplate Reader), MZ-Analysentyech-
nik GmbH Wohlerstrobe 2-6 D-55120 (Mainz, 
Germany). The studies were conducted in differ-
ent periods of the disease: I group included pa-
tients in the active period, and II group – in the 
absence of clinical and laboratory manifesta-
tions of IgA-vasculitis.

The obtained results were processed using 
conventional methods of variation statistics by 
means of SPSS software, Statistica 10. Quantita-
tive variables were presented as mean values (M) 
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± standard error of the arithmetic mean (m), con-
fidence interval (CI) – for the determination of 
95% interval of mean value, as well as in the 
forms of median (Me), minimum and maximum 
indicators, 10th and 90th percentile. Quality indi-
cators were presented in absolute number of ob-
servations, proportion and error of proportion in 
the corresponding group or out of the total num-
ber of patients (in %). For the purpose of identify-
ing and evaluating the interrelation between the 
indices, a correlation coefficient (r) with the de-
termination of statistical significance (p<0.05) 
was used, and the relative risk was calculated.

reSultS

Characteristics of platelet component of hemo-
stasis. While calculating platelets, no differences 
were found in their number of normal values in pa-
tients both in active and inactive periods of IgA-
vasculitis, with an average indices of 
289.6±58.4×109/l in I group patients and 
295.2±59.1×109/l in II group patients.

Screening evaluation of the functional activity 
of platelets through determining their aggregation 
stimulated by adenosine diphosphoric acid re-
vealed no deviations from the normal values, aver-

Table 1
Numerical score of severity of the clinical manifestations of IgA-vasculitis in children

Criteria Scores Criteria grade

Hemorrhagic skin

0 Absent
1 Sporadic rash
2 Multiple rash
3 Profuse confluent rash
4 Rash with necrosis

Articular
0 Absent
1 Arthralgia 
2 Arthritis

Abdominal

0 Absent
1 Pain/vomiting
2 Gastrointestinal bleeding
3 Intestinal perforation

Renal

Hematuria
(in sight)

0 Less than 5
1 6-20
2 21-50
3 51-100
4 More than 100
5 Macro

Proteinuria
(mg/kg/day)

0 Less than 2
1 2-6
2 7-20
3 21-40
4 More than 50

White blood cells in the peripheral blood
0 Less than 10×109/l
1 From 10 to 20×109/l
2 More than 20×109/l

Erythrocyte sedimentation rate (mm/hour)
0 Less than 20 
1 From 20 to 50 
2 More than 50 
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aging 55.4±19.8% in I group patients and 
58.0±21.9% in II group patients. A small (not less 
than 60%) decrease in collagen-induced platelet 
aggregation was observed only in 7 patients 
(13.7±4.8%) of I group and in 7 patients 
(26.9±8.8%) of II group, which was a consequence 
of dipyridamole intake.

The detection rate of changes and concentration 
of certain coagulation and fibrinolysis indicators 
in blood are shown in table 2. 

Increased fibrinogen concentration in plasma 
was observed in 17 (34.6±6.8%) children of I 

group: 15 of them had multiple freshly appeared 
hemorrhagic rash and 2 patients had gross hematu-
ria, indicating the activity of IgA-vasculitis. In II 
group, there were no signs of disease activity, but a 
slight increase in fibrinogen level was noted in 
only one girl with a history of nephritis (Table 2).

Fibrinogen level in plasma was associated with 
the presence of active nephritis (r=0.33, p<0.05). 
However, no connection of fibrinogen level with 
the severity of skin manifestations (r=0.07) and 
with the presence (r=0.03) and severity of abdomi-
nal syndrome (r=0.05) has been established. Oc-

TABle 2
Indices of the hemostatic system in patients with IgA-vasculitis in study groups

Indices
(Norm)

Detection rate (abs. f./M±m%,) and mean values (M±m)
in children of I Group in children of II Group

Norm Increase/
extension

Decrease/
shortening Norm Increase/

extension
Decrease/
shortening

Fibrinogen
(1.8-4.0 g/l)

n=49 n=26
32

(65.3±6.8)
3.1±0.4

17
(34.6±6.8)

4.8±0.7
0

25
(96.1±3.9)

