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acute urticaria; Introduction: Urticaria is a clinical entity presenting as wheals, angioedema, or both simul-
children; taneously. Elevated D-dimer levels were reported in the course of chronic spontaneous urti-
pediatrics; caria. Data regarding D-dimer levels in acute urticaria in children are limited.

D-dimers; Objectives: To assess potential associations between duration of glucocorticosteroid (GCS)
glucocorticosteroids therapy and D-dimer concentrations in children with acute urticaria.

Patients, materials, and methods: Hospital records of 106 children (59 females), aged 5.57 +
4.91 years, hospitalized in 2014-2018 were analyzed retrospectively. The study group consisted
of pediatric patients admitted to the hospital due to severe acute urticaria resistant to anti-
histaminic treatment that was ordered in the ambulatory care (out-patient clinic). Patients
were divided into subgroups: no GCS treatment, short-duration treatment (up to 5 days) and
long-duration treatment (6 and more days) GCS treatment. Simultaneously, patients received
antihistaminic drugs. D-dimer level and other inflammatory factors such as white blood cell
(WBC) count, platelet (PLT) count, and C-reactive protein (CRP) in each group were analyzed.
Results: The D-dimer level was elevated in 51% of cases. In the subgroup with longer GCS
treatment, D-dimer concentration was significantly higher in comparison to patients with a
shorter GCS course. There were no differences in the distribution of CRP, PLT, and WBC con-
centrations between these subgroups.

Conclusions: In the studied group of children, there was a tendency for higher D-dimer levels
in patients, who required a longer GCS treatment. This finding is hypothesis-generating and
requires further investigation to confirm if D-dimers can be used as a prognostic factor in
acute urticaria in children.
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Introduction

Urticaria is a clinical entity presenting as either wheals (ele-
vated, itchy, and erythematous bumps or plaques on the
skin), angioedema, or both simultaneously. Development
of urticarial wheals is also known as hives."? This entity is
very much diversified in terms of clinical symptoms, patho-
genesis, and time of occurrence. The underlying cause of
the disease is associated with activation of the mast cells
which release histamine, platelet-activating factor (PAF),
and other mediators. This results in activation of the sen-
sory nerves, vasodilatation, plasma extravasation, and cell
recruitment to urticarial lesions.?

Acute urticaria is characterized by complete resolution
of the symptoms within 6 weeks. Manifestation lasting lon-
ger than 6 weeks is classified as chronic urticaria. Urticaria
is @ common skin condition, with a lifetime prevalence of
2-6%. The highest incidence has been observed in children,
who in great majority suffer from acute urticaria. Chronic
urticaria is more common in the adult population; it is
nevertheless a much less frequent condition, with a preva-
lence of 0.1-3%.3

The exact cause of acute urticaria remains idiopathic in
80-90% of patients. The most commonly reported causes of
this disease in the pediatric population include viral infec-
tions (Adenovirus, Enterovirus, Respiratory Syncytial Virus,
Cytomegalovirus, Epstein-Barr Virus), bacterial infections,
(Streptococcus pyogenes, Helicobacter pylori, Mycoplasma
pneumoniae), or less commonly parasitic infections. A small
percentage of cases of acute urticaria in children may be
associated with drug ingestion. Drug-induced urticaria can
be distinguished into two types: (i) an allergic reaction—
which may be, for example, associated with beta-lactam
antibiotics hypersensitivity—and (ii) non-immunologically
mediated reactions, most commonly related to non-
steroidal anti-inflammatory drugs (NSAIDs) or beta block-
ers that may trigger direct mast cell degranulation. Lastly,
certain foods such as milk, eggs, or nuts may provoke the
onset of urticaria, and it is usually associated with an aller-
gic reaction.??® In exceptional clinical cases, allergy testing
may be performed. The mainstay of managing acute urti-
caria is the detection and elimination of the trigger fac-
tor. In addition to that first-line therapy is composed of
second-generation antihistamine drugs. In case of lack of
clinical response, severe pruritus, or distinct impairment
of patient’s quality of life, the dose of antihistamine drug
can be increased up to four-fold. First generation antihista-
mine drugs should be avoided due to their high risk of side
effects. In case of severe course of the disease and/or anti-
histamine drug resistance, the administering of systemic
glucocorticosteroids (GCS) for several days (prednisolone
0.5-1 mg/kg of body weight per day) should be considered.*

