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Abstract Psychological factors, such as stress, anxiety,
depression, as well as immuno-inXammatory processes
may inXuence blood rheology. On the other hand, these fac-
tors may be involved in triggering, aggravating or mainte-
nance of urticaria symptoms. The present study was
designed to compare blood rheological properties of
patients with chronic urticaria with positive response to
autologous serum skin test (ASST) and negative response
to ASST. The study comprised 15 female patients with
chronic urticaria showing positive response to ASST, 14
female patients with chronic urticaria showing negative
response to ASST and 15 healthy subjects. Rheological
properties of erythrocytes, such as deformability and aggre-
gation, were measured. Overall blood viscosity measure-
ments were performed with the use of cone-plate
BrookWeld’s viscometer, and plasma viscosity measurement
employed capillary Ubbelohd’s viscometer. The hemorhe-
ological parameters did not diVer signiWcantly between the
groups. It seems that blood rheological properties do not
alter in patients with chronic urticaria, irrespective of their
response to ASST.
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Introduction

Blood rheological properties, including red blood cell
(RBCs) deformability and aggregation, and blood viscos-
ity are markedly inXuenced by changes in the surrounding
milieu triggered by inXammatory processes, metabolic
abnormalities, and psychological state [2]. RBC aggrega-
tion is primarily determined by plasma protein composi-
tion and surface properties of RBCs, with increased
plasma concentrations of acute phase reactants in inXam-
matory disorders—a common cause of increased RBC
aggregation [1]. Changes in RBCs deformability may be
induced by abnormal local tissue metabolism, oxidant
stress and activated leukocytes [1]. Some chronic
immuno-inXammatory disorders are associated with the
changes in blood rheology [6, 12]. Emotional state,
including mental stress as well as inXammatory response,
may also aVect blood rheology [5, 11]. It is known that
mental stress [3, 9, 14] and inXammation [4, 10] are asso-
ciated with chronic urticaria.

To the best of our knowledge there is only one study
regarding blood rheology in urticaria patients [8]. For better
understanding of the pathophysiologic changes associated
with urticaria, we examined blood rheologic parameters in
chronic urticaria patients. In the present study whole blood
and plasma viscosity, RBCs aggregability and deformabi-
lity have been compared between chronic urticaria patients
with positive response to autologous serum skin test
(ASST) and chronic urticaria patients with negative
response to ASST. The objective was to determine whether
two diVerent rheological patterns occur in such patients.
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Materials and methods

Subjects

Twenty-nine female symptomatic patients suVering only
from spontaneous chronic urticaria were divided into two
groups depending on ASST results. Fourteen chronic urti-
caria patients showed negative response to ASST (nega-
tive-ASST/CU group) and 15 patients had positive
reactivity on ASST (positive-ASST/CU group) and all
other identiWed causes of urticaria had been excluded after
extensive investigations. Each patient underwent the fol-
lowing tests: full blood count, erythrocyte sedimentation
rate, C-reactive protein, serum glucose, complete urine
examination, liver function tests, creatinine, hepatitis
serology, rheumatoid factor (Waaler Rose test), antistrep-
tolysin-o (ASO), immunoglobulins (IgE, IgA, IgM, IgG),
complement (C3 and C4), antinuclear (ANA) and antithy-
roid microsomal antibody, thyroid function tests (TSH and
free thyroxine-fT4), stool examination for parasites, chest
X-ray and abdominal ultrasonography. The oral provoca-
tion challenge tests with dyes, food additives and aspirin
were performed when indicated by the patient’s history. In
all patients, investigations for focus of infection in various
locations were performed. If there were gastrointestinal
symptoms or speciWc IgG and IgM antibodies for H. pylori
in serum (ELISA test), gastroscopy with mucosal biopsy
and a rapid urease test were performed to verify the pres-
ence of H. pylori infection. Physical urticaria was excluded
by history and/or diagnostic tests.

The clinical characteristics of the urticaria patients are
shown in Table 1. The disease was characterized by hives
occurring daily, or throughout most days of the week during
more than 6 weeks. All the patients had clinical manifestation
of urticaria upon serum sampling; anti-histamine treatment
was discontinued at least 3 days before the study. They had not
been treated with any other medication including systemic ste-
roids for more than 12 weeks preceding the study.

The disease intensity was measured by assessment of
wheals and pruritus on a (0–3 scale sum of score: 0–6)

proposed by Zuberbier et al. [15]. BrieXy, the number of
the wheals and severity of pruritus were scored as follows:
number of wheals— 0 = no wheals, 1 = mild wheals (<20
wheals/24 h), 2 = moderate wheals (21–50 wheals/24 h),
3 = intense wheals (>50 wheals/24 h, or large conXuent
areas of wheals); pruritus, 0 = none, 1 = mild, 2 = moder-
ate, 3 = intense. Our patients’ scoring ranged between 3 and
6. Such scoring was maintained during 2 days preceding
blood sampling and on the examination day.

The control group consisted of 15, non-smoking healthy
women, which were matched with CU patients for age and
body mass index. Individuals were not accepted into the
study, if they suVered from concomitant disorders, includ-
ing those which would aVect blood rheology, i.e. obesity,
hypertension or diabetes. All participants gave their writ-
ten, informed consent and the study was approved by the
University Ethics Committee.

Blood collection

Blood samples were obtained in the morning (7.00–8.00
a.m.; in the fasting state) after rest at slight or no stasis from
the antecubital vain and anticoagulated with K3EDTA for
rheological tests. The samples were taken during the early
to mid-follicular phase of the menstrual cycle.

