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Abstract Chronic urticaria (CU) is a cutaneous disease char-
acterized by the recurrent eruption of short-lived wheals for at
least six weeks. The wheals, which are surface swelling of the
dermis accompanied by itching, may be elicited by different
stimuli, or occur spontaneously. The pathogenesis of sponta-
neous CU has long remained a mystery, with food allergy,
intolerance to food additives and chronic infections having
been indicated as the main causes of the disease. The demon-
stration of histamine releasing autoantibodies in the serum of
CU patients led to consider it of autoimmune origin in about
45 % of cases, this condition being “idiopathic” in the remain-
ing 55 %. We recently evaluated the possible involvement of
blood coagulation in its pathophysiology by measuring in CU
patients the plasma levels of prothrombin fragment F1+2, a
polypeptide released into the circulation during the activation
of prothrombin to thrombin, and D-dimer, a marker of fibrin
lysis. Interestingly, both F1+2 and D-dimer plasma levels

were extremely high during the acute phase of disease, but
were completely normal after remission, paralleling urticaria
severity. It is noteworthy that thrombin causes an increase in
vascular permeability, thus amplifying the CU inflammatory
network. Moreover, immunohistochemical studies showed
expression of tissue factor, the main initiator of coagulation,
in CU skin lesions, and co-localization experiments demon-
strated that tissue factor is expressed by eosinophils in the
inflammatory infiltrate. All these findings support that coag-
ulation activation contributes in the pathophysiology of spon-
taneous CU, and provide the rationale for using also
anticoagulant and antifibrinolytic agents to treat it.
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Introduction

Chronic urticaria (CU) is a skin disorder characterized by
the recurrent eruption of short-lived wheals accompanied by
redness and itching for at least 6 weeks [1]. The wheals are
surface swellings of the dermis that are usually pale in the
centre with a surrounding red flare when they erupt, and
become pink when they mature (Fig. 1); they are frequently
accompanied by itching and resolve in a period of hours
without leaving any mark [2]. The wheals can be associated
with deeper swelling of the dermis and subcutaneous and
submucosal tissues, which is called angioedema. CU is a
rather frequent disease with an estimated prevalence of 0.5–
1 % [3, 4]; it may appear at any age, although it occurs more
frequently in adults, affects more women than men [2, 3]
(female/male ratio: 2/1), and is characterized by a familiar
pattern [4]. CU has a heavy impact on the quality of life; in
fact, health status scores in patients with CU are comparable
to those reported from patients with coronary artery disease,
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particularly in terms of work performance, sleep disruption,
emotional react ions and social interact ions [5].
Classification of urticaria distinguishes between subtypes
in which eliciting factors are recognizable (including phys-
ical urticaria and forms such as aquagenic, cholinergic,
contact and exercise-induced urticaria), and the subtype of
spontaneous urticaria in which the wheals are not triggered
by eliciting factors and is subdivided in the acute and
chronic form based on its duration. In the present review,
we will consider only chronic spontaneous urticaria (refer-
ring to it simply as CU in the text), focusing on the emerging
role of coagulation activation in its complex pathophysiol-
ogy [6•].

Etiology and Pathogenesis

The pathogenesis of CU has long remained a mystery. The
pathogenic mechanisms of CU have been elucidated over
the last 20 years. Various factors have been suggested as
causes of the disease, including emotional disorders [7, 8],
food allergy, intolerance to food additives [9], and chronic
infections such as Helicobacter pylori [10]. More recently,
an autoimmune origin of CU has been supported by exper-
imental and clinical findings [1] in approximately 45 % of
patients; in the remaining 55 %, the etiology is unknown
and the condition remains ‘idiopathic’ [11]. In a variable
proportion of patients with active disease (30–60 %), the
intradermal injection of autologous serum (autologous se-
rum skin test, ASST) causes a wheal-and-flare reaction, and
serum from some CU patients induces histamine release
from cultured basophils of healthy subjects. Both phenom-
ena have been attributed to circulating IgG antibodies spe-
cific for the high-affinity IgE receptor on mast cells or for
IgE [12–14]. The IgG antibodies belong to subclasses 1 or 3