D-dimers are fibrin degradation products, composed
of two D fragments connected by a double covalent bond.
Increased serum concentration of D-dimer is observed
when simultaneous clotting and fibrinolysis take place.
Nevertheless, elevated D-dimer level is not pathognomonic
of thromboembolic processes.> Measurement of D-dimer
level is useful in diagnosing deep vein thrombosis, pulmo-
nary embolism, and disseminated intravascular coagula-
tion.® In addition, elevated D-dimer level is also reported
in autoimmune diseases concerning granulocytes and

eosinophils including: juvenile idiopathic synovitis, bullous
pemphigoid, psoriasis, and vasculitis diseases such as poly-
arteritis nodosa or Henoch-Schonlein purpura.”® Increased
level of D-dimer level in the course of chronic spontaneous
urticaria was also disclosed.”"?

To the best of our knowledge there were no reports
concerning D-dimer assay in diagnostic and therapeutic
management of acute urticaria in pediatric population.

Aims

Based on the above information, we hypothesized that
assessing D-dimer levels in children with acute urticaria
may be potentially useful in the management algorithm
of these patients. Therefore, this study aimed to analyze
associations between the duration of GCS therapy in hos-
pitalized, pediatric patients with acute urticaria, and the
D-dimer concentrations.

Material and Methods
Patients

Our retrospective study included all patients who were hos-
pitalized in the Department of Pediatrics of the University
Clinical Hospital in Opole, Poland from the beginning of
2014 until the end of 2018 due to acute urticaria, who did
not respond to first-line therapy administered as outpatient
care. By response to first-line treatment, we understand
significant resolution of skin lesions and reduction of pru-
ritus after administration of second-generation antihista-
mine drugs. Only children with the most severe course of
urticaria were admitted to the hospital (the severity of skin
lesions was assessed in the outpatient clinic with Visual
Analogue Scale). The study group consisted of 106 children
aged between 3 months and 17 years—the characteristics
of the groups are shown in Table 1.

In accordance with the guidelines established by the
European Academy of Allergy and Clinical Immunology
(EAACI), Global Allergy and Asthma European Network
(GA’LEN), and The World Allergy Organization (WAO),?
during hospitalization the treatment with antihistamine
drugs was maintained and GCS therapy was instituted:
patients intravenously received prednisolone 0.5-1 mg/kg/
day or other dose-equivalent corticoids. In the study, 90
patients were treated with GCSs: 74.4% of them received
hydrocortisone intravenously at a dose of 5-10 mg per
12-hour period, 27.8% received methylprednisolone intra-
venously at a dose of 1 mg/kg/day, and 6.7% received
dexamethasone intravenously at a dose of 0.3 mg/kg/day.
Steroid therapy was discontinued along the remission of the
skin lesions. Almost a quarter of them (24.4%) continued
the therapy with prednisone (0.5-1 mg/h/day) at home.

Methods

The data retrieved from the medical records and included
in the analysis were as follows: sex, age, white blood
cell count (WBC) (10°/pl), platelet count (PLT) (10%/pl),
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Table 1

Characteristics of the study group and the subgroups depending on the duration of glucocorticosteroid (GCS)
treatment. Values presented as means + standard deviations.

Whole study Group

Subgroup I.

Subgroup Il. GCS for Subgroup lll. GCS for

(subgroups I-11I) No GCS treatment 1-5 days > 6 days
Number of patients 106 16 64 26
Sex: male/female 47/59 5/11 34/30 8/18
Age (years) 5.57 + 4.91 4.91 + 4.81 4.71 £ 4.38 8.12 + 5.47
D-dimers (ng/ml) 1811 + 3512 901 + 687 1243 + 1347 2896 + 5454
CRP (mg/l) 8.45 + 18.4 14.4 + 32.1 7.37 £+ 15.9 5.47 + 7.62
PLT (10%/pl) 339 + 104 322 + 102 337 £93.5 351 + 129
WBC (103/pl) 12.1 £ 4.53 11.8 + 5.58 119 + 4.8 12.9 + 3.01
Days on steroid treatments 3.84 +3.22 0+0 2.88 +1.23 8.58 +2.18

C-reactive protein (CRP) (mg/l), and D-dimer concentra-
tions (evaluated using immunoturbidimetric technique;
ng/ml). All laboratory tests were included in the standard
care, and were performed in the central laboratory of the
University Clinical Hospital in Opole. D-dimer concentra-
tion was measured on the day of admission as a routine
procedure at the Department. The threshold for the pos-
itivity of D-dimer concentration was 1000 ug/ml. In case
of increased D-dimer level, as a routine we performed a
re-evaluation on the seventh day of hospitalization. The
local ethical committee indicated that as it was a retro-
spective analysis of medical records, this study did not
require a separate acceptance of the committee as well as
no consent forms had to be signed by parents/caregivers
and the patients.