3.2±0.6

1
(3.9) 0

Von Willebrand 
factor antigen

(0.5-1.4 ng/ml)

n=51 n=26
22

(43.1±6.6)
1.00±0.27

23
(45.1±6.9)
2.01±1.25

6
(11.8±5.7)
0.24±0.09

22
(84.6±8.4)
0.88±0.28

0
4

(15.4±8.4)
0.29±0.12

Von Willebrand 
factor activator

(60-130%)

n=38 n=23
20

(52.6±8.1)
86.8±20.0

18
(47.4±8.1)
151.6±21.6

0
16

(69.6±9.8)
77.0±14.4

7
(30.4±9.8)
154.1±17.1

0

Protein С
(20-160%)

n=38 n=23
38

(100.0)
87.7±13.6

0 0
23

(100.0)
93.6±10.6

0 0

D-dimer
(0-250 ng/ml)

n=42 n=18
28

(66.7±7.3)
61.6±15.4

14
(33.3±7.3)

881.7±130.1
-

17
(94.4±5.6)
60.4±12.4

1
(5.6) -

Tissue plasminogen 
activity

(2-8 ng/ml)

n=49 n=26
8

(16.3±5.3)
3.9±1.8

4
(8.2±3.9)
9.3±0.4

37
(75.5±6.1)

0.5±0.2

2
(7.7±5.3)
6.4±1.0

0
24

(92.3±5.3)
0.6±0.2

Plasminogen 
activator inhibitor-1

(7-43 ng/ml)

n=49 n=23
23

(46.9±7.1)
24.4±10.3

22
(44.9±7.1)
75.4±17.6

4
(8.2±3.9)
4.5±1.1

11
(47.8±10.6)
24.0±11.1

11
(47.8±10.6)
78.4±11.2

1
(4.3)

Plasminogen 
activator inhibitor-1

(1-7 u/ml)

n=12 n=12
8

(66.6±14.2)
2.4±0.9

4
(33.4±14.2)
16.6±10.6

0
6

(50.0±15.1)
3.1±1.4

3
(25.0±13.1)
35.6±13.8

3
(25.0±13.1)
0.26±0.05



47

The New ArmeNiAN medicAl JourNAl, Vol.10 (2016), No 3, p. podcherNyAevA N.S. et al.43-51

currence of nephritis in patients with elevated fi-
brinogen level was greater than in patients with 
normal values (64.7% vs. 36.2%). Risk of nephri-
tis in children with an increased level of fibrinogen 
at the onset of the disease was 1.79 higher than in 
children with normal values (Table 3).

The values of von Willebrand factor antigen 
level in plasma ranged widely in patients of both I 
group (0.1 to 6.7 U/ml) and II group (0.1 to 1.4 U/
ml), however, the mean values of this indicator in 
the active period of the disease were higher (Me 
1.1 U/ml (0.2-2.0)) than in the absence of clinical 
and laboratory manifestations (Me 0.7 U/ml (0.2-
1.3)). Elevated level of von Willebrand factor anti-
gen in the active period of IgA-vasculitis was 
found in 23 cases (45.1±6.9%), indicating the en-
dothelial dysfunction, which was the natural con-
sequence of generalized vasculitis (Table 2). In the 
absence of clinical and laboratory manifestations 
of the disease increased level of von Willebrand 
factor antigen was not found in patients. Overall, 
von Willebrand factor antigen level indicators cor-
related with nephritis activity (r=0.39, p˂0.05) and 
with summary index of total activity of the disease 
(r=0.49, p<0.05), the values of which were deter-
mined in accordance with point scale.

The occurrence of nephritis (74.6% vs. 28.2%) 
and the continuously recurrent cutaneous hemor-
rhagic syndrome (62.2% vs. 35.7%) were higher in 
children with an increased level than in children 
with normal values. The relative risk of nephritis 
development in patients with elevated levels of 
von Willebrand factor antigen was 2.66 (95% CI 
0.98-7.20), and recurring course of IgA-vasculitis 
– 1.75 (95% CI 0.65-4.69).