[15], and activate the classical complement cascade [16, 17].
Other autoantibodies may also contribute to CU: autoanti-
bodies against CD23 (the low-affinity IgE receptor) have
been demonstrated in 65 % of patients with CU [18], and
can indirectly cause mast cell degranulation in vitro as a
result of the release of the major basic protein by eosino-
phils. The quite frequent association of CU with antithyroid
antibodies [19–21], which are markers of autoimmunity
[22], further supports the autoimmune nature of the disease.
According to Altrichter et al. [23], IgE autoantibodies
against thyroid peroxidase, which have been found in a
subgroup of patients with chronic spontaneous urticaria,
can cause mast cell degranulation, and thus represent a
novel pathway of urticaria induction. The importance of this
mechanism is supported by the efficacy of the anti-IgE
monoclonal antibody omalizumab in a subset of CU patients
with circulating anti-thyroid peroxidase autoantibodies re-
fractory to conventional treatments [24]. In addition to auto-
antibodies, other histamine-releasing factors can contribute
to mast cell activation in CU. Most sera from CU patients
either ASST-positive or ASST-negative were shown to in-
duce in vitro degranulation of mast cell lines expressing or
lacking the IgE receptor (LAD2 and HMC-1, respectively).
Furthermore, IgG-depleted CU sera maintained the capacity
of inducing mast cell degranulation, indicating that in CU
mast cell degranulation can occur also by an IgE- and IgG-
independent mechanism [25•]. The wheals of CU are due to
the activation of dermal mast cells that secrete preformed
mediators, including histamine (the main cause of pruritus),
proteases, interleukin-1 and tumor necrosis factor-α [2];
high plasma levels of C-reactive protein, which is a well-
known acute phase reactant, and matrix metalloproteinases
2 and 9 (MMP-2 and MMP-9) [26, 27, 28•] contribute to the
inflammatory state. MMP-9 is a zinc and calcium-dependent
enzyme that contributes to inflammatory responses and

Fig. 1 Chronic spontaneous
urticaria in three different
patients: giant wheals on the
back (A), widespread wheals on
the legs (B) and large wheals on
the right side of the trunk (C)
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subsequent tissue remodelling and repair [29]. MMP-9 also
seems to be involved in a variety of pathological processes
occurring during the course of autoimmune diseases such as
systemic lupus erythematosus and rheumatoid arthritis [30],
as well as autoinflammatory skin disorders such as pyoder-
ma gangrenosum [31]. The importance of inflammation in
CU is supported by the correlation between disease activity
and plasma C-reactive protein and MMP-9 levels [28•].

Role of Coagulation

One of the additional mechanisms involved in the patho-
genesis of CU is the activation of coagulation. We observed
that positive autologous skin test rises up from 50 to 80 % if
autologous-citrated plasma instead of autologous serum is
injected [32], and that CU patients show elevated plasma
levels of prothrombin fragment F1+2, a polypeptide of
about 34 kD that is released into the circulation during the
activation of prothrombin to thrombin by activated factor X
(FXa) [32]. Interestingly, F1+2 plasma levels were found to
be related to urticaria severity at the time plasma was col-
lected [32]. The abovementioned findings may suggest that
CU is associated with the generation of thrombin, and that
the severity of the disease is paralleled by the amount of
thrombin generated. Thrombin is a serine protease involved
in hemostasis as well as in vessel wound healing, revascu-
larization, and tissue remodeling [33]. It is of note for the
pathophysiology of CU that thrombin is able to cause a
relevant increase in vascular permeability [34, 35] and to
activate mast cells, triggering their degranulation [36, 37]. In
subsequent studies, we find that CU patients show an acti-
vation of the coagulation cascade triggered by tissue factor
(TF), which is a initiator of the extrinsic coagulation path-
way [38]; moreover, in patients with severe disease, the
coagulation activation can be so pronounced as to produce
an elevation of plasma levels of D-dimer, the last being
regarded as a sign of fibrinolysis [39]. Both F1+2 and D-
dimer plasma levels prove to be extremely high during an
acute phase of severe CU, but are completely normal after
remission [39]. In another study [38], immunohistochemical
experiments show TF expression in skin specimens from
CU patients. Recently, we demonstrated that TF is
expressed by eosinophils present in the inflammatory infil-
trate of CU skin lesions [40••]. The nature of the TF-
expressing cells is revealed by performing double-staining
studies that show co-localization of TF and eosinophil cat-
ionic protein, a classic cell marker of the eosinophil. These
data highlight the importance of eosinophils in CU as a
source of TF, in keeping with studies showing that eosino-
phils store TF and rapidly transfer it to the cell membrane
during activation [41]. The strong expression of TF in CU
lesional skin may be due to eosinophil activation, even if