Statistical analysis

Statistical analysis was performed using the computing
environment R; additional software packages were taken
from the Bioconductor project. Descriptive statistics for
continuous variables were presented as mean values and
standard deviations. The normality of data distribution
was checked by the Shapiro-Wilk test. Due to not normal
distribution, for comparison the Mann-Whitney U-test was
employed. Kruskal-Wallis test, which is a non-parametric
alternative of the one-way ANOVA, was applied to deter-
mine if there was a difference in distribution between the
three independent groups (according to the GCS therapy
duration). Wilcoxon signed-rank test was used to com-
pare two subgroups treated with GCS for varied periods
of time. Correlation analysis was performed by Spearman
correlation test after removing outliers based on IGR
Score. Significance for results of all statistical analyses was
assumed at p < 0.05.

Results

The research included all children who were admitted to
the Department of Pediatrics of the University Clinical
Hospital in Opole, Poland in the years 2014-2018 due to
acute urticaria, who did not respond to first-line therapy
(second-generation antihistamine drugs) administered as

an outpatient care. The study group consisted of 106 chil-
dren (59 females) aged between 3 months and 17 years
(mean 5.57 + 4.91 years).

The age difference between male children and female
children was not statistically significant. There was an
evident predominance of the youngest children among
those children admitted to our hospital with the diagno-
sis of acute urticaria (Figure 1). The mean concentration
of D-dimers in the whole study group was 1810 + 3512 ng/
ml (ranging from 192 to 25 750 ng/ml) (Figure 2; top). The
D-dimer level was elevated in 51% of the cases. After divid-
ing patients into three subgroups based on the GCS treat-
ment (without GCS, GCS up to 5 days, and GCS for 6 days
or more), we found no statistically significant differences
in the distribution of concentrations of CRP (p = 0.99), PLT
(p = 0.91), and WBC (p = 0.35). There was also no statisti-
cally significant difference in the D-dimers concentrations
(p = 0.09), even after the analysis by gender (boys, p =
0.775 and girls, p = 0.09) respectively (Figure 4; boys - left
panel and girls - right panel). Nevertheless, the comparison
of two subgroups treated with GCS for varied periods of
time, revealed that those children that required longer GCS
therapy had significantly higher D-dimer levels (1354 ng/ml
vs. 602 ng/ml, p = 0.048) (Figure 3). This difference was
significant in the female group of patients (p = 0.046), and
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Figure 2 Visualization of differentiation of analyzed factors:
D-dimer, CRP, WBC and PLT.
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Figure 3 D-dimer level with no glucocorticosteroid treatment,
short-duration treatment, and long-duration treatment.

was not detected in boys (Figure 4; boys - left panel and
girls - right panel).

Analysis of correlations showed no significant relations
between concentrations of D-dimers, CRP or PLT, and the
GCS treatment (r =0.21, p=0.11; r=0.03, p=0.75; and r =
0.03, p = 0.77) (Figure 5) respectively.

Discussion

The association between urticaria and increased procoagu-
lant activity has recently been largely investigated.'

The immune system, inflammation, and blood coagula-
tion comprise interrelated, complementary components of
a protective immunological response. Interactions between
dysfunctions of the immune system and coagulation pro-
cesses have been repeatedly reported in autoimmune and
immune-mediated skin diseases, and the molecular back-
ground of these interactions has been profoundly investi-
gated. Pro-inflammatory cytokines such as interleukin-1,
interleukin-6, and tumor necrosis factor (TNF) might
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Figure 4 D-dimer level with no glucocorticosteroid treatment,
short-duration treatment, and long-duration treatment in
subpopulation of boys (left panel) and girls (right panel).
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Figure 5 Correlation between D-dimer level and the duration
of glucocorticosteroid treatment.

trigger the release of procoagulant mediators and decrease
the activity of natural anticoagulants. On the other hand,
higher activity of coagulation, confirmed by detection of
the prothrombotic proteases, might result in overexpres-
sion of pro-inflammatory cytokines.'*"

In the literature, the simultaneous involvement of
immune response, inflammation, and blood coagulation
have been primarily associated with chronic, autoimmune
processes.” Our findings may suggest that these interac-
tions also play a role in acute diseases, and a thorough
analysis of the background of this phenomenon raises the
opportunity for improving diagnostic and therapeutic man-
agement of acute urticaria.