Activity of von Willebrand factor (reference 
values from 60-130%) was increased in 18 chil-
dren (47.4±8.1%) of I group (Me 115.0%; 20.0-
169.0). In 5 of them it was combined with in-
creased levels of von Willebrand factor antigen. In 
II group, the increased von Willebrand factor ac-
tivity was noted only in 7 children (30.4±9.8%) 
(Me 75.0%; 16.0-160.0), 4 of them had a high level 
of von Willebrand factor antigen.

The level of D-dimer in plasma was investi-
gated as a marker of blood coagulation activation. 
The indices of D-dimer level in I group children 
varied in a very wide range, from 0 to 1857 ng/ml 
(Me 104.3 ng/mL (23.2-500.0)), elevated levels 
were detected in 14 (33.3±7.3%) patients. All the 
children, who had elevated levels of D-dimer in 
the period of active clinical manifestations of the 
disease, had multiple freshly appeared hemor-
rhagic rash and/or showed signs of active nephri-
tis. The highest rates of D-dimer were present in 
children with gross hematuria and/or necrosis of 
the skin. Among the patients examined in the ab-
sence of clinical and laboratory manifestations of 
the disease, a slight increase in the level of D-di-
mer was found only in 1 child (5.6±5.6%). The 
level of D-dimers reflected the activation of intra-
vascular coagulation secondary to systemic micro-
vascular lesions in IgA-vasculitis and was signifi-
cantly correlated with the overall activity of the 
disease (r=0.31, p<0.05), as well as with the pres-
ence of nephritis (r=0.35, p<0.05) and well-marked 
cutaneous hemorrhagic syndrome (r=0.33, p<0.05).

Besides, the elevated levels of D-dimer at the 
disease onset were associated with a higher oc-
currence of nephritis. Subsequently, nephritis was 

TABle 3
Values of some hemostatic parameters and relative risks of nephritis and recurrent IgA-vasculitis in children

Factor Relative risk of
Fibrinogen more than 4.0 g/l nephritis development =1.79; 95% CI 1.50-2.13

D-dimer 
more than 250 ng/ml

nephritis development
severe clinical course of nephritis
severe skin lesions

=5.68;
=2.66
=4.88

95%
95%
95%

CI 2.85-11.33
CI 0.38-18.38
CI 1.53-15.57

Von Willebrand factor antigen 
more than 1.4 ng/ml

nephritis development
recurrent clinical course

=2.66
=1.75

95%
95%

CI 0.98-7.20
CI 0.65-4.69

Tissue plasminogen activator 
more than 8 ng/ml

nephritis development
recurrent clinical course

= 0.94
= 0.96

95%
95%

CI 0.78-1.14
CI 0.84-1.10

Plasminogen activator inhibitor-1 
more than 43 ng/ml

nephritis development
recurrent course

= 0.99
= 1.45

95%
95%

CI 0.63-1.56
CI 0.91-2.31
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manifested in 66.6% cases in patients with ele-
vated levels of D-dimer, and only in 17.7% cases 
in patients with low levels. The risk of nephritis 
development in IgA-vasculitis was 5.6 times 
higher in children with elevated levels of D-dimer 
at the disease onset (RR=5.68, 95% 2.85-11.33); 
these patients were 2.6 times more disposed to se-
vere course of nephritis than to transient urinary 
syndrome (RR 2.66 95% 0.38-18.38), and 4.8 
times more disposed to severe skin lesions (RR 
4.88 95% 1.53-15.57).

The study of protein C showed that its level 
corresponded to the normal mean values (70-
160%) in all children of both groups. Fluctuations 
in protein C values ranged from 75.0 to 156.9%, 
92.7% Me (88.0-141.4) in I group and from 70.0 to 
122.8%, Me 86.0% (77.0-110.0) in II group.

The concentration of thrombomodulin in 
plasma varied in a very wide range from 1400.0 to 
14384.0 pg/ml; Me 3550.0 pg/ml (2300.0-7634.0). 
The highest levels of thrombomodulin were ob-
served in children without nephritis in the active 
stage of the disease with the presence of fresh rash. 
A significant positive correlation of thrombomod-
ulin with the overall activity of IgA-vasculitis was 
found in children (r=0.47, p<0.05).