patients with CU virtually never show peripheral eosino-
philia, probably because TF specifically facilitates the early
transendothelial migration of the eosinophils [41]. The acti-
vation of the TF pathway of coagulation results in the
generation of thrombin that, in experimental models, has
been shown to induce edema through an increase in vascular
permeability [34] by a direct effect on endothelial cells [42],
and indirectly by a thrombin-related release of inflammatory
mediators. Most effects of thrombin are probably histamine-
mediated (and hence mast cell-mediated), as they have been
reported to be reduced by anti-histamines and mast cell
granule depletion in animal models [39]. Furthermore,
thrombin triggers mast cell degranulation [37], and may
activate protease activated receptor-1 on mast cells [35] in
animal models. The activation of blood coagulation in
patients with CU has been recently confirmed by other
independent researchers [43–46], and thus can be added to
the mechanisms involved in CU. In particular, Wang et al.
[43] found elevated plasma levels of FVIIa (marker of the
activation of the TF pathway), thrombin-antithrombin com-
plex (marker of thrombin generation) and D-dimer (marker
of fibrin degradation), which were correlated to each other
in CU patients. Thrombin–antithrombin complex and D-
dimer plasma levels were also found increased in CU by
Fujii et al. [44]. Khalaf et al. [45] confirmed high levels of
F1+2 during active CU and a significant decrease during
remission. Finally, by means of clot waveform analysis and
measuring the levels of coagulation factors and markers of
activated coagulation, Takeda et al. observed that increased
coagulation potential is closely associated with the symp-
toms of CU [46]. The TF-mediated coagulation pathway
may also be involved in bullous pemphigoid (BP), which
is the main autoimmune bullous skin disease characterized
by the formation of blisters on normal or erythematous skin,
and rarely on mucous membranes, as a result of the interac-
tion of autoantibodies with two hemidesmosomal antigens
(BP180 and BP230), followed by complement activation
and leukocyte infiltration [47]. In BP, the involvement of
coagulation is present both at systemic level, as supported
by the fact that both the plasma and blister fluid of our BP
patients displays significantly higher levels of D-dimer and
F1+2 than normal plasmas, and at local level as demon-
strated by the strong TF immunohistochemical expression in
BP lesional skin [48–50]. We also evaluated the possible
involvement of coagulation activation in a number of other
inflammatory skin diseases; atopic dermatitis, a chronically
relapsing immune-mediated inflammatory skin disease, also
involves the local and systemic activation of coagulation,
whereas in psoriasis, a erythematous-squamous inflamma-
tory immune-mediated skin disorder, the activation of coag-
ulation seems to be mainly systemic. In fact, we failed to
disclose TF expression in lesional skin of patients with
psoriasis. The activation of coagulation has also been
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suggested an additional pathomechanism in dermatitis her-
petiformis, a chronic-relapsing autoimmune skin disease
associated with gluten sensitivity and celiac disease, but its
precise role has not yet been defined [51]. Taken together,
these data provide the rationale for controlled clinical trials
aimed at evaluating the usefulness of anticoagulant treat-
ment in autoimmune skin disorders to counteract the local
and systemic effects of coagulation activation [52].