At present, there is no laboratory test that could be
useful in assessing the severity of acute urticaria, or the
prognosis of this disease course. To the best of our knowl-
edge, this study is one of the first publications considering
the analysis of the D-dimer level in young patients with this
diagnosis. We demonstrated a tendency for higher D-dimer
concentrations in children with acute urticaria, who
required a longer time of GKS treatment. The results of
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our investigation indicate that assessment of the D-dimer
concentration in acute urticaria may potentially be help-
ful in facilitating the decision regarding the introduction
of systemic steroid therapy. Nevertheless, this observation
requires further investigation.

Takahashi et al. observed significant elevation of the
D-dimer level which rapidly subsided in accordance with
the treatment and with the resolution of skin changes.
Nevertheless, the association between the dysregulation
of the immune system and the increased concentration
markers of coagulation pathway activation has been poorly
investigated in the pediatric population.

In the literature, the interplay between inflammatory
process and coagulation has been often elucidated by
the example of chronic urticaria. Kasperska-Zajac et al.
emphasized their significant role in the pathogenesis of
chronic spontaneous urticaria and considered the influence
of particular cytokines as crucial in determining the activ-
ity and the severity of the disease.’®"

According to recent reports, chronic urticaria is asso-
ciated with both increased D-dimer concentration, as well
as an elevated VIl factor level and elevated F1+2 level. The
concentration of D-dimer level in chronic urticaria has even
been considered a marker for disease activity and response
to treatment.'281

These observations lead to the conclusion that the
tissue factor pathway may be involved in the pathogene-
sis of this entity. Despite the fact that these parameters
decrease during omalizumab treatment and within the
remission of clinical symptoms, a limited number of stud-
ies resulted in exclusion of blood clotting tests in the diag-
nostic management of chronic urticaria.?’ Furthermore,
coagulation disturbances were confirmed in isolated cases
of Henoch-Schonlein purpura.® Elevated markers of hyper-
coagulability have also been detected in other types of
vasculitis such as Kawasaki disease and eosinophilic gran-
ulomatosis with polyangitis.?"?2 The correlation between
elevated D-dimer level and the severity of the diseases was
a subject of numerous studies. Nevertheless, data are too
limited to draw definite conclusions or to demonstrate the
exact pathomechanism of this phenomenon.

Recently, there has been a growing interest on procoag-
ulant activity in patients with acute urticaria. It is consid-
ered that elevated level of D-dimers in acute urticaria can
be explained by a simultaneous stimulation of the coag-
ulation processes and the fibrinolysis processes, resulting
from the activity of the enzymes released by granulocytes,
which are involved in leukocytoclastic vasculitis.?*?* A com-
parable increase of the D-dimer level was observed in leu-
kocytoclastic vasculitis in the course of Henoch-Schonlein
purpura, chronic spontaneous urticaria, or connective tis-
sue diseases such as juvenile idiopathic arthritis in children
in the Polish population.??’ It should be emphasized that in
all of these entities, granulocytes play an essential role in
the inflammatory process.

The strength of this study lies in the large number of
patients and the originality of this investigation. The main
limitation of this study is the discrepancy in the number of
patients in each subgroup—a small number of patients did
not receive GKS treatment, because only non- respondents
to ambulatory treatment were hospitalized. Moreover,
duration of symptoms before biological assay varied in

particular patients. These may be the reasons that the
revealed differences did not reach statistical significance.

Conclusions

In conclusion, this study showed higher D-dimer concentra-
tions in children, especially girls, who required longer GCS
treatment due to acute urticaria. This finding is hypothe-
sis-generating. The question as to whether there is a future
possibility to estimate the prognosis of acute urticaria
course and to assess the need of adding GCS to antihista-
mine therapy based on the D-dimer concentration in chil-
dren remains open and requires further research.
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