The tissue activator and plasminogen activator 
inhibitor-1 were examined for fibrinolysis evalu-
ation. During the active period of IgA-vasculitis, 
the average level of tissue plasminogen activator 
was 0.6 ng/mL (Ме 0.3-6.6), and 0.5 ng/ml (Me 
0.3-1.8) during the absence of clinical and labora-
tory manifestations of the disease. Reduced levels 
of tissue plasminogen activator were detected in 
37 cases (75.5±6.1%) in the study of blood sam-
ples obtained from patients examined in the ac-
tive stage of the disease and in 24 cases 
(92.3±5.3%) with samples taken in the inactive 
period of the disease. The tissue plasminogen ac-
tivator concentration in plasma was studied over 
a long time period (from 2 weeks to 26 months) in 
20 children. Fourteen patients of them had re-
duced level of tissue plasminogen activator in the 
active stage of the disease (M±m=0.7±0.4 ng/ml) 
with a tendency to further decrease (M±m=0.4±0.1 
ng/ml), regardless of vasculitis activity changes. 
The other 6 children had well-marked negative 
dynamics of tissue plasminogen activator levels, 
from normal mean values ratios in the period of 

active manifestations of the disease (M±m=3.3±1.8 
ng/ml) to the reduced mean values ratios in the 
follow-up measurements (M±m=0.4±0.2 ng/mL). 
The tissue plasminogen activator level increase 
was observed only in 4 people (8.2±3.9%) of I 
group and all of them had abundant hemorrhage 
rash (one with necrosis) or gross hematuria.

The risk of nephritis development and recur-
rent course of IgA-vasculitis in children with re-
duced tissue plasminogen activator does not ex-
ceed the risk rate in normal tissue plasminogen 
activator values.

The level of plasminogen activator inhibitor-1 
in plasma was Me 37.0 ng/ml (7.5-96.1), from 3.0 
to 142.4 ng/ml in I group children and Me 44.0 ng/
ml (13.0-96.0), from 6.0 to 121.0 ng/ml in II group 
children. Plasminogen activator inhibitor-1 levels 
were elevated in 22 (44.9±7.1%) children of I 
group and in 11 (47.8±10.6%) children of II group; 
decrease in plasminogen activator inhibitor-1 level 
was observed in 4 (8.2±3.9%) children of I group 
and in 1 child (4.3±4.3%) of II group. The inci-
dence of nephritis in children with elevated levels 
of plasminogen activator inhibitor-1 was similar to 
that in the group of children with normal levels of 
plasminogen activator inhibitor-1 (51.3% and 
47.0%), and the incidence of recurrent clinical 
course was higher (34.8% vs. 22 2%). The risk of 
recurrent clinical course of IgA-vasculitis was 1.5 
times higher in children with increased plasmino-
gen activator inhibitor-1 level (RR 1.45 95% CI 
0.91-2.31), and the risk of nephritis was the same 
in both groups. No regular pattern was found to 
show the correlation of the plasminogen activator 
inhibitor-1 levels change with the dynamics of the 
patient’s condition, as well as to reveal the inter-
relation of its values mean ratios with the form and 
severity of IgA-vasculitis.

Discussion

The study showed a significant rate and clini-
cal importance of hemostatic disorders in chil-
dren with IgA-vasculitis. In the active period of 
the disease, one third of the patients with well-
marked clinical manifestations and essential lab-
oratory changes had significant increase in the 
level of fibrinogen and D-dimer in plasma, which 
indicated activation of intravascular coagulation 
of blood secondary to the currently active vascu-
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litis. Evidence of coagulation activation in the 
IgA-vasculitis in children were previously stud-
ied by D. Yilmaz and co-authors (2005), who 
found increased levels of fibrinogen, D-dimer, 
thrombin-antithrombin complex, prothrombin 
fragments 1 and 2 and von Willebrand factor anti-
gen in plasma, and identified a correlation be-
tween the clinical activity, the concentration of 
D-dimers, von Willebrand factor antigen, and 
prothrombin fragments 1 and 2. Similar data were 
presented by K. Brendel-Müller and co-authors 
(2001) who noted an increase in the concentration 
of D-dimer in plasma in 15 children out of 17 dur-
ing the acute period of the disease. In addition, 
the authors showed a statistically significant in-
crease in the concentrations of thrombin-anti-
thrombin complex, fibrinogen and prothrombin 
fragments 1 and 2, and also found the association 
of these indicators with the clinical activity. The 
concentration of D-dimer in blood plasma in IgA-
vasculitis may be increased by 10 times or more, 
which in some cases requires differential diagno-
sis with the syndrome of disseminated intravascu-
lar coagulation [Brendel-Müller K et al., 2001].