Clinical and Therapeutical Implications

CU patients show an increase in the plasma markers of
thrombin generation and fibrinolysis during severe disease
exacerbations [39, 53••]. Moreover, the involvement of in-
trinsic coagulation factors may contribute in vivo to the
generation of fibrin by even small amounts of thrombin
[44, 46]. The activation of coagulation and fibrinolysis
decreases until complete normalization during the remission
of CU [39]. However, to the best of our knowledge, it has
never been reported that the hypercoagulable state seen in
CU is associated with an increased risk of thrombosis. On
the contrary, there are a number of reports of cardiovascular
events (particularly myocardial infarction) occurring during
episodes of acute urticaria [54–57]. Various pathomechan-
isms have been hypothesized to link urticaria and the cardiac
events, including coagulation involvement, coronary artery
spasm and/or atheromatous plaque erosion or rupture in-
duced by inflammatory mediators. Whether the activation
of coagulation and fibrinolysis in CU is pathophysiologi-
cally relevant or simply acts as an amplification system has
still to be defined, but the fact that it parallels the disease
activity has provided a rationale for evaluating anticoagulant
and antifibrinolytic therapy in these patients. Heparin is an
anticoagulant that potentiates the effect of antithrombin, the
plasma protein that binds irreversibly to some serine prote-
ase enzymes (mainly factor Xa and thrombin) and blocks
their activity. Isolated reports indicate that heparin can be
effective in the treatment of CU [58, 59]. Meyer-De Schmid
and Neuman [58] observed persistent remission in four CU
patients (complete in three and partial in one) treated with
intravenous unfractioned heparin at a dose of 50-–100 mg
twice a day, corresponding to 5,000-10,000 U, and Chua
and Gibbs [59] described complete remission in a CU pa-
tient refractory to antihistamine and immunosuppressive
treatment during administration of subcutaneous unfrac-
tioned heparin (5,000 U twice a day), followed by a relapse
when heparin was discontinued. Moreover, a small but
double-blind, placebo-controlled trial found that the oral
anticoagulant warfarin improved clinical symptoms in six
out of eight patients with CU unresponsive to antihistamines
[60], and in a recent uncontrolled study, Mahesh et al. [61]
obtained remission with warfarin at a therapeutic dose in

four out of five CU patients (complete in two and partial in
two). The antifibrinolytic agent tranexamic acid is effective
in patients with idiopathic angioedema or angioedema due
to C1-inhibitor deficiency [62], a disorder characterized by
activation of activation and fibrinolysis [63, 64], and has
been proposed also for the treatment of CU. A good clinical
response was reported in an anecdotal case [65], but this was
not confirmed in a controlled study [66]. Asero et al. have
recently found that patients with severe CU unresponsive to
antihistamines and exhibiting high levels of D-dimer may
benefit from combined treatment with low molecular weight
heparin and tranexamic acid [67]. Taken together, these
findings indicate the relevance of coagulation cascade acti-
vation in CU. Blood coagulation, besides the anticoagulant
agents, may be affected by ciclosporin, which has proven to
be highly effective in the treatment of H1-antihistamine
resistant CU [6•, 68–70, 71•, 72, 73]. Ciclosporin is an
immunosuppressive drug widely used to prevent the rejec-
tion of a transplanted organ and to treat diseases of autoim-
mune origin [74]. It was demonstrated that ciclosporin
inhibits the TF activation that occurs in monocytes of car-
diac transplant recipients [75]; these findings, which are also
supported by in vitro experiments [76], may contribute to
explain the successful use of ciclosporin A in cardiac trans-
plant medicine. Thus, our future studies will be aimed at
evaluating possible counteracting effects of ciclosporin A on
TF-mediated coagulation activation occurring in CU
patients.
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