Methods

Blood viscosity (BV) measurements were performed with
the use of cone-plate BrookWeld’s viscometer at a shear rate
of 150 s¡1 and plasma viscosity (PV) with capillary Ubbe-
lohd’s viscometer.

Erythrocyte deformability, expressed as elongation
index (EI), and erythrocyte aggregation expressed as
aggregation half-time (t½), aggregation index (AI), and
syllectogram amplitude (AMP) were measured with the
laser-assisted optical rotational cell analyser (LORCA)
[7]. EI was measured at diVerent shear stresses (18.49,
33.20, and 60.03 Pa) due to correlation coeYcient
between these values, only results obtained at 60.03 Pa
are demonstrated.

Autologous serum skin test (ASST)

Intradermal tests with patient’s own serum were per-
formed according to the method described by Sabroe et al.
[13]. A serum-induced wheal of diameter greater by at
least 1.5 mm than that of a control wheal induced with
physiological saline was assessed as positive. Saline was
used as a negative control and histamine served as a posi-
tive control.

Table 1 Clinical characteristics of the two groups

Values are mean § SD

Variable Negative-ASST/
CU group

Positive-ASST/
CU group

(n = 14) (n = 15)

Age (years) 36.2 § 6.5 38 § 4.6

Body mass index (kg/m2) 23.3 § 1.0 24 § 1.5

Disease duration (months) 10.6 § 6.3 14.6 § 4.6
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Statistical analysis

Data are presented as medians with maximum and mini-
mum values (range). Nonparametric ANOVA Kruskal–
Wallis test and one-way ANOVA were used to screen
diVerences between the groups. P values below 0.05 were
considered signiWcant.

Results

The hematocrit, whole blood viscosity and plasma viscosity
did not show signiWcant diVerences among the positive-
ASST/CU group, the negative-ASST/CU group and the
control subjects (Table 2). Also, RBC deformability,
expressed by EI as well as RBC aggregability expressed by
an aggregation t½, AI, and AMP did not diVer signiWcantly
between the three groups (Table 2).

Discussion

As mentioned above, chronic inXammatory processes and
diVerent psychological factors are associated with
changes in blood rheology, including increased blood vis-
cosity and RBCs aggregability as well as decreased RBCs
Xexibility [1, 2, 5, 11]. For example, blood and plasma
viscosity and RBCs aggregation were signiWcantly diVer-
ent in lupus patients, including chronic discoid and suba-
cute cutaneous lupus erythematosus compared with
controls, indicating reduced blood Xuidity in lupus erythe-

matosus [6]. To the best of our knowledge only one study
has evaluated hemorheology in urticaria. Liu and Su
observed changes in hemorrheology in chronic urticaria
patients [8]. The whole blood viscosity, plasma viscosity,
and Wbrinogen levels were found to be markedly
increased in chronic urticaria patients [8]. However, the
recent study showed no precise characteristic of chronic
urticaria patients and RBCs deformability and aggregabil-
ity, which also play an important role in blood Xuidity.
Neither did our study point to any signiWcant diVerences
in plasma and blood viscosity nor aggregation and Xexi-
bility of RBCs between urticaria patients and healthy con-
trols. Moreover, no diVerence was observed between the
rheological proWle of urticaria patients with negative
ASST and positive ASST, which suggest the autoimmune
origin of the disease [13]. The results suggest that blood
rheological abnormalities do not accompany immune and
inXammatory events associated with chronic urticaria. In
contrast to other chronic immune-inXammatory diseases
[6, 12], blood rheological parameters may not be modiWed
in the course of chronic urticaria. Such phenomenon
appears favourable considering that abnormalities in
blood rheological properties could impair microcircula-
tory blood Xow and tissue oxygenation and play a role in
atherothrombogenesis [1].

In conclusion, the study failed to detect any signiWcant
diVerences in blood rheological properties among two
chronic urticaria groups during the active phase of the dis-
ease and in the healthy subjects. It seems that rheological
properties of blood do not alter in patients with chronic urti-
caria, irrespective of their response to ASST.

Table 2 Rheological parame-
ters in CU female patients with 
positive or negative response to 
ASST and in healthy controls

Analysed parameters (unit) Control group 
(n = 15)

Positive-ASST/CU 
group (n = 15)

Negative-ASST/CU 
group (n = 14)

Hematocrit (%) 40.5 39 39.25

36–44 35–44 34–44.5

Plasma viscosity (mPas) 1.5 1.42 1.45

1.29–1.65 1.24–1.59 1.35–1.5

Blood viscosity (mPas) 3.8 3.89 3.72

3.32–4.31 3.51–4.47 3.09–4.76

Corrected blood viscosity 
to hematocrit 45% (mPas)

4.3 4.39 4.19

3.48–4.87 3.86–5.36 3.77–4.87

Aggregation index (%) 62.4 57.8 54.9

42.8–97.4 31.4–72.9 46.2–68.7

Aggregation half time (s) 2.06 2.74 3.15

1.28–5.1 1.26–8.56 1.62–4.52

Syllectogram amplitude (au) 9.77 10.9 9.35

0.1–14.2 7.41–14.6 6.18–13.4

Elongation index (EI%) 0.52 0.5 0.53

0.41–0.61 0.45–0.63 0.38–0.6

Values are expressed as median 
with range

CU chronic urticaria, ASST 
autologous serum skin test
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