In present study, the severity of hyperfibrino-
genemia authentically correlated with nephritis ac-
tivity (r=0.33, p<0.05) and the increase of D-dimer 
level was associated with the total activity of the 
disease (r=0.31, p<0.05), with the presence of ne-
phritis (r=0.35, p<0.05) and severity of skin symp-
toms lesion (r=0.33, p<0.05). Moreover, the signs 
of blood coagulation activation had important 
prognostic value. If there was hyperfibrinogen-
emia at the disease onset, the risk of nephritis in-
creased 1.79 times. High levels of D-dimer indi-
cated a high risk of development (5.68 times) and 
possibility of a severe course of nephritis (2.66 
times), and the risk of a severe course of cutaneous 
syndrome (in 4.88 times). The obtained data indi-
cate a pathogenic role of coagulation activation in 
the development of organic diseases in IgA-vascu-
litis in children, and are reasonable ground for an-
ticoagulant and antiplatelet therapy. Randomized 
controlled trials conducted previously did not con-
firm the benefits of including dipyridamole and 
heparin in the treatment of IgA-vasculitis in chil-
dren, though a very small number of patients were 
involved in the investigation, and were not quite 
correct [Zaffanello M et al., 2009], thus requiring 

additional clinical tests.
Almost half (45.1±6.9%) of the patients in-

cluded in present study in the active stage of the 
disease had increase in levels of von Willebrand 
factor antigen, which is a recognized marker of en-
dothelial activation/dysfunction. The increased 
concentration of von Willebrand factor antigen in 
plasma is reviewed as a possible sign of the clini-
cal activity in systemic vasculitis, characterized by 
generalized vascular affection [Paulus P et al., 
2011; Park S et al., 2013]. In particular, IgA-level 
is associated with von Willebrand factor antigen 
level in IgA-vasculitis [De Mattia D et al., 1995], 
as well as with the severity of vascular affection 
[Yakunina L, 2004; Yilmaz D et al., 2005]. How-
ever, the interrelation between the severity of clin-
ical manifestations and the concentration of von 
Willebrand factor antigen was not found in all 
studies. So, G.C. Del Vecchio (2008) uncovered 
that in addition to von Willebrand factor antigen 
increase in plasma concentrations in IgA-vasculi-
tis, some pro-inflammatory cytokines and fibrino-
gen are also increased, but no statistically signifi-
cant interrelation of these indicators with renal 
disease activity was revealed. Persistently in-
creased concentration of von Willebrand factor an-
tigen, which is, however, independent from the 
clinical activity, and mainly occurs due to its ab-
normal multimeric forms, was found by A. Ca-
sonato and co-authors (1996).

Present study showed that the level of von Will-
ebrand factor antigen not only increases in the ac-
tive period of IgA-vasculitis in children, but also 
amplifies its clinical activity. However, at the time 
of remission, these figures are gradually normal-
ized. Moreover, the level of von Willebrand factor 
antigen is normalized faster. The von Willebrand 
factor antigen level correlated with nephritis activ-
ity (r=0.39, p<0.05) and with overall clinical activ-
ity (r=0.49, p<0.05). Elevated levels at the onset 
have predictive value, because the relative risks of 
nephritis and recurrent course of patients with these 
disorders are 2.66 and 1.75, respectively (Table 3). 

In addition to von Willebrand factor antigen, 
tissue plasminogen activator is also considered as 
a fairly specific marker of activation/dysfunction 
of endothelium, since most of the other markers 
are produced not only in endothelial but also in 
other cells [Petrishchev N, Vlasov T, 2003].
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The vast majority of the patients with IgA-vas-
culitis had reduced tissue plasminogen activator 
levels both in the active period and in the absence 
of clinical and laboratory manifestations. Possibly, 
tissue plasminogen activator deficiency was due to 
the reduction of synthesis and its depot depletion 
in the impaired endothelial cells. At the same time, 
every other child had an increased plasminogen 
activator inhibitor-1 concentration, regardless of 
the clinical activity, and, well-marked activity of 
this inhibitor was observed in two thirds of the pa-
tients in the active period, which determined the 
sustained reduction of fibrinolysis. According to 
the obtained data, the high level of plasminogen 
activator inhibitor-1 may serve as a predictor of 
the relapsing course of the disease.

It was shown that overexpression of plasmino-
gen activator inhibitor-1 leads to the accumulation 
of extracellular matrix and glomerulosclerosis, 
which can be observed in various kidney diseases. 
Since the persistent increase in the level of plasmin-
ogen activator inhibitor-1 is a factor in the progres-
sion of renal process, it should be considered as one 
of the possible targets of therapeutic efficacy.

It’s quite promising to study the thrombomodu-
lin as a component, which does not synthesize in 
normal conditions, though sharply increasing due 
to activated endothelium. Thrombomodulin func-
tions as a cofactor in the process of activation of 
protein C by thrombin, linking the latter. Throm-
bomodulin concentration in patients reached the 
highest ratios in the active period, thus reflecting 
the clinical activity (r=0.47, p<0.05).

The literature data relating to thrombomodulin 
level dynamics in vasculitis are contradictory [Oh-
dama S et al., 1994; Nasonov E, 1996; Besbas N et 
al., 1998]. Yet, thrombomodulin is reviewed as a 
helpful marker of renal damage [Takano S et al., 
1990; Prandota J et al., 2001; Kawasaki Y et al., 
2013]. It has been established that it is filtered by 
the kidneys, and its level increases together with 
impaired renal function. No correlation of throm-
bomodulin levels with renal impairment was es-
tablished (r=-0.09), which may be due to the lack 
of patients with renal failure, and no deficiency of 
protein C was identified in patients of present 
study. As mentioned above, the platelet hemostasis 
disorder was not found in our patients, while S. 
Culic and co-authors (2001) reported that the ma-
jority of patients with IgA-vasculitis had platelet 
aggregation disorders.

Thus, disorders of hemostasis are presented as a 
natural consequence of immune-mediated vascular 
affection in IgA-vasculitis, and are definitely one 
of the pathogenic mechanisms involved in the for-
mation of organ pathology. Dynamic study of the 
factors that reflect the state of the endothelium, the 
activity of coagulation, fibrinolysis and anticoagu-
lation system allow giving a more accurate evalua-
tion of the clinical activity and predicting the fur-
ther course of the disease. Further study of this 
problem and elaborating recommendations for the 
correction of hemostasis will increase the therapy 
efficacy and will improve prognosis and life qual-
ity of patients with this common disease.

R E F E R E N C E S

1. Besbas N, Erbay A, Saatçi U, Ozdemir S, Bak-
kaloglu A., et al. Thrombomodulin, tissue plas-
minogen activator and plasminogen activator 
inhibitor-1 in Henoch-Schönlein purpura. Clin 
Exp Rheumatol. 1998; 16(1): 95-98.

2. Brendel-Müller K, Hahn A, Schneppenheim R, 
Santer R. Laboratory signs of activated coagula-
tion are common in Henoch-Schönlein purpura. 
Pediatr Nephrol. 2001; 16(12): 1084-1088.

3. Casonato A, Pontara E, Bertomoro A, Ossi E, 
Vincenti M., et al. Abnormally large von Will-
ebrand factor multimers in Henoch-Schönlein 
purpura. Am J Hematol. 1996; 51(1): 7-11.

4. Culic S, Jakl R, Metlicic V, Paukovic-Sekulic 
B, Resic B., et al. Platelet function analysis in 
children with Schönlein-Henoch syndrome. 
Arch Med Res. 2001; 32(4): 268-272.

5. De Mattia D, Penza R, Giordano P, Del Vecchio 
GC, Aceto G., et al. von Willebrand factor and 
factor XIII in children with Henoch-Schönlein 
purpura. Pediatr Nephrol. 1995; 9(5): 603-605.

6. Del Vecchio GC, Penza R, Altomare M, Pia-
cente L, Aceto G., et al. Cytokine pattern and 
endothelium damage markers in Henoch-
Schönlein purpura. Immunopharmacol Immu-
notoxicol. 2008; 30(3): 623-629.



51

The New ArmeNiAN medicAl JourNAl, Vol.10 (2016), No 3, p. podcherNyAevA N.S. et al.43-51

7. Kawasaki Y, Ono A, Ohara S, Suzuki Y, Suyama K., 
et al. Henoch-Schönlein purpura nephritis in child-
hood: pathogenesis, prognostic factors and treat-
ment. Fukushima J Med Sci. 2013; 59(1): 15-26.

8. Nasonov EL. [Anti-inflammatory therapy of 
rheumatic diseases] [Published in Russian]. 
Moscow. M-City. 1996. 345p.

9. Ohdama S, Takano S, Miyake S, Kubota T, Sato 
K, Aoki N. Plasma thrombomodulin as a marker 
of vascular injuries in collagen vascular dis-
eases. Am J Clin Pathol. 1994; 101(1): 109-113.

10. Ozen S, Pistorio A, Iusan SM, Bakkaloglu A, 
Herlin T., et al. EULAR/PRINTO/PRES crite-
ria for Henoch-Schönlein purpura, childhood 
polyarteritis nodosa, childhood Wegener gran-
ulomatosis and childhood Takayasu arteritis: 
Ankara 2008. Part II: Final classificationcrite-
ria. Ann Rheum Dis. 2010; 69(5): 798-806.

11. Park SJ, Suh JS, Lee JH, Lee JW, Kim SH., et al. 
Advances in our understanding of the pathogen-
esis of Henoch-Schönlein purpura and the im-
plications for improving its diagnosis. Expert 
Rev Clin Immunol. 2013; 9(12): 1223-1238.

12. Paulus P, Jennewein C, Zacharowski K. Bio-
markers of endothelial dysfunction: can they 
help us deciphering systemic inflammation 
and sepsis? Biomarkers. 2011; 16(1): S11-21.

13. Petrishchev NN, Vlasov TD. [Physiology and 
pathophysiology of endothelium/Dysfunction 
of the endothelium. Causes, mechanisms. 
Pharmacological correction] [Published in 
Russian]. Saint-Petersburg: SPbU Publishing 
House. 2003. 4-38.

14. Piram M, Mahr A. Epidemiology of immuno-
globulin A vasculitis (Henoch-Schönlein): cur-

rent state of knowledge. Curr Opin Rheumatol. 
2013; 25(2): 171-178.

15. Prandota J, Pankow-Prandota L, Kotecki L. 
Impaired activation of the fibrinolytic system 
in children with Henoch-Schönlein purpura: 
beneficial effect of hydrocortisone plus Sigma-
aminocaproic acid therapy on disappearance 
rate of cutaneous vasculitis and fibrinolysis. 
Am J Ther. 2001; 8(1): 11-19.

16. Takano S, Kimura S, Ohdama S, Aoki N. Plasma 
thrombomodulin in health and diseases. Blood. 
1990; 76(10): 2024-2029.

17. Weiss PF, Feinstein JA, Luan X, Burnham JM, 
Feudtner C. Effects of corticosteroid on He-
noch-Schönlein purpura: a systematic review. 
Pediatrics. 2007; 120(5): 1079-1087.

18. Yakunina LN. [A practical guide to children’s 
diseases: hematology/oncology of childhood. 
Edited by A.G. Rumyantsev, E.V. Samocha-
tova] [Published in Russian]. Moscow: Med-
praktika-M. 2004. 417-436.

19. Yang YH, Yu HH, Chiang BL. The diagnosis 
and classification of Henoch-Schönlein pur-
pura: an updated review. Autoimmun Rev. 
2014; 13(4-5): 355-358.

20. Yilmaz D, Kavakli K, Ozkayin N. The elevated 
markers of hypercoagulability in children with 
Henoch-Schönlein purpura. Pediatr Hematol 
Oncol. 2005; 22(1): 41-48.

21. Zaffanello M, Brugnara M, Franchini M, 
Fanos V. Adjuvant treatment for Henoch-
Schonlein purpura nephritis in children: a sys-
tematic review. Curr Ther Research. 2009; 
70(3): 254-